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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 2594

AIRCRAFT ACCIDENT REPORT
Adopted: October 10, 1984

AIR CANADA FLIGHT 96%
LOCKHERD (~1011, C-FI'NJ
NEAR CHARLESTON, SOUTH CAROLINA
NOVEMBER 24, 1983

SYNOPSIS

At 1928, on November 24, 1883, Air Canade Fiight 965, a Lockheed .-1011,
C-FTNJ, with 145 passengers and 15 crewmembers on board, encountsred severe
turbulence about 105 miles ¢ff the coast of Charleston, South Carolirs, while en route to
Toronto, Caneada, from Port of Spain, Trinidad. At 1916102, tho flight had been clearsd to
climb and maintain flight level (FL) 370 from FL 350. Abou: 2 minutes later, the ground
controller asked the flight to start a turn to the north because of other traffic. The
captain stated that he may have to detour around some thunderstorms end also replied
that he was in the turn., About 8 minutes later, the flight encountered severe turbulente
which lasted several seconds.

One flight attendant and three passengers were seriously injured during the
encounter, and two physicians aboard the flight provided immediate medical attention.
The flight continued to its dastination and landed without further incident about
1 1/2 hours after the eccident. Medical assistance was available at the gate to provide
treatment when the flight arrived.

The National Transportation Safety Board determines that the probabie cause
of the accident was an encounter with severe clear air turbulence produced by the
intrusion of thunderstorm cells into strong winds aloft,

1. FACTUAL INFORMATION

1.1 History of the Flight

Air Canada Flight 965 was a regularly scheduled internaticnal pessenger flight
from Port of Spain, Trinidad, to Toronto, Canada. There were 145 passenger on board
and a crew of 15. One passenger wags assigned to the first-class section und 144 to the
economy sectior, including a 2-year-old boy. The flighterew consisted of the captain and
first and second officers. The cabin erew consisted of the flight service directur and 11
flight attendants.

Since Air Canada does not have a digpatcher assigned at Poit of Spahs, the
flighterew performed a routine self-briefing in preparation for the scheduled
1540 e.s.t. 1/ fight to Toronto, on November 24, 1963. Air Caneda provides their briefing
office with surface weather analysis and prognostic upper air charts, TV weather station
charts, and significant weather prognosis charts. Also, through the use of a computez,
forecasts and actual weather were available for most rovutes, terminals, and aiternates. In

I/ All times harein are eastern standard time based on the 24-hour clock.
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addition, the flight plin made available to the flighterew included valid terminal and
alternata forecasts, 250 millibar (35,000 feet) constant pressure chart, TV weather station
charts, and a significant weather prognosis for the intended route of flight.

The flight plan essentially requirad a direct flight northeast over Puerto Rico
to OLDEY Intersection via airways A220, B14, and AR4. The flight was to turn north at
OLDEY onto ARS and maie landfail at Carolina Beach, North Caroling, then onto ARI to
Wilmington, North Carolina, from OLDEY. Also, CLDEY is 118 nm{ east of Charleston,
Souti: Cerolina. At Wilmington, the fiight was to proceed north on jet route 109 (J109) to
Buffalo, New York, and tnen to Toronto. The planned cruising altitude for that day's
flight was flight level (FL) 350.

The scheduled minimum fuel load was 105,200 pounds. However, an additional
1,700 pcunds of fuel was added. The uctunl gross takeoff weight was calculated to be
486,975 pounds. |

The weather along the initla! legs of the flight was forecast to be essentially
¢lear, with only a chance of encountering & few thunderstorms shortly after departura.
Thereafter, the weather would be ciear until approaching the southeast coast of the
United States. A frontal system was oriented on a north-northeast to south-southwest
line, over the northern portion of Florida and northwerd along the Atlantic Coast. There
were a few thunderstorms forecast to be ussociated with the frontal system with tops to
34,000 feet mean sea level (m.s.1.). The flight was also expacted to encounter increasing
jot stream winds from the southwest from the caast to its destination. From southern
Pennsylvanie to Teronto, it could expeet to encounter moderate clear air turbulence
{CAT) from FL 260 to FL 870,

At 1557, Flight 985 departed Fort of Spain on an instrument flight rules (IFR)
flight plan to Toronto. The flight was cleared as filed and operated without difficulty
through San Juan, Puerto Rico, Alr Route Traffic Control Center (ARTCC) airspace.
Thersalter, radio communicatiois were transferred to a high frequeney Aeronautical
Radiv, Ineorporated (ARINC) frequency for overwaier control purposes. At 1915:34,
Flight 985 contacied the Jackscnville ARTCC, METTA seclor controller and reported,
", . swe've at flight level three five zero we're just hy SMELT at zero one four and we're
aestimating OLDEY at two zero Carolina Beach next.” The controller advised the flight
that it was in radar contact, 15 miles west of SMELT (32 nmni southeast of OLDEY) and
cleared the flight to proceed direct to Buffalo. At 1916:02, the controller informed Flight
0% that in just a little while he wouid have 1o change the flignt's altitude assignment and
sskad whether FL 330 or FL 37} would be desirable. The flight requested FL 370, and it
was asgigned at 1916:19,

At 1917458, the cortroller iransmitted, "and Air Cansda nine sixty five could
you start your turn for Wilmington sir ebout a let's see we'll nerd a good heading out of
you at least of about (uninteligible)."” At 1918:09 Flight 985 responded, "we just got it
tuned in now and ... Buffal> and its about a sixty degree turn to the right.® 'The
cntroller acknowledged their (runsmission, and at 1018:17, Flight 985 stated, "and a little
luter ot we may ... may have to do a littie ... detour, we show & thunderstorm up
ahead.” At 1918:2%, the controller replied, "slrigh*, sir, I need to start a turi to the north
st least I gotta thirty seven (a Boeiny 727}, I gotta (unintelligible)." The filght
acknowledged, "Okay we're in the turn now," at 1918:27,




At 1822:24, Flight 985 reported level at FL 37C and "in moderate chop to light
turbulence (unintelligible) buildup uh showers.” According to the captain, about this time
in the vicinity of OLDEY, he noted a flash of lightning to the north, and the flight began
to encounter light to moderate "chop." He stated that he switched on the fasten seatbelt
sign and announced on the public eddress system {(PA), "We are encountering unexpected
light turbulence, please remain seated and fasten your seatbelt as a precautionary
measure." He said thet the airplane was In ™uper cloud” and that there was some static
discharge on the windscreen and reflections from the strobe lights. During this tirne, he
noted & north-south line of lizht weather radar returns on his scope which was tilted
downward 2°% He noted a second return sbout 20 nmi to the right of his course. The first
officer stated that the rader showed a light broken line of elouds extending northeast
from OLDEY. The second officer stated that Saint Klmo's fire 2/ precaded the light to
moderate "chop."

Meanwhile, the flight attendants had completed a beverage and meal service.
There were two flight attendants in first class, one at the aft end of the coach cabin and
six in the aft section of the economy class compartment. The flight service director and
the purser were in the lower galley (located about the mid-section of the airplane)
counting money from the beverage service and another attendant was working in the
galley. The flight attendants in the passenger compurtments were about to prepare
another cold beverage service when the: flight began to encounter some light turbulence.
The fasten seatbelt sign illuminated and the captain announced in both English and
French, the predominant languages on board, that they viere expecting to encourter some
turbulence. He had instructed everyone to remain seated with seatbelts lastened.
Passengers en route to seats from the aft washrooms were advised by flight attendants to
take the nearest available seat.

According to flight attendant reports, within about a 5-minute period
following the first sign of moderate turbulence, the airplane ™. . .suddenly shook end
dropped twice.” One attendant stated that she felt a tremor in the airplane be’ore the
airplane "plunged," and anothaer stated she heard a loud bang before it dropped. They
stated that loose articles flew about the cabin and that the passenger service carts were
huried up to the czelling of the cabin. Several passengers sereamed and most were
frightened by the severe encounter.

The flight service director and the purser also heard the announcement but
remained counting mcney in the lower galley, and were tossed 1o the celling during the
sitlcounler. The fiight service director immediately proceeded to the cabin to asssuss the
injuries and damage and inform the captain. His exit from the galiey elevatcr was
tamporarily blocked by two overturned passenger service carts.

Minutes after the cagtain of Flight 880 informed the controller of the severe
turtulence encounter, the flight service director told the captain that there were 5
injured flight attendants and 19 injured passengers. The second officer radioed Toronto
and advised them of the severe turbulence encounter and of the number of injured on
board, and told themn that the maintenance departinent would have to meke a savere
turbulence check of the airplane.

Two doctors on board the flight assisted the flight attendants with the injured.
The mweaical kit on board the airplane was not needed in treating the injured. Following
consultations between the captain and the doctors, it was decided that the flight would

27 A phenomenon of statie eleotrieal discharge which forms at prominent points on an
airplane.
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continue to Toronto where appropriate medical treatment would be administered. Of the
total 'njured on board, three passengers and one flight attendant were seriously injured.
'The flight proceeded to Toronto without further incident and landed at 2050. The flight

was met !mmediately by company and medical personnel who assisted and treated the
passengers.

