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Date: 
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Persons on Board: 
injuriee 
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Phase of Operation: 

DCA-86-1A-035 
British Airways 
Lockheed L-101i-200 
G-BBBO 
Near Modena, Pennsylvania 
March 17, 1986 
A b u t  1400 e.s.t. 

One psssenger fatality 
143 passengers, 12 crew 

En route descent 
None 

On March 17, 1986, 8 33-year-old wom8nr a resident and citizen of the United 
Kingdom, iiew from London neatinzow Airport, "cngiand, io ijuiies iaiefitaiiufiai k i r -~ i? ,  

cruise altitude, the passenger told another passenger sit?ing in the adjacent seat that she 
Virginia, on British Airways flight 217. During the airplane's descent from its en route 

had a pain in her right ear and a headache. After flight 217 l52ded, the passenger left the 
airplane an8 the airport without informiag any British Airways' personnel of the 
occurrence. 

Suburban Hospital ir Bethesda, Maryland. The attending physician advised her that she 
On the evening of March 17, she sought treatment at the emergency room of 

had experienced 9: reeent pepforation cf hee right ear drum. He treated the ear, 
prescribed aritibiotics and an analgesic, released her, and &dvised her to consult a 
specialist the following day. 

treatment recommended by the emergency room pnysysician and allowed her to return to 
On March 18, she consulted an em speciaiist who advised her to continue the 

her ho?eL On me morning of March 19, she 'XBS found unconscious in her hotel mom. 
Taken to Suburban Hospital, she was placed in the intensive care unit, and, at that time, 
she was diagnosed to have entered a coma; she died on March 21, 1986. 

The death certifhate issued by the medical examiner on March 21 stated that the 
immediate cause of death w a s  a "cardiorespiratory arrest" due to OP as a consequence of a 

ear infection." The death certifieate also stated ths t  the underlying extern& cause of the 
meningitis baeterial brain infection, which was due to  or as a consequence of a "middle 

fatal illness was "barometric changes" that occurred on an airplane. However, the death 
certificate issued by the Maryland Stsbe Begistrsr of Vital Records on October 29, 1987, 
crossed out "cardiorespiratory arrest" re the immediate cause of death and inserted 
"pneuno@cocal meningitis due to acute otitis media with rupture of the eardntm." 

On April 30, 1986, the deceased's father asked the British authorities to investigate 
the ein?uo;stances that resulted in her death. The British authorities declined because the 

government." The deceased's father then eontact& the Federsl Aviation ABminisfration 
injury *occurred over U.S. airspace and as such should be investigated by the U.S. 

Board for investigation. 
(FAA), and on July 28, 1986, the case was referred to the National Transpa%ation Safety 
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(49 CFR SMtiOR 830.2) defines an aircrsft accident 8s: 
The Safety Bcsrei's regulations, Title 49, Code of Federal Regulations, Section 830.2 

. . an occurrence associated with the operation of an aircraft which 
takes place between the time any person boards the aircraft with the 
intention of flight and all such passengers have disembarked, and i:1 
which any person suffers death or serious injuq . . . . 

&?ion 8302 defines an incident a s  

. . . an Oecurrenee other than an accident, associated with the opwation 
of an sircraft, which affects or could affect the safety of operations. 

fn addition, %tian 830.2 defines a fatal injury as w. . . any injury which results in 
death within 30 dhys of the accidcnt." Since *&e passenger's death occurred within 30 
days after she disembarked from the airplane, the purpose of this investigation was ?o 
determine whether the ear injury, as described in the death certificate, was caused by "an 

as defined in Section PaFt 830.2. In addition, if the injury was determined to have been 
occurrenee associated with the operation of (the) aircraft" and, therefore, is an accident 

causes of the acciaem. 
related to  an accident, the investigation would a h  determine the probable cause or 

Although the airplane w a s  equipped with a cockpit voice recorder (CYR) and digitel 
f l i t  data recorder (DPDR), no data were available from either reeoPaer to support th% 
investigation. The CVR retains only the 1 s t  38 minutes of any flight. Since the airline% 
personnel were never informed of any mishap after the flight landed at Dulles Airport, the 

no CVR data available for the flight in question. In accordance with British Airways' 
C'JB was operated throughout the ensuing flights of the airp!ane. Therefore, there were 

procedures, recorded DFDR information is retained only if an Air Safety Report is 
initiated concerning a fiigi~t. Since no report w a s  filed, the DPDR recordings for this 
flight were not removed and retained. 

