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This report contains the essential items of info-- 
:ion reLevant to the probable cause and safety message to 
be derived from this accident/incident. However, for those 
having a need for more detailed information, the original 
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Board. Upon request, the report will be reproduced com- 
mercially at an average cost of 1st per page for printed 
matter and 8 . 5 ~  per page for photographs, plus postage. 
(Minimum charge is $2.00.) 
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firm and includes a $2.00 user service charge by the Safety 
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File Bo. 1-0022 

Ado-pted; March lit, 1973 

A T m  World Mrlines, I=., W f n g  707-331C7 crashed into 
Sail FYa-ncisco Bay at approximately 22l<-3 fac i f ic  daylight tinte, 
September 13, 1972, following a rejected takeoff frcm Runway OLR at 
the San Ftancisco International Airport, San Francisco, California. 
Flight 604 was a regularly scheduled cargo flight from San Francisco, 
California, t o  the John ?. Kennedy International Airport, Jamaica, 
Hew York. There vere no injur ies  to the three crevmembers, the only 
persons on board. The a i r c ra f t  was substantially damaged. 

The investigation disclosed tha t  the a i rc raf t  fa i led  t o  stop on 
the remaining runway following a rejected Â¥cakeof in i t i a t ed  by the 
captain. This action was taken a f t e r  the takeoff r o l l  bad traversed 
approximately half the 9,500-foot runway t o  the vicini ty  of the  inter- 
sections of Runvay 0lR v i th  parallel Runways 28L and 28R. The action 
was i n i t i a t ed  vhen the crev detected an aircraft xibration and a 
reduction i n  a i r c ra f t  acceleration, a f t e r  passing VI, speed. Crew 
action included the use of wheel braking, spoiler operation, and 
reverse engine thrust. However, t he  a i r c ra f t  overran the departure 
end of the runway and a breakwater and cane t o  res t  i n  San Francisco Bay, 
approximately 50 feet  f?om the shoreline. 

Folloving the acciuen:, runzerous pieces of t i r e  tread and shredaed 
t i r e  casings from the disintegrated ?lo. 3 and Eo. 4 rear tires were 
found along the  runway. D u a l  -&eel rim marks from these wheels vere 
also evident. 

The Iiational Transportation Safety Board detennlnes tha t  the  
probable cause of th i s  accident was the  in i t ia t ion  of rejected takeoff 
procedures, beyond TI speed, -with insufficient runway remaining In  .. 
which t o  stop the  aircraf t .  The crev action was prompted by t h e  fai lure  
of the two r ight  truck rear t i r e s  which produced a noticeable a i r c ra f t  
vibration and a reduction Ln aircraft accelemtion. 

As a result of the investigation of t h i s  accident, the Safety Board 
recanmends reconsideration of recommendations previously made to the  
Federal Aviation A h i n i s t ~ % t i o n -  



Â¥Eran World A i r l i n e s ,  Inc., Boeing 707'-331C, H15712, arrived Itl 
San Francisco as  n i g h t  667 a t  0655 P-d-t. I/ on September 13, 1972. 
Wing grcwu3 the in prepanition fo r  d e p d  as Fli&t 6&, the air- 
waft received laywrer service maintenance which Included, an Inspection 
of the landing g e e  assembly, the tires, 2nd the engines. A security 
check was ccapleted 10 m3.mt.e~ prior  ta rwg departure. The ccmputed 
takeoff reference speeds 2/ f o r  a takeoff a t  308,84  ̂ pounds with a l b O  
flap sett ing were n-125 d o t s ;  VR-148 knots and. V2-165 knots. 'Siese 
calculations w e r e  based on a wind. from. 290- a t  10 taiots, and a temperature 
Of 55Â¡ 

The crew boarded the aircraf t  and completed. the necessary checklists, 
and. the flight was cleared t o  tax i  t o  Runway 0lR a t  2233. Flight 604 
departed from. the cargo gate w i t h  77.n4 pounds of cargo and 98,000 pounds 
of f ie l .  Luring the taxl operation there was conversation &tween the 
captain and. the f i r s t  o f f icer  concerning heavy takeoffs and takeoff abort 
proceiures. The captain stated, "It's your takeoff." He later re-narked, 
"If there's an abort, I'll do it Sandy." The a i r c ra f t  vas taxied Into 
takeoff position by f 0 1 l ~ ~ i n . g  the t ax i  guide lhe  50 the ruway center- 
lias. this point was located 300 feet from the runway threshold. A t  
2241:49.5, the f l i gh t  was cleared for  takeoff. 