At 1925:59, Flight 985 stated, "and center from Air Canada 865, we just went
through sevare turbulence ... one big heavy bang." The first officer was flying the
airplane, and he changed the autoflight system from the altitude-hold mode to the
turbulence~hold mede immediately after the severe encounter. He stated that it was one
severe jolt. The second officer reported that it felt as if the nnse of the airplane had
been pushed downward very hard and that he was lifted out of his seat and tossed
somewhat against his seatbelt and shoulder harness. The altimeter showed a 500-foot loss
and then an immediate gain in altitude at the time of the encounter. Loose navigational
charts and logbooks were tossed all over the cockpit floor. The flighterew reported there
was about a 2-minute period of moderate turbulence after the severe jolt.

At 1927:41, in response to the controller's query about whether the fright had
broken out of the severs weather, Flight 985 transmitted,” yeah 965 smoothing out now
we ... hed ... severe turbulence, . . . for a minute or two, we have several people injured
. +» (unintelligible) tell people to avoin that area if possible, we . . . had a few showers on
.+ & radar but we're well clear of . . . according to us." The controller acknowledgad the
flight's report and instructed another flight to turn 15° to stay clear of tht area transited
by Flight 965.

There were other airplanes in the area which also experienced turbulence.
Two airplanes closest to Flight 985 were People Express Flight 543, a B-727 and Delta
Flight 845, another L-1011., People Express 545 was located at FL 370, 1§ miles
southwest of Flight 965 on AR7, which crosses AR4 at OLDEY, and Delta 845 was located
at FL 430 about 57 miles south-southwest of Flight 865. At 1922:42, Peoples Express 545
transmitted, "Jax People five forty-five just for your information ... we're getting some
. + « moderate to almost severe out there at . . . three seven zero." Immediately following
the transmisgion, there were five other airplanes which either rcquested more information
about the uctivity or deviations to the east of the thunderstorms. Peoples Exipress 545
was in weather conditions similar to those encountered by Flight 965. Delta 845 was
south of the heaviest thunderstorm aectivity. Also, one flight reported meking a 30° turn
to the east on its own initiative and enother flight which was ahead of Flight 985
requested its position. This flight was at FL 380 and reported smooth conditions and that
", ..t looks like we're flying right down between uh two lines, however." Nineteen
seconds later, still another flight reported that it was at FL 410 and 10 to 18 miles from
the METTA Intersection (32 miles west of OLDEY). The crew thought they went through
the tops or something and encouniered severe turbulence which lasted about 30 seconds.
At 1927:20, Peoples Express 549 stated, "Center People five forty-tive, I think we just
went through the area that whoever was talking about seventy miles south of Wilmington
. « « went through the tops we got . . . some pretty good joits and oh some lightning flashes
static discharges and everything it was not very pleasant."

The aceident occurred in darkness at 1926 off the coast of Charleston, South
Caroling, at 33° 12 north latitude, 77° 50' west longitucle.
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Injuries to Persons

Injuries Crew

Fatal 0 0
Serious 1 3
Minor 4 16
None 10

Total 15 145

13 Damage to the Airplane

The airplane sustained relatively minor damage to the interior of the cabin;

damage was limited to seats, ceiling, movie sereen, passenger service carts, and galley
areas.

1.4 Other Damage -

None.

1.8 Personn]l nformation

The flighterew and flight attendants were qualified in accordance with current
Cangdlan regulations. The air traffic controller was qualified in accordance with Federal
Aviation Administration (FAA) regulations. (See appendix B.)

1.6 Aireraft lnformation

'The airplane, registration C-FTNJ, a Lockheed 1.-1011-385-1-15, serial
No. 193E1087, was manifactured by Lockheed-California Company in 1974 and leasad by
Air Canada. The airplane was equipped with three Rolls Royvee RB 211-22B engines. It
was exported to Canade in 1982. Its airworthiness had been maintained in accordance
with a continuous maintenance and inspection program approved by the Canadien
Department of Transport. (See Appendix C.)

A postiurbulence Inspection of the airplane by Air Canoada maintenance
personnel revealed a 5/8-inch crack in the top skin of both horizontal siabilizers at
fuseiege station (PS) 1875 and leading edge station (LES) 154.38. The creaks were
repaired in accordance with Lockheed's structural repair manual. Lockheed reporied that
these cracks are similar to eracks reported by several other L-1011 operators. Lockheed
attributes these eracks to relevively low amplitude, cyelic loads due to design (Chem-Mill
radius in the skin) and not loacings associated with the turbulence encounter. The damage

to the interior of the cabin wa: also repaired, and the airplane was raleased for flight on
November 26, 1983.

At the time of the uccident, the operating weight of the airplane was about
325,500 pounds, and the center of gravity was at the 27 percent miean aerodynamic chord
(MAC). The maximum permissibie takeoff gross weight is 466,000 lbs, The boundary for
the onset of the high speed bufiet for this operating weight at FL 370 is beyond the
meaximum operating speed for the airplane; however, buffet would have occurred at a




ecmputed acceleration of 1.7 G. The onset of the low speed buffet would occur at Mach
0.585 or 187 KIAS at 1.0 G. 3/

The airplane was equipped with a Lockheed automatie flight cortrol system
and an RCA X-band weather radar system. There were no reported discrepancies with
this equipment.

1.7 Meteorological Information

The overall surface weather pattern along the East Coast of the United States
at 1600 was a trough of low pressure extending from northern New York to the south
through the western part of Florida with a cold frontal system along the Appalachian
Mountains. There was also a weak low pressure area along the front centered over
Virginia and North Carolina with a north-south line of instability through eastern North
Carolina. The weather conditions east of the {ront over the Carolinas and Virginia were
characterized by overcast to occasionally broken clouds with southerly winds and
rainshowers. The 1800 surface weather chert showed essentially the same conditions
except that the line of instability had movedd east, just off the coast of North Carolina.

The 200 millibar (about 39,000 feet) chart showed a low over western Ontario
with a trough extending south along thz Mississippi Valley. The Atlantic Coastal States
were under a south-southwesterly flow with the maximum jet stream winds located over
easterr Tennessee, eastern Kentucky, West Virginia, and Pennsylvania with winds up to
150 knots. The winds along the North Carolina and South Caroline coastlines were south-
southwest at 70 to 80 knots. Thare was cold temperature advection with the flow over
Georgia and Alabama.

It was noted on the copy of the significant weather prognosis provided by Air
Canada that, for the fronta) system in the vicinity of the East Coast of the United States,
the cumulonimbus tops ware forecast to be at FL 340. On the copy of the same map
provided by the Nationil Weather Service (NWS), the cumulonimbus tops were forecast to
be at FL 390. Otherwise the charts were identical.

The following is a list of excerpts of detailed weather information pertinent to
Flight 965:

1. Arca Yorecasts

Issued November 24, rt 1240 and valid untit 0100 on
November 25--Flight precantions North Carolina and South
Carolina - jeing, {FR, turbulence, and
thunderstorms. 4/ Turbulence forecast for Florida and coastal
waters. Isolated embedded thunderstorms with light rainshowers.
Cumulonimbus tops to 40,000 feet.

3/ A'speed In sxcess of a specified mach number or G limit will result in airframe buffet
because of shock wave Induced airflow separations from the airplane’s airfoils in high
altitude flight. Low speed buffet will ovcur at low speed when the stall angle of attack is
approached causing airflow separation.

4/ ‘Thunderstorms imply severs or greator turbulence, severe icing, and low level wind
shear. This comment is included in every area forecast.
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Issued November 24, at 1840 and velid until 0700 on
November 25--Flight precautions North and South Carolina - IFR,
thunderstorms. No signiticant turbulence outside of convective
activity. Scattered thunderstorms with moderate rainshowers.
Cumulonimbus tops to 30,000 feet.

Convective SIGMET's 5/

SIGMET 34E, issued November 24 at 1788--forecast valid until
1955-- virginia, North Carolina end coastal waters, from 30 miles
Southeast of Richmond, Virginis, to 20 miles southwest of Rocky
Mount, North Carolina, to 60 miles south of Wilmington, North
Carolina - Line of thunderstorms 25 miles wide moving from 280°
at 15 knots. Tops to 40,000 feet. Line will move east -
southeastward at 15 knots through 1955,

SIGMET 368E, issued November 24 at 1855--forecast valid unti)
2055--Virginia, North Carolina and coastal waters, from 40 miles
west of Norfolk, Virginia, to 40 miles northeast of Wilmington,
North Carolina, to 90 miles east of Charleston, South Carolina -
Line of thundersiorms 25 miles wide moving from 280° at 20 knots.

Tops to 45,000 feet. Line will move eastward at 20 knots through
2055.

Radar

The 1930 overlay from the National Weather Service radar at
Charleston, South Carolina, showed the location of the turbulernce
encounter of Air Canada Flight 865 to be in an area reported on
the log to be 1/10 moderate rainshowers and 2/10 light rain. The
maximum top was 19,000 feet.

;
3

The 193¢ overlay from the National Weather Service radar at
Wilmington showed Flight 965 to be on the edge of the
precipitation in an area interpreted to be light rainshowers (level 1)
and about 12 miles east-southeast of a line of thunderstorms with
heavy (level 4) rainshowers and 24 miles north-northeast of another

area of level 4 thunderstorms. The radar log reported most tops
below 35,000 feet.

