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%ne AccidonLv 

A t  appm&at&y 1 0 3 9  June 30, 1956, a Trvls Noi*ld Airlines Lockhoed 
1049A, 14 69 , wid o United Air Linos Douglas DC-7, N 6324C, collided at about 
n,OW foe 8 OVQY Gnnd Canyon, Arizona. bth akcr&f% fe l l  into the Canyon 
near the confluence of *the Cdlorzdo and Li t t l e  Calorado W.vers. 
auzdvora among tho 128 persons c.boanl the fl.i@a (70 aboard ‘ITA and 58 a h m i  
United). Both aircraft; destroyed. 

Histo- of the FliEht.9 (Seo attachment 1 a6 referenco, ) 

There xem no 

1, Truxs Vorld AhM.ne8 

On June 30, 1956, a t  Oqm, T m s  Korld Airlines Flight 2, a regularly 
8chetKLcd pzsaengor serrlce, took off froin mmay 25 o f  the Los kngeles Inter- 
n a t i o d .  A i r p o r t .  l l i g h t  2 m s  on an b a t r i m e n t  f l i g h t  rvles (IFR) f l i ght  plzn 
r”rm Loa Angoleu, W i f o r n i a ,  t o  Kansas City, Uisso’Jrl, r i a  Greer, Airiny 5 ,  
X!.bt?r -4irmy 2, DaggeLt direct Trinidad, d.rect D d g e  City, Tictor Aimray 10 
Kansas City, Tho f l ight  plan elflo proposed B cruising d.i;itude of l?,C.OO foet, 
a true a irsped of 270 b o t s ,  and 4 departme t h e  of 0830. The Trans World 
f l i g h t  c i m  consisted of Captain Jack S. Gaudy, Copilot Jmes H .  Rltner, Flight 
Faginosr Forrest D, Breyfo@e, nigh.(; l%gimer H a r r y  H, m e n  (aboard as an 
s d d i t i o n a l  crew member), and Hostesses Tracine E. Ambnrster and Seth E. A?ivi.s* 

Th’e f l i g h t  ras diBpatched 
Prepsratious for might  2 were mtiriu except that. departure vas delayed 

’ a few minutes by minor maintenonco an the aircraft. 
w i t h  3,300 gallons of fuel and the lead manifest shoved the gross weight of the 
ahcraft a t  takeoff waa 10S,l l5  pouncts, ve31 under the  max imum al1crnbI.e of 
113,200 pounds. 
graOity liraitations of  the aircraft. 

The lcad uas properly distI3butcrl with r e s p c t  to center of 

Times herein a m  Pecific dandard and b a e d  on the &hour clock. 

&’ Altitudes herein aro mean sea l eve l ,  distances are nsutical d e s  
atlless otherwiso indicated. ’ a .  
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. 
As requested, the flight, a f t e r  takooff, contacted the Los Angeles 

t o m r  radar departure con t rd l e r ,  end mas vectored through an overcast 
d i c h  exlsted i n  the Los Angeles area. After reporting %n top11 (2,400 
f e e t )  the f l igh t  sxltched t o  Los Angebs A i r  Route Traffic Control Center 
(referred t o  aq Log Ancoles Centor) f’requency, U8.9 mcs., f o r  its en route 
clearance. This clearance specified the muting as fUad  i n  tha flight am, 
h m v e r ,  t h e  controller specified that  the f l igh t  cl.%;lb t o  19,0C3 fbeb in VFR 
conditions. Inrmedtately thereaf ter  TWA 2 asked f o r  8 m t h g  change t o  Daggett 
via Victor A i m y  210, This was approved in a routino manner. 

A t  0921, through caupsny radio oomunications, n i g h t  2 rzported that; it 
was approaching Ikggett and requested a change in f l i gh t  Nan alt i tudo assita-. 
ment fm 19,000 t o  21,000 f ee t ,  ARTC (Los Angelos*Conter) addsed they iror’o 
unable t o  approve the requested a l t i tuds  bocause of t r a f f i c  (United A i r  LJnes 
n i g h t  n 8 ) .  Flight 2 requested Q clearatico of  1,COO f ee t  on top. Aocertain- 
i n g  fwm t h e  radio operator that the flight m s  then a t  l e a s t  1,000 on top, 
ARTC cleared the f l i g h t ,  

A t  0359 Trans Vorld 2 reported i ts  position through compaq radio at 
Lae Vegas. It reported t h a t  it had passed Lalce EIoliave a t  0955,  wag 1,000 on 
top a t  P , O O O  feet ,  and estinated it would reach the m-degree radial of the  
K i n s l o v  m i  mnge s ta t ion (Painted &Serb) a t  10% n t th  Faimington next. 
vas the l a s t  radio conrmnidation with the f l ight .  

I ‘his 

* 2.. United A i r  Lines 

United A i r  Lines Flight 7l.8 vas re@ilarly scheckiled from Loa h g e l e s  t o  
Chicago, Illinois. On June 30, 1956,.it took o f f  frm runway 2% ( l e f t )  of the 
Los Angeles International A i l p o r t  at 0904 (three miuutes a f t e r  TYfA 2). XLigh.1; 
n8 was on an IFR f l igh t  @an t o  Chicago via Oreen Aimy 5 Pzlm Springs inter-  
section, d i rec t  Wcedlee, d i rec t  Painted Dasert, d i rec t  Durango, directoPuolilo, 
direct  S t .  Joseph, Victor Ailmy 116 Jo l ie t ,  Victor Aimn3 84 Chicago Ididmy 
A i r p o r t .  
a l t i tude of 21,000 feet, and a departure t h e  of 0845. Tne fl ight c r m  con- 
s i s ted  of Czptain Robert F. Shirley, Erst Officer Robert 17, Hams, Flight 
Ehgineer Gerard More, and S t m r d e s s e s  Nancy L. K w i t z  and Uargaret A. Shoudt. 

c r a f t  departed w i t h  3,850 gallons of fuel. The cmpany load manifest s h m d  
tho gross m i g h t  o f  the a i r c r a f t  a t  takeoff t o  be 105,835 pounds, nhich m s  
l e s s  than the nmdmum allowable of 114,060 pun&; the l a t t e r  might  was re -  
s t r ic ted  f ran  a m a x i m u m  of 122,200 pounds f o r  the a h r a f t  because of a land- 
ing l imitation a t  Chicago. Tho load wa.s properly dist r ibuted with respect t o  

The flight plan prornsed a t rue  airspeed of 288 knots, a cruising 

’ 
Flight  preparations and dispatch of United”lL8 mere routine and the air- 

the center of g rav i ty  limitfitions of the aircraft. 1 

After takeoff t ho ’ f l i gh t  contacted tho Los Angeles tmr radar c o n t d e r ,  
who vectored i t  through the owmast over the sane departure course 8s T?iA 2.. 
United 718 mported I I o n  boptt and changed t o  Los Angoles Center frequency f o r  
i t s  en route clearance. 
thc controllor opecificd tha t  the climb t o  assigncd a l t i tude  be 5n PFR cundi- 
ticne. 