The takeoff was normal u n t i l  approximately 3 seconds a f t e r  the captain 
called "V By this time the a i rc raf t  had. progressed. approximately half- 
way down the runway to the vicinity of the intersection of Runway 01R w i t h  
Runways 28L e.nd 28R- A t  t h i s  time, a vibration was noted. The dbra tzon  
intensified and contZm~ed througk~oazt the remainder of the takeoff rol l .  
Aeccrding t o  the crew, the mb=y is uneven throughout Chis Lutersection 
and some vibration is expected. 

The c a p t a b  s tated that the noise and vibration were a s w c i ~ t e d  with 
the landing gear- There w e r e  several other loud "clunkhgn sounds during 
the next s e v e d  seconds ard the a i r c ra f t r s  acceleration diminished. !Che 
cap- reported, "me nmvay mark- a t  the north end of the runway w e r e  
about to pass under us (the f i r s t  p a b t e d .  m w a y  surface mark- is l o c a w  
approxhately 2,000 feet from the north end. of thc runway)- W e  had not  st 
reached. Vo - the speed was under 140 Imots. I was comi.nced we were not 
go* to clear  the  nnn?ay and approach lights. I immediately 5 n i t i a W  
abcrt procedures, using fu l l  brakes, s rn i le rs  and reverse thrust." 

- - -- 

I/ All times are Pacif ic  daylight time based on the 2llÃ‘hou clock. - 
2/ Vi --Critical engine fai lure  speed. - 

vR --Rotation speed. 

V2 --Takeoff safety speed. 



A t  2242:46.7, the sound of engine noise decreased as the power vas reduced, 
and the  captaSn in i t ia ted  abort procedures- Approximately 2 Seconds later, 
the e w e r  stated, "Gotta blown tire." A t  2242:49.4, the sound of engine 
noise increased as the captain applied reverse tnrust. As the end of the 
runway was nearing, the  captain turned the a i rc raf t  to the right t o  avoid 
nakirq contact with the  approach lights. 

The a i rc raf t  contlm -Â¥- past the overrun, t o  the r ight  of the Ru-y 19L 
approach Ugbt structure, and over the brealcuater. TLE ai rcraf t  came t o  rest 
i n  a b u t  10 feet  of water, approximately !jO feet  offshore. 

The aircraft fuselage broke around its ent i re  cireuaference, forward of 
the w i n g s -  The nose gear a s s d l y ,  the Eo. 2 engine, and approxlinately 6 
fee t  or the l e f t  wing t i p  separated from the aircraft. 

The crev launched a U f e r a f t  and boarded it throual: the main cabin 
dwr. They were subsewently picked up and brought ashore by a U. S. Coast 
Gi-ir5 rescue helicopter. There were no injur ies  to the  crewmembers. 

A n  exanination of Runway O m  revealed manerow pieces of t i r e  casing 
and t read of varying sizes strewn along the ru~aay,  s ta r t ing  at a point 
4,700 fee t  from the threshold, through the intersections of Runways 28L and 
2&, t o  a m i n t  6,803 feet dovn the nmway. Evidence of rigbt lan6ing gear 
wheel rim Imprints were found 6,450 feet  down the ruinra.y. These marks, 
vhich were l a t e r  identified as ha~Lng been made by the No. 3 and Do. 4 rear 
wheels, along ui th  the scuff marks of the s i x  remaining tires, coz~tinued t o  
t h e  San Francisco Bay shoreline, uhich is 316 fee t  beyond the runway end. 
Approxinately 300 fee t  short of the runway end, all t- veered to the  
ri&t half of the rummy- 

The Sail Francisco hourly weather report available t o  the crev of 
Flight 6CA. a t  briefing time was clear skies, v i s i b i l i t y  12 miles, temper- 
ature 55- F-, dew point 52* F., wind 300' a t  12 knots, altl-neter 30.02 
inches Hy. The runway was reported t o  be dry. 

The aircraft -was equipped, with a Lockheed Air Service Madel 1094 
Flight Iata Recorder (EDR), S e r i a l  Iki- 759-  nation of t h e  recoded 
tmces  disclose6 that all pmmeters  had been recorded i n  a normal umtmer 
ufth no evidence uf recorder malfmction or  recording abnonmlities. 

