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AIR CANADA PLIGEiT 965 
LOCKHEED 61011, C - m J  

NEAR C-N, SOUTH CAROJXNA 
NOVEMBER 24,1933 

SYNOPSG 

C-FT5.2, with 1.45 pssenges  and 15 crewmexbers on board, encotatered severe 
At 1326, on Sovember 21, 1983, Air Canada Flight 965, a Lockheed L-lol l ,  

tumulence abollt 135 miles off the coast of Cha-lestcn, South Carolina, wh2e en route tc 
Toronlo, Canede, from Pox? of Sphin, 2iniGad. At 1916:OZ. the fIigi-2 had been &eared to 
clin?b m a  meinzein flight level (FL) 370 from FL 35G. About 2 minutes later, the ground 
contro3er ask& the Flight to start a turn to the north beceuse of other traffic. The 
captain state< that, he may have to detour around =me thmderstorms and also replied 
that he wss in the turn. .%oat 8 minutes later, the flight encountered severe turbulence 
whicS. lasted se:eral seconds. 

encounter. and two physician+ aboard the night provided immediate medical attention. 
Cke flight attendent and three passengers were seriously injured during the 

Thc fiight continued ?o i t s  desrinatlon and :an<& withoilt  further incident about 

treatrneni when the flight arrived. 
I 1:'2 hours efter the eccident. Medica! assistance was available a t  the gate to provide 

The Sationhi Ttansportation Safety Board deterxines that the probable cause 
of the accideilt was an encounter with severe clear 6:: turbulence produced by the 
intrusion of thunderstorm cells into stronp winds aloft. 

1. PACTCAL INFORMATION 

l.? Eistory of the mgbt 

Air Canada FLight 965 was a regularly scheduled interna-ional passenger Zgh t  
frcrn Port of EQain, Trinidad, to Toronto, CanaLia. There wrre 145 passengers on board 
an2 a crew of 15. One passenger was assigned to the first-class section and 144 to t h e  
economy section, indcding a 2-year-old boy. The flightcrew consisted of the captain and 
first and seccnd otficsrs. Th6 CESIn creth' consisted of ih2  flight service director and 11 
fight attendants. 

Since Ai? Canada does not hzve a dispatcher s i g n e d  et Port of Spein, the 
flightcrew performed a routir,e self-briefing in preparation io: the scheduled 

office withsurface weather analysis and prognostic upper eir charts. TV weather station 
i54G e.s.t. 1: flight ?O Toronto. on NovernSer 24. 1933. Air Canada provides their briefing 

charts. and significant weather prognosis charts. Also, through the use 0.' a computet, 
forecasts and actual weather were available for most reotes, terminals, and a.ternates. in 

1/ X I  times herein are eastern standard time based on the 24-hour clock. 
- 

B -  
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addition, the fligh' lan made available to the flightcrew included valid terminal and 
alternate forecasts, "I millibar (35,000 feet) constant press-re chart, TV weather station 
charts, and a signific&,,t weather prognosis for the intended route of flight. 

The flight plan essentially required a direct flight northeast over Puerto Rico 
to OLDEY Intersection via airways A220, B14, and AR4. The flight was to turn north et 

Wilmington, North Carolina, from OLDEY. Also, OLDEY is 116 n z i  east of Ch-leston, 
OLDEY onto AX3 and make landfal? a t  Carolina Beach, North Ca?olina, then onto ARI to 

South Carolina. A t  Wilmington, the flight was to proceed north on jet route 109 (J109) to 
Buffalo, Sew York, and then to  Tcronto. The planned cruising altitude for that day's 
flight was Eight level (FL) 350. 

1,700 porn& of fuel was  added. The actual gross takeoff weight %*;as catculated to be 
The scheduled minimum fuel load was 105,500 pun& However, an additional 

386,975 pounds. 

The weather along the initial legs of the flight was forecasr to be essentially 
clear, with only a chance of mcomteSng a few t:lunderstorms shortly after departure. 
Thereafter, the weather would be deer until approeching the southeast coast of the 

line, over the northern portion of Florida and northward along the Atlantic Coast. mere  
United States. A frontal system was oriented 03 8 north-northeast to southsouthwest 

34,000 feet mean sea level h.s.1.). The fligh? was also expected to encounter increasing 
were a few thunderstorms forecast to be associated w i t h  the frontal system with tops to 

jet stream win& from the southwest from the c o a s  to its destination. From southern 

(CAT) from FL 250 to FL 310. 
Pennsylvania to Toronto, it codd ewect  to encounter 3ncderate clear air turSulence 

c 

flight plan to Toronto. The night was cieared as f i led and operated without difficulty 
A t  I55?, Flight 965 departed Port of Spain on an instruxent flight rules IIFR) 

through kr~ Juan, Puerto Rico, Air Route 'kaffic Control Center (.%RTCC) airspsce. 
Thereafter, radio communications were transferred to a high freqsency Aeronautical 

FEgn4 955 contacted the Jacksonville ARTCC: METT.4 sector con:?olIer and reported. 
Radio, lncorporated (ARINC) frequency for overwater control purposes. At :915:34. 

estimefing OLDEY a t  two zero Carolina Beach next." The controzer zdvised the flight 
". . .we'?e a t  flight level three five zero we're just by S3iEiT at zero one four and we're 

cleared the flight t o  proceed direct to Buffalo. At 1916:02, the controller informed Flight 
that it :%'as in radar contact, 15 miles west of SMELT (32 Rmi southeast of OLDEY) and 

asked whether FL 330 or FL 370 would be desirable. 7%e flight reques:ed ?i. 370, and it 
365 that in just a 1it:Ie while he would have to change the flight's altitude sssignmen; and 

was assigned a t  19:6:13. 

a 

A t  191158, the controller t-ansrnitted, 'Bnd Air Canada nine sixty five could 

you a t  least of about (unintelligible!." At 1918:09 FIight 965 responded, "we just got it 
you start your turn for Wilmington sir aboiit a let's see we3 need a gmd :heading out of 

tuned in now and . . . Buffalo and i t s  about a sixty degree turn to xhe right.'' The 
controller acknowledged their transmission, and a t  1918:17, Flight 965 stated, "and a little 
Leter MI we may . . . may have to do a little . . . detour, w e  show n thunderstorm cp 
ahead.'; At 1918:22, the controller replied, "alright, sir, I need to start a turn to the north 
at least I g o t k  thirty seven (a being 7271, 1 gotta (unintelligible)." The night 
acknowledged, "Okay we're in the  tam now," at :915:2';. 
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turbulence (uninteligiblej bsli!dup uh showers.-: Accorahg to the captain, about this time 
?.t ?923:21, Flight 96.j regorted level at  SL 37C and !'in moderate chop to light 

in the vi-inity of OLDEY, be noied e %ash of fightntrg to the nortin, and the flight began 

s i p  snd eznouncer! cn :he publ.ic address system (?A), W e  are encodntering unexpected 
to er!cou?ier ligM to moderate .'chop.'. He stated that he switched on the festen seatbelt 

5ght ?urbulence, piease xzmi:? seated and fasten yea- seatbelt as a precstltionarY 
measure." He said thet the ai?plane was in "upper ciovd" and that there was s o z e  static 
discharge on the :vindscreee as! reflections from the strobe iights. During this time, he 

doanas& 2 9  :-TP noted 2 seeor.2 x t c m  &!mi: 20 n m  to the righ: of his course. The first 
noted a corth-south 3n.e of light weather :sdar retudrns on his scope which was tilted 

of3~ic-er stater' :::st the radar sho-ived a tight broken line of clouds extensing northeast 
from OLDEY. 3 s  second of:'Icer stated % k t  Saint Elmo's fi:e 2; preceded the light to 
noderate "chop:' 

- 

*deenwhiie, the ?.ight aXendan?? had completed a beverage end meal service. 
There .<\'ere ?.*:e r,ight a:ter.dr?.G ir. first class, one at t3e a€: end of the coach cabin and 
six i:: tne sit seeris:? of the econozy e:rss compartment. The flight service director and 
t h e  ;-)iwse: isere in the :s.wer g&ey (iocated PSOU? the mid-section of :?e airplane) 
coun:i~g n;oney from ;he beeverage sexice  and another attensant was working in the 
galley. Tie Ei$: ~::enCsn:~ in the sasenge: compartments were about to prepare 
enoiher cold 5everege service &en t!!e :light began to encounter some light turbulence. 
Tie Fes;ec seatbelt si-3 i3uGins t ed  and ?he ce?tein announced in both Lrglish and 
French, the ?reco7:ir.ant ler:ausces ." - on beard, :he? they were expecting to encounter some 
turSu1ence. Se had icstwcte6 eve-yoce to rexeip seated wit? seathelts fas?ened. 
?asengers en m;te t o  se2:5 fmz tP,e E?; :5.eshroorns were edvised by Sight attendants t o  
teke The neerest eixi!aS!e seat. 

1 
fc,l;owin~ the firs: s i s  of *r:oderate turWence. the airplane 'I. . .suddenly shook and 

.lcc~rding to :li&,t attendent reports, within gbsut a 5-minute period 

droppg C:vice." One ettenCan: sreted the: she felt a t-emor in the airplane before the 
airplane "pl~ng-ed." a;:d ~l?ori.er stared she heard e !oud bang before it dropped. They 
stated ;hat hose a::IciCs 52w abed: %e cabin and that ?he pessenger service carts were 
huyler' tip to  :he ceiiing of the cabin. Several passengers screaaed and m w t  were 
frightened t'l; :he severe encounter. 

remein& counting n o n q  in t he  :oir-er gellev. and '.vex ws& lo the ceiling &wing t h e  
?'he flig!;t serviee director and the purser also heard the ennolmcement but 

encounter. 3 . e  Si$.: service director imzedia:c:y proceeded to the cabin to assess the 

temporsrily D!ockec! by t:w ove:tu?ned passenge: service carts. 
injaries and d s ~ n g e  and inforn tke cap:t\ic. His exit from ;-he @ley elevator was 

',Iin.uccs uf?er :he csstai;: of Flight 965 iniormed the controzer of the severe 
turSLiience encoun:e:. the tligh' service director :aid the captain tha? tnere were 5 

an6 advised : h e x  of :he se.vex t::rb?ite.?ce encocn:er end of the numaer of injured on 
injdred flight a:;enlants end 19 injured pnssengers. The see0r.r' officer radioed Toronto 

board, an< :oid :'7e::, that t?ie .7>eLn:enance de?er;men: would have to make a severe 
turSulenee e%ck ai' ;".e eir$sne. 