This corresponded t o  t h e  f l i g h t  plan Q8 fi led; h m r ,  



- 3 -  

night.7l.8 made position reports to  Aeronautical. Radio, Inc., which 
It reporhd psssing over semw under contract as United can- radio. 

Riversido and l z t e r  over P a l s  Springs htersec t ion .  
indicated that United '7l.O m s  stUl climbing t o  P,OOO a n d g s t h a t e d  it 
muld reach Needles a t  1000 and the Painted Desert a t  1034e 

The latter reporb 

A t  approx3mtd.y 0958 Wnited 7l8  made a position report; t o  the CAA 
carnunicatims s ta t ion located a t  NoedLes. This r e p o h  abated that the 
f l i g h t  nas over Needles a t  0358, a t  21,000 feet ,  and estimated the Painted 
Desert a t  103, d t h  Duroligo next. 

Radio canmunicetors a t  Silt Lake City and Saa Frmcisco. ' They were not able 
to understand the nossage whon it vas received but; it ma l a te r  determined 
by @nydng back the Rcoxded tm.smisslon t h a t  the message vas from United 
7l.8. Context n a s  interpreted as: "Sdt Lake, United Z.8 ah e 

w 're going i .n , l t  

At 103l M unidentified radio t r a n d s s i o n  was heard Aeronautical 

Inve e ti Ea t Ion 

men neither flight reported passing the  Painted Desert l ine of position, 
CAA and cmp?qg ground cmmmiications attempted t o  contact them. 
unsuccessful znd a mdio soarch :ras then nade by several. cci&ntrnicationa &a- 
tions along the propsod routes, w i n g  m e m s  radio frequencies availeble 
t o  the fLiGhts. At 11% il missing aim& a l e r t  xas issuod;'fcillmd by 
im@..eaentatlon of oesrch end rescue pmooduroo. 

That evening a p j l o t  mho operated scenic flights omr the Grand Canyon 
heard about the missing aircraft and recalled havdng seen l i gh t  smoke d s h g  
out of t h e  Canyon ea r l i e r  i n  tlie.dny. Kith his brother, he roturned t o  the 
area, f l e w  in to  the C w n ,  and during a low pass f 7 a ~  able bo identify the 
empennage of the TI% Conotellation. Xe r e p r t e d  the finding immediately and 
the next day nab  another flight, during nfiich it ivas ascertained that there 
me a eecond wreckage appro-tely one d e  from the first. There were no 
sign8 of survivors on e i the r  occasion. 

On July 1 PP A i r  Force helicopter from a Search and Rescue un i t  landed, 
under hazardma conditions, at  the TRA site. Bftor camful consideration, 
Nanning, and t r i a l  flights, a successful. landing nas made by an A m y  heli- 
copter pilot a t  the United imckage. On both initial landings a medic'ao- 
caqmicd the helicopter mot and, af ter  examhation, reported tha t  no one 
had survived ei ther  crash. buring the fallaroing days Axmy u n i t s  provided 
transportation, under extremely hazardous conditions, t o  and from the s i t e s  
bs helicopter, making it poaslble t o  reach the o t h e d s e  nearly inacceasilile 
area. 

This m s  

. 

. * .  
The El049 Constellation crashed i n  a draw on the northeast dopa of 

Temfle Butte, xhich is on the  w s t  bsnk of t h e  Colorado River within the ' * 

Grand Canyon. The main meckage s i t e  was a t  an elevation of 3,400 feet. 
The lrreckace was found &rem acrosa the d r m  8long 2 ecuthmotarlp heading, 
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dth portiOn8 if the nose aection on the sou* bmk of the draw and aections 
of the cabin fuselage on the north bank. A rdatively short wreckage distri- 
bution path s h m d  that  t h o  aircraft contected the grornid a t  a ateep angle. 
The distribution and conat ion  of parts indrtcated the Canstellation was in- 
verted a t  initial. jmpact. ? 

Severe dish tegra t ioa  of the L-1049 occurred durlng grormd impact, 
f a m e d  by an intense ground f3.m. 
destruction of major porbions of the a i r c ra f t ,  St was possible, h m v e r ,  
to identify a sufficient number of ports to shim that with the exception of 
the &-la69 empennage, portions of the a f t  fwelage, and l ight  pieces of aft 
=bin interior,  all. of tho tdmraft ms a t  ths  main wreckage ama: Here 
severnl pieces of the E-7 were locatod. A l l  of these WBrO identified a s  
being p a r t s  of the DG7 left outer rrlng structure, 

The main nreckage ama of the E-7 vas located 142 etatute  milee north- 
east of t he  L-1049 area, 
of Chum Butte oppoaite the LitUo' Colorado Nwrr Impact ms about 10 feet; 
belm the top  of t h i s  AdgQ a t  an elevation of 4,050 feet, I n i t i a l  impact 
+as on a northeast heading with the aimraft  nosed dorm a d  its ri&t wing 
below a level attitude. 

Together, these caused nearly t o t a l  

b i n a t i o n  revesled the  Dc-7 struck the south face 

Imp& forces caused severe disintegration of the DC-7 nith mjor can- 
ponents fal l ing in to  an inaccessible deep cWmney and upon sheer ledged b a r n  
the h p c t  site. An intense ground f i m  follomd Jagect. Except f o r  a l w g e  
portion of its l e f t  3ing, the Dc-7 major cmponenl;s mrs accounted f o r  by 
identification of parts and pieces found.& o r  reasonably near the main wreck- 
age area. 

was made t o  detelmino rhether o r  not Inf l igh t  c d l i s i u  had occnrred and, 
i f  soj the manner in which the a h r a f t  collided. Results of this mrk as- 
closed several areas of dzlcage nbich ccnclueively dsbbl iohed t h a t  such col l i -  
sion did occur. These areas also provided materfel. for 8x1 analfiicd. s h d y  
relating t o  the #~ps ica l  relationship of the aircraft t o  each other a t  the 
inatant  of the inf l ight  imp&. 