The FDB. readout shoved t h a t  coincident with the final turn onto 
m y  OlR, the airspeed trace began t o  move upward from zero as the heading 
became stabilize6 at about 009O. A t  approx3mateI.y 134 hots, the a i r s p e d  
trace showed a reduction in airmaf't acceleration. The maximum speed 
attained was 142 knots which was reached 49 seconds a f t e r  the start of the 
takeoff. From this point, the  speed decreased t o  2T knots within 11.5 
seconds. 



W exteasively damaged aircraft rn rewved fmm Sn F'mncisco Eay. 
-nation of the m a i n  landing gee3 vheels and tires a i s c ~  that all 
t i r e s  were properly inflated, except Bios. 3 and k Â¥wtli exhibited only the 
t i r e  bezd bundles. The fuse plugs on these vheels vere Lnta.ct and had mt  
m e l t e d -  There uas no evidence of xniSUng of the  &.eel rims. 

The two f a i l ed  t i r e s  were Ho. 3 and. Ho. 4 rear. Both tires vere in- 
s ta l led at John F. Kennedy International Airport, Hew York, on September 5, 
19'7z7 an?. each had been subjected t o  26 landings pflor t o  the accident. 
Ho. 3 rear tire, General Tire S/H 925S0279iQ. had been recapped three times, 
vhereas, the Its. 4 rear tLre, Erestone Internat1ona.l S/E 11R0&23k7 had 
been recapped four times. Both tires had been recapped by the  McDowell 
Tire C O . ~  Kansas City, Missouri. An examination of the  records of McIkweU*s 
f a c i x t y  showed tha!c it wt or  exceeded the  minimum standards established by 
the Fedeml Ariation AdIninistration fo r  recapping aircraft t i r e s  - 

A l l  -ding gear *eel b e e s ,  except those on the two r ight  landing 
gear rear wheels, shewed evidence of high stopping energies. The No. 3 
and Ho. k reax heel bmkes displayed only n0rm.l bmking w e e r -  None of 
the b e e s  leaked testing- 

The antiskid system valves, wheel transducers, and the electronic 
control shield were subjected to t e s t s  and found t o  be within allowable 
tolerances and e p b l e  of mnna.l operation. 

The engines, and the thrust  reversing system operated, normally un t i l  the 
alrm entered Sari Francisco Bay. 

The creme&ers were eaployed by T m  World MrUnes, Inc., were certif-  
icated f o r  the  t3pe e q u i p a t  a.nd o p z a t i o n  involved7 and vere W f i e d  
i n  accordan* with cx is t fng  c o m p ~ y  a.nd Fedeml regulations. (h Appendix A 
f o r  detailed information.) 

Estinated takeoff perPomauce vas prep.red fo r  E l i &  based on the 
gross wewt of the  *craft7 the takeoff rummy conditLons7 weather, and 
the use of four-e-ne reverse t b m s t  to zero velocity. An appro-tlon of 
the  rwmay length used i n  each segment of the  takeoff was then derived from 
the Eoew C o m p q  pedormance &%a a d  t h e  KUght mta Recorder as fol3.0~~: 

Condition Distance 

BbnaaJ. Acceleration (0-120 knots) 3,790 feet 

Degradation of acceleration due to 2.550 feet 
blown t i r e s  (120-142 knots) 

Deceleration (142-0 knots) 
Total distance traveled 



AHALTSIS AMD COHCT.USIOSS 

The a i r e m  perFommce c a p b i l i t y  and the p h p i c a l  dimensions of 
Ruaway OX? were adequate f o r  the  operation involved. 

Examination and t es t ing  of the *eel brakes and the antiskid sys t5  
8ni examinatia of t i r e  scuff narks on the  runuay disclosed that  the a r -  

braking system ms i n  opezational and i t ion  h&3. operated nonna,lly 
throurfiout the  takeoff r o l l  and the  subsequent rejected takeoff rollout. 