The rredlcai ki: OG bozrd the ;.*i:.:Xer?e *.vas not nnedcd i n  t rest iw the i.:jured. Following 
Two d o c t ~ s  on board The f i i g h l  tssiited t!!e f l ight  sttendents wiih the injured. 

consull~fions be:;r.cc? the c~32iair. 23.3 ?he doctors, i: ;vas de3deC th,!t the fight would 

1 z /  A phenomenon 0: szetic e!ee:-ic.a1 discharge wkich forms St pxminen: points on an 
___ 

sirplane. 
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continue to Toronto where appropriate medical treatment would be administered. Of the 
total injured on board, three passengers and one flight attendant were seriously injured. 1 
The flight proceeded to  Toronto without further incident and landed a t  2050. The flight 

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

At 1925:59, Flight 965 stated, "and center from Air Canada 965, we just went 

airplane, and he changed the autoflight system from the altitude-hold mode to the 
through severe turbulence . . . one big heavy bang." The first officer was flying the 

turbldence-hold mode immediately after the severe encounter. He stated that it  was  one 
severe jolt. 'Re second officer reported that it felt as if the nose of the a i r p b e  had 
been pushed downward very hard and +hat he was lifted out of his seat and tossed 
somewhat against his seatbelt and shoulier harness. The altimeter showed a 500-fmt loss 
and then an immediate gain in altitude . A  the time of the encounter. Loose navigational 
charts and l o g b o o k s  were tossed all over the cockpit floor. The flightcrew reported there 
we.s about a 2-minute p e r i ~  of moderate turbulence after the severe jolt. 

A t  1927:41, in response to the controller's query abozt whether the flight had 
broken out of the severe weather, Plight 965 transmitted," yeah 965 smoothing out now 

. . . (unintelligible) tell people to avoid that area if possible, we . . . had a few showers on 
we . - . had . . . severe turbulence, . . for a minute or two, we have several people injured 

. . . a radar but we're well clear o f .  . . according to us." The controller acknowledged the 
flight's report and instructed another flight to turn 15' to stay clear of the area transited 
by Flight 965. 

Two airplanes closest to Flight 965 were People Express Flight 545, e B-727 and Delta 
There were other airplanes in the area which a h  experienced turbulence. 

southwest of Flight 965 on AR7, which crosses AR4 at OLDEY, and Delta 845 was located 
Flight 845, another L-1011. People Express 545 was located a t  FL 370, 15 miles 4 
a t  FL 430 about 57 miles southsouthwest of Flight 965. A t  1922:12, Peoples Express 545 
transmitted, Vax People five forty-five just for your information . . . we're getting some 
. . . moderate to almost severe out there at . . . three seven zero." L-nmediately following 

about the activity or deviations to the  east of the thunderstorms. Peoples Express 545 
the  transmission, there were five other airplanes which either requested more information 

south of the heaviest thunderstorm activity. Also, one flight reported making a 30'turn 
w a s  in weather conditions similar to those encountered by Flight 965. Delta 845 wss 

requested its position. This flight was a t  FL 390 and reported smooth conditions and that 
to the east on its own initiative and another flight which was  ahead of Flight 965 

seconds later, still another flight reported that it was a t  FL410 and 10 to 15 miles from 
". . .it leaks like we're flying right down between uh two lines, however." Nineteen 

the MCTTA Intersection (32 miles west of OLDEY). The crew thought they went through 
the tops or something and encountered severe turbulence which lasted about 30 seconds. 

went through the area that whoever was talking about seventy miles south of Wilmington 
A t  192730,  Peoples Express 545 stated, "Center People five forty-five, i think we just 

static discharges and everything it was not very pleasant." 
. . . went through the  tops we got . . . some pretty good jolts and oh some lightning flashes 

The accident occurred in dadmess at  1926 o f f  the Coast of Chsrleston, $outh 
Carolina, at 33* 12' north latitude, 77' 33' wes? longitude. 
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1.2 Injuries to Persons 

Injuries Crew Passenger Others 

Fatal 0 0 0 
Serious 1 3 0 
Minor 4 16 0 
None 
Total 

- 10 
15 

- 126 
145 

- 0 n 

1.3 Damage to the Airplane 

The airplane sustained relatively minor damage to the interior of the cabin; 
damage was limited to seats, ceiling, movie screen, passenger service carts, and galley 
areas. 

1.4 Other Damage 

Ncne. 

1.5 P-4 Information 

The flightcrew and flight attendants were qualified in accordance with current 
Canadian regulations. The air traffic controller was qualified in accordance with Federal 
Aviation Administration (FAA) regulations. (See appendix €3.) 
1-S Aircraft Information 

No. 193E1067, was manufactured by Lockheed-California Company in 1974 and leased by 
The airplane, registration C-FTNJ, a Lockheed L-1011-385-1-15, serial 

was exported to Canada in 1982. Its airworthiness had been maintaified in accordance 
Air Canada. The airplane was equipped with three Rolls Royce RB 211-22B engines. It 

with a continuous maintenance and inspection program approved by the Canadian 
Department of Transport. (See Appendix C.) 

personnel revealed a 5/8-inch crack in the top skin of both horizontal stabilizers at 
A postturbulence inspection of the airplane by Air Csnada maintenance 

fuselage station (FS) 1875 and leading edge station (LES) 154.38. The cracks were 
repaired in accordance with Lockheed's structural repair manual. Lockheed reported that 
these cracks are similar to cracks reported by several other L-1011 operators. Lockheed 
attributes these cracks to relatively low amplitude, cyclic loads due to design (Chem-Mill 
radius in the skin) and not loadings associated with the turbulence encounter. The damage 
to the interior of the cabin was also repaired, and the airplane was released for flight on 
Novemuer 26, 1983. 

325,500 pounds, and the center of gravity was at the 27 percent mean aerodynamic chord 
At  the time of the accident, the operating weight of the airplane was about 

(MAC). The maximum permissible takeoff gross weight is 466,000 lbs. The boundary for 
the onset of the high speed buffet for this operating weight a t  FL 370 is beyond the 
maximum operating speed for the airplane; however, buffet would have occurred st a 
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computed acceleration of l.? G. The onset of the low speed buffet  would occur at Mach 
0.585 or 187 KIAS a t  1.0 G. - 31 I 

and an BCA X-band weather radar system. There were no reported discrepancies with 
The airplane was equipped with a Lockheed automatic flight control system 

this equipment. 

1.7 Meteomlogical Fnformation 

a t  1600 was a trough of low pressure extending from northern New York to the south 
The overall surface weather pattern along the East Coast of t h e  United Stares 

through the western part of Florida with a cold frontal system along the  Appalachian 

Virginia and North Carolina with a northsouth line of instability through eastern North 
Mountains. There was also a weak low pressure area along the front centered over 

characterized by overcast to occasionally broken clouds with southerly winds and 
Carolina. The weather conditions east of the front over the Carolinas and Virginia were 

rainshowers. ?"ne 1900 surface weather chart showed essentiady the s a m e  conditions 
except thet the line of instability had moved east, just off the coast of North Carolina. 

with a trough extending south along the Mississippi Valley. The Atlantic Coastal States 
The 200 millibar (about 39,000 feet) chart showed a low over western Ontario 

were under a southsouthwesterly flow with the rnaximum jet stream winds located over 
eastern Tennessee, eastern Kentucky, West Virginia, and Pennsylvania with winds up to 
150 knots. The winds along the North Cero1ir.s sed South Carolina coastlines were south- 
southwest a t  70 to 80 knots. There 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 4 
the cumulonimbus tops were forecast to be at FL 340. On the copy of the same map 
Canada that, for the frontal system in the vicinity of the &st Coast of the Unitec! States, 

provided by the National Weather Service (NWS), the cumulonimbus tops were forecast 20 
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. Area Forecasts 

issued November 24, at  1240 and valid until 0100 on 
November Z5--Flight precautions North Carolina and South 
Carolina - icing, IF R, turbulence, and 
thundentorms. 4/ Turbulen2e forecast for Florida and coastal 
waters. W l t e 2  embedded thunderstorms with light rainshowers. 
Cumulonimbus tops to 40,000 feet. 

31 A speed in excess of a specified mach number or G limit will result in airframe buffel 
because of shock wave induced airflo-w separations from the  airplane's airfoils in high 
altitude flight. Low speed buffet will occur a t  low speed when the stall angle of attack is 
approached causing airflow separation. 

shear. This comment is included in every area forecast. 
4/ lhunderstorms imply severe or greater turbulence, severe icing, and low level wind - 
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Issued November 24, at 1840 and valid until 0700 on 

thunderstorms. No significant turbulence outside of convective 
November 25-Xight precautions North and South Carolina - IPR, 

activity. Scattered thunderstorms with moderate rainshowers. 
Cumulonimbus tops to 30,000 feet. 

2. Convective SIGNET'S 5 /  - 

SIGMET 34E, issued November 24 at  1755--forecast velid until 
1955-- Virginia, North Carolina and coastal waters, from 30 miles 
southeest of Richmond, Virginia, to 20 miles southwest of RWkY 
Mount, Sorth C&rolina, to 60 miles south of Wilmington, North 

at 15 knots. Tops to  40,000 feet. Line will move east - 
Carolina - Line of thunderstorms 25 miles wide moving from 280' 

southeastward a t  15 knots through 1955. 