Safety 3oard's investigation focused primarily on the altitudes at which flight 217 
Given the nature of the passenger's injury and the manner in which i t  oecupr&, the 

operated, the manner in which it descended from its en route assigned altitude to land at 

pressurization system. 
I)uIles Airport, and the capabilities snd o9erating condition of the airplane's cabin 

Flight 217, a I&?kbeed L-1011-200, British Regis?ry G-BIIBO, and a regularly 
scheduld passenger flight from Heathrow Airport ta Dulles Aiiport, departed Heathrow 
Airport about e 3 5  rem. I/ with 143 passengers, 9 cabin attendaats, and 3 flighterew 
members. The filed instrument sight rules (IPR) flight plan called, in part, for flight 217 
to traverse the Atlantic Ocean and portions of northeastern Canada via published air 
traffic control (ATC) oceanic navigational tracks. 

Flight 217's first mvigationel f i x  within U.S. airspace was the Presque Isle, Maine, 
VQRTWC. g/ Thereafter, the remainder of flight 217's flight plan route was as ioilows. 
via jet a i ~ w x y  JS5 to the Kennebunk, Maine, VORTAC; via jet airway J581 to the 

- 1/ Ail t imes  ax-e eastern standard time. 
2/ A colocated very high frequency omnirange station and ult?a-hi& frequency tactical 
& navigatkon aid that provides azimuth and distance information to user aircraft. 
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Kennedy, New York, VOWTAG via jet airway d48 to tSe Modena, Pennsylvania, VORTAC; 
via Victor Airway V474 Po DELRO intersection; via Victor Airway V39 to SCOBY 
intersection; and, direct Dulles Airport. 

The highest requested altitude was ilight level 350 (PL 350). 3/ The flight plan 
indicated that flight 217 would climb tr, FL 350 about 44 sinutes &fore reaching the 

north-northeast of the Kennedy VORTAC. Thereafter, flight 217 was to deseend and 
Presque Isle VORTAC and would reinain at PL 350 until it was about 10 minutes 

c~oss  the Kennedy VOBTAC at 18,000 feet mean sea ievei. The fiight plan then called fop 
flight 217 to maintain 18,000 feet until after it passed SCORY intersection and was 
rIra~ed for its approach and landing a? Dulles Airport. 

July 23, 1986, written questions were not submitted to the flight and cabin crew personnel 
Since the occurrence was not brought to the attention of the Safety Board unt i l  

on flight 217 until August 22, 1986. Other than describing the flight BS being "completely 
normal,l," the captain was unable to recall any specific operational details concerning the 
flight. The recollections of the first officer and flight engineer were s imi l a r  to the 

computer flight plans that were used and ennotated by two members of the flightcrew 
captain's, However, British Airways provided the Safety Board with two copies of the 

during the flight to DuLles Airport on March 17. 

then maintained PL 370 until it had passed the Kennebunk VORTAC. After passing 
The annotated flignt plans showed that about 1155 a.m., flight 297 climbed to and 

Kennebunk, flight 217 w a s  vectored to intereept the 264-degree radial of the Kennedy 
VORTAC and to descend to PL 350; however, the flight plars did not show the time the 
flight received this clearance. One of the flight plans showed that the flight overflew the 
Kennedy VORTAC at 1358, but it did not show the altitude at that time. 