All rubber debris f r m  the fa i led  t i r e s  vas foimd i n  the general 
vtcinity of the intersections of Runway 01R with Runways 28L and 28R, 
indicating that  t i r e  disintegration took place in t h i s  area. The t i r e  
renmins were examined and portions were tested. The ?To. 4 rear t i r e  showed 
sections of tire t r e a d  rubber attached t o  sidewall material, which is indica- 
t i ve  of sidewall fa2lure. R e m a i n s  of the  No. 3 rear t i r e  eXhlbited e-dence 
of rubber reversion and rough text-uring. This phenomenon is typical  of t i r e s  
fai led i n  overload.. It i s  concluded that  t he  Bo. h rear  t i r e  blew out f i r s t ,  
due t o  sidewall failure,  and t h a t  the  No. 3 rear t i r e  then blew out as a 
resul t  of overload. 

The Ho- 4 rear t i r e  fa i lure  occurred a t  4,700 feet,  which is 600 feet  
short of the  intersection of paral le l  Ruarays 28L and. 28R. During the 
disinteg-ration of t h i s  t i r e ,  the adjacent No. 3 rear t i r e  failed,  and as- 
integration of both t i r e s  continued as the  a i rc raf t  passed ~hrourfi  the inter- 
section. The runway surface i n  t h i s  1,000-foot long intersection is  uneven 
and - w e  through it is  no&ly acccanpanied by roughness- 

A s  a resul t ,  the  brati ion caused by the blown t*es was masked as the 
aircraft traversed the intersection, and the  vibration Â¥wa not considered a 
problem u n t i l  the a i rc raf t  passed beyond the  intersection. A t  this point, a 
slowdown i n  a i r c ra f t  acceleration vas a lso  detected. Considering the 
dLminished acceleration, t he  increasing vib-ration, and the fwt tha.t t he  
aircraft was about t o  p s  over the pLnted m y  &ace markers (2,M 
fee t  from the  end. of the runway), t h e  captain was convinced tha t  the heavy 
&cxa.ft would not reach VR speed (148 knots) and becane airborne wltinin the 
confines of the  remaining runway, even though the atrspeed was approaching 
14.0 knots. 

The Tranc %rid Airlines f'U.&t manual s ta tes  tha t  the  takeoff will be 
con'tixmed. if an engine fa i lure  or other abnormal condition occurs after Vl 
speed; however, t he  captain, exercised h i s  prerogative of emergency authority 
and. rejected the  takeoff. I n  view of the  combination of factors  which 
confronted t h e  pi lot  during the critical phase of the  takeoff, his decision 
t o  redect t h e  takeoff is  understandable. 

The takeoff was &e 5n darkness, and there were fewer visual cues t o  
&le the captain t o  judge accurately e i ther  the a c c e l e m t h n  of the  airuaft 



o r  t h e  anount of remamng rutmay- mdence  of clean *eel rb  imprints 
on the  runway surface s ta r t ing  at a point 6,450 f ee t  down the runway, the 
absence of t i r e  debris beyond this point, and. the in tac t  condition of the 
six tires shov that there was m abmraal drag during the  takeoff 
ro l l .  There scans no doubt tha t  the a i rc raf t  would, have accelerated the 
a d d i t i d  8 knots to  V speed i n  the r-ining m y  M the captain 
continued tbe takeoff. %owever, it is equally t rue  that if he W conserved 
pxrt of the $0 feet  of rumay used i n  maneuvering t h e  a i r e m  .into take- 
off position and had not l o s t  25 percent of his brate effectiveness, he 
would have been able t o  stop the  aircraft within the confines of the air- 
port.  This v o d 3  hare undoubtedly minimized - aircraft damage. 

PROBABLE CAUSE 

T!ae IW~tional Tmnspo*tion Saf'ety determines that the pmbsble 
cause of this accidec*; -as the  in i t ia t ion  of rejected takeoff procedures, 
beyond Tl sped, v i t h  insufficient nnvay r a n g  in vhich t o  stop the 
aircraf t .  The crew action was prompted by the f a i lu re  of the two right 
truck rear tires vhica produced a noticeable aircraft Â¥B-Lbr+io and a 
reduction i n  a i rc raf t  acceleration. 