B g B iy

Satellite Photographs

The 1930 Geostationary Operational Environmental Satellite
(GOES) infrared photograph showed an area of apparent convective
activity and associated eirrus clouds in the viein¥; of the
turbvlence encounter. Based upon the lemperature rofile, the
maximum tops of the clouds were about 48,000 o ¢ (pressure
altitude).
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The 1802 sounding at Charlestcn, South Caroling, showed a shallow
mo:«t layer at 31,400 feet with strong temperature layering
(inversions) from 41,500 feet (pressure altitude) to the tropopause
at 55,700 feet. The winds aloft report was not available from
31,276 feet to 61,763 feet. The wind at 31,378 fest wus from 223°
at 85 knots.

g T e Y an PR g e £ ot -

The 1800 sounding at Cape Hatteras was only tracked to
27,700 feet and offered no data at the altitude of the turbulence
encounter. The winds aloft terminated with the sounding at
27,700 feet. The wind report at 27,878 feet was from 231° at
84 knote. No reports were available for higher altitudes.

Aids to Navigation

There wore no xnown difficulties with navigational equipment.

Communications

There were o kriown difficulties with communications.

Aerodroine Information

Not Appliceble.
111 Plight Recorders

The airplane was equipped with a Fairchild A-100 cockpit voice recorder
(Cv.l). The record of communications recordad by the CVR was overwritten following the
occurrence, and therefore, of no use to the investigution.

The alrplane was also eyuipped with a Lockheed 208E digital flight data
recorder (DFDR) serial No. 1030. The recorder was retrieved from the airplane
immediately after its arrival in Toronto and subsequently read out for the Safety Board by
Canadian authorities.

A review of the DFDR data made available to the Safety Board disclosed that,
&% 1926:08:77, the airplane experienced a peak vertical acceleration of -1.042 G's.
Comparison of the pressure altitude and airsperd parameters associated with this "G"
excursion revealed an altitude increase of 250 feet in the 2 seconds prior to the maximum i
"G" and asout a 10-knot loss in airspeed. In the next 2 seconds, the airplane lost 100 feet
of altitude and 15 knots of airspeed. The airplane's pitch attitude decreased from
approximately 3° to 0.87° in the 14 seconds prior to encountering the maximum "G" and
increased by over 3° in the next second. FPollowing the peak G excursion, the airplanc
dropped about 1,000 feet in 1 minute before level fiight at FL 370 was reestabiished.
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The recorded horizontal stabilizer parameter showed hat at the time of the
ericcunter {he stabilizer deflected initially about 1.5° upward in 3 seconds. Then, 1 second
later, it moved downward 2° ‘This change in deflection coinsided with the point of
meximum negative G loading.
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The DFDR data «lso showed that the airplane had been flowun in the
command/sontrol wheel steering mode category of autopilot A at the time of the
accident. According to the flighterew, this category was the altitude-hold mode. The
chmb from FL 350 to F'L 37C was flown with the autoflight system engnged using the
vertical speed mode. The throttles were controlied manually to maintain a fairly constent
Mach number from 0.82 to 0.53. Cruisz thrust was set on leveloff at FL 370 to maintain
Mach 0.83 or ebout 270 knots indicated airspeed {KIAS), Then, the altitude-hold mode
was engaged to maintain FJ, 370. 'Tne DFDR records airspeed and altitude, which is
derived from the captain's central air data computer; the computer dispiays these data on
his instruments. Theie were no reported diserepancies between the first of’icer's and
captain's altimeter and airspeed indicators.

The NWS providez eriteria for the reporting of turbulence. {See appendix D.)
This oriterias is based on variations in airplane altitude and/or aititude. For example,
turbulence which causes orly slight momentary changes In altitude and/or attitude in
classified as "ight." Review of the DFDR aititude and airspeed traces recorded up to
about 10 seconds before the severe jolt confirmed that thc sirplane was in light to
moderate turbulence before the severe turbulence encounter.
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1.12 Mreckage and Impact Iniormation

The interior of th» airplane was damige?2 only siightly during the turbulence
encounter. All fasten seatbelt si2ns and the PA ¢ uipment were in working order.

Some of the dameage to the cabin occurred as a result of the unrestrained
pessenger service carts. The {light atter.dant seated in saa. 38F had noticed that one of
the passenger service carts had ovea aw.ay from its anchored position. She had moved
and relocked the cart immediateiy after the captain made his announcement about
turbulence. She was injured by the same cart during the turbulence encounter.

The anchor-type devices in the finor of the L-1011 consis: of a standard
flush-mounted plate with a retractable anchor pin. To anchor the passenger service cart,
the pin is pulled tpward and also rotated slightly to lock into position. (See figure 1.)
There is also a locking mechanism mounted on the underside of the passenger service cart
itself. The mechanism consists of a locking pin and lever assembly, s channel bracket
(guide), u spring steel stop, and a brake for the rear wheels. (Figure 2 shows the underside
of a typical passenger service cart used in Air Canada's L~1011.) The cart is designed in
accordance with Air Canada's specification No., 25-30-030. The locking pin and wiee)
brake are both attached to the toe-operated lever. In order to anchor the cart to the
floor, it is positioned over the floor-mounted pin so that the anchor pin is within the guide
bracket and up against the steel spring stop. The toe-operated lever i¢ then moved to the
left to its locked position. This ection brakes the rear wheels and slides the loeking pin
horizontally through the guide bracket. If the cart is properly positioned, its locking pin
will slé’de gmrough the hole in the anchor pin without difficulty, thus securing the cart to
the cabin floor.
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As shown in figure 2, the steel spring stop is displaced out of the guide
bracket, making it difficult to place the passenger service cart in the exact position to
capture the floor-mounted pin with the toe-opersted, lever locking device. Flight
attendants who were interviewed by Canadian investigators stated that these passcnger
service carts are difficult to position and lock in place particularly in turbulent
conditions. They sald that occasionally they have ditficulty unlocking the wheols and
cannot easily reposition the carts.
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Figure 2.—Underside view of & typical passenger service cart
used by Alr Canada on the Locicheed L-1011.

113 Medical and Pathological Information

In addition to the two physicians on board, the flight was met by six othes
physicians with assiste.its and medical ~quipment. Since most of the injuries were
sustained by passenge ‘s seated in the economy cabin, or the aft seetion of the airplane, all
uninjured passengers in the forward sections of the eabin were allowed to disembark first.
This decision did not interfere with efforts to assist the injured. The infured were
evaluated and an injury priority determined. 'Those passengers complaining of back, hip,
or neck injuries were immobilized with elther half or full backboerds before being treated.
The three seriously injured passengers were removed first. The evacuation was carried
out in an organized and controlled manner by moving the injured persons through the rear
¢abin door exit 14 ang k to waiting ambulances. The flight attendant

} the lower galley was treated by a physician separately. She was stubilized and removed
from the airplane through the lower galley service door.

Twenty-four persons, including both ecrew and passengers, were taken to
nesrby hospitals for further axamination and treatment. One flight attendant and three
passengers recelved scrious fijuries in the encounter. The flight attendant wess in the
lower galley preparing to strap into one of the two available crew seats (left-hand seat)
when the airplane suddenly dropped. She came to rest on the floor and injured her back
seriously, The three seriously injured passangers sustained back, hip, and neek injuries.
Four flight aitendants and 16 passengers received minor injuries. The flight scrvice
direntor received a minor chest injury when he landed on a passenger service curt and tho
purser received & minor head injury. Both were in the lower galley at the time of the
occurrence. Three passenger service earts hit the ceiling and turned over when they
struck the floor in front of seat rows 38C, D, E, ond F. A flight attendant in seat 38)°




received A miror injury when she was struck Iv7 one of the carts. The minor passenger

(Y

injuries were primarily caused by flying articles.

1.14 Bire

ARt

There was no ftire.

Survival M—h

The accident was survivabile,
1.18 Tests and Research
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1.168.1 Auto t em

Use of the altitude~hold mode of the autoflight system during severe
turbulence is contrary to recom mended procedures by the airplane manufacturer and the
compeny. In this mode, the autoflight system will attempt to mgintain the pressure
altitude selected for o particular flight lsvel., In a turbulence encounter, severe piteh
maneuvers can result, v hich may exceed dexign structural limits of the airplane. Since
the altitude~hold mode of the autoflight systam was in use when Flight 965 encountered
the severe turbulencs, the Safety Board requusted Lockheed to deiermine, if possible, the
degree to which the autoflight system may have aggravated the effecis of the encounter.

Lockheed examined DFDR, wenthey, aerodynamics, and engineering cata as it
apptied to the autoflight system. Lockhead determined that the severe jolt occurred so
rapidly that the rate of stabilizer movement caused by the autoflight system was

relatively slow by comparison. They stated that this is fnot unreasonable for most wide
body airpianes, since the extremely high pitching moments of inertia, relative to the
avaijlable pitch control forces, reduce the autoflight system's ability 1o change the pitch

angle to relieve gust loads. Therefore, the altitude-hold mede did not contribute to the
severity of the gust load encounter.

1.16.2 Air Carrier Turbulence Accident History

Safety Board records indicate that during the 7-year-period from 1975 to
1981, 44 air carrier (14 CFR 121) aceidents were attributed to turbujence, These
accidents resulted in orly minor damage to the airplanes, but 70 persons sustained serious
injuries, while another 80 racaived minor injuries. Twenty-nine of the 44 acoidents were
caused by convective-type turbulence associeted with thunderstorms, and 15 were caused
by clear air turbulence. About 66 percent of the aceidents associated with conveetive
activity occurred during normal oruige flight.  About 47 percent of the clear air
turbulence type accidents also occurred in normal eruise flight. Turbulence-type
accidents represented the most prevalent type of air carrier aceident from 1975 to 1981.