SIGXET 36E, issued November 24 a t  1855--forecast valid until 
2055--I'i@nia, North Carolina and coastal we.ters, from 40 miles 
west of Norfolk, Virginia, to 40 miles northeast of Wilmington, 
North Carolinat io 90 miles east of Charleston, Sout t  Carolina - 
Tops :o 45,000 feet. Line wiC move eastward at 20 knots through 
tine of thunderstcrms 25 miles wide moving from 28OC a t  20 knots. 

2055. 

3. iiadar 

The 1930 overlay from tine National Weather Service radar at 
ChaTleston, South Carolina, showed the location of the turbulence 
encounter of Air Canada Flight 965 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. 

The 1930 overley from the National Weather Service radar at  

precipitation in an area interpreted to be light rainshcwers (level 1) 
Wilrnington showed Flight 965 to be on the edge of the 

and *.bout 12 miles  eestsoutheast of a line of thunderstorms with 
heavy (level 4) reinshowers and 24 miles north-northeast of another 
area of level 4 thunderstorms. The radar log reported most tops 
below 35,000 feet. 

4. Satellite Photoaraphs 

The 1930 Geostationary Operational Environmental Satellite 
(GOES) infrared photograph showed an area of apparent convective 
activity end associated cirrus clouds in the vicinity of the 
turbulence encounter. Based upon the temperature profile, the 

altitude). 
mexisum tops of the clouds were about 48,000 feet (pressure 

b -  5/ Significant ve:eoeclsgicsl Information. 
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5. S o u n d i q  

The 1802 sounding a t  Charleston, South Carolina, showed a s h a k w  

(inversions) from 41,500 feet (pressure altitude) to the tropopause 
moist layer at 31,400 feet with strong temperature layering 

at 55,700 feet. The winds aloft report was not available from 

at 85 knots. 
31,276 feet to 61,763 feet. The wind at 31,276 feet was from 223' 

The 1800 sounding at Cape Hatteras was only ixacked to 
27,700 feet and offered no data at the altitude of the turbulence 
encounter. The winds aloft terminated with &&e sowding a t  
27,708 feet. The wind report a t  27,678 feet was from 231O a t  
64 knots. No reports were avaiIable for higher altitudes. 

1.8 Aids to Navigation 

There were no known difficulties with navigational eqcipment. 

1.9 Cornrnunieatiw 

There were no known difficulties with communications. 

1.10 Aerodrome Information 

Not Applicable. 

1,11 Flight Recorders 

(CVR). The record of communications recorded by the CVR was overwritten following the 
The airplane was equipped with a Fairchild A-100 cockpit voice recorder 

occurrence, and therefore, of no use to the investigation. 

The airplane was also equipped .with a Lockheed 209E digital f i g h t  data 
recorder (DFDR) serial No. 1030. The recorder was retrieved from the airplane 
irnme2;ately after its arrival in Toronto and subsequently read out for the  Safety Board by 
Canadian authorities. 

A review of the SFDR data made available to the Safety Board disclosed that, 
st 1926:08:77, the airplane experienced a peak vertical acceleration of -1.042 G's. 

excursion revealed an altitude increase of 250 feet in the 2 seconds prior to t he  maximum 
Comparison of the pressure altitude and airspeed parameters associated with this "G" 

"G" and about 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 O  to 0.81' in the 14 seconds prior to encountering the maximum "G1' and 
iccreased by over 3" in the next second. Following the peak G excursion, the airplane 
dropped about 1,000 feet in 1 minute before level flight a t  FL 370 was reestablished. 

The recorded horizontal stabilizer parameter showed that a t  the time of the 
encounter the stabilizer deflcted initially about 1.5Oupward in 3 seconds. Then, 1 second 
later, it moved downward 2*. This change in deflectior? coincided with the point of 
maximum negative G loading. 
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B The DFDR data also showed that the airplane had been flown in Lte 

accident. According to the flightcrew, this category was the altitude-hold mode. The 
command/control wheel steering mode cntegory of autopilot A at the time of the 

climb from FL 350 to FL 370 was flown with the autoflight system engaged using the 
vertical speed mode. The throttles were controlled manually to maintail a fairly constant 
Mach number from 0.82 to 0.83. Cruise thrust was set on leveloff at FL 370 to maintain 

was engaged to maintain FL 370. Tfie DFDR records airspeed m d  altitude, which is 
Mach 0.83 or about 270 kncls indicated airspeed (KIAS). Then, the altitude-hold mode 

derived from the captaids central air data computer; the computer displays these data on 
his instruments. There were no reported discrepancies between the first officer's and 
captain's altimeter and airspeed indicators. 

The NWS provides criteria for the reporting of turbulence. (See appendix D.) 

turbulence which causes only slight momentary changes in altitude and/or attitude is 
This criteria is based on variations in airplane altitude and/or attitude. For example, 

about 10 seconds before the severe jolt confirmed that the airplane was in light to 
classified as "light." Review of the DFDR altitude and airspeed traces recorded up to 

moderate turbulence before the severe turbulence encounter. 

1.12 Wreckage  and Impact Information 

The interior of the airplane was  damaged only slightly during the turbulence 
encounter. All fasten seatbelt signs and the PA equipment were in working order, 

passenger service carts. The flight attendant seated in seat 38F had noticed that one of 
Some of the damage to the cabin occurred as a result of the lmrestrained 

the passenger service carts had moved away from its anchored position. She had moved 
and reiocked the cart immediately after the captain made his announcement about 
turbulence. She was injured by the same cart during the turbulence encounter. b 
flush-mounted plate with a retractable anchor pin. To anchor the  passenger service cart, 

The anchor-type devices in the floor of the L-1011 consist of a standard 

the pin is pulled upward and also rotated slightly to lock into position. (See figure 1.) 

itself. The mechanism consists of a locking pin and lever assembly, a -qannel bracket 
There is also a locking mechanism mounted on the underside of the passenger service cart 

of a typical passenger service cart used in Air Canada's L-1011.) The cart is designed in 
(guide), a spring steel stop, and a brake for the rear wheels. (Figure 2 shows the underside 

accordance with Air Canada's specification No. 25-30-030. The locking pin and wheel 
brake are both attached tc the toe-operated lever. In order to anchor the cart to the 

bracket and up against the steel spring stop. The toe-operated lever is then moved to the 
floor, i t  is positioned over the floor-mounted pin so that the anchor pin is within the guide 

left to its locked position. This action brakes the rear wheels and slides the locking pin 
horizontally through the guide bracket. If the cart is properly positioned, its locking pin 
will slide through the hole in the anchor pin without difficulty, thus securing the cart to 
the cabin floor. 

&s 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-operated, lever locking device. Flight 
attendants who were interviewed by Canadian investigators stated that these passenger 
service carts are difficult to position and lock in place particularly in turbulent 
conditions. They said that occasionally they have difficulty unlocking the wheels and 1 cannot easily reposition the carts. 
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Figure 1.-Floor-mounted, retractable anchor pin. 
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Figure 2.-Underside view of a typical passenger service cart 
used by Air Canada on the Lockheed L-1011. 

) 1.13 Medical  and Pathological information 

In addition to the two physi-ians on board, the flight was met by six other 
physicians with assistants and medical equipment. Since most of the injuries were 
sustained by passengers seated in the economy cabin, or the aft section of the airplane, all 
uninjured passengers in the forward sections of the cabin were allowed to disembsk first. 
This decision did not interfere with efforts to assist the injured. The injured were 
evaluated and an injury priority determined. Those passengers complaining of back, hip, 
or neck injuries were immobilized with either half or full backboards before being treated. 
The three seriously injured passengers were removed first. The evacuation was  carried 
out in an organized snd controlled manner by moving the injured persons through the rear 
cabin door exit L4 and onto a food lift truck to waiting ambulances. The flight attendant 
in t h e  lower galley was treated by a physician separately. She was stabilized and removed 
from the airplane through the lower galley service door. 

Twenty-four persons, including both crew and passengers, were taken to 
nearby hospitals for further examination and treatment. One flight attendant and three 
passengers received serious injuries in the encounter. The flight attendant was in the 
lower galley preparing to strap into one of the two available crew seats (left-hand seat) 

seriously. The three seriously injured passengers sustained back, hip, and neck injuries. 
when the airplane suddenly dropped. She came to rest on the floor and injured her back 

Four flight attendants and 16 passengers received minor injuries. The flight service 
director received a ininor chest injury when he landed on a passenger service cart and the 
purser received a minor head injury. Both were in the lower galley a t  the time of the  
occurrence. Three passenger service carts hit the ceiling and turned over when they 
struck the floor in front of seat rows 38C, D, E, and F. A flight attendant in seat 35F D 
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received a minor injury when she was struck by one of the carts. The minor passenger 
injuries were prinarily caused by flying articles. 

1.14 Fire - 
There was no fire. 

1-15 SurviM-ts 

The accidezt was survivable. 

1.16.1 Autonight -em 

Use of the altitude-hold mode of the autoflight system during severe 
turbulence is contrary to recommended procedures by the rtirplane manufacturer and the  

altitude selected for a particular flight level. In a turbulence encounter, severe pitch 
company. In this mode, the autoflight syst?m will attempt to maintain the pressure 

maneuvers can result, which may exceed design structural limits of the airplane. Since 

the severe turbulence, the Safety Board requested Lockheed to determine, if possible, the 
the altitude-hold mode of the autoflight system was in use when I Q h t  965 encountered 

degree to which the autoflight systerr: may have aggravated the effects of the encounter. 

k k h e e d  examined DFDR, weather, aerodynamics, and engineering data as i t  

rapidly that the rate of stabilizer movement caused by the autoflight system was 
applied t o  the autoflight system. Lockheed determined that the severe jolt occurred so 

body airplanes, since the extremely high pitching moments of inertia, relative to the 
relatively slow by comparison. They stated that this is not unreasonable for most wide 

available pitch control forces, reduce the autoflight system's ability to change the pitch 
angle to relieve gust loads. Therefore, the altitude-hold mode did not contr ih te  to the 
severity of the gust load encounter. 

l.16.2 Air C a r r i e r  Turbulence Accident Est- 

1981, 44 air carrier (14 CFR 121) accidents were attributed to turbulence. These 
Safety Board records indicate that during the 7-year-period from 1975 to 

accidents resulted in only minor damage to the airplanes, but 70 persons sustained serious 
injuries, while another 80 received minor injuries. Twenty-nine of the  44 accidents were 
caused by convective-type turbulence associated with thunderstorms, and 15 were caused 
by clear air turbuience. About 66 percent of the accidents associated with convective 
activity occurred during normal cruise flight. About 47 percent of the clear air 
turbulence type accidents also occurred in normal cruise flight. Turbulence-type 
accidents represented the most prevalent type of air carrier accident from 1975 to 1981. 