After flight 217 had been cleared to desnend to ai 350, ATC then cleared it to 
descend and to cross a point 25 nmi northeast of the Modena VQRTAC at 18,006) feet. 
The annotated flight plans showed that flight 227 crossed the Modena VORTAC at 16,000 

The final entry on one of the fiiet plans indicated that flight 217 arrived at 1443 at the 
feet and that, at 1418, when it crossed DELRO intersection, it was still ar 16,000 feet. 

Armel, Virgina, VORTAC, which is located on Dulles Airport. 

investigation, the e1ec:rical:y controlled cabin pressurization system meters the exhaust 
Except for certain selected areas of the airplane ?ha? are not relevant to th i s  

of cabin ventilating air to pressurize the fuselage between the forward and afT pressure 
bulkheads. Pressurization control is nomaily operated in ?he automatic mock. In this 
mode, the engineer selects the desired cabin or airplane cruise altitude before takeoff and 
sets barometric correction and landing field sdtftude before descent. The pressurization 
system responds quickiy and pressure trmients are ControiIed below the normal threshold 
of human detection. The normal pressure differential at which the cabin altitude is 
maintained is 8.44 psi. At this pressure differential, the Cabin altitude can, should the 
flightcrew so desire, be maintained at sea level when the ai,=plane is below 22,000 feet. 
When cruhe altitude is between 22,000 teet and 42,000 feet, cabin altitude is normally 

differenti&. Based OR the 8.44-9si pressure differential, at 37,000 feet the cabin altitude 
selected at the minimum that cen be maintain4 without exceeding an 8.44-psi pressure 

- 3/ A levei of constant atmospheric pressure rela?ea to a reference datum of 29.92 inHg. 
Each levei from 18,000 to 60,000 feet is stated in three digits representing hundreds of 
feet. Therefore, FL 350 represents a barometric altimeter indication of 35,000 feet. 
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would be about 6,500 feet. In the automatic mode, the cabin altitude is controlled at a 
fixed rate of change. During climb, the rate is %bout 500 fpm; during descent, t h e  rate is 
about 350 fpm. 

According to British Airways' pmcedures, the standby mode of the cabin 
pressurization system is used only if the automatic system malfunctions. To the best of 
t h e  flig3tcrew's recollections, the pressurization system was  operated in i ts  automatic 
mode 011 March 17 and functioned normally throughout the flight. 

March 12 to March 22, 1987, did not disclose any entries that would indicate other than a 
The examination of the maintenance discrepancies in the  airplane's logbook from 

normal operation of the cabin pressurization control system. In addition, on the day of 
the  €light, the  airplane's logbook did not contain any allowakle deferred defects entries 
tha t  would indicate any malfunction of the cabin pressurization system. 

reieting to  an ear problem. On March 29, 1977, she had received treatment for a 
The examination of the deceased passenger's mwlical history divulged only one entry 

congested right ear dmn; thereafter, there were no further entries relating t o  any ear 
problems. 

seated adjacent t o  her occupied seats 14E and 14F, respectively. The passenger stated 
British Airways' records showed that the deceased passenger and the pfissenger 

that he had met  the deceasec! in the Heathrow Airport departure 8 ~ s e  an& 

(I) sat next to her, on her right, throughout the flight. The flight w a s  
normal and we were both awake at the start of the descent. Shortly 
after this &e mentioned that she had a pain in her right ear which gave 
her a headache. She said %hat she had experienced this before on a 
recent flight or ili@ts. She did not teli the cabin staff of her problem 
and seemed aware of the reason for her discomfort. 