1.18.3 NASA Clear Air Turbulence Research
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For several yesrs, the National Aeronautics and Space Administration (NASA)
has, in cooperation with the Safety » been developing and applying methods fop
determlniﬁ airplans motion and related winds by using data recordes In flight by fight
data recordaers and data recorded by ATC radar. These methodn are being used tu essist in
analyzing and understanding the iroumstances ussoclated with aceldents and incidenis




involving turbulence encounters. Recently, NASA has been able to define the cause of
two severe turi;ulence encounters each involving wide body airplanes. 8/

In tite first case, a DC-10 encounterad severe turbulence while ecruising in an
easterly direction at FL 370. 7/ The severs turbulance was encountered minutes after th~
alrplane passed over a developing line of thunderstorms with cloud tops at 30,00G feet.
The severity of the encounter was evident by the large fluctuations tn the "G" {race from
+1.7 to -1.0 G's. In the second case, a DC-10 encountered sevare turbulence while
crulsing in a westerly direction at FL 390, 8/ The alrplune encountered the turbulence as
it was heading into the prevailing wind while approaching the Wind River Mountain Range.
The "G" trace showed a fluctuation of from +1.8 to -0.6 Gu. NASA analytieally
reconstrucied a vortex model of the turbulence by msetching vortex arrays with wind
components derived from the flight vecorder data. NASA reported that previous studies
indicated that most severe cless air turbulenes is ilkely caused by vortices generated
when stable stratified shear layers become wunstable in what is known as a
Kelvin~Helmholtz instability. Additionally, previous data rocorded during airline
Operations showed severa) instances where vertical wind gusts have reached values of 50
to 80 feet per second. Analysis of these two encounters showed that the airplanes
encountered ", , .vortex arrays which were generated by destabilized wind shear layers
near the tropopause."” In these two cages, ", ., .the maximum value of vortex-induced
velocities were of the sume order of magnitude.” NASA concluded that the two cases
were similar in that the ", . .destabilization of shear layers and the generation of vortices
appeared to have been caused by tilting, in one case by cloud buildup in the lower
atmosphere, and in the other by mountain lee waves." Further, NASA reported that
"vortex models appear to be promising aids in achieving a better understanding of the
periodie, deterministic nature of the severe turbulence. The resulte obtained using vortex
modeling also appear consistent with previous iuscas about severe CAT [clear air
turbulence) that were basad on theory und observations."

1.17 Add'tional Iformation
1.17.1 Air Traffic Control

The FAA's Jacksonville Ailr Route Traffic Control Center (ARTCC) is a Level
I (high density traffic) on route facility located st Hilliard, Florida. The facility
providas en ..ute radar services in an area encompessing northern Florida, portions of
Georgia, Nurt:x Carolina, and South Carolina and adjacent coastal waters within the South
Atlantic Control Area.

There i3 a Center Weather Service Unit (CWSU) located in the ARTCC staffed
with a meteorslogist. The purpose of the CWSU, in part, is to alert facility ATC
personnel of existing or antleipated adverse weather conditions within the facility's
operating airspace. The CWSU wus staffed and opcrational at the time of the accident.
Facility records indioate that two CONVECTIVE SIGMET'S were in effect within the
facility's airspace at the time of the accident. Drior to the accident, all facility
equipment was reported to be operating satlsfactorily.

8/ "idéntiTication of Vortex Induced Clear Air Turbulence Using Airline Flight Records."
E. K. Parxs, University of Arizona, Tueson, Arizona, and R. C. Wingrove, R. E. bach, Jr.,
and R. 8. Mehta, NASA Ames Resenrch Center, Moffett Field, California, AIAA Paper
No. 84-270, presented at the AlAA, 22nd Aerospace Sciences Meeting, January 9-12,
1984, Reno, Nevads,

7/ Alreraft Acoident--United Airlines, Douglas DC-10, Hannibal, Mo., April 3, 1881.

8/ Alrcraft Accident—United Airlires, Douglas DC-10, Morton, Wy., July 16, 1982,




The controller working Flight 965 stated that the first pilot report {PIREP) of
any turbulence was received 5 minutes after Flight 965 first contacted him. He said the
PIREP was "ehop" in an ares on the west side of weather depinted on his radarseope. He
stated that Flight 985 was traveling east of the weather. He further stated that other

es had passed within 10 miles of the location where Flight 985 encountered
turbulence, but that he had not received any turbulerce reports from these airplanes when
they passed through that area. When questioned ori whether he was sble to distiniguish
weather patterns or cells on his scope from the computer generated "H" symbols that
cenote heavy weather areas, he responded that he was not. He also stated that the il
symbols depicting heavy weather areas vary greatly depending on whether the radar
system ecvering the area is in linear polarization (LP) or cireuiar polarization (CP), 9/ He
stated that when the radar was in CP, the weather erea depicted would be smaller in area
than i the radar system was in LP, Tharefore,; the radar would not present an accurate
pleture of the weather in the actual area. The controller stated that he was aware of
FAA's new Hszardous In-Flight Weather Advisory Service and that he was not aware of
any SIGMETs affecting the Jucksonville ARTCC area at the time of the aceident.
Pacility procedures cali for distribution of SIGMET information to controllers for
reference at their work stations. The Safety Board was not able to determine why the
controller did not have this information,

L1732  Hazardous In-Flight Weather Advisory Service (HIWAS)

On July 14, 1981, ihe FAA issued Notice N 7110.658 estatlishing a Hazardous
n-{light Weather Advisory Service (HIWAS) designed tc use selected navigaticnal aid
frequencies (VOR's) for broadeasting continuous vital weather information in order to
reduce controller workload. The Notice directed that an in-service program evaluation be
aoncucted In e Jacksonville and Miami ARTCC areas for the dissemination of aviation
in-fl{;ght weather adviscries. Although this was g test program, the FAA intended it to be
mandatory.

In the Notice, the FAA's Air Traffic Service stated that broadeasts of aviation
inflight weather advisories over control frequencies and VOR's were frequently deiayed or
not accomplished because controllers had higher priority duties. When such broadcasts
are needed, often & controlier's task of separating aireraft is also most demanding, and
Flight Service Station (7SS) specialists are often busy providing services to airborne
aireraft during adverse weather periods. Application of the Notice was limited to ARTCC
sectors, terminal facilities, and FSS's within the Miami and Jacksonville ARTCC areass.
The Notice suspended the specifications of Handbook 7110.65B directing terminal and en
route facjlities to broudeast SIGMET alerts, and suspended the specifications of Handbook
7110.65F directing FSS faxilities to broadeast weather advisories. The Notice stated that
the test program would be advertised in a Class I 18/ Notice to Airmar (NOTAM), and
that facilities would further disseminate information about the prcgram in their contact
with pllots. Additionally, all FSS's in the FAA's Southern Reglon were to assure that
pilots bereme aware of the HIWAS in-gervice evaluation during pilot weather briefings.
User (pflot) comments were to be solicited, and feedbauck was to be forwarded to FAA
Headquarters (AAT-350) through the Southern Regional Air Traffic Division. The
provisions of the Notice were tentatively scheduled to become effective on August 1,
1981, for a 60-day period, but stated that the actus]l date would be announced by a

8/ Linear/clroular polarization (s a selective function of the radar. LP funetion is

utilized in normal weather periods. The CP function is utilized during periods of weather
i order to reduce the intensity and area of weather echoes on the controller's seope,

re printed (n a biweekly publication and distributed through the

I NOTAM's are distributed telecommunieations.




Gereral Notice (GENOT). The appropriate NOTAM had been published as & Class II
NOTAM on July 14, 1881,

On September 3, 1981, the PAA's Air Traffic Director issued a GENOT stating
8 in-service evaluation would be implemented at 1000, September 9, 1881,

and directed that ¥8S's in the Southern Region notify Fixed Base Operators, Military Base
Operations, air carriers, and other users.

On July 14, 1983, the FAA issued Order 7110.92 implementing the HIWAS
program on a systemwide basis. The Order stated that the HIWAS programs at the Miami
and Jacksonville ARTCC areas were commissioned effective on the date of the order, and
that additional HIWAS programs would be implemented on a center-by-ceniar basis by
GENOT.

On November 14, 1983, the FAA issued Air Traffie Control Document Change
Proposal AAT-3€5-33-2 notifying concerned user groups of proposed changes tn HIWAS
Order 7110.92. The proposal requested that comments on the changes be forwarded to the
FAA (AAT-360) by January 186, 1984,

On December 8, 1883, the FAA's Deputy Associate Administrator for
Engineering testified before the 3.  Heuse Committee on  Publie Works and
Transportation, Subcommittee on Investigations and Oversight, concerning the FAA's
Aviation Weather Program. He stated, "The Hazardous In-Flight Weather Service
(HIWAS) was successfully demonstrated in Fiorida and is now an established program in
the Miami and Jacksonville Center areas. Visual Omni Runge (VOR) frequencies are now
being identified to expand this service nationally by 1985, Based upon user comments,
procedures are being amended so that controllers will advise pilots when a HIWAS update
:iafs occurred. In addition, center weathe: advisories will be ineluded in the broadcast
nformation."