1.16.3 NASA Clear Air TurbuIence Research 

has, in cooperation with the Safety Board, been developing and epplying methods for 
For several years, the National Aeronautics and Space Administration (NASA) 

determining airplane motion and related winds by using data recorded in flight by flight 
data recorders and data recorded by ATC rsdar. These methods are being used to assist in 
analyzing and understanding the circumstances associated with accidents and incidents 
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two severe turbulence encounters each involving wide body airFtlanes. c/ 
involving turbulence encounters. Recently, NASA has been able to define the cause of 

easterly direction at FL 370. 71 'Ihe severe turbulance was encountered minutes after the 
In the first case, a DC-10 encountered severe turbulence while cruising in an 

airplane passed over a develGing line of thunderstorms with cloud tops at 30,000 feet- 
The severity of the encounter was evident by the large fluctuations in the "G" trace from 
+1.7 to -1.0 G's. In the secone case, a DC-IO encountered severe turbulence while 
cruising in a westerly direction at FL 390. 8/ The airplane encountered the turbulence as 
i t  was heading into the prevailing wind whilz approa Jhing the Wind River Mountain Range. 
The "GI' trace showed a fluctuation of from +1.6 to -0,6 Gs. NASA analpt icay 
reconstructed a vortex model of the turbulence by matchirg vortex arrays with wind 
components derived from the flight recorder data. NASA reported that previous studies 

when stable stratified shear layers become unstable in wh8t is known es a 
indicated that most severe clear air turbulence is likely caused by vortices generated 

Kelvin-Helmholtz instability. Additionally, previous data recorded during airE!?e 
operations showed several instances where vertical wind gusts have reached values of 52 
to 80 feet per second. Analysis of these two encounten showed that the airplanes 
encountered '!. . .vortex arrays which wece generated by destabilized win3 she= layers 
near the tropopause." In these two cases, It. . .the maximum value of vortex-induced 
velocities were of the same order of magnitude.': NASA concluded that the two cases 

appeared to have been caused by tilting, in one case by cloud buildup in the lower 
were similar in that the . .destabilization of shear layers and the gen-ration of vortices 

atmosphere, and in the other by mountain lee waves." Further, NASA reported that 
"vortex models apeear to be promising aids in achieving a better understanding of the 
periodic, deterministic nature of the severe turbulence. The results obtained asing vortex 
modeling also appear consistent with previous ideas about severe CAT [clear air b turbulence1 that were based on theory and observations." 

r 
1.17 Additional Information 

1.17.1 Air Traffic CMltrOl 

ID (high density traffic) en route facility located a t  Hilliard, Florida. The facility 
The FAA's Jacksonville Air Route Traffic Control Center IARTCC) is a Level 

provides en route radar services in area encompassing northern Florida, portions of 
Georgia, North Carolina, and South Carolina and adjacent coastal waters within the South 
Atlantic Control Area. 

There is a Center Weather Service Unit (CWSU) located in the ARTCC staffed 
with a meteorologist. The purpose of the CWSU, in part, is to alert facility ATC 
personnel of existing or anticipated adverse weather conditions within the facility's 
operating airspace. The .3WSU was staffed and operational a t  the time of the accident. 
Facility records indicate that two CONVECTIVE SIGMET'S were in effect within the 

equipment was reported to be operating satisfactorily. 
facility's airspace at the time of the accident. Prior to the accident, all facility 

- 61 "Identification of Vortex Induced Clear Air Turbulence Using Airline Flight Records." 

and R S. Mehta, NASA Aines Research Center, Moffett Field, California, AIAA Paper 
E. K. Parks, University of Arizona, Tucson, Arizona, and R. C. Wingrove, R. E. Bach, Jr., 

1984, Reno, Nevada. 
No. 84-270, presented a t  the AIAA, 22nd Aerospace Sciences Meeting, January 9-12, 

7/  Aircraft Accident--United Airlines, Douglas DC-10, Hannibal, Mo., April 3, 1981. 
Aircraft Accident-United Airlines, Douglas DC-10, Morton, Wy., July 16, 1982. 



any turbulence was received 5 micutes after Flight 965 first contacred him. Ee said %he { 
The controller workiirg Flight 965 stated that the first g o ?  report (PIREP) of 

PIREP was "chop" in an area on the w e s t  side of weather depicted on his radarscope. He 
stated that Flight 963 was traveling east of the weather. He further stated that other 
airplanes had pasxd within 10  miles of the location where Fiight 965 encounfered 

tkey passed through that area. When questioned on whether he was able to distinguish 
turbulence, but that he had not received any tu;.btl?ence reports from tBese airplanes when 

denote h e a y  weather areas, he responded that he was no%. IIe a%o stated that t he  W'! 
weather patterns or cells on his scope from the computer generated symbols thar 

symbols depicting heavy weather a r e a  var;$ greatly depending on whetiner the radar 
system covering the aPea is in linear polarization ( W f  OP ci;ctila- polarization (CP). ?/ He 
stated that when the radar was in CP, tke weather area depicted wo'uld be szaIler in ares 
than if the radar system was in LP. Therefore, the radar would no; present an accurate 
picture of the weather in the actual area. Tine controller stated that he was aware of 
FAA's new Hazmdous In-Flight Neather Advisory Service &:6 that he was not aware of 
any SIGMETk affectirg the Llacksonville ARTCC ere2 a t  the  time of the  eccident. 

reference a: :heir work stations. The Safety Board was not able to deternine rvhv the 
Facility procedures Cali for distribution of SIGXET information to ContrOEers for 

controller did not have this info?mation. 

In-flight Weather Advisory Service (XIWAS! designed to use ssiected navigationai aid 
a n  July 14, 1981, the FA-4 issued Totiee N Tli0.658 establishing a HaZardOuS 

frequencies (VOR's) for broadcastirig continuous vital w-the? information in orde7 t o  
reduce controller workload. Tie Xotice directed ther 3n in-service program evaluation be 
conducted in t he  Jacksonville and Miami ARTCC Ere= for the dissemination of aviation 
in-flight weather advisories. Although this was a test progrern, the FAA intended it to be 
mandatory. 

inflight weather advisories over control frequencies and VOR's v;ere f?equentiy delayed or 
h the Notice, the F!LA's Air Traffic Service steted :hex braadcasrs Qf aviation 

not accompEshed because controllers had higher priority duties. When such broadcasts 
are needed, often a controller's task of separating ai?c?aTt is also most denanding, and 
FLight Service Station (FSSi specialists ape often busy providing services to airborne 
aircraft during adverse weather periods. AFpiication of the Notice IYBS limited to ARTCC 
sectors, terminal facilities, and FSS's within t h e  Miami and Jacksonville ARTCC erefis. 
?he Notice suspended the specifications of Handbco!: 7i:O.SYCB directing terminal and en 
route facilities to broadcast SXGXET alerts, and suspended the specifications of Handbook 
7110.65F directing FSS facilities to broadcast weather edvisories. The Notice stated that 

that facilities woutd further disseminate informa2ionabout the progr2n in their contact 
the test program wouK be advertised in a Class I1 101 Notice to Ak%W% (NOTAM), and 

pilots became aware of the HIU'AS in-service evehotion during p i k t  weather briefings. 
with pilots. Additionally, all FSS's in the FAA's SxGthern Region were to assure that 

User (pilot) comments were to be solicited, and feedback was to be forivarded to FAA 
Headquarters (AAT-350) through the Southern Regional Air Traffic Division. The 
provisions of the Notice were tentatively scheduled to become effective on A u p s t  1: 
1981, for a %-day period, but stated that the actual date would be announced by a 

9/ Linear/circular polarization is a seiective function of the Tsdar. LP function is 
Gtilized in normal weather periods. The CP Culiction is utilized during periods of weather 
in order to reducz the intensity and area of weather echoes on the controller's scope. 

mail; Class I NOTAM's are distributed via telecommunications. 
- 10/ CZass If NOTAMs ape printed in a biweekly publication and distributed through the 
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B NOTAM on July 14,1981. 
General Notice (GENOT). The appropriate NOTAM had been published as a Class II 

On September 5, 1981, the FAA's Air Traffic Director issued a GENOT stating 
that the HIWAS inservice evaluation would be implemented at 1000, September 9, 1981, 
and directed that FSS's in the Southern Region notify Fixed Base Operators, Military h e  
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 HnVAS programs at the Miami 
and Jacksonville ARTCC areas were commissioned effective OR the date of the order, and 
that additional HIWAS programs would be implemented on a center-by-enter basis by 
GENOT. 

Proposal AkT-365-83-2 netifykg coneernea user groups of proposed changes to  HIWAS 
On November 14, 1983, the FAA issued Air Traffic Control Documeiit Change 

Order 7110.92. The proposal Fequested that comments on the changes be forwarded to the 
FAA (AAT-360) by January 16, 1984. 