According to her employer's records, t.he deceased had made 16 air  carrier flights to 
various European cities and one round trip to New York City, New York, between 
January E and March 11, 1986. 

fact  tha t  the  airplane's logbook did not contain any entries that indicated cabis 
Based on British Airways' operating procedures, :he fiightcrew's statements, and the 

pressurization system malfunctions, the Safety Board coneflldes that  the pressurization 
system's controls were operated in the automatic mode by the flightcrew during the  
descent. The flight engineer would have set the field elevation at Dulles Airport- 
2:s feet--and the brvomeiric correctior. inio tie pressurization system before flight 217 
began its descent. Therefore, when the descent began, the airplane's cabin altitude would 
have decreased at the eontrolled descent rate of about 300 fpm. 

controlled by the programmed descent rate and a differential pressure of 8.44 psi. If, for  
Whiie flight 217 was descending between PL 370 and FL 220, the cabin altitude was 

example, the airplane were leveled off at FL 290 daring the descent, the cabin altitude 

pressure differentiai. At PL 240, this would equate to a cabin altitude of about 4,400 
would continue to descend at about 300 fpm an.d level off when it  reached the 8.44-psi 

descent rete of about 300 fpm. E& on the designed performance criteria of the 
feet. Whet? the descent was resumed, the cabin altitude would resume its control?& 

cabinpressurization system, flight 217's cabin altitude could have decreesed t o  313 f ee t  
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altitude would be maintained at 313 feet st any altitL3e between 313 feet and about 
m y  time after the airplane reached or descended through PL 220. Thereafter, the cabin 

PL 220. 

controlled descent pate of about 308 fpm, it wouk3 have required abcut 21 minutes to 
'When flight 217 was at PL 370, its cabin altitude w8s about 6,500 feet. Based on the 

decrease the cabin altitude from 6,500 feet to 313 feel. In addition, Once flight 217 
descended below PL 226, there would have been no system-imposed restrictions on the 
cabin altitude's deseent to 313 feet. The data on the anncitated flight plans did not s h w  

therein does permit the Safety Bosrd to determine how long it was below FL 220. 
when flight 217 was cleared ta deseend frun PL 370 and PL 350; however, the  data 

The annotated flight plans showed that flight 217 was  at 16,000 feet when it  erosed 
the Modena VORTAC; that it was at 16,000 feet when it crossed DELRO intersection at 

elapsed flight time between DELRB and the Armel VQRTAC, flight 217 was below PL 220 
1418; and that the flight arrived at the Armel VORTAC at 1443. Based solely on the 

for about 25 minutes. Hawever, the flight plans showed that the flight was below PL 220 
for longer than 25 minutes. ATC had required flight 217 to be at PL 980 25 nmi northem 
of the Modem VORTAC, and the flightcrew had to comply with this clearance. Thus, the 
f!ight was at or below PL, 180 by the time they were 25 nmi northeast of the Modena 

have taken flight 21'1 about 11 minutes to fly from 25 nmi northeast of the Modena 
vuniab. Eased on Yne computed ground speeds contained in the flight plan, it would 

VORTAC to DELBO. Sinee it was obvious that flight 217 had descended throagh FL 220 
before reaching the level-off point 25 nmi northeast of Modena, the Safety Board 
concludes that flight 217 was below PL 220 for at least 36 minutes before landjng. In 
addition, the Safety Board concludes that there was ample time for cabin altitude to 
descend from 6,500 feet to 313 feet at its controlled rate of abu t  3011 fpm. 

*,Am-. ,. 

None of the other 154 passengers and crew, including those passengers seated in the 
immediate vicinity of the deceased, reported experiencing any discomfort or difficulties 
during flight 217's descent. Indeed, based on the statement of the passenger seated 
adjacent to her, there was some evidence to indicate that the discomfort experieneed 
during the descent by the deceased had occurred on recent flights. Therefore, the 
deceased's medical records, autopsy reports, death certificate, and the circumstances 
relating to the injury were submitted to the Armed Forces Institute of Pathology (APIP), 
Washington, DX., for feview. After reviewing the data, the APZP stated in part thtit this 
case: 

pressure during descenr. There is evidence that [the deseasedd] had 
. . . represents an otitis media made symptomatic with a change in air 

she took 16 eommercial flights between Janaary and Iderch of 1986. W e  
pEp&+2c& sIm!l,r p.pi&es 1:: :!I* ;*can: p&& Beeor& &o &,ol# ihai 

believe this represents sn opportunity for repeeted barotrauma and that 
there was an ear infection already present when [the deceased] departed 
London. 