L.17.8 User Group Interviews Regarding HIWAS

During its {nvestigation, Safety Board investigators questioned 130 personnel

y air carriers or assigned to military units who operated in and out of the
Jacksonville and Miami ARTCC% with regard to the HIWAS program since its
implementation in September 1981. These users were air carrier pilots, chief pilots,
military and FAA pilots, and flight and station managers. Nine air carrier pliots
nterviewed were operating within the METTA Sector at the time of the uccicdent. Exeept
for one sir carrier pilot, ail stated that they were not familiar with the HIWAS program.
The one exception, a Boeing 757 captain, stated that he was not aware of the program
before November 29, 1883, but that he had recently reac a notice on the subject.

Additionally, Safety Board investigators questioned the 130 individuals on how
they would normally expect to receive hazardous weather reports such as SIGMETS once
their flight was airborne. Al stated that they expected the controller to provide them
with the information. Abont one-half of those questioned -- those who were employed by
Part 121 air carriers -~ stated that, in addition to ATC notifying them, their respective
companies had programs to provide them with the information through the use of g
company radio.

In addition to the users interviewed, Safety Board investigators contacted
other groups regarding the HIWAS program. The Afr Line Pilots Association stated, I,
part, in a letter to the PAA of (otober 18, 1983, that, "To the best ¢f our knowledge, the
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HIWAS program, as implemented in the Miami and Jacksonvillc areas, is not acceptable to
ary of the major user organizations."” The Air Transport Association stated, in part, In its
letier to the FAA of November 21, 1983, that, "While FAA Draft Order 7110.92A ia far
superfor to its pradecessor, it stiil does not satisfy primary airline objectives." One ATA
member eirline reported, "It is a gservice that would not appear to be compstible with our
desires or needs, even on an interim basls."

1.17.4 Ait Canada Turbulence Penetration Frocedures

Pxocerpts of specific company procedures for severa turbulent alr penetration
portaining to the 1.-1011-1-15 airplane are as follows:

1.  Flight through severe turbulence should be avoicied if possible.
When flying at 30,000 feet or higher, it i5 not advissble tc avoid a
turbulent area by climbing over it urless it is obviow;; that it can be
overflown well in the clear. For turbulence of ths same intensity,
greater buffet margins are achleved by flying at the recommended
speeds at reduced altitudes.

If airspeed i greater than 300 KIAS, reduce to 300 KIAS regardiess
of Mach number. If airspeed is below 283 KJAS, do not further
reduce speed if Mach is within target range. If both Mach and
airapeed are less than minimum target values, inereasc speed until
the first target is attained. These speeds are applicable for severa
turbulence such as that encountered in a thunderstorm and provide
fully adequate structural margins and airpane control. Note that
an airspeed reduction is not normally required at high alitudes. At
medium altitudes the required airspeed ©san be attained by
smoothly retarding the throttles.

The target speed increases linearly to 300 knots at 30,000 fect.

Before entering araas of known turbulance:

¢ Use the weather radar to determine the best penetration
heading when the turbulence is associated with thunderstorm
activity.

Determine hest penetration altitude, preferably below the
cruise chart optimum value of altitude . <. weight.

Select a heading which will clear storm cells by § miles whon
OAT [outside alr temperature] is above freezing, end Dy
10 miles when OAT is below freezing. When at or above
20,000 feet, clear the celis by 20 miles.

Engage autopilot in any mode except Altitude Hold.

Usa of the autopilot turbulence penetration mode is
recommended for autopilot opsration in severe turbulence.
In this mode the uttitude rate gains are reduced.
(Additionally, the yaw damper operating with the autopilot
TURB mode will ai? {n maintaining stable control and in
reducing structural loads.) Do not use altitude hold mode.




Contirwous Ignition should be ON. If throttle movements are
required they should be made smoothly and slowly from
stabilized thrust settings. If non-recoverable engine surge
occurs (rapidly rising EGT), complete the Engine Shutdown
checklist. If ongine limitations have not been exceeded,
restart the engine using the in Flight Relight procedure.

Severe turbulence will causa large, and often rapid,
variations in incicated airspeed. DO NOT CHASE THE
AIRSPEED.

Make thrust changes only if necessary to maintain target
alrspeed.

The recommended procedures for manvally controlled flight
in severe turbulence are: \

4  Aftitude - Malntain wings level and the desired piteh

attitude. Use the attitude indicator as the primary
Instrument. In extreme drafts, large attitude changes
may oveur. IX) NOT USE SUDDEN LARGE CONTROL
INPUTS,  Aftor establishing the trim setting for
penatration speed. DO NOT CHANGE STABILIZER
TRIM.
Altitude -~ Allow altitnde to vary. Lerge altitude
variations are porsible in order to maintain the desired
attitude and approximate airspeed. DO NOT CHASE
ALTITUDE,

o If sutopilot is engaged, salect turbulence mode.

En Itoute Weather and Hazgrdous In-Flight Weather Advizories, U.8.A.

The following is excerpted from Air Canada's Route Manusl, Chapter 4,
page 2, dated September 4§, 1983:

Hazardous Inflight Weather Advisory terviee (HIWAS)

The FAA through FSS's will broadvast hazardous weather sdvisory
service to be transeribed and continuously broadcast over designated
VOR's. HIWAS will be impiemertod on a 2entre by centre basis. Miami
and Jacksonville are the first centres to have HIWAS.

The HIWAS broadcast shall .aclude a wummary of Si3METS, AIRMETS
[ Alrman's Metaorological Information) and urgent PIREPS pertaining fo
the ARTCC area In which the broadcast facility is located. During
pariods when there are no pertinent wsather advisories, an appropriate
s.atement shall be issusd,

Designated VORs on which HIWAS is Broadeast

Jaoksonville ARTCC -  Florence, Savarnah, Tallahasvee, Jucksonville
Mlaml ARTCC - Orlando, St. Petercburg, Miaml, Fort Myers,
Kay West.




Now hwvostizative Techiiques
None.

2. ANALYSIS
2.1 Geéneral

The flightorew was certificated and qualified fop the flight. They had
received the training and oif-duty time preseribed by Canadian Department o? Transport
regulations. There was ho evidener of any pre-existing psychologieal or physiological
condition that might have affected the flightorew's performance,

The airplane
Department of Transport
approved the maintenane
airplane ~=d been maintei
no evidence of a failure or

The METTA Sector radar controller at the Jacksonville ARTCC was properly
certifieated and medically qualified for hig prescribed duties,

22 The mignt

The weather data available to the flighterew during the self -briefing showed
the general surface weather pattern and the upper eir pattern. In addition to the syneptie
and forecast upper wind and tempearature charts, the flighterew also had a significant
weather prognostic chart avallable. This chart had forecast that, at 1900, a frontal
System with associyted ¢urmulonimbus activity would be about pargllel to the southern
United States coastline in the vicinity of Virginia and the Carolinas. Few cumulomimbusg
wel 3 expected to have tops at FL 340. Exeept jor a possible copying error, the Safety
Board could not determine why the company's ¢opy of the same chart Issued by the
Nutiona) Weather Service showed the tops to be at PI, 340 instead of at PI, 390,

Based on ihe recorded weather information ang pilot reports, Flight 965 was in

an area of thunderstorms and on the eastern edge of a jet stream
southwaest to north-northeast, with the core
Mountains. The winds In the vieinity o
southwesterly at 70 to 80 Knots based upon The Safety Board
atiempted to de i Y d on atmospheric
stability and wind shear. from Charlest.1, South Carolina,
and Cape Hatteras, Morth Carolina. The sounding from Charleston, South Carolina,
showed no significant changes in stability (layering) in the vertical structure of the
atmosphere in the vicinity of PL 370, but significant changes in stability from about

000 feot to the tropopause at about 96,000 feet. Wind shear information is an
important element in determining potential clear air turbulence. The lack of winds aloft
data above about 28,000 feet, however, precluded the Safety Board from determining
whether or not wind shear existed at FL 370, The Charleston sounding showed a relatively
homogeneous column of air in the vieinity of Flight 965' encounter. This column of air
would be considered conducive to wave development in the atmosphere and conducive to
the question of turbulenca, Although speaitie winds aloft data -ng not avallable, the
Board believes that wing sheare did exlst becyuse of the strong wi:«s aloft along with the
intrusion of thunderstorms.
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At 1918:17, about 2 minutes after the flight had been cleared from FL 350 to
FL 370, and 19 seconds after it had been asked to start a right turn for Wilmington, North
Carolina, Flight 965 reported to the controlier that it may have to detour in a little while
because they had a thunderstorm up ahead. The flighterew was expecting to proceesd
along Atlantic Route AR4, past the SMELT intersecticn to OLDEY, where they were
planning to turn north onto AR3. The contreller had turned the flight north slightly
before it reached OLDEY. ‘The turn from about 285° to about 355° was not enough to
divert it east of the frontal activity. 8o, it was heeded divectly toward another line of
intense thunderstorm cells.

"The first pilot report of turbulence came st 1822:42 from Peoples Express 545,
when it was southwest of Flight 865, but closer to another ar2a of thunderstorm activity,
ind another flight immediately asked the controller where Peoples Express 45 was
located. Porty-two seconds luter, Flight 965 reported leval at FL. 370 and". .. we'rein a
moderate chop to light turbulence (unintelligible) bulldup and thowers." At this pnint, the
captain had noticed a flash ¢f lightning to the north, switched on the fasten seatbelt sign,
and made the PA announcement about turbulence. Since it was nighttime, the erew had
determinec that they were in upper cloud based on the reflection of strobe lights, and had
also observed some static discharges on the windscreen. Althcugh several flights in the
next several minutes either changed course or requested mere information, Flight 865 did
not, and it continued on the northerly heading. At 19825:59, 2 minutes 35 seconds later,
Flight 965 reported that it had encountered the severe jolt, just north of the PANAL
intersection (the encounter actually took place south of the PANAL interzeation.)