Engineering testified before the U.S. House Committee on Public Works and 
On December 6, 1983, the FAA's Deputy .Associate Administrator for 

Transportation, Subcommittee on Investigations and Oversight, concerning the FAA's 

(HIWAS) was successfully demonstrated in Florida and is now an established program in 
Aviation Weather Program. He stated, "The Hazardous In-Flight Weather Service 

.being identified to expand this service nationally by 1985. Based upon user comments, 
the Miami and Jacksonville Center areas. Visual Omni Range (VOR) frequencies are now 

procedures are being amended so that controllers will advise pilots when a HIWAS update 
has occurred. In addition, center weather advisories will be included in the broadcast 
information-" b 
L17.3 User Group Interviews Regadhg HJWAS 

Durinp its investigation, Safety Board investigators questioned 130 personnel 
employed by air carriers or ass:grred to military units who operated in and out of the 
Jacksonvi!le and Miami ARTCC's 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 pilots 
interviewed were operating within the METTA Sector a t  the  time of the accident. Except 
for one air carrier pilot, all stated that they were not familiar with the HIWAS program. 

before November 29, 1983, but that he had recently read a notice on the subject. 
The one exception, a b e i n g  757 captain, stated that he was not aware of the program 

they would normally expect to receive hazardous weather reports such as SIGKETs once 
Additionally, Safety Board investigators questioned the  130 individuals on how 

their flight was  airborne. .4ll stated that they expected the controller to provide them 
with the information. About one-half of those questioned -- those who were employed by 
Part 1 2 1  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 a 
company radio. 

In addition to the users interviewed, Safety Board investigators contacted 

1 part, in a letter to the FAA of October 18, 1983, that, "To the best of our knowledge, the 
other groups regarding the HIWAS program. The Air Line Pilots Association stated, in 
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any of the major user organizations." me Aw Transport Association stated, irr part, in its 
HIWAS program, as implemented in the Miami and Jacksonville areas, is not acceptabie to 

letter to the FAA of November 21, 1983, that, "While FAA Draft Order 7110.42A is far 
superior to its predecessor, it still does not satisfy primary airline objectives." One ATA 
member airline reported, is a service that would not appear to be compatible with our 
desires or needs, even on an interim basis." 

l.17-4 Air Canada Turbulence Penetration procedures 

Excerpts of specific company procetiures for severe turbulent air penetratim 
pertaining to the L-1011-1-15 airplane are as follows: 

1. Flight through severe turbulence should be avoided if possible. 

turbulent area by climbing over it  unless i t  is obvious that it can be 
When flying at 30,000 feet or higher, i t  is not advisable to avoid a 

greater buffet margins are achieved by flying a t  the recommended 
overflown well in the clear. For turbulence of the Same intensity, 

speeds a t  reduced altitudes. 

2. If airspeed is greater than 300 KIM, reduce to 300 KIAS regardless 
of Mach number. If airspeed is below 255 KLAS, do not further 

airspeed are less than minimum target values, increase qeed until 
reduce speed if Mach is within target range. If both Xach and 

the  first target is attained. These speeds &re applicable for severe 
turbulence such as that encountered in a thunderstorm and provide 

an airspeed reduction is not normally required at high alitudes. -4t 
fully adequate structural margins and airplane control. Note that 

medium altitudes the required sirspeed can be attained by 
smoothly retarding the throttles. 

4. The target speed increases linearly to 300 kno:s a t  30,300 feet. 
Above 30,000 feet, maintain Mach 0.80-0.84. 

5. Before entering areas of known turbulence: 

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

o Determine best penetration altitude, preferably below the 
cruise chart optimum value of altitude vs. weight. 

o Select a heading which will  clear storm ceils by 5 miles when 
OAT [outside air temperature1 is above freezing, and by 
io miles when OAT is below freezing. When at or above 
20,000 feet, clear the cells by 20 miles. 

o Engage autopilot in any mode except Altitude Hold. 

o Use of the autopilot turbulence penetration mode is 
recommended for autopilot operation in severe turbulence. 
In this mode the attitude rate gains are reduced. 
(Additionally, the yaw damper operating with the autopilot 
TURB mode will aid in naintaining stable control and in 
reducing structural loads.) Do not use altitude hold mode. 
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required they should be made smoothly and slowly from 
Continuous Ignition should be ON. If throttle movements are 

stabiiized thrust settings. If non-recoverable engine surge 
occurs (rapidly rising EGT), complete the Engine Shutdown 
checklist. If engine limitations have not been exceeded, 
restart the engine using the In Flight Relight procedure. 

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

Make thrust changes only if necessary to maintain target 
airspeed. 

in severe turbulence are: 
'IRe recomrnenr'ld procedures for manually controlled flight 

a. Attitude - Meintain wings level and the desired pitch 
attitude. Use the attitude indicator as the primary 
instrument. In extreme drafts, large attitude changes 
may occur. DO NOT USE SUDDEN LARGE CONTROL 
INPUTS. After establishing the trim setting for 
penetration speed. DO NOT CHANGE STABILIZER 
TRIM. 

b. Altitude - Allow altitude to vary. Large altitude 
variations are possible in order to maintain the desired 
attitude and approximate airspeed. DO NOT CHASE 
ALTITUDE. 

If autopilot is engaged, select turbulence mode. 

En Route Weather and Hazardous In-Flight Weather Advisories, U.S.A. 

The following is excerpted from Air Canada's Route Manuall Chapter 4 ,  
page 2, dated September 6 ,  1983: 

Hazardous Inflight Weather Advisory Service (HIWAS) 

The FAA through FSS's will broadcast hazardous weather advisory 
service to be transcribed and continuously broadcast over designated 
VOR's. HIWAS will be implemented on a centie by centre basis. Miami 
an? Jacksonville are the first centres to have HIWAS. 

The HIWAS broadcast shall include a summary of SIGMETS, AIRMETS 
I Airman's Meteorological Informetion] and urgent PIREPS pertaining to 
the ARTCC are8 in which the broadcast facility is located. During 

statement shall be issued. 
periods when there are no pertinent weather advisories, an appropriate 

Designated VORS on which HIWAS is Broadcast 

Jacksonville ARTCC - Florence, Savannah, Talla>assee, Jacksonville 
Miami ARTCC - Qrlando, St. Petersburg, Miami, Fort Myers, 

Key W e s t .  



-18- 

2. ANALYSS 

2.1 Geueral 

The flightcrew was certificated end qua:ified for the Eight. They had 
received the training and off-duty time prescribed by Canadian Department of 2sr?spor? 

condition thet might have affected the flightcrew's performance. 
regulations. There was no evidence of any pre-existing psychoiogicaf or physiological 

?%e airplane was certificated and equipped in accordance with Cmadm 

appoved the maintenance program under shier! t3e tiirplane was maintained. The 
Depm.ment Of '2Qnspvrt regulations and approved procedures, End the E+artrhent had 

airplane had Seen maintained in accordance with these approved procedures. There was 
no evidence of a failure or malfunction of any airpiaxe component. 

certificated and medically qualified for his prescribed duties. 
The WElT.4 Secior radar controller at the JecksonviiIe ARTCC was prcperly 

2.2 nleFZight - 
The weather data available to the  flightcrew during :he self-briefing showed 

the general surfaee weather pattern and :he upper ai; pettern. h addition to the synoptic 
anC i.,rocas: upper sind and texperatnre cham, the flightcrew also had a significant 

s:Jstem with associe!ed cumulonimbus activity would be a*?: parallel to the  muthern 
-..earher prognostic chart evailsbie. This chart ha3 forecesr that, at 1900, e frontal 

were epected t G  have tcps at FL 340. Except for EI possible copying error. the Safety 
United States coastline in the vicinity of Virginia and the Carolin:%. Few c:Tmulornirnbus 

8oard could not determine why the  company's copy of the same chart issued by the 
Xational Weather Service showed the tops to be ai FL 340 instead of a t  Ft 390. 

E%:& on the recorded weather information and pilot reports, Flight 965 was in 
an aree of thunderstorms and on the  eastern edge of a jet streiin oriented south- 
southwest to north-northeast, -vith the csre oVer and to the  west of the Appalachiazl 

southwesterly a t  70 to  80 knots based upon the l900 200 miiiibar chart. The Safety Board 
Mountains. The winds in the vicinity of tne turbulence encounter were west- 

attempted to determine the potentia1 for Turbuience et F L  370 based on atmospheric 
stability and wind shear. Upper air soundings were used from Cherieston, South Carolina, 
and Cape Hatteras, North Carolina. The sounding fro% Charleston, South Carolina, 
showed no significant changes in stability (layering) in the vertical structure 0: the 
strnosph2re in th.e vicinity of FL 370, but significant changes in stability from about 
43,000 feet to the tropopause at  about 56,050 feet. Wind shear information is an 
important element in determining potential clesr ai? turWence. The lack of winds aloft 
data above about 28,000 feet, however, preciuded tne Safety Board from determining 
whether or not wind shear existed at  FL 370. The Charleston sounding showed a relatively 
homogeneous column of sir in the vicinity of Flight 9 6 5 4  encounter. "%is column of air 
wouid be considered conducive to wave development in the atmosphere and conducjve to 
the question of turbulence. .Although specific winds aloft data was not available, the 
Board believes that wind shears did exist because of the strontz win.& aloft aionp with the  
intrusion of thunderstorms. 

v 
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) FL 370, and i 9  seconds after  it had been asked to  start a right turn for Wilmington, North 
At  1918:17, about 2 minutes after the flight had been cleared from FL 350 t o  

because they had a thunderstorm up ahead. The flightcrew was expecting to proceed 
Carolina, Flight 965 reported to the controller that it may have to detour in a little while 

along Atlantic Route !,R4, past the SMELT interse-tion to OLDEY, where they were 
piannmg to turn north onto AR3. The controller had turned the flight north slightly 
before it reached OLDEY. The turn  from a b u t  295" to about 355O was not enough to 
divert it east of the frontal activity. So, it was headed directly toward another l i e  of 
intense thunderstorm cells. 

when it was  southwest of Flight 965, but closer to  another area of thunderstorm activity, 
me first pilot report of turbulence came at 1922:42 from Peoples Express 5A5, 

and another flight immediately asked the controIler where Peoples Express 545 was 
located. Forty-two seconds later, Flight 965 reported level a t  FL 370 and ". . . we'ra in a 
moderate chop to light turbulence (u; inte'figible) buildup and showers." Az L?is pont, the 

and made the PA announcement about turbulence. Since it was nighttime, the crew had 
captain had noticed a flash of lightning to the north, switched on the fasten seaibelt sign, 

determined that  they were in upper cloud based on the  reflection of strobe lights, and had 
also observed some static discharges on the windscreen. Although several Eights ix the 
next several minutes either changed course or requested more information. nigh? 965 did 
not, and it continued on the northerly heading. A t  1925:59, 2 minutes 35 seconds later, 
Flight 965 reported that it had encountered the severe jolt, just north of fne PANAL 
intersection (the encounter actually took place south of the PANAL intersection.) 