During the d i f f i cu l t  and hazardous structurd investigation every e f f o r t  

One of the significant areas involved h the i n f l i gh t  contact mas the 
left outer xlng panel. of the  -70 
frun its t i p  inboard t o  station 453, a length of about 20 feet,.  Much of this 
stiractare bore evidence of the inflight collision. Sane portion8 of the upper 
=face, leading edge, and aileron were missing, 

Temple and Chuar M t e s  about one-third mUe e s t  of the TTVA m c k a g e  site. 
This piece consisted o f  the outer portion of the me1 f r c r m  the t i p  inboard 
t o  appmdmately station 627. To this s ta t ion  the  upper and l m r  ninq skin 
and the leading edge mro generally intact. Portions of lower sldn mre i n  
@.ace f o r  mother Six f e e t  wboard. Collision ovidence i n  the form of dent$, 
scrcihheu, t e u s ,  and bands mre f m d  on much of the  l o m r  surface of M a  

Piocee found represented the  trlng p n e l  

: 
The largest  &@e piece of l e f t  tring outer panel was found betieen 



i 

entire 8 t r ~ d h r e .  ' 'Part  of t h i s  damage consisted of an upward and hboard 
defoxmation i n  the ning t i p  cap between the position l igh t  and aileron cove. 
BLack rubber amcars and red paht Qnudges wre evident a t  several locationd 
in the deformstjm, Examination shoxed t h e  meam on the Dc-7 W B ~  fram t h d  
t1049 deicer bbot; also, tho psFnt smudges mm fma the L1O4g6 . .  

A fragment of DG7 rrlng t i p  assembly -8 found separately. This U-inch 
piece was part of the a i l e m  cove frm the & m e  nfng t i p  area. Fragments 
of top and betta rfing akin were stKU attached t o  this dece .  Just a f t  of 
the t e a r  tho t i p  radius was defomed inboard, re&, and upward #ith heavy 
deposits of L-1049 red paint i n  the c m p l e d  area. Further, the t i p  loner' 
mrface inboard t o  the t i p  attach point 1 ~ 8 9  deformed upivazd and marked trg 
ecratchcs running inboard and af t .  &so, in this general area an the lorn2 
wing eurface there were numerous black rubber smears and ddditibnal soratcliee. - 
The smears and scratches ran diagonally af t  and inboard about 23 degrees Sn 
d a t i o n  t o  ihe wing center spar lho. 

TKO piece8 of the E-7 l e f t  afieron mre found &presenting the t i p  am& 
inboard t o  about station 656. These pieces were sev6rd.y buckled inboard and 
upward and both bore heavy deposits of black rubber smears on t h e i r  l m r  
surf aces 

. 

Between stations 627 &d 603 the  vrlng leading edge of the E-7 m e  
deformed rearward and outboard. R e m r d  and inboard scratched on the l o m r  
leading edge were continuous through areas of deep bnclrlingj indicating they 
mere made before the l e d i n g  edge Stntclc the object causing b~ckl.Jng. A f t .  
of the leading edge on the loner TTing surface there mra hore scratchbe T- 
d n g  aft and inboard a t  an angle of aE;prorj_matel~ 25 degrees r e l a t i 6  to the 
center apar, In  this epecific area there has no eddence of the black rubber 
amears . 
. 

was found. This section was from the l e f t  d n g  h e r e  the  a imtaf t  regiatrtltion 
It3 painted and bore portions of numbers "6" and "3." Scrape marke corresponded' 
directionally to  those praviausly described. Imbedded h a t ear  on t h i s  part 
7ra8 8 piece of Constellation headlining used in the sff; c a b h  c e i h g .  Bmm 
mudges running in the sane general direction a3 thb scratches =re determined 
by chemical analysib t o  be materid. wed  t o  sea l  Cbnstellatim fuselage.seams 
and s%ringers i n  the pressure cabin area. 

A t  the E1049 wreckage area a section of lomr Ring skin from the Dc-7 

A second area of damage significant t o  the investigatory objectives and 
. closely al l ied with the E-7 lring damage was the  Constellation empennage. This 
major ccxnponent had struck the ground invefied buti ctmc! t o  res$ h 09 upright 
position about 550 yards north of the concentratidn of El049 heckage. It 
m a  generally intact  except for the left and right fins and rudders. Respect- 
ively, these were found about 30 and 10 yards moved.  The distance of the  .. 
empennage frum the rest of the L-1049, together w i t h  the evidence of oewre 
damago h e r e  it a s  separated i h u .  t h e  a f t  hiselage, showed this major campan- 
ent had separated in f l i g h t  a f t e r  coll ision impact.' Heavier pieces of the 
L-1049 aft fuselage structure and aft interior equipnent mere-found west of . 

\ 

- - _  
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the main TWA A c k a g e  s i t e .  L i ih t  i n t e r io r  ma te r ids  from the aft; fuse- 
lage m r e  found on Cape Solitude l-1/2 d e s  east ,  indicating that they 
mre torn or  spi l led out a t  a suf f ic ien t  a l t i tude  t o  driff; this distance. 

? 
Two pieces fram the Constellation empennage mro recovered amy frm 

the main empennage a t  sufficient distance t o  indicate separation p r i o r  t o  
ground impact. 
edge and bearing portions of red and white s t r ipes  of the Constellation 
color schme, shorted coll ision evidence. Cne piece was concaved on i t s  
leading edge, i n  the area of the red str ip,  by an object movlng r igh t  t o  
loft. The concave area f i t t e d  precisely with the  damage on the DE7 l e f t  
wing t ip .  The red p i n t  fomd on the tdng t ip 'cane from this red $ti%pe, 
and the black marks msulted fron contact vi th  the f in  leading edge deicer 
boot. The second piece, which f i t t e d  belov the concaved piece, was crumfled 
t o  the l e f t  by the same. forco that  danaged the cancaved piece, 

These, consisting of sections of the l e f t  upper fin leading 

I 

The L-1049 a f t  f'uselage wae a t h i r d  area of coll ision daaage, g o s t  
significant m a  a piece of fuselage skin about 1-1/2 x 4 f e e t  in size. 
Identification s h d  it came fron the upper r i g h t  eide of the  Constellation 
fuselage j u s t  forward of the tan. Its a t o r  surface ms painted white. 
This metal piece was bent inward about 90 degrees so t h a t  i t s  inner surfaces 
were folded toward each other. Them mre rod; hlue, and' black mrks i n  
various directions on the white outer  s u r f x e  paint in the area sf% of the 
bend. I n  addition t o  these marks there  mere gray deposits i n  a randcm pat- 
t e rn 'kea t ing  a stippled effect over the en t i re  surface. Together rrlth these 
there ne= a lso  long grayish smears progressing in the sane d imct ioa  as the 
s t i pg ing .  Plleup of the hdiv idual  mzrlcs d t h h  the deposits oms heavier on 
the upper edge. This evidence indicated t h a t  the gray deposits imre made by 
an object moving up and along the circumferential francs of the Constellation 
fuselage, 

me final area of important '&age was a l s o  in the aft; fuselage of the 
61049. It mas a seriee of three p r o p l l e r  cuts i n  the lower and bottan 
fuselage i n  the vicini ty  of the rear  baggage cmprtment .  The cuts were 
generally uprard and inboard and of varydng l eng ths ,  They were essent ia l ly  
paral le l  about 35 inches apart with the middle cut. &bout 52 degrees re la t ive 
t o  the longitudinal d s  of the a i rc raf t .  Red and blue paint marks a$ the 
edge of one cut in the baggage bin area coincided w i t h  the paint scheme on 
t h e  E-7 propdler.  