Beconstruction of Flight 865's flightpath using the 1930 overlay from the NwS
radar at Wilmington showed that Flight 985 had been about 12 miles east-southeast of a
line of thunderstormes with very heavy, level 4. rainshowers, and 24 miles north-northeast
of another area of heavy, level 4, rainshowers. ‘The radar showed that precipitation tops
were mostly below 35,000 feet. Also, the radar data confirmed that Flight 985 was in an
aren of lighter rainshowers at the time of the encouater.

After making the northbound turn at OLDEY, the captain had cbserved fading,
light weather returns on his radar, 40 to 50 miles ahead with 2° of downward tilt of the
antenna. This observation indicated that the flight was overflying shower activily at
heights of about 22,000 to 27,000 feet. The MWS radar overlay, howsver, showed that the
flight was not directly over any significant shower activity during its flight, but that it
had proceeded northbound to within about 12 miles of an area of intense shower activity
before the severe turbulence was encountered. Company procedures reguest that
flighterews remain 20-miles away from thunderstormis above 20,000 feet. The Board
concludes that the thunderstorm activity directly ahead of Flight 965 should heve been
visible on the captain's radarscope, but that the tops of the precipitation probably would
have been shown as below 35,000 {eet in this area. Therefore, the selected altitude of FL
370 would have allowed the airpiane to overfly the thunderstcrm activity. 1The
flighterew's report of flying in upper clouds along with the presence of static discharges
indicates the flight encountered cirrus or ice crystal elouds. These tvpes of clouds could
have been the "anvil" of eumulonimbus clouds which occurs downwind of cumulonimbus
activity. The captain would not have been able to detect this anvil eloud with his radar.
medi.wao CGOES satellite photograph confirmed the existence of this type of weather
eondition,

Furthermore, the captain was not aware of the conveaotive SIGMET's which had
reportad the maximum tops to bhe from 40,000 to 45,000 feet; these were issued after the
flight departed Trinidad. The 1930 NWS radar overiay showed the maxinium precipitation
top at 49,000 fuet. This cell was located about 6% miles north-northeast of Flight 965
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when the severe jolt wag encountered. The captain's second radar return, about 20 miles
to the right of his eourse, was not veritied by ground rader, but it should not have been a
factor in the encounter because of the direction of the prevailing winds.

The Board consulted with NASA about this aceident and learned that it was
their view that Flight 965 encountered the same type of clear air turbulence that existed
in the 1981 Hannibal, Missouri, encounter. (See footnote 7.} A review of FAA Advisory
Circular 00-8, "Aviation Weather," dated 1988, statos that, " . .thunderstorms eommonly
benetrate the upper troposphere and sometimes the stratosphere. They should be given a
wide berth horizontally and vertically because they are capable of producing extreme
turbulence. .. ." It further status, "Turbulence, in particular, may be encountered in clear
air for a considerable distance horizontally and vertically from growing thunderstorms."
U.8. Air Porce Manual 51-12, "Weather For Afroraws," dated August 1, 1974, alarts
military pilots of this phenomencn by stating that, "Severe tubulence can be encountered
in the anvil 15 to 30 miles downwind. . .The most severe turbulenae outsic the storr:
occurs ir: the clear air downwind." The Safety Board believes that the evidence shows
that FPlight 965 encountered turbuience developed as & result of the level 4 thunderstorm
activity 24 miles south-southwaest of the flight which had protruded into the high,
southwesterly winds aloft. This formeation would have produced the wave of clear air
turbulence wiich disturbed the airplane.

There was no specific forecast of clear air turbulence for the area in which
Plight 965 was transiting. Based upon the information in the World Meteorological
Organizations Technical Note No. 155, 11/ ciear eir turbulence would not have been
anticipated. The two convective BIGMETS which were issued implied moderate to severe
turbujence associated with thundorstorms. Consequently, In view of the current oriteria
used by NWS, the Safety Board cons!ders the for
correct with regard to thunderstorm '
turtulence. Neverthsless, since the airplane encountered a form of clear air
turbulence, 12/ the Safety Board believes that, in view of recent rasearch and
investigation experience, the eriterin used by NWS is not entirely edequate. ‘The Board
believes that in cases such as this, the forecasts cculd be improved by considering the
interaction between Jot stream veloeity winds and thunderstorms which have the potential
to produce clear air turbulence downstream of cumulonimbus clouds. Adoption of this
eritoria in this regard by the NWS could prevent similar oecurrences by alerting
flighterews about this phenomenon so that they can select proper routes and best ccurses
of action to deviate aroun? thunderstorms. Slnce the flightecrew believed that it could
overfly the thunderstorm activity, it continued its flight within 20 miles of other
cumulonimbus activity, thereby plac'ag the airplane in & position where it encountered
severe turbulence from a source which the flighterew did not expect.

2.3 Air Traffie Contro)

~ The METTA Sector contreller was not aware of any turbulence in his area until
Peoples Fxpress 545 made his report. He had not been informed of the convective
SIGMETS that had been issued. In addition, he had been using the circiar polarization

11/ A pubfication normally used by the Nationsl Weather Service as a guide for

“Foreca:stlng Techniques of Clear Ajr Turbulence, Including That Associated With

Mountain Waves."

12/ ‘The term clear air turbulence describes turbulence encountered in clear air and it is

generally used to deseribe high leve: turbulence ocouring outside of conveective clouds.
» 1t is frequently used to deseribe turbulence enaountered in olrrus clouds,
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(CP) feature of his radarscope and, therefore, had not been viewing the more detajled
picture of the weath~r pattern. He probably was using the CP feuture because he was
more concerned about separating aireraft, his primary responsibility. However, after
becoming awere of the PIREP on turbulence, the controller assisted the other flights by
providing advisorirs and moditied routings.  Although it appeared that he had an
opportunity to recommend that Flight 685 turn farther east to avoid flying close to the
thunderstorms, he became preoccupied at that time in providing required separation
between Flight 885 and People Express 545 as they converged in the area of OLDEY at
the same flight level. As e result, he turned Flight 965 north only to provide sufficient
separation between the two aircraft before Flight 965 arrived at OLDEY.

The FAA implemented the HIWAS program to alleviate the burden on the
controller of providing weather advisories. In the Sufety Board's opinion, the basie
concept has merit. Its use could be to the en route controller what automatie terminal
information service (ATIS) has become to the terminal airspace controller. However, the
Board is co.:2erned that numerous active pilots interviewed during t'is investigation said
that they were not aware of the HIWAS program. It is evident that an educational and
communication problem exists which must be ¢orrected. The FAA announced the program
in the form of a Class Il NOTAM, which is disseminated only to about 13,000 recipients.
Although the use of u Class II NOTAM was an appropriate meti;.od of disseminating this
information, the Board believes that this action was obviously not sufficient in view of the
survey. Also, the details of the program were not disseminated directly toa foreign
carriers. Information about the HIWAS prograra was available to foreign carriers through
publication in the U.S8. Aeronautical Information Publication (AIP} if the carrier
subseribed to the publication through the U.S. Government Printing Office. It is the
Board's view that effective publization of the program could have been achieved by closer
coordination between domestic and foreign offices within the FAA and additional
measures should be taken to ensure widespread distribution. This c¢ould be accomplished
by making use of the Airman's Information Manual (AIM), Advisory Circulars, Inipector
Operations Bulletins, and pubie announcements.

Transport Canada had received the NOTAM but FAA Class II NOTANs do not
receive widespread distribution in Canada. Air Canada pilots received it in the form of an
insert to their operations manuals. Although the Safety Board cannot overemphasize the
need for [llighterews to thoroughly review and insure they understand supplemental
information issued for inclusion into company operating menuals, the HIWAS information
in the insert bore little resemblance to the information provided originally by the FAA. In
fact, the differences gave the impression that the HIWAS was an optional program rather
than one which required participation. The Beard believes that Air Canada and all other
airlines must insure that the information contained in Class I NOTAMs is thoroughly
reviewed and disseminated so that it is clearly understood by their pilots and other
appropriate personnel. It is understandable, therefore, why s many pilots were not aware
of the program. All of the 130 personnel interviewed stated that they expected the ATC
controller to provide any SIGMET or addit!onal weather advigories that were issued after
an airplane's takeoft. Since the majority of the pilots interviewed flew for air carriers,
they also axpected their companies to pre 'ide such information via company radio or
AIRINC. However, there is no requircment : . AIRINC to provide this information.