redar at Wilmington showed that Flight 965 had been about 12 miles eastsoutheast of a 
Xeconstrcction of Flight 965's flightpath using the 1930 ove?lay from t h e  X X S  

of another area of heavy, level 4, rainshowers. The radar showed thrt  precipitation tops 
line of thunderstorms with very heavy, level 4, rainshowers, and 24 miles  north-northeast 

area of fighter rainshowers a t  the time of the encounter. 
were mostly below 35,000 feet. Also, the radar data confirmed that Flight 965 was in an 

After making the northbound turn at OLQEY, the ceptain had observed fading, 

antenna. This observation indicated that  the  flight was overfiying shower activity at 
light weatter returns on his radar, 40 to 50 miles ahead witk 2' of downward tilt of t h e  

heights of About 22,000 to 27,000 feet. The NWS radar overlay, however, showed that the 
flight w a s  not directly over any significant shcwer activity during its flight, btlt that i t  
had proceeded Eorthbound to within about 12 miles of ar! &-ea of intense shower activit? 
before the  severe turbulence was encountered. Ccmpany procedures request that 
flightcrews remain 20-miles away from thunderstorm above 20,eOO feet. The Board 
concludes that the thunderstorm activity directly ahead of Flight 965 should have been 
visible on the captain's radarscope, but that t h e  tops of the  precipitation probably would 
have been shown as below 35>000 feet in this area. merefore, the selected altitude of FL 
370 would have allowed the airplane to overfly the thlunderstorm activity. The 
flightcrew's report of flying in upper clouds alors with the presence of static discharges 

have been the  "anvil" of cumulonimbus clouds which occurs downwind of curnu1oni:nbus 
indicates the flight encountered cirrus or ics crystal clouds. These types of clouds could 

activity. The captain would not have been able to detect this anvil cloud with his radar. 

condition. 
The 1930 GOES .satellite photograph confirmed the existence of this type of weather 

Furthermore, the captain w a s  not aware of t h e  convective SIGMETs which had 
reported the maximum tops to be from 40,000 to 45,000 feet; these were issued after the 

1 top at  19,000 feet. This cell was located about 65 mi les  north-northeast of Right 965 
flight departed Trinidad. The 1930 31'3 radar overlay showed the maximum precigitation 
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when the severe jolt w a s  encountered. The captain's second radar return, about 20 miles 

factor in the encounte? because of the direction of the prevailing winds. 
to the right of his course, w a s  not verified by ground radar, but it should not have been a 

their view that Plight 965 encountered the same type of clear air turbulence that existed 
The Board consulted with NASA about this accident and learned that it was 

in the 1981 Hannibal, Missouri, encounter. (See footnote 7.) A review of FA-: Advisory 

penetrate the upper troposphere and sometimes the stratosphere. They should be givei? a 
Circular 00-6, "Aviation Weather," dated 1965, states that, ". . .thunderstorms commonly 

turbulence. . . ." It fwther states, "Turbulence, in particular, may be encountered in clear 
wide berth horizontally and vertically because they are capable of producing extreme 

ai r  for a considerable distance horizontally and vertically from grcwing thunderstorms" 
U.S. Air Force Manual 51-12, "Weather For Aircrews." dated Axgust 1, 1974, alerts 
military pilots of this phenomenon by statirg that, 'Severe tubulence can be encountered 

occurs in the clear air downwind." The Safety Board believes that the evidence shows 
in the anvil 15 to 30 miles downwind. . .The most Severe turbulence outside the storm 

that Flight 965 encwntered turbulence developed a s  a result of the level 4 thunderstorm 

southwesterly winds aloft. ?his formation would have produced the wave of clear air 
activity 24 miles south-southwest of t i e  flight which had protruded into the high, 

turbulence which disturbed the airplane. 

Flight 965 was transiting. Based upon the information in tt,e World >leteorological 
mere  was no specific forecast of clear air turbulence for the mea in whkh  

anticipated. The two convective S I G X E E  which were issued iaplied moderate to severe 
Organizations Technical Note No. 15Sl 11: clear air turbulence would not have been 

turbulence associated with thunderstorms. Consequently, in s-iew of the current criteria 
used by XWS, the Safety Bcard considers the forecasts issued to have been suSsian;ialiy 
correct with regard to thunderstorm activity and diey implied the pdentia! for severe 
turbulence. Nevertheless, since the  airplane encountered a forn! of clear air 
turbulence, 1 2 /  the Safety Board believes that, in view of recent research and 
investigaticnexpe:ience, the criteria used by Nil's is not entirely adequate. The Ward 
bexieves that in wses such as this, the forecasts could be improvee by comidering the 
interaction between jet stream velocity winds end thunderstorms which have the potential 
to produce clear air turbulence downstream of cumulonirnbcs clouds. .Adoption of this 
criteria in this regard by the ?*'IC's could prevent similar occurrences by alerting 
flightcrews about this phenomenon so that they c a n  select proper roiltes and best courses 
of action to deviate around ?hunderstorms. Since the Flightcrew believed the: i t  C O U ! ~  
overfly t h e  thunderstorm activity, i t  continued its flight wirhin 20 Tiles of other 
rmnulor;irnbus activity, thereby placing the airplane in a position where it encounzered 
severe turbulence from a source which the flightcrew did not expect. 

2-3 Air Traffic Control 

The Y E T T A  Sector controller was not aware of any turbulence in his area until 
Peoples Express 545 made his report. He had no: been i:forneb cf the convectivc 
SIGMETs that had been issued. In addition, he had Seen using :he circular plarizarion 

-- II/ A publication normally used by the National Weather Service as e wide fop  
"Forecasting Techniques of Clear Air Turbulence, tncltiding That :ksocisted XiTh 
Mountain Waves." 
:2/ The term ciear air turbulence describes turbulence encountered in clear air and it is 
Enerally used to describe high level turbulence occuring outside c: convective clouds. 
Also, it is frequently used to describe turbulence encountered in cirrus cloubs. 
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(CP) feature of his radarscope and, therefore, had not been viewing the =ore detailed 
picture of the weather pattern. He  probably was using the C I  feature because he was 
more concerned about separating aircraft, his primary respcnsibility. Xowever, after 
becoming awe-e of the PIREP on tur$ulence, the controller essisted the  other flights by 
providing advisories and modified routings. Although it appeared that he had &n 
opportunity to recommend that Flight 965 turn farther east to avoid flying close to tke 
thunderstorms, he became preoccupied a t  that time in providing required sepsration 
between Flight 965 and People E.xpress 545 as they converged in the &rea of OLDEY a t  
the same flight level. As a result, he turned F:ight 965 north only to provide sufficient 
separation between the two aircraft before Flight 965 srrived a t  OLDEY. 

The FAA implemented the HIWAS program to alleviate the burden on the  
controrter of providing weather advisories. In &\e Safety Board's opinion, the basic 
concept has merit. Its use could be to the en rocte controller what automatic termiqal 
information service (.%TIS) has become to the terminal airspace controller. However, the 
Board is concerned that numerous active pilots interviewed durirz this investigation said 
that they were not aware of the HIWAS program. It is evident that an educatio?al and 
communication pwblem exists which n.ilSt be corrected. The F.4.4 announced the propre:.: 
in the form of a Cless II XOTAM, which is &seminated only to about 13,004 recipients. 
rVthough the use of a C:ass 11 NOTAM was an appropriate method of dissemir:ating this 

survey. Also, the deta i i  of the program were not disseminated directly to foreign 
information, the Boerd believes that this ac:ion was obviously not sufficient in view of the 

carriers. Information sbour the HIWAS yogram wm available to foreign carriers through 
publication in the C.S. Aeronautical Information Publication iAiP) if the carrier 
subscribed to the pubiicatio? through the LIS. Government Drinting Office. It is the 
Board's view that effective publication of the progrvm could have Seen achieved by closer 
coordination between domestic end foreign offices within the F.4.A and additional 
measures should be taken to ensure .&$bespread distribution. 7 3 %  could be accomplished 
by making use of the Airna;l's hformation ?%nus1 fAI>I)> %k,isoyy Circulars, Inspector 
Cperations Bulletins. and pubic annsuncements. 

b 
Transprt Caneda hec' received ;he SOT.43: but  FA?, Cless n NOTAMs do not 

receive wides2read distribution in Canada. Air Canada pilots yew. ;t in the form of an 
insert to their operations manuals. Although the Safety Board C B I L I C ) ~  overe,nphasize t he  
need for fiightcrews to thoroughly reviex and insure They understand supplemental 
information issued for inclusisn into company operating manuals, the EiK.4S Information 
in the insert bore little resemblance to the information prcvided originally by t h e  FA.%. In 
fact, the differences gave the impression that the WK.4S was an optional propram rather 
than one which requixd participation. The Board believes that .41r Canada and all other 
airlines must tnsure that the information cont8ined in Class Il XOTASIs is thoroughly 
reviewed and disseminated so that it is e:early understood by their pilots and other 
appropriate p2rsonnel. It is understanr'ro;e, therefore, why so many pilots were not aware 
of :he program. All of rhe 130 persannei interviewed stated :hat they expected the ATC 
controller to provide any SIGSiZT or additional weather advisories that were issued after 
an hirplane's takeoff. Since the majority of the pilot< interviewed flew for ai: cerrixs, 
they also expected t;?eir companies to provide such information via company radio or 
AIRINC. However, there is no requirement for AIKINC to provide this information. 