Tor0 additional propeller cuts wre located jn the  L-1%9 f o m r d  fuse- 
lage. 
and the other was about four  f ee t  forvrard. 
with the other coll ision damage and the cuts mre p b a b l y m d e  by the  pro- 
poller of the ConsteUation during ground breafiup. 

secondary o r  c d a t i v e  t o  the evidence a rea*  descdbed and others, although 
important f o r  other reasons, were not indicative of the i n f l i gh t  hpac t .  

One cut ~ a 9  approxtaately 3n line with the E1049 No. 3 propel ler  a rc  
This damage vas not consgstent 

* .  

Other area9 of both a i n r e f t  mere involved i n  tho collision, Sane were 



Investigation showed tha t  nomal and routine preparations were made 
for  the flights. The %?A Constellation had received a pedodic maintenance 
check a t  Loa Angeles and except forminor discrepancies, not affecting dr-  
worthiness, was in good condition. The E-7 mas checked at  Los h g e l e s  and 
a t  departure there ileke no mechanical discrepancies o r  carryover items. The 
f l igh t  engineers had performed preflight and walkaround inspections of the i r  
reepective aircraft .  

Both flights more fianned as high-altitude operations (above 14,500 
fee t  west of the 100-degree Meridian) nfiich under current re&atione and 
operating epecifications permitted them t o  be planned and flown o f f  a i m y e  
over direct courses to  take advantage of the.rrost favorable mather  and wind 
factors as w e l l  as the shortest distance between origin end destination of 
the long-ranEe nonstop f l i g h t s .  Baforw f l ight ,  hmver,  ci defini te  fliglit 
plan i s  required over tho direct  mute mith rmerous mporting p o h t s  ha- 
cated t o  clearly define the proposed mute t o  b o ' i l m .  
caupany high-dtitude mutes have been established. 
favorable is selected f o r  an individual operation carmensurate with o d s t i n g  
conditions 

To this end numerous 
From these the most 

United Airlinest operational. policy permitted a high-altitude f l i g h t  t o  
be conducted on M IFR o r  VFR f l i g h t  @an but the canpany did not permit its 
flights t o  be flown i n  instnment weather cmditions, regardless of &he f l i g h t  
&an, during that  portion of the f l i gh t  off a i m y s  . I n  .this r q a r d  Trans 
Norld Airlinest policy, a t  the time of the accident, permitted off a i m s  
f l igh ts  in ins t iment  vnather conditions but only on an IFR f l i gh t  plan w i t h  
an asai'gncd altitude. \%on opei-athg 1,000 on top the cunpany required ad- 
herence t o  xt.sual f l ight  ru les .  

The pilots mm briefed on the anticipated mathor  conditiong before 
flight t h e .  These indicated conditions vel1 within limits for takeoff arid 
f o r  the plbned duration of the f l ights .  Captain Oandy,  with nearly 15,000 
f l y i n g  hours, had f l o ~ m  the subject route approximately 177 t h e 8  and mas 
w d l  qualified. Cap- Shirley, with 17,000 hours, had flom the o p r a t i o n  
eince October 1955, and he also xas well. qualified. 
members of both flights rere e.uperi.encod; All, according t o  documentary evi- 
donce, ne= rested, in good physical condition, currently qualified, tmd cer- 
f if lcated for t he i r  positions. 

Similarlyl tho other crew 

The flight8 reported in a n o d  manner as they progressed eastward. 
h e p t  f o r  tha f i n a l  tnnsrnission of United 73.8, t h e  reports =re without 
hdicat ion of any difffcd.ty. 
loned the progrees of their f l i gh t  i n  a regular manner accordring t o  t h e i r  
responsibility. 

The individual company dispatch off ices  fd- 

Approaching Daegett the TT!A f l i g h t  asked f o r  a change 3.n its f l i g h t  
altitude fI.an 19,000 feet  t o  Z..,OOO f ee t  on i ts  IFR clearance, and if unable, 
1,OOO on top. Tho TflA radio operator who received t h i s  request fran the  n i g h  
c d l e d  Los h g e l o s  ARTC and a t  Om advtsed, V"A 2 is c h g  up on fbggeft 
r e q u e s t h i  a , G C O  :cot .I! Tho La3 kngciles wmS;rsllor bheu wntiicPecl *the W b  



Lake ARTC controller and said, n " A  2 ie requesting b o  one thotisand, huw 
does it look? I see he is Daggett direct  Trinidad, I see you have United 
73.8 crossing his al t i tude - i n  h is  wag a t  two one thousand." According t o  
the recording of this conversation the Sjlt Lake c o n t d c r  replied, HYes, 
t h e i r  cowaes cross and they are  right togother." The Los h g e l e s  ccm$rol- 
l e r  then called the T" radio operator bnd said, nAdvisorg, 1.A 2, unable 
approvo tm one thousand,n A t  this time the mdio operator interrupted and 
said, "Just a minute. I think he wants a thousand on top, yes a thmsand on 
top un t i l  he can get i t . n  After de t embing  frca t ha  f l igh t ,  throagh the 'ITIA 
radio operator, that  5.t was then 1,000 on top the Los Pagelas c o n t d l e r  
issued the following amended clearance, "ATC clears T\% 2, mahtain a t  l e a s t  
1,000 on top. Advise TZA 2 his t r a f f i c  i s  United 7l.8, drLrect -go, eati-  
mating Needles a t  0957." The Ti"& ground r&o operator s ta ted tha t  this clear- 
ance %-as given TVA 2 and it vas repeated back t o  hlm verbatim by the flighti 
The opgratoraaid that i n  this transmissim he Fncluded the i n f o a t i o n  con- 

. cerning United 7L8, adding tha t  it m s  a t  21,000 fee t  h i c h  he concluded fm 
the overall si tuation although the a l t i tude  vias not pad of the infomation 
f m  the controller. The TNA operator t e s t i f i e d  that he recognized Captah 
Gandy's voice and that the captain acknmledged the infomation on the United 
n i g h t  a s  Iltrafflc received." 