Subsequent t o  the i n v e s t i @ t i o ~  of an accideat at An&omge, Alaska, 
Hbvember 27, 1970, involving the  takeoff of a Capitol International 
Airways, Inc., E-8 -63~  (ITTSB-AAR-72-12), the Safety Board reconmended t o  
the  Federal Aviat ion  Administmtion t r e  h p l a e n t a t i o n  of taJceoff procedures 
vhlch would provide flightcrews v i th  t i l e  or  distance reference to associate 
with acceleration t o  v speed. ms recomendation was made 8 months 
l a t e r  a s  the resul t  ofa .  fan American World Airways, Inc., Boeing 7hT acci- 
dent at San Francisco, California, on July 30, 1971 (STSB-AAR-72-17). In 
t h e  preceding investigations, the Bxrd aim recamended tha t  the  FAA 
reqyire t h e  instal la t ion of runmy distance markers at all civil airprts 
where air carrier a i r c ra f t  are authorized t o  operate. These recommendations 
apply equally i n  this case- !J!herefore, the b a r d  recamends tat the  FAA 
reconsider Its position re la t ive  t o  these recommendations. 



/s/ LOUIS M. TBATER 
Member 

/s/ ISABEL A- EURGESS 
M e a t i e r  

/s/ WHiLIAM R. HAÂ£E 
Member 



C a m n  Richard C. Boga.tko, aged 46, held Airline Traasport Pilot 
Certificate No. ll5169, m-ultiengine land. Captain Bogatko held type 
ratings f o r  t h e  Lockheed Constellation, Martin 202/404, and the Boelngs 
707/720/727. His f i r s t -c lass  medical cer t i f icate ,  dated June 19, 1972, 
listea no UmLtations. He w& employe& by Tra.?is World Airlines , Inc. , on 
Octooer 27, 1952, and was upgraded t o  %eW-g 707 cap tkn  on July 28, 1958. 
As of September 13, 1972, he had. accwulated a t o t a l  of 14,591:28 ho-xs, 
of which 3,̂ 00:30 hou-s were flown i n  the b e i n g  707 a i rc raf t ;  h i s  last 
proficiency flight check was completed on March 7, 1972; the  date of his  
last l ine check -was June 14, 1972; and September 5, 1972, was the  date of 
h is  last aergezcy procedure refresher t=ining. 

F i rs t  Officer Taylor H. Sanford, aged 38, held commercial p i lo t  
Certificate No. 1466*, vikh airplane &tiengine a d  and instrument 
privileges. He was type rated ia. the  Lockheed Constellation a i rc raf t .  
His f i r s t -c lass  aedical cer t i f ica te  dated May 5, 1972, l i s t ed  no limits- 
tions- He v&s employed by Trans World Airlines, Inc., on December 7 ,  196i+, 
and was upgraded t o  b e i n g  707 f i r s t  off icer  on June 5, 1965. As of 
September 13, 1972, h i s  t o t a l  f lying t i n e  was 7,349:W hours, of which 
m : O C  hours had been accT.iBn.ilated i n  the  Boeing 707 aircraf t ;  h i s  last 
proficiency f l i g h t  cheek was completed on June 3, 1972; the date of h is  
last l ine check was July 5, 1972; and h is  last emergency procedure 
refresher trainiq was on June ly 1972. 

Flight Eugineer Stephen L. Phill ips,  aged 30y held Flight Engineer 
Certificate Ho. 1778626, with a turbo.jet powered racing. His second- 
class medical certificate,.dated December 11: 1971, l i s t ed  no limitations. 
He u a ~  aployed by Trass  World Airlines, lac., oa February 17, 1967, and 
was assigned as a flight ezgineer on A u g u s t  29, l S 7 .  Fli&t m n e e r  
Fbill5.p~ possessed a t o t a l  of 1 , 0 5 0 : ~  l y i n g  hours as a military pi lo t  a s  
of the  date of hire. On Septecber 13, 1972, h is  t o t a l  f lying time as a 
flight engineer vas 2,820:00 hours of which 2,666:W hours had 3een accu- 
m u l a t e d .  i n  t h e  b e i n g  707 aircraft; his last proficiency f l igh t  check was 
completed on March 18, 1972. The date of his last l ine  check was I'terch 8, 
1971; and his last emergency procedure refresher training -was on March 13, 
1972. 



The aircraft was a Boeing 707-331C, S/H 20068, l!n571Â£ owned and 
operated by Trans  World Airlines, Inc., @j Third. Avenue, Hew York, 
Eeu York iW16. It had operated a total of 9,424:43 hours, tnchding  
659:52 hours since the last major check and 156:Ol hours since the last 
station service check. The aircraft was maintained i n  accordance with 
applicable Federal Aviation Regulations &nd the Tmns World IUrUes- 
approved maintenance manual.  
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