In conclusion, the investigatioa showed that flight 217's cabin pressurization system 
not only operated properly and within its des@ limitations during the flightit between 
Heathrow and Daes  A i w r t s ,  but also that none of the other ocsupsnts of the airplene 
had experienced any discomfort during either its ascent or descent. The investigation &so 

I 
showed that there was an ear infection atready present when the deceased boarded 
flight 217 at Heathrow Aipport. Given the evidence herein, the  Safety Board conciubes 

i 
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Dare md Time: 

in-kies: 
Damage: 
Phase of Operation: 

ckmqxnts. 

On April i936, about 1922 C.S& an &reel AircreC? h&s:ries L@-IZ24+- 
Westwind EI, N50SK, a twin-engi- eight-passenger, turbojet airplane, was destroyed 

Texas, following a loss of control st 37,000 f e e t  The two crewmembers and f i e  
whea it impacted the ground at high sped in mx uncontrolled descent near Redwater, 

pasagem aboard were kill&. Aa explasion on impact caused minor ground fires nearby. 
TIte iirphe, owned by Drayton Associates a116 lead  to E ?  operated by the S i e r  
Corporation-Rearfott Division, bad dqaPt.ed Redbird Airport ab 1856 e.s.t. under an 
instrument flight rules @FR) flight pkut on an executive flight from Us, Texah to 
Teterboro, Ne* Jersey. 

EarLiep in the day, the crew had flown NSOSY from Teterbwo to Da%s, arrivihg 
&*om6 1030 c.s.L The computergenerated f-t plan Me crew accessed that morniw at 

passengers calkd the crew at the Redbira fixed-base operator (FBO) a t  1400 and released 
1830 listed their estimated departure time from D a l h  as 1430; however, one of the 

the mew to return to their home base at TeterSoro. Rte captain s&sequently called his 
flight opemtions manager, who told him to wait for his passengers a& retun to T e t w  
if the f f i t  could be airborne by 1900 i d  time. 

cleered for the DalLrs 4 m r t u r e  (standard insuwment departure) to Texarkana VBRTAC 
Foilowing arrival of the passergers, the fright &parted Redbird Airpwt at 1858, 

and then Jet b t e  5-42 at flight level 310, and was Immediite%y hnnded off to 
D&as/FaPt Worth  CDFW) aegional &partme. At 1900:35, the eaaptain mntaeted the 
Te~minal Radar Apppoach Control (TRACON) and stated, "Our radar is not doing very well 

s ~ l l t h  and east of the airpert. The TILACON controiier prov%&d the vectors 
t3is evening." He requested vectors around t3understmms that were buiMing up to #e 

(ARTCC) Lake Low Sector controller. 'ne TR4CON controller did not p a s  on the 
subsequently handed off the flight to the Fort Worth Air Route Traffic Control Center 

x h e n d e d  off the flit At 190226, the captain requested additional vectors for weather 
infmnation a b u t  the m r t e d  mdar malfunction to the ARTCC controller when he 

avoidance from the ARTCC controller, b t l S  did Rot state that their radav was 
malfmtioning. "he captain did not inform any subsequent controllers of the radar 
malfunction. Neither the crew nor the TRACON controller w s  required by F m  
Aviation Administration (FAA) regulations to report the xdar outage or to notify other 
cantrolls of the malfunction. 