* 

* 

The two controllers participating in t h i s  action were called t o  t e s t i f g  
a t  the Board's public hearing. 
because 'IRA 2 d d  soon pass from the LOB Angeles ARTC area of responsibil i ty 

Sn response t o  questicns they s ta ted tha t  

to the Salt Lake area it mas necessary t o  coordinate the TAA request for c iLt i -  
tude change. Both sta6ed.that a t  this time the f l i gh t s  mr'o IFR traffic  ope^ 
a t h g  in controlled airspace snd ARTC m s  required t o  separate them fran each 
other as well as fKaa any other a i m r a f t  on IFR clearances. The controllbr 
mho gave the clearance said he offered the United Infomation t o  TirlA merely 
as an. explanation fo r  the  denial. of 21,OOO and not as a t r a f f i c  advisory. 

The Director of the CAA Office of A i r  Traffic Control. explahed t h a t  
when TWA requested 21,000 f e e t  the f l i g h t  had not reached Ibggett nor had the 
United f l ight  reached Needles. They viere n o t  traffic for each other a t  t h a t  
time but in projecting t h e i r  tracks eastmrd.both m u l d  cross Red A h a y  15 
with fil-clefined horizontal. separation. 
separate the f l ights ;  thus TKA was donied 23.,00,. T l i ~  nltness  added tha t  t h i s  
separatiun xas an ARTC responsibil i ty f o r  instrument flights only  i n  the con- 
t rol led airspace and that Red Aimy 15  vms the l a s t  such area f o r  the f l i gh t s  
t o  t r a m m e  un t i l  they were well beyond the accident scene. He sa id ' tha t  ARTC 
maintains o d y  progross information v i th  mspect t o  I= f l i g h t s  flying through 
uncontrolled airspace and,that this infomation i s  used f o r  the purpme of 
providing a safely 3paced'flow of instrument t r a f f i c  i n to  the next c&trolled 
airspace to be entered. 
any control s e n i c e  o r  function i n  uncontrolled airipace. The nitneds e@ccln- 
ed tha t  f l igh ts  a re  not  lxund by clearance o r  f l i gh t  plan, *ether VFX o r  IFR, 
while operating in  uncontmlled airspace and that  b s t runen t  t r a f f i c  mu& o.dy 
leave and reenter a control area according t o  t r a f f i c  c n t r a l ,  clearmce. 1710 
cont roUera~ manuel of control procedures (Ah" ILIXIII~I.) s t a t e s  tha t ,  llaearancen 
authorize n i g h t  within control zonea and control areas only; no responsibil i ty 
fo r  sopsration of &xraft outsiclo these areas i s  accepted." 

. 

On this & m y  ART6 *S =@ired t o  

He stated that eir t r a f k i c  ccmtrol does not provide 
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men TveA &ended its f l i g h t  flan from an assigned 19,000 fee t  t o  1,000 
fee t  on top, no information aoncerning this 1pas glven t o  United 7l8. The 
Director of A i r  Traffic Control s ta ted that  none was required though the 
flights wem in controlled a i r s p c o  a t  the t h e .  Thq ddarance t o  Tmh 2 was 
t o  maintain 1,000 feet  on top .while it vas i n  a control area. The witmess 
said t he  flight m s  not res t r ic ted  to any specific a l t i t d e  in control areas 
except tha t  i t  be a t  l e a s t  1,000 fee t  above the general cloud layer,  When 
outside controlled airspace and under certain conditions of l imited Oisibfl- 
5ty f l i p  t should be conducted a t  an a l t i tude  confolnlng t o  the llQuadrantal 

a l t i tude Captain Oandy muld select  as  a cruising al t i tude o r  if he might 
l a t e r  change the  a l t i tude fram tine t o  t h e .  me nitness s ta ted that ~ritli 
respect t o  separakion the  TNA f l i gh t  a t  this tine vas a VER f l i g h t  and that 

. 

the basic VFR minimums apfiied for it t o  maintain f l i g h t  in VFR conditions.li/ 

Rule." 2 The mitness s ta ted khat the controller therefore did hot knwwhat 

C i a  A i r '  Regulatims do not provide a definit ion f o r  1,000 on-top 
operation ei ther  within o r  outside controlled airspace; however, Nith mspec% 
t o  an-top operations i n  control. areas the Fl ight  Infonnationldanual states,  
" ' A t  l e a s t  lo00 f ee t  on top'  (1oTOP) may be f l l e d  i n  an IFR f l i g h t  plan, o r  
aseignod by ATC ia an IFR dearanco, in l i e u  of a cruising alkitude. Gpen 
though this type of operation places the responsibi l i ty  f o r  avoidance of col- 
lision mith other  aircraft on the p i lo t ,  the flight is an IFR o p r a t i o n  and 
must obtain an amended clearance f o r  a specific altitude before proceeding 
into IFR vieather cond.itions.1' It fur ther  states, " A i r  Traffic clearances 
*ch specify 'at l ea s t  lo00 feet  above a l l  clouds' i n  l i e u  of a cruising 
al t i tude permits f l i g h t  t o  be conducted at any altitude a t  o r  above the  minS=- 
nun en route alxitude (MU) rrbich i s  1000 f e e t  o r  more above the cloud layer . o n  

* 

The present concept f o r  separation of aircraft and avoidance of col l i -  
sion in VFR meather conditions, regardlass of f l i g h t  plan o r  clearance, de- 
pends on the f l i gh t  c-1 a b i l i t y  t o  visually provide separation betmeen 

m o t s  and the concept i s  coomanly referred to as the "see and be seenu 
prlncifle . 
.tAons also.  
tions the Flight Infomatian Manual states,  llDuring the time an IFII flight 
is operating in VFR weather conditions, it is  the direct responsibility of 
the pUot to avoid other aircraft ,  since VFR flights may be owrating 
sane area without knarrledge of ATC.n I n  consonance odth these pmvlsions t he  
vast  percentage of flying today is separated by the 1k6e and be seen" philos- 
OW d t h  l i t t l e  o r  no external t r a f f i c  c o n t d  assistance. 

. C i v l l  Air Regulations expressly place t h i s  responsibility on the * 

es  f o r  avoidance and rLeht-of-w&y are set out i n  the Regula- 
With respect t o  an IFR flight .bporating*in VFR weather condi- 

the 

-9 
P 

.. 
2/ C i a  A i r  Regulations. 