Division responsiS1e for the program, they had distributed the HIK.4S program information 
In the opinion of F.4.4 supervisory personnel in the Air Paffic Procedures 

in a mutine and standard manner, thereby fulfilling their responsibilities. The Safety 
W r d  understands the F.4.4'~ position, but believes that more effort is needed to advertise 
the program in order to insure that flightcrews receive this vital weather information. 
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In addition, the Board believes t ? a t  the criteria for selecting certain VOR 
stations to broadcast HIiVAS information needs further review by the FAA. The nearest 
HIWAS VOR station to Flight 965 was a t  Florence, South Caroline, a location several 
miles inland. Since Flight 965 was entering U.S. airspace from a deep OCSUI environment, 

believes that the FAA did not adequately consider maximum reception altitudes, the 
they may not have been able to receive the Florence V O X  information. The Board 

location of heavily traveled preferential jst  routes, and trans-Atlantic and trens-Pacific 

Safety Board is concerned about the potential problems inherent in changing navigational 
traffic entering US. domestic airspace when it  developed its program. Furthermore, the 

frequencies in order to receive an off-route HIWAS VOR with the sophisticated 
navigational computer equipment on board such airplenes as the Boehg 757 ana $67. "his 
equipment is programmed to automaticaUy select and identifjj V0R:'VORTAC stations 

airplanes. Boeing reported that with dual navigational receivers instelled 2s standerd 

required for a particular route of flight. m e  Safety Board reiated io the  k e i n g  Company 
i t s  concern about the compatibility of HIWAS with t h e  use o? the new generation 

equipment on all Boeing airplanes, selecting an unprogrammed frequency o; an off-route 
VOR station would not com?romise the flight management systemk (FXIS> aji l i ty to 
provide accurate ana current flight guidance from a single receive?. However, they 
expressed concern about the impact HIWAS monitoring might have on crew workload, 
particularly if monitoring is necessary while in terminal sirs?ace envi?onnen? for an 
extended period of time. They believed that the ZWAS prograrr, reduces t\e 

there is presently a limited number of 'V'HF communication frequencies evailctjle. Fbeing 
effectiveness of their design -- to minimize the tuning of navigational radios. .%though 

suggested that the FAX consider using communica3on frequencies. %is would be 
consistent with other advisory services such as ATIS and FEgnt Ketch {FSC i'iea?her 

current HIWAS prograrn/prGcedures on a nationwide oasis a t  ail domestic ARTCC 
Advisory Service). The Safety Board is aware that t h e  F A 1  plans to implerr;ent the 

current HIWAS program a t  additional ARTCC facilities should 5e rxstpmed =?ti:. the 
facilities a t  an early date. However, the Board believr that inp1enenta:ion of the 

existing program is modified to correct the problems identified In the Safety h a r d ' s  

of information concerning HIWAS to the aviation community. 
investigation of this accident and a program is instituted to insure adequate dissez!ination 

2.5 SlnvivalAspeCts 

vertical acceleration of - 1.042 G's. This meant that :he akpiane was subjected to a 
nis was a survivable accident. m e  severe encoJnter res'2lted in e peak 

deviations occurred was within about 1 minute. The fact that the autoZigi3 sysyern was 
-2.04 G excursion. The total period of time in which the associated eltiti?de end airspeed 

in the altitude-hold mode did not add to the severity of the ericounter and i t s  use b:. the 
flightcrew prior to the encounter was not contrary to company p-ocedures. Xo:.;ever, the 
sudden noseup and nosedown maneuver resulted in loose hrticles, including the he:asv?: 
passenger service carts, flying around the cabin. Since tine airp!sr,e pitches abour its 
later61 axis or within the area of t h e  wing, the passengers and carts in ihe ai: section of 
the sirpfme experienced the greatest vertical displacement in tile pitch msneuver. 

seatbelt ;igns and PA equipment were in working order. flight s::endafi? statenen?s and 
Therefore, the most damag? and injuries occurred in this section of the cabin. The fastw 

medical information indicated that the sf"ious1y injured occupeo3 w i t h  hip and brick 
injuries were not securely restraked in their seats at the time of the severe tu:hlencc 

required to ensure that passengers are seared with their seatbeits fastcnec! when the 
encounter. Review of Air Canada's procedures indicated that i i igh t  attenam?'s me 

fasten se8tbelt sign is illuminated. Also, if the capbin advises thsi turbuicnre is 
expected, flight attendants are to ensure that all imse cabin rquip2ent  is properly s:owed 
and secured, in addition to securing themselves et their inflight stations im~&iete:y 
thereafter. All indications were that the fligk 2ttendants were aae.r.:ing to i'ol;cw 
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?assengers received injuries that could have been prevented. Because of the unsuspecting 
:heir procedures at the time of the severe turbadence encounter. Nevertheless, 

nature of clear air turbulence, the Safety aOard cannot over emphasize the need for flight 
attendants to exepcise diligence when checking to see if passengers are heeding the fastar! 
seatheit sign and must  forcefully instruct passengers to not delay in securing thernseives 
in :heir seats. Additionally, passengers must  coorperate with flght attendents under 
these circilrnstances by ensuring that personal helongirqs are secured. 

Although the passenger sexice car's are eqipped wit:: locking mechanisms 
which cormect with standard anchoring devices LI the floor of the L-1811. the Safety 
Board is concerned that the carts were not secured during the turbuIence encounter. Qne 
of the problems with the passenger service cart locking mechanism is the difficulty a 
flight attendant experiences in dererrxining when the cart is properly positioaed over the 
floor anchor pin. Proper positioning over the floor anchor ?in hecon!es extremely difficult 
?d accomplish when the spring steel stop. which is &I intregal per; of t k e  locking 

thhr :he sane  toe-opereted lever used to sec:-e the cart to t!e floor anchor pin also 
mechayism, is Sen: out of shape or IS &place<, as shown in figure 2. Another problem is 

brakes the rea- wheels. Since the toe-perat 2 lever elso applies the brakes, a flight 
attendant could be ;niss!ead 'under these circurnstar!ces into :kinking that the cart is 
secared to the f loor anchor pic after operation of the toe lever when, LI fact, it s not. 
The Safety h r d  bdieves that without z .z!echenicel indicato? to readsip shew whether 
the cart is anchored, extra effort is required to anchor the cart with this type of locking 
mechanism Preventive maintenence &'so is needed to me- ta in  whether the lockirg 

or eifferent, me6.w of anchwiG :he m9-ts. 
rnecknisms are workirg properly. The manufacturer should consider providing edditiond, 

3. CONCLlJSfONS 

D 

?. Ihe nightcrew was oua!ifiec for the sch&d& f l ight  and there were no 
psychological or physiological Peetors which would have adverseiy 
effected their performance. 

2. mere  was nn evidence of a failure or aalf-nction of eny compcmen: 
which would have caused the accident. 

3. me radar controiier was qualified to perform his prescrijed duries. and 

sdverse!? affected his per formar!ee. 
:here was no known evidence of medical tactors wt'ieh ivou:d have 

-1. ?+te flightcrew was fwnishec with sppropriete weether inforration 3rior 
tc <ispatch, enabiirg thee to make: sound decisiors cotwemirig the type 
of weathi? cocGiricns they couid expec? ?o encwnter &rirg ';?e eourse 
of the Z:g!.t. 

5 .  '%e wmati;ei. forecasts issued by XXS were prepared %;sing current 
criteria and !%?are suSstantislly correct k.1 tha? mesure. 

6. ?%e Sai'onal m'eather Service criterin for :'orecasting clear ai? 
?u;Sult?nce a-e Insdequa:e. 

" 
I . '%e PA@tc?ew Sciinved t!!at it m u l l  o.,erfly *&e thw.ders:orm sc:ivity. 
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The flight was downwind and within 79 miles of e b e  of thunderstorms 

encounter. 
in an area of light rainshowers a t  the time of the severe turbuience Q 
The Mght encountered severe c l e e  air turbulence generatee as a result 
of thunderstorms protrulipg into the lave! of high. southwester!? winds 
aloft. 

be seated end fasten their seatbelts a t  the first sign of turbulence. 
The captain appropriate;? irstructkd flight attendants and passengers to 

order. 
The fasten seatbel: signs and pubIic address equipment were i? working 

their seats and because sone were hit by loose articies in the cabin. 
%.e occupants were injured because some were not securely rest-ained in 

The flight attendants and passengers had sufficien? ?i=e To secure 
themselves in their seats before the severe turbulence encounter. 

?Xe means for insuring restxint of the 2assenger service carts et the 
serving stations in passenger eis:es needs improvement. 

Neither the nightcreih. nor the cont?oU.er was axare of the convetrive 
SKiilETs that had bee?. issued af?e: might 965 left Piniciad. 

'Re controller provided adeauate information and instructtom to other 
Sights in the area once he  became aware ~f the PIRE? on turbulence. 

"%e .wanner in which the F A A  Cisrributed iniorma:ion rqarding 
Im?lerr?en:ation of :he 9IK.45 ?rogra% was inadequate. 

The curent  .5IViS progrerr, S not adequate beceuse the ?.LA did not 
conside- -:axi-um receptior. aiti:udes, the ?ocation of traveled 
preferential jet routes, and ?rans-.4t:antic an2 trers-Paci:'ic traffic. 

2% a5iiity to use sophisticated on-board naviga:ionei compu?en 
suceess?dEy .with :he 33S?AS program needs to Se estaSlished. 

3.2 Probable muse 

of :he aceiden: w a s  an encounter wit3 se\we clear air :u:bu!ence produced by the 
Tne Sariom: 'bansportation Safety 3oard derermines that the probable caase 

in?rusio:: of thdGde!%tCFm ceEs into strong winds &oft. 