476 1 
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Witii  the exception of the vectors for weather avoirknee, the fmt p r o g r e s s  
normally thmughout the climb, end at  1910:14 &?e captain requested asd reeeked 
chearence to prow& "Cirect" to the Tex&ena VOZTAC. About 1917, :!-e ARTCC 
eontroller requested a @et report fmm the mew. The capgain stated "well off to the left 
they're stili building thews topping nut about 38 39 but off :Q the eight where we %ere 
just pasing #rough there she's toppbq 36 to 37." A t  19185'1, the q t a i n  stated 
that they need& to maintain theif current heading and requested pe:rnkio9 to climb 
from the asigned altitude of 37,000 feet to 39,600 feet. 'he contmller acknowidged 
receipt of the .ves t  md &out 60 seconds kcer, ar 1919551, A crew=emkr stated, 
"Center, Westwind fifty SK need to get up." Laboratory end operator analysis of the air 
rmfflc contror (ATC? audio tapes reveal& that these last two rransmiss?ons were mazie by 
the coppilot, whereas of the previolls +-missions had been made by the eapbiir. 
According to the operator's policy, the person not flyhg would make the rad0 calk. 
Aft= coordinating the new altitude with L e  adjoinkg airspace controller, t h  AfbTCC 
conmUer cleared the flight to flight level 390 a? 1930:17 but did not receive an 

Trmsponder an6 altitude Madouts were lost from the ARTCC radarsecpe at 192OSl and 
&mowledgment. A garbled tre;?smi&m fmrn XSDBK was  received at  1920:13. 

primary returns were lost at  1922S7. Reconstruction of the AKTCC recorded radar data 
ikx3icated that during the 30 seconds immediately kfore the loss of communications and 
radar contact, the &plane was te&&ing straight on a course of 083q directly into an area 

&pMe's gross weight, its serviee ceiling was FL 410. 

! 

nf severe wether, as5 the? L% eEm9 f z m  FL X @  tc PL as9 zc: i3iFi:ed. At 

attitude with the left wirgo leading. The impact rite vias 4.1 miles norL3east of :he point 
"he a i r p h e  crtzsheci in an open pasture QTI e heading of 275O in an 8zo nose-chwn 

where recorded radar data showed th2 lest tramponder ended retsn. 'be airplane 
dBintegrated on impact. 

dark, and haii begw to fall  siiortly after they saw the crash. Radar imagery of the storm 
Witmses said there was a severe thunderstorm at the time of the accident, it was 

cell in the immediste vicinity of the accident site indicated *h t  it was a Video Integrator 
Processor (VIP) level 6 thunderstorm. 'Kunderstwm intensi!ies are measur& from level 1 
t h r r  6, xitb level 6 being the most severe. Several a k p h e s  t r m i t h g  the area 
reported that their radarscopes indicated a severe th-wderstorrn, and a Beech Baron fly= 
x&smth the cell at the time of the accident experienced a turbulence upset and a loss 

reportedly saw the firebclll from the impact of N5OSK. 
of control while flying wi?hin 3 miles of the accident site. A pessenger aboard the bca 

?he onxene  hvestigation revealed that the left hcrizmtfd s tabi ie r  and elevator 
had v a t &  immediately before the impact at low altitude, and the p i e s  were located 
about 400 feet southeas: of the D-rhclpal impact crater. An examination of the fracture 
surlaees on the separated g e e s  inaicated that they fractured as a result. of aerodynamic 
loading and overstress and were a m l t  of the accident. AH of the airplane structure was 
accounted for at  +& accident site except to? the left main gear door, examination 
and kyout of the airplane structure indiest& that excegt for the left horizontal stabaer 
and elevator and the left min gear door, all of the flight control surfaces were atbathed 
end the struct~vz was intact before impact. F?ecause of the airplane destruction, 
investigators could not determine the control continuity. However, all of the breaks in 
the f&$t control system appeared to be from overstress and to have occurred as a result 
of impact. the left and right horizontal stabilizers had a positive set in t9e spa~s. 

brakes were deployed and the ltllding gear was  down at impact. It was a h  determined 
Measurements from the fliit control and landing gew actuators revealed that the .'peed 
that the flaps w e e  up w.d the l i f t  dumps were retracted. The actuators indicated that 
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