Civil A i r  Regulations. 
Part 60.32 (b) 1, 29 3, and 4. 
Part 60.30 (b) (1). 

i/ See CAR Part 60.12 (c)  * .  

. -. 



A t  G958 l k i t ed  Flight 718 reporbed i ts  position t o  the CAA camnuni- 
a t i m s  station located a t  Needles. 
ms over Needles a t  tha t  t h e ,  i t a  e l t i tude  vas 21,000 feet, and it mti.ci- 
p t e d  reaching the Painted Desos% line of position &k 1 O P .  (roviqing the 
P ~ ~ O U S  estimate of 103h). 
Over Dorango. The Needles cummicator  forwarded this report;, accordjng t o  
mutino procedure, t o  tho Albucperque center at 1001 and t o  the Sal t  Lake 
center about l a 3 ,  The comunicator s ta ted %ha.(; f o m r d i n g  the report Co 
Salt Lake m s  delayed by &n int,erphono tieup. 'he controller a t  Sal t  Lake 
receiving the report m s  the  on0 who pred.ou,d.y was hvolvod i n  the decision 
which denied TSiA 2 the request f o r  23,000 f ee t  as  a cruislng al t i tude when 
the flight was approaching Daggett ab r?pprox5mztely 0932, 

This reporb h d i c a t e d  tha t  the flight 

Tho f l i g h t  indj-caked it ~ m u l d  t h e r e a e r  repor t  

A t  0959 T r a n s  \PorLd lXight 2 r e p r t e d  its posi t ion t o  conp3ny radio 
loczted at Las Vegas. The. f l i g h t  reported it had p s s e d  over L&e Wohave et 
0955, m s  1,OCO on top at ZL,OoO feet, and estinzted rcaching the 321-degree 
ra&& of the I'iinalow ami range s ta t ion (the Painted Desert  line of position) 
at 1031, with F k x h g t o n  the next reporting position. I n  response t o  this 
the ground c m u n i c a t o r  repaated back the  i n f o m t i o n ,  added the barcketric 
pressure f o r  Las Vegau, and told the i l i g h t  t h a t  this pressure was fd .Ung 
rapiCIl.1. A t  1 O a t  tho Las Vegas 13% ccsmunicator p m p t l y  forwarded this 
position report  overlong-line interphone to the S a l t  Lake center. Thio 
report was received by t h e  ClLA Sector control ler  at LOCL. 
l e r  received the position report of United.7.l.8 a t  1Q3 from the CAA Needles 
canmunica tor. 

The same control- 

During the public hearing the S a l t  Lake controller and the CM Director 
of Air *rraffic ContrcJ, were questioned os t o  ziiiether o r  not traffic advisory 
infomation o h d d  have h e n  issued the LLipbts  h e n  the controller had re- 
ceived psition reports froa both f l i g h t s  arid h e 1 7  both wen3 f ly ing  'ut the  
same al t i tude,  estimating t;he PPinted Desert l h e  of position a t  tho same tU3e 
on convcrmg courses. The c o n t r d l e r  stated t h a t  h e n  tho mport$ ~;ere*re- ;  
ceived by him he hzd no Inorledge of the track that d t h e r  f l i g h t  would make 
t o  the l i n e  of position because both were i n  the mcontrollod mea and a 
specific track wa8 not required, He said the Ptaintod & s e d  line of poslti.cn 
is  nearly 175 n j l e s  long i d t h  no defiiiite position within t h i s  distance. The 
estinatos frcrn the flights, therefore, did not mean they muld converge thew 
but merely that both vould pass the line eastbound at tha t  t h e .  He t e s t i f i e d  
that  he m s  n o t  reqdrcd  t o  give advisoiy infomation t o  f l igh ts  orhich,mre In 
uncontrolled airspzce and it oras only a discretionary duty i n  the controlled 
area. He also said this zddoory  semico imiiLd not be passible as a day-to- 
day practice d t h o u t  control of f l i gh t s  and more definite position infornation, 
as w e l l  as additfond. f a c U i t i e s  and personnel. 

s ta t ing tha t  it m8 not the palicy o r  concept of A i r  Traffic Control. t o  p r d d e  
traffic information outside of cmtro l led  airspace. He said normally such 
in fomat ion  r;ould be of little value. Many aircraft unhm t o  A i r  Traffic 
C o n t r c i l  my be operating in . th i s  urea; further, A i r  Traffic Control. has no 
author',t;c cvcr t ! m z  aii.rtiit t h a t  are hm. The witness t e s t i f i e d  that With 

i 

The CAA Director of Air Traffic Control t e s t i f i e d  conceiming +he situation, 
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respect t o  these tcro particulnr flights, the controller cefisinly knm about 
them; however, he e a a i n e d  t h a t  t ~ d ~ i s o r g  hfomat ion  musk be v;tetad h its 
o~rtiI.3, apflication i n  day-to-ctay operations. He atated .that advlaorg ser- 
vi60 for  t r a f f i c  i n  uncontrolled amas muld bo tant-mount.to positiwj con- 
t r o l  of all t r a f f i c  r;hich d d  require p3=-somel, f a c i l i t i e s ,  and eqdponf ;  
not pmsently available, He added t h a t  this was laarm t o  be correct, haPing 
aeveral yeare ago attempted t o  proddo this service on a tosb and evdluatian 
baais. He addod that the mrlclond of an advisory service mas found t o  be 
nearly equal to tha t  requlred for a control oeidco. HO concluded that  the 
present canflmanl of psrsone assigned to parfonn the controllertd functicns 
i n  the uncontrolled area3 could not bo considei'ed sufficient t o  of fe r  e i ther  
en advisory s e r d c e  o r  perform a colitral service. 

Inveetigation relating to the  progress of the flights shows they were 
according to t h e  established porformnnce .of tho tikqxaft* Both b i g h t s  made 
good t h e i r  estimates betreen position reports until, the segments h o d i a t e l y  
prior t o  the Painted Desert l h  of position; for United frm Needhe end f o r  
TRA fzwn Lake M'oherve* I 

According to the United entinate the f l ight  nvuld reach the Painted * 

Desert at 1 0 3 , . o r  33 minutas a f t o r  passing Nmciles. Invesbigation nhmd . 
the accidont occurred e'% 103, appr0xImateI.y 17  d e s  or nearly 3-1/2 minutest 
flying time fram the position of expcted pzogxx~3. Canpared t o  another United 
f l igh t ,  708, a m-79 v;hich c l h b e d  over the sme  course t o  c d a e  a t  2l.,OOO 
feet  approximately one hour ear l ier ,  F l i g h t  "l t3  should have remhed the Pahted  
Desert i n  its estimated elapsed tine.  Cruise perfonance of the aircraft; 2350 
e h m d  the ee t ima t~  c d d  ham been nado. 