4. RECO!W4ENDA~i"IONS 

.ks a result of the accidenr, :he Satioral Tkm.poo-:a:iw. Sefety %ard 
recom-zt-nded T h a t  :he Natioml Oceanic and Atxospheric .Adn,inis:raiion: 

Advise its weether iorecastez to >e a:ert for situbtiors where there is 9 
je: $?reern or strong '@per leve! winds in associetion with lines of 
deve:opi?.g or developed Zhunderstorrns which : . ~ y  aroduce an a:ee of Q 
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severe ciear air turbulence, and to issue appropriate warnhgs of this 
potential turbulence to pilots through area forecasts, SIGMEB or other 
appropriate means of communication. (class II, Priority Action) 
(A-84-106) 

--that the Federal Aviation Administration: 

Postpone nationwide implementation of the Hazardous Inflight Weather 
Advisory Service Progeram a? Air Traffic Control Centers until the 
broadcasting procedures are impros-ed and program information is 
disseminated widely. (Class 11, Priority Action) (-4-84-111) 

Designate communication frequencies within the 118-135 YHz band for 
each Air Route Traffic Control Center to broadcast Hazardous InfIight 
Weather .%dvisory Service informstion. (Class II, Priority Action) 
i.4-84-112) 

Develop procedures similar to those currently used in terminal %-*as for 

individual facility3 Hazardous Inflight Kcather AdV&ory Service 
Automatic Termina! hformation Service, for flightcrews to zonitor an 

the night has the current KIWAS infornation. (Class II, Priority Action) 
frequency and to inform the controllerjfaciiity on initial contact that 

(.%-84-113) 

Duuring a transition period followlag the inplementation of Hazardous 

advise flightcrew when critical safety information is being made 
LrPlght Weather Advisory Service, require Air .Traffic Controllers to 

zvailable thrnlqh HIK.4S. For exampie, ARTCC, controllers should be 
required to advise flights 'upon initial contect *'significant weather 
infor.xation avaiiable OR 3I'tv.AS.'' ! C A -  E. Priority .*ction) iA-84-114) 

i-lstitute a progren to ensure :hat changes to ATC operr-.tions end 
communications procedures, means to disseminate avia:ion weather 
information, ere.: are ?iib!ished in a manner to directly reach all users of 
the Yariona! .airspace System. fciass 0. Pfiority .%ct.ion) 1A-84-115) 

.Us0 as e result of its investigation. t h e  Xational %ansportation Safety Board 
suggest& ?he: the CaEadian Aviation Sefety Iioard reconmend to the Canadian Air 
Panspor:etion rldrzinisttratlon thet it: 

Require .Vir Canada to initia:e a daily irspection program to assure that 
each pessenger service cart (PSC? locking mechanism is mdamaged and 
c8n be pro:erly aligned with :he floor-mounted anchor pin &?til a 
3ssitive lo& indicstof is i?&talled or 8 more -eliab:e means of 
pxitioning and aiichorirg the PSC is des i sed  and installed. 

Xecpire Air Canada tc develop a positive I o c i c  indicator for passenger 
servxe car:$ iPSCs) o!: fhe  Lockheed L-lU!i ai-plane, or aiternariveiy 
that e!; C~nada L-IOII. sir?:]a:.es, and PSCs be changed over to the 
"xahroom!' t>Te res:raint &vices. 
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APPENDIXES 

APPENDIX A 

INVPSTIGATION AND REA'RING 

1. Investigation 

November 21, 1983. L-,I investigator-in-charge was assigned from the Washingon 
The Safet: -rard was notified of the accident about 2000, e.s.t., on 

survival factors, and airplane performance. The investigation was conducted in 
Headquarters Office along with specialists in the areas of air traffic control, weather, 

conjunction with Canadian authorities who supplied the Safety Board with most of :he 
information about the operation, crew interviews, injury, and airplane information- 

Canadian Aviation Safety Board, Air Canada, Lockheed California Company, and the 
Parties to  the investigation included the Federal Aviation Addministiation, the 

National A4eronautical an3 Space Administration. 

2. Public Heering 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 Airiine Transport Pilot 
Licence, No. YZA436, with a single and multiengine land rating and type ratings in the 
DC-3, DC-8, DC-9, VC-8, VC-9, and L-1011. He became a captain on the 5-1011 on 

22,900 hours of total flight time, 2,733 hours of which were flown in the L-1011. In the 
Narch 17, 1982. He held a Category 1 medical certificate issued June 1983. He had 

previous 7 days, he had flown 18.4 hours in the L-1011. He had been off duty for about 
18 hours before the accident flight. 

First Officer Ronald 3. D. Frerichs 

First Officer Ronald J. D. Frerichs, age 46, held a Canadian Airline Transport 

the  B 727, DC-3, DC-8, DC-9, and L-1011. He became a first officer on the L-1011 on 
Pilot Licence KO. QMA-787 with a single a d  multiengine land rating and type ratings in 

February 21, 1979. He held a Category 1 medical certificate issued September 1983. He 
had 12,480 hours of total flight time, 5,081 hours of which were flown in the L-1011. In 
the previous 7 days, he had flown 4.8 hours in the L-1011. He had been off duty for 
20.5 hours before the  accideilt flight. 

Second Officer Gary ?. Dell 

Second Officer Gary I. Dell, age 27, held a Canadian Senior Commercial Pilot 

officer on the 7,-1011 on January 19, 1979. He held a Category 1 medical certificate 
Licence No. YZS-158764 with a single and multiengine land rating. He became a second ( 
issued July 1983. He had 4,470 hours of total flight time, 3..400 hours of which were flown 

off duty for 18.5 hours before ?he accident flight. 
in the L-1011. In the previous 7 days, he had flown 2.3 hca-s in t he  L-1011. He had been 

Controiler Carl W. Davidson 

Controller Carl W. Davidson w8.s employed as an Air Traffic Control Specialist 
by tine FA.% for about 8 years. He had been qualified in his area sf operation at  the 
Jacksonville, ARTCC for about 4 years. He had been on duty for about 3.5 hours before 
the accident. During h k  assignment shift, he had been assigned to the  METTA radar 
controller position for ebout 1.4 hours before the accident. He held a FAA medica? 
Certificate issued or. June 29, 1983, with no limitations. 
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APPEND= C 

AIRPLANE BWORMATION 

Lockheed L-1011, C-FTNJ 

The airplane, manufacturer serial No. 1933-1067, WRS nanufactured by 
Lockheed California Company in 1974 and was leased by Aw Canade until 1982 when it 
was exported to Canada. The airplane was maintained in an airworthy condition under a 
continuous maintenance and inspection propam approved by the Canadian Department of 
Transport. 

Ihe airplane had made a total of 8,542 laridings and accumulated a total of 
26,544 hours of operation. 

?he airplane was powered by three Rolls Royce Model RB-21-22B engines. 
Specific data folIows: 

Engine No. 1 No. 2 No. 3 - I_ 

Serial No. Is213 10171 
Time since new (hours) 

10151 
15,906 17,756 18,527 

Time since overhaul (hours) 650 438 3,243 
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APPENDIX D 

ROU’IX OF PLIGHT AND WEATHER OVERLAY 
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APPENDIX E 

NWS TUBULENCE IbEPORTLNG C m R I A  TABLE 

EXAMPLES. 
able 

a. Over Omah8. 12322 
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APPENDIX P 

USEE GKOUP I N T E a M E W  COMMENTS 

The Station Manager of a 14 CFR Part 121 air carrier at the Jacksonville 
airgort stated he was not aware of the HIWAS program and had not received 
any information on the subject. 

person, on the subject of HIWAS c.n November 29, 1983, in their fiight 
Seventy-two (72) pilots of a major Part 121 air carrier were questioned, in 

operations section a t  the Atlanta Hartsfield Airport. mose questioned 
included flightcrews and flight managers. The equipment they operated 
included DC-9, B-727, A-300, L-1011, and E-757 airplanes. Of the 72 
questioned, 71 were not familiar with the HIWAS program. One B-757 captain 
stated he was familiar with the program and that he bad just read a notice on 
it  that morning. He stated that he was not aware of the program prior to 
November 29, 1983. 

of the accident were questioned and all stated that they were not aware of the 
Nine flightcrew members who were operating in the METTA sector a t  the time 

HIWAS program. Those interviewed represented seven United States Part 121 
air carriers, one from the US. Air Force Military Airlift Command (MAC), and 
one represented a foreign f lag carrier. 

Additionally, the flight manager of a Part 1 2 1  air carrier based a t  Newark, 
New Jersey, interviewed by phone, stated that he was  not aware of the HWAS 
program. 

The flight manager of a Part 121 air carrier based a t  LaGuardia Airport stated 
that he was not familiar with the HIWAS program. 

The Flying Safety Office, Military Airlift Command (MAC), was asked if they 

full range of aircraft operated by that command stated that they were not 
were familiar with the HIWAS program. Seven (7) MAC pilots qualified in the 

familiar with the HIWAS program. 

Five pilots assigned to the Accident hvestigation Branch, U.S. Naval Safety 
Center, stated that they were not familiar with the HrWAS program. 

Four (4) pilots employed by 14 CFR Part 135 operators were question and all 
stated they were not aware of the HIWAS program. 

The Chief Pilot of a Part 121 air carrier with a crew base at the Miami 

believed it was designed for the general aviation community and not the air 
International Airport stated that he was aware of the HIWAS program but 

carrier community. Three days after investigators concluded their interview 
with this individual, he contacted them and stated that he bad interviewed 

the H I W A S  program. 
about 20 of his assigned flightcrew members and found that none was  aware of 

Fourteen pilots were interviewed at Dulles International Airport. Of the 14, 7 
were Part 91 operators of light aircraft and 7 were operators of corporate 
aircraft. AU 14 stated that they were not aware of the HIWAS program. 
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Two pilots assigned to the FAA's Atlanta Flight Inspection Field Offices were 

program. 
interviewed by phone, and they stated that they were not aware of the HIWAS 

Two pilots assigned to the FAA's Hangar 6 flight operations at Washington 
National Airport stated that they were not familiar with the HIWAS program. 

Seven U.S. Coast Guard pilots who operate, generally, within the Miami and 
Jacksonville ARTCC areas stated that they were not aware of the HIWAS 
program. 

The crew of Flight 965 was not aware of the HIWAS prcgram. 

The CALPA member assigned to the Board's ATC Group for the investigation 
stated that he was not aware of the HIWAS program. He further stated that it 
is the  policy of Air Canada that the flightcrew secure the airplane when they 
are aware that they will be operating in either forecast or known areas of 
turbulence. 