In the opinion of FAA supervisory personnel in the Air Traffic Procedures
Division responsible for the program, they had distributed the HIWAS program information
in a routine and standard manner, thereby fulfilling their responsibilities. The Safetv
Board understends the FA A's position, but believes that more effort Is needed to advertise
the program in order to insure that flighterews receive this vital weather information.
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w addition, the Board believes that the eriteria for selecting certain VOR
stations to broadcast HIWAS information needs further review by the FAA. The nearest
HIWAS VOR station to Flight 985 was at Florence, 8outh Carolina, a location several
miles inland. Since Flight 965 was entering U.S. airspace froi a deep ocean environment,
they may not have been able to rec:ve the Florence YOR infsrmation. The Bosrd
believes that the FAA did not adequately consicer maximum reception altitudes, the
location of heavily traveled preferential jet routes, and trans-Atlantic and trans-Pacifje
traffic entering U.8. domestie afrspace when it developed its program. Furthermore, the
Safety Doard is concerned about the potentia! problems iplerent in changing navigational
frequencies fn ordep to receive an off-route HIYAS VOR with the sophisticated
navigational computer equipment on board such afrplanes as the Boeing 757 and 787. This
equipment s programmed to automatically select anc identify VOR/VORTAC stations
required for a particular route of flight. The Safety Board related to the Boeing Compeny
its concern ubdout the compatibility of HIWAS with the use of the new generation
airplanes. Doeing reported that with dua ! receivers installed as standard
equipment on all Boeing airplanes, selecting an unprogrammed frequency of an off-route
VOR station would not compromise the flight management system's (FMS) ability to
provide accurate and current flight guidance from a single racetver. However, they
expressed cencern about the Impact HIWAS monitoring might have on ¢rew workload,
particularly if monitoring is necessary while in terminal airspace environment for an
extended period of time. lieved that the HIWAS program reduces the
effectiveness of their design -- to minimize the tuning of navigational radios. Although
there is presently a limited number of VHF com Boeing

This would be

sory services such a ght Watch (FSS Weat.ar

The Safety Board is aware that the FAA plans tc implement the

current HIWAS program/procedures on g rationwide basis at all domesiic ARTCC
facilities at an early date, However, the Board believes that implementation of the

nt and & p
HIWAS to the aviation comminity,

2.5 Survival Aspects

This was a survivable accident. The severe encounter resuited in a peak
vertical acceleration of - 1,042 G's. This meant that the airplane was subjected to g
-2.04 G excursion. time in which the associated altitude and airspeed
deviations occurred i The fact that the autoflight system waes
in the aititude its use by the
However, the
maneuver resulte i ng the heavy
passenger service carts, flying around the eabin. Since the airplane pitches about its
lateral axis or within the area of the wing, the passengers and carts in the
the airplane experienced ihe greatest ve
Therefore, the most damag
seatbelt signs and PA equi statements and
medical ; h hip and back
injurtes were not gecurely restrained in t
encounter. Review of Air Canada
required to ensure that passengers
tasten seatbelt sign is illuminated.
expected, flight attendants are to ensu
and secured, in addition to seouring
thereafter. Al indications were that




their procedures at the time ot the severe turbulence encounter. Nevertheless,
passengers received injuries that could have been prevented. Because of the unsuspecting
nature of clear air turbulence, the Safety Board eannot over emphasize the need for flight
attendants to exercise diligence when checking to see if pasgengers are heeding the fasten
seatbelt sign and must forcefully instruet passengers to nci delay in securing themselves
in their seats. Additionally, passengers must coorperate with flignt attendants under
these circurmnstances by ensuring that personal belongings are secured.

Although the passenger service carts are equipped with locking mechanisms
which conneet with standard anchoring devices in the floor o? the L-1011, the Safety
Board is concerned that the cssrts were not secured during the turbulence encounter. One
of the prcblems with the passenger service cart locking mecharism is the difficulty a
flight attendant experiences in determining when the cart is properly positioned over the
floor anchor pin. Proper positioning over the floor anchor pin becomes extremely difficult
to accomplish when the spring steel stop, which is an intregal part of the locking
mechanism, is bent out of shape or is displaced, as shown in figure 2. Arnother problem is
that the same toe-operated lever used to secure the cart to the floor anchor pin also
brakes the rear wheels. Sinee the toe-operated lever also applies the brakes, a flight
attendant could be mislead under these circumstances into thinking that the cart is
secured to the floor anchor pin after operation of the toe lever when, in fact, it is not.
The Safety Board believes that without a mecheniea: indicator to readily show wnether
the cart is anchored, extra effort is required to anchor the csrt with this type of locking
mechanism. Preventive maintenance also is needed to ascertain whether the locking
mechanisms are working properly. 'The manufacturer should consider providing acJditional,
or different, means of anchoring the carts.

3. CONCLUBIONS

1 Findings

1.  'The flighterew was qualified for the scheduled flight and there were no
psychological or physiological factors which would have adversely
affected their performance.

There was no evidence of a failure or malfunction of any component
which would have caused the aceident.

The radar controller was qualified to perform his presieribed duties, and
there was no known evidence of medical factors which would have
adversely affected his performance.

The flighterew was furnished with appropriate weather information prior
to dispatch, enabling them to make sound decisions concerning the type
of weather conditions they could expect 1o encountep during the course
of the flight.

The weather forecasts issued by NWS were prepared using current
criteria and were substantially correct by that measura.

The National Weather Service criteria for forecasting clear air
turbulence are inacdaquate.

The flighterew believed that it could overfly the thunderstorm activity.
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The flight was downwind and within 20 miles of a line of thunderstorms
In en area of light rainshowers at the time of the severe turbulence
encounter,

The flight encountered severe clear air turbulence r;enerated as a result
of thunderstorms protruding into the level of high, southwesterly winds
aloft.

The captain appropriately instructed flight attendants and passengers to
be seated and fasten their seatbelts at the first sign of turbulence.

The fasten seatbelt signs and public address equipment were in «working
order.

The occupants were injured because some were not securely restrained in
their seats and because some were hit by loose articles in the cabii.

The flight attendants and passengers had sufficient time to secuve
themselves in their seats before the severe turbulence encounter.

The means for insuring restraint of the passenger service carts at the
serving stations in passenger aisles needs improvement.

Neither the flighterew nor the controller was aware of the convective
SIGMET's that had been fssued after Flight 865 left Trinidad.

The controller provided adequate information and instructions to other
flights In the area once he became aware of the PIREP on turbulence.

The manner fin which the FAA distributed information regarding
implementation of the HIWAS program was inadequate.

The current HIWAS program is not adequate because the FAA did not
consider maximum reception altitudes, the location of traveled
preferential jet routes, and trans-Atlantie and trans~Pacific traffic.

18. The ability to use sophisticated on-board navigational computers
successfully with the HIWAS program needs to be established.

3.2 Probable Caune

The National Transportation Safety Board determines that the probable cause
of the accident was ar encounter with severe clear air turbulence produced by the
intrusion of thunderstorm cells into strong winds aloft.

4. RECOMMENDATIONS

As a result of the accident, the National Transportation Safety Board
recommended that the National Oceanie and Atmospheric Administration:

Advise its weather forecasters to be alert for situations where there is a
jet stream or strong upper level winds in associacion with lines of
developing or developed thunderstorms which may produce an area of
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severe clear air turbulence, and to tssue appropriate warnings of this
potential turbulence to piiots through area forecasts, SIGMETS or othey

appropriate means of ecommunication, (Class 1I, Priority Action)
(A—84-108)

--that the Federal Aviation Administration:

Postpone nationwide implementation of the Hazardous Inflight Weather
Advisory Service Progaram at Air Traffic Control Centers un'fl the
broadeasting procedures are Improved and program information is
disseminated widely. (Class I, Priority Action) (A-84-111)

Designate communieation frequencies within the 118-135 MHz bend for
each Air Route Traffie Control Cunter to broadeast Hazardous Inflight

Weather Advisory Service information. (Class I, Priority Action)
(A-84-112)

Develop procedures similar to those currently used in terminal areas for
Automatic Terminal Information Service, for flighterews to mon;tor an
individual faeility's Hazardous Inflight Weather Advisory Secvice
frequency and to inform the controller/facility on initisl contact that
(the 8t’light ;ma the current HIWAS information. (Class U, Priority Action)
A-84-112

Diuring & transition period following the implementation of Hazardous
Inflight Weather Advisory Service, require Air Traffic Controllers to
advise flighterews when coritical safety Information is being made
available through HIWAS. For example, ARTCC controllers should be
required to advise flights upon initial contact "significant weathsp
information available on HIWAS." (Class I, Priority Action) (A-84-114)

Institute & program to ensure that changes to ATC operations and
communications procedurcs, means to disseminate sviation weather
information, ete., are published in a manner to directly reach all users of
the National Airspace System. (Class I, Priority Aetion) (A-84-1135)

Also as a rasult of its investigation, the National Transportation Safety Board
suggested thiat the Canadian Aviation Safety Board recommend to the Canadian Afr
Transportation Administration that its

Require Air Canada 1o initiate a daily inspection program to assure that
each passenger service cart (PSC) locking mechanism is undamaged and
can be properly aligned with the floor-mounted anchor pin until a
positive lock Indicator is installed or a mora reliable means of
positioning and anchoring the PSC is designed and installed.

Require Air Canada to develop a positive lock indicator for passenger
service carts (PSCs) on the Lockheed L-1011 airplane, or slternatively
that all Air Canada L-1011 airplanes, and PSCs be changed over to the
"mushroom" type restraint devices.
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BY THE NATIDONAL TRANSPORTATION SAFETY BOARD

/s/ JIM BURNETT
Chairman

s/ PATRH}IA A. GOLDMAN
Vice Chslrman

/8/ Q. H. PATRICK BURSLEY
Member

October 16, 1884




APPENDIX A
INVESTIGATION AND HEARING

L Investigation

The Safety Board was notified of the accident sbout 2060, e.s.t., on
November 24, 1983. ~ An Investigator-in-charge was assigned from the Washington
Headquarters Office along with specialists in the areas of air traffic control, waather,
survival factors, end airplane performance. The investigation was conducted in
conjunction with Canadian authorities who supplied the Safety Board with most of the
information about the operation, crew interviews, injury, and airplane information.