TolA night 2 also was making good its estimates 88 it climbed tomard 
Lake Mohave. The estimates vm'o in accord with wcepted performance of the 
Constallation and the  f l i g h t  estimated it muld reach tho Painted Doso* at 
102, or  36 minutes af te r  p s s i n g  Lake Mohave, Thia f l i g h t  a l s o  IRIS appro&- 
m t e l y  3-1/2 minutest flying tine frm i ts . .estinatod position Then the calli- 

' 'wind8 aloft were carefully r o p i m d  t o  d e t a k n e  whether o r  not they 
could have bean a factor i n  the dahys. It mas learned that  these dnda  wre 
l i gh t  in consideration of a l t i tude  and varled l i t t l e  &om the uinds forecast. 

. .  
aim OCCmdr 

Determination of the time of the aacident was an hporknt phase of the 
&aI.d'8 investigation. The S Q V B ~  damage sustained by the United Aircraf t .  
leave8 l i t t l e  questim but tha t  tho a?.mraft cms4sd soon after tihe col l is ion 
and therefore the last transmiosio:i h.cm i t s  c r m  C ~ W  wry closo t o  tho c d U -  
dm time. Kno:plng the recording t h a t  contained the  transmission d s o  contained 
'time chocks and operated mlativo t o  a c t d  .t;fne, $6 was learned that the mes- 
sage began at 1030:53* Pilots  rho knew +#ha w t e d  crew and heard tho f i n a l  
messago o r  I t a  tranacr;lption felt; with rdia€iJ.e assurance that the voice 
that of Nrst Officer Harms~ 



- 12 - 
The =corded transidasion itsdf mi8 dloo examined under luborntorg 

conditimB t o  d e t e d n e  h a t  the e x m t  mesaW3 M s ,  nfiothor o r  nut ansChing 
said *ich PraB,Lnaudiblo undor n o d  l i s tenhig  conditions, and vhether 

or not  the traeedyvaa reflected h x h g  a o r  just prb of the ~cs88g8. 
The la t tor  obdective would a s s i s t  i n  determining yhet.hor o r  not the  E 7  
crew sighted the L-lot9 cfurlng the t m d a s i o n  and i f  the accident occurmd 
m g  it. The analyais m a  baoed on a c o r d a t i o n  of the apo!cen words with 
a spedrogra*io analysis, a technique used i n  I'Visible Speechen Tests jnvdv- 
ing binaural l is tening and speech stretching mm also made. 

or  said, "SdLt Lake, 
area (or ah), seven eightem . . . Kb are g o b g  h.ll$ Ibdng  the time 
represented by the dots a second,*speaker yelled ttr0 h o r n  mrds rhich mp8) 
"up . . . up,n This speaker a l s o  yelled tiords mhich preceded %p.n These 
w m  indefinite but fitted energy p t t e r n a  of TLook," 
t e s t s  showed d e a r l y  tha t  the principd. speaker throughout xas spaking  
between 100 and 200 cycle8 above the normal d e  voice pitch spsctrograms.. 
The background o r  second speaker's pitch was even higher, being well above 
t h a t  of a female voice; hmwmr, it T ~ S  f a i r l y  certain that it  as a mnle 
speaker. According t o  the laboratory study both gensral voice patterns, 
particularly as t o  pltch, shovmd the  apeskers were under great motional 
dress, Indicating that  they mre already in oerious trouble. 

An e d u s t i v e  search f o r  eyewitnesses t o  the  inflight collision 
conducted. Many persons mre contacted in  t h e  papulzr t o u r i s t  mea, es kere 
employees of the  O m d  Cawon Park Service acld residents of the surrounding 
mew. During this seaEh no nitnesses 1m-e found vho saw the col l is ian 
although a t  l e a s t  one person apparently saw a o k e  fron the crashes and die- 
missed it as a brush f i r e  in the Carrgan. Later, on J u l y  10, t v o  witqesses 
mre made lcncmn t o  the h r d  and were cal led t o  &?par at the public heat.ing. 
These witnessed s ta ted that wW.6 driving mst on Route 66 betmen \Tinma and 
magstaff they s a n  tm aircraft callide. Their descriptions f i t t e d  the mbject 
& r a f t  and especially the Constellation. Eoth d t n e s s e s  s ta ted that  when 
cal l is ion occurmd there vas no evidence such as f i r e ,  snoke, o r  fa l l ing  pieces 
and t h a t  folloroing impact the a i r c d t  sewed t o  continue rn aithout falzfng 
but locked together. 

The laboratory results showed the p r l n c i m  spe 

o r  ncme.fi The 

. 

Under intensive questioning, one of these dtnesrres t e s t i f i ed  that a t  
the time she saw these ti;o @anes ohe 
8aw them collide she said she d i d n t t  R a l i z o  a t  the time tha t  they had, 
Qleationed further as t o  h m  d o s o  they cane together, she replicd,nToo dose."  
She was asked if she observed any space sewrating !he 47;ro a i r c ra f t  md she 
ansmmd, "Just betmen the tm taiLs.lt l l i e  xitness  vas rslred liad ehe seen the 
two planes callido muld she have said smethlng about it  t o  har  kjsband. 
refl ied that she wuld have but thot she and her hurtband didntt discuss it. 
are fur ther  s ta ted that ohe didn't recal l  her husband saying anything to her  
about the cdllision. The witness, rr.registered nurse, ms Eskod Ff there h a  
beon my thaught in her mind that  t h i s  m s  a caU.ioim wuldnct ehe b v e  gone 
t o  the noemst tel.e@mrro and. ssde acme cel.3. tc  c m  o f r i c i a  bo& of slczla' . 

authorlty. She scdd tha t  she nould havo. 

2/ Mfforencc:, betmon Initial. lSstening and laborntow results a a t i v e  
t o  mossam context are mcomized. See DSRO 3 .  

t h a n  c m e  Cogether. Asked if she 

She 



1nvestigM.m s h m d  . that  tho coll ision occurred a short  distance 
west of and above the m c k a g e  locations, approidmately 70 miles fram the 
witnesses, Calculations and visual capability indicated that a t  this 
distance it .Piould be impossible t o  see distinguishing plysicaZ features of 
t h o  aircraft and nearly impossibh3 t o  see the aircraft;. Relative positiohg 
wLth respect t o  each other if visible, muld be extremely deceptive. 
h a r d  does not questim t h o  sincer i ty  of these witnesses but beliepes they 
n 1 ~ 8 t  have 8een two other a i rcraf t ;  soosral are known t o  have been operating 
in t h i s  genoral area. A t  a considorable distance bnd a t  certain angles of 
observation two widely sep ra t ed  aimraft  could well present the Illuehn 
of a collision. 