Parties to the investigation ineluded the Pederal Aviation Administration, the
Canadian Aviation Safety Board, Air Canada, Lockheed California Company, and the
National Aeronautica} and Space Adminigtration.

2. Public Hearing Information

No public hearing or deposition proceeding was conducted as a result of this
inquiry.
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APPENDIX B
PERSONNEL INFORMATION
Captain Robert J. Fox

Captain Robert J. Fox, age 50, held a Canadian Afriine Transport Pilot
Licence, No. YZA-838, with a single ard multiengine Jand rating and type ratings in the
DC-3, DC-8, DC-9, VC-8, VC-9, and I.-1011. He became a captain on the L-1011 on
March 17, 1982, He held a Category 1 medical certitice’ {ssued June 1983, He had
22,900 hours of tota) Night time, 2,733 hours of which we_. flown in the L-1011. In the
previous 7 days, he had flown 18.4 hours in the L-1011, He had been off duty for about
18 hours before the aceident flight. ,

First Officer Ronald J. D. Frerichs

First Officer Ronald J. D. Frerichs, age 48, held a Canadian Airline Transport
Pilot Licence No. QMA-787 with a single and multiengine land rating and type ratings in
the B 727, DC-3, DC-8, NC-9, and L-1011., He became a first officer on the L~1011 on
February 21, 1879. He held a Category 1 medical certificate issued Soptember 1983. He
had 12,480 hours of total flight time, 5,081 hours of which were flown in the L-1011, In
th> pravious 7 days, he had fiown 4.8 hours in the L-1011, He had been off duty for
20.5 hours before the accident fiight.

Hecond Officer Gary I Dell

Second Officer Gary L Dell, age 27, held a Canadian Ssnior Commereial Pilot
Licence No. YZS-158764 with a single and multiengine land rating. He became a second
officer on the L-1011 on January 19, 1978, He held a Category 1 medical certificate
issied July 1883, He had 4,470 hours of total flight time, 3,400 hours of which were flown
in the L-1011. In the previous 7 days, he had flown 2.3 hours in the L-1611, He had been
off duty for 18.5 hours before the 1celdent flight.

zontroller Carl W, Davidson

Controlier Carl W. Davidson was employed as an Afr Traf’ic Control Specialist
by the FAA for about 8 years. He had buen qualified in his area of operation at the
Jacksonville, ARTCC for about 4 years. He had been on duty for ubout 3.5 hours before
the accident. During his assignment shift, he had bsen assigned to the METTA radar
controller position for about 1.4 hours before the accldent. He held a FAA medieal
certificate issued on June 29, 1983, with no limitations,




AIRPLANE INFORMATION
vockheed 1L-1011, C-FTNJ

The airplane, manufacturer serinl No. 183E-1067, was manufactured by
Iockhead California Company in 1974 and was leased by Air Canada untll 1982 when it
was exported to Canada. The airplane was maintained in an ajrworthy condition under a
continuous maintenance and ingpection program approved by the Canadian Departmant of
Transport.

The airplane hed made a total of 8,542 landings and sccumulatad a totel of
28,544 hours of aperation.

The airplane was powered by three Rolis Royce Model 1iB-21-22B engines.
Specific data follows:

Engine No. 1 Ne.2  RNo.§

Serial No. 10213 10171 10151
Time since new (hours) 15,9086 1Y,736 18,827
Time since overhaul (hours) 850 438 3,242




APPENDIX D
ROUTR OF FLIGHT AND WEATHER OVERLAY
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APPENDIX 1}
NWS TURBULENCR RRPORTING CRITERIA TABLE

TURBULENCE REPORTING CRITENA TABLE

AIDCRATT REACHON WEACTION (NSIBE MRCRATY |

seep  Tmiacswnies wip

TR T b

fovet o elvwwe sl «

Yurbulence that momentarily causer sight,
avratic changes in altitude snd/ov atidude
(antch, roll, yew). Report as Light Terbsients .

or
Turhuloncy thet couses sheht, rapis and sdmy;.
what rhythmic bumoiness without sperecalie
chenges in altitude or ettilude. Raport as
Right Chap.

Occupanis may feel o shght
srein agaiinit seat belts or
shouider straps. Unsacyred
wbjects may be displaced
Mightly. Foudt sorvics nay be
conductad and little or no
ddthicuity is omiountared
walking.

Occasions! = Less than 1/}
of #w ume.

inermittent - /3% 2/3.
Continuous - Morathan 2/3.

Turbulonce that is simiter fo Light Turbulonce
but of greates itstensity. Changes in aHitude
and/or sttitude accur but the sircralt remain
in positive control st all times. #t uhually
e waristions i wdeated arspeed. Papont
88 itk Tatwiooms .*

o
Turbwdonce that is aimilar to Light Chop Sut of
greatar intensity. M causes rapid bumps or
6.3 wthoul spprecisble changes in sircralt
sfutuds or sititude. Raport as Medersts $iep.

Qecupants vist definite
Mrains sgeit 4t o8t Deits or
shovider sy 9% Unsemcyred
adjects gre disiodged Food
Hervice BNG WHIking Me’
aficult,

{ lande.
2. Durstion may be based

Turbulince the! couses large, sbrupe changes
in sttitudse nnd/or attitusde. 1 usuatiy tauses
large voristions i+ indicaled sirspeed. Aircrant
tnay be momenrarily out of control, Report as
Soviee tmrinea. ¢

Occupunts are forced vio:
tently against soat helts or
shoulder straps. Unpecured
objscts are lotsad adout.
Fand servics and walhing
840 iMDOLSIDIN,

Turbolonce in which the sircratt is vioently
tosand about end is practically impossible to
conlrol. It may cause structyral deinage.
Report &3 Esiene YTorbvense.*

nt
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ton/e), time (GMT).
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abie,

EXAMBLES:

8. Over Omahs, 12321
Niocderste Turbulence, in
doud, Flight Level 310,
87¢?.

b. From 50 miles south of
Albuquerque to 30 mules
north of Phoenix, 12102
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Level 320, DCO.

.
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APPENDIX P

USER OROUP INTERVIEW COMMENTS

The Btation Manager of a 14 CFR Fart 121 alr carrier at the Jacksonville
ailrport stated he was not aware of the HIWAS program and had not received
any information or: the subject.

Seventy-two (72) pllots of a major T'art 121 air carrier were questioned, in
person, on the subject of HIWAS on November 28, 1983, in their MNight
operations section at the Atlanta Harisftield Airport. ‘Those questioned
Included flightorews and flight manag The equipmont they operated
included DC-9, B-727, A-300, L-1011, and B-757 airplanes. Of the 72
questioned, 71 wera not familiar witt. the HIWAS program. One B-757 captain
stated he was familiar with the progra/n and that he had just read a notice on
it that morning. He stated that he vas not aware of the program prior to
November 29, 1985,

Nine flight~rew mambers who veere oparating in the METTA sector at the time
of the accidant were questioned and all stated that they were not aware of the
HIWAS program. ‘Those interviewed represented seven United States Part 121
air carriers, one from the U.S. Alr Force Military Airlift Command (MAC), and
one represented g fforeign flag carrier.

Additionally, the flight mangger of a Part 121 air carrier based at Newark,
New Jersey, interviewad by phone, stated that he was not aware of the HIWAS

The flight mansger of & Part 121 air carrier based at LaGuardia Airport stated
that he wes not farmiliar with the HIWAS program.

The Flying Sefety Orfice, Military Airlit Command (MAC), was asked if they
were familiar with the HIWAS program. Seven (7) MAC pilots ¢ualitied in the
full range of uireraft operated by that command stated that they were not
familiar with the HIWAS program.

Five pilots assigned to the Accident Investigation Brench, U.S, Naval Safety
Center, stated that they were not {amillar with the HIWAS program.

Four (4) pilots employaed by 14 CFR Part 135 operators were Question and all
stated they were not aware of the HIWAS prograrm.

The Chief Pilot of a Part 121 air carrler with a crew hase at the Miami
International Airport stated that he was aware of the HIWAS program but
believed it was designed for the general aviation community and not the aip
carrier community. Three days after investigators concluded their interview
with this individual, he contacted them and stated that he had interviewed
about 20 of his assigned flighterew members and found thet none was aware of
the HIWAS program.

Fourteen pilots were interviewed 4t Dulles International Airport. Of the 14, 7
were Part 91 operctors of light aircraft and 7 were operators of corporate
airevaft. All 14 stated that they were not aware of the HIWAS program.




Two pilots assigned to the FAA's Atlanta Flight Inspection Field Offices were
interviewed by phone, and they stated thut they were not aware of the HIWAS
program.

Two pilots assigned to the FAA's Hangar 6 flight operations at Washington
Naticnal Alrport stated thet they were not familiar with the HIWAS program.

Set - U.8B, Coast Quard pilots who operate, generally, within the Miami and
d&  avil'e ARTCC areas stated that they were not aware of the HIWAS

gi-’* T e

The  ew ol Flight 565 was not aware of the HIWAS program.

The CALPA memtier assigned to the Board's ATC Group for the {nvestigation
stated that he was not aware of the HIWAS prog,ram. He further stated that it
is the policy of Air Canada that the flightcrew secure the airplane when they
ar:b aware that they will be operating in either forecast or known areas of
turbulence.