A t h i rd  rrltneaa mported having 8een 8 puff of smoke i n  the sky over 
the Orand Canyon area. This witness tras near \Vinslw, about $0 mUes f m  
the accident s i t e ,  and was 8ltto proceeding in a pripatb autmobile mdb or4 
Route 66. The puff of smoke aemed very high and f m  it tm object8 appeared 
to fall on a trajectory path and disappeared i n t o - l m r  clouds, This obsem-  
t ion may have been the col l is ion but bocawe l i t t l e  de ta i l  could be seen i.t; 
adds l i t t l e  t o  the invoetigatory objectives other than those already clearlg' 
eatablishod Qy more positive Oxidence. 

The 

* .  

To e s t au iah  conclusively the bporbance of the information offered by 
these mitnesses, Board investigators mre stationed about 1 4  mUee ea& of 
F l n g s W f ,  the appmxlmate position of the nsarest witnesses as  indicated by 
t h e i r  testimony. On separate days United and Trans Forld flights flew the 
proposed routes of Flights 2 and 7l8, meking position reporbs to the investi- 
gators according t o  a prearrvlged detaiZed plan. These m r e  received by a 
CAA ccmmunications tmck located with the investigators. Feather condition9 ' 

on one day mre bet ter  than those on the day of the eccident and on the eecond 
day they mre oqu& t o  or bet te r  than the accident day. Resdts  of this pro* 

.ahmod that the aircraft could n-ot be 8em thcugh t h e i r  exact positions mx-6 
knm, as mere the. angles on vihich to sight t o  the poftitions. Many repofis 
and aightinga were undertkken; Once a ref lect ive f lash was seen and bhccu- 
lam were trained on it. W i t h  t h i s  assistance t o  the observerztf nonnal vision. 
the aircraft could be seen but it could not be identified a8 t o  type or  make. 

The Board was about t o  publish its report on t h i a  accident *en, on 
. February 1, 1957, it was advised of another alleged eyewitness 4x the col l i -  

sion. Shortly thereafter the idtness  ms examined, a t  length, as t o  h i s  
observations i n  a deposition taken by t h e  Board. 

I n  mbstance, the witness t e s t i f i e d  t h a t  on June 30, 1956, *fie pro- 
qeeding to Orand Canyon, hd made his observations through t h e  rrindshield of 
d Ford pickup' tmck in nhich he nas traveling alone an Ruute 64 hard Desert 
vlmr a t  a speed of 75-80 d e s  an hour up a pralonged incline in  the road. 
A t  tho  point of observation he was betneon 5 and 7 mlles south of Dosed plew 

. 

o r  153.7 miles south of the o a t h a t e d  col l is ion point. e .  

Tihen questioned as to why ho did not make puldic the  f ac t  thab he had 
. obeomd ths- qccida t ;  he anmrod that he' did not, mt tC, embarrass himself . 



. .  

Although'he had. s e v e d  conversations with persons h d m d  in the b 9 e S -  
tigntion of t h i s  8ccident, hcluding Board porsonnel and persmnel of t he  
air car r ie rs  involved, he did not revea the fact tha t  ha kad seen the 
uc iden t  unt i l  8even months In te r ,  

The Board has carefully ovaluated all of the testimony of t h i s  nihoss  
and concludes tllat i t  has no probative valuo. 
mitnesv' statement v i th  regard t o  ma the r  conditions. 
f u l l  and cm@.ete weather information as d.ei;ermincd flwm ma the r  mports, 
p i l o t  reports, and an analysis of the oynopbic cituntion. M a  hatimony 
of the d t n e s s  is in direct conflict; nit11 the knom rcmther cmditiono, aa 
clearly s e t  f o r t h  by re l iable  and probative avidence contained in the record 
of t h i s  case, 

First, XQ cannot accept the 
The record contains 

Second, w i t h  respect t o  the witnenctr description of the ralative 
positicns and identification of the a i d r a f t ,  it is unlikely thai; the Hitne9a 
could have seen theoe n h n f t  i n  the manner md frrm %he place he described, 
This conclus'ion i s  based upon certain t o s t s  which mre mado by the Board h e -  
dlataly a f t e r  t h e  nitneser doposition tras taken, and the fact; tha t  the n i t a e s a t  
obsemt ions  9781-0 d e  wWla d r l v h g  a t i m k  a t  very high apeed. 

Under the circumstances, ~m cannot accept the mitaeae' testimony. 

me possibjlity that both aircrzft could have bsori south of t h e i r  cuumeu, 
using the >l /Z  'minutes of mizlcccuntad for tine in this m o r )  io m o t e .  A 
mdius of action canputaWm ~ h m 7 3  the t ine  *bo be hisufflcient t o  bring the 
aircraft ,  especially TBA n i g h t  2, t o  o, p s i t i o n  much closer than 45 milos t o  
the obrervem 1 point and themafter  f l o m  t o w t h o  h i o m  collision position, 

The synoptic mathsr situation conaistod of a t h e d  lam centered a 
short; distance nort;hsoest of L3s Vogas, Navadu. 
was centered in Nobraska fma rhich a c d d  front exknded southsdmard into 
northern Cdorado, thence noz;tnrrrd thraut.,i c m t r d .  Utah tad Ne- 8s a qpad- 
stationary front during the day and ni@* of Jmie 29. Alof't tho  pressure dis- 
tr ibution resulted in a southeasterly of moist air into northern Arizona. 
Numerous thunderstoms reoulted durjng %ho afternoon and night of June 29 
which increased the surface moisture. Them factors  prbvaued during June 30 
causing considerable low and high cloudiness and ahomrs i n  the Grand Cmym 
area but the winds aloft  hact becow mom wstsrly, ranghg fran south- 
suuthrrest a t  8,000 to nest at  2Y.,OOO feet .  %st of t h i d  arm the routes 
were d e a r  except f o r  a l oca l  coastal otratw condition i n  t h ~  LOS Angelee 
area and scne scattored c l a d s  en mute  bub RKU. Mat fl ight d t i t u d e .  

A uecond lm pmxm.ke area 

. 

The conditions descdbdd mre indicated i n  foreca&b made by the thited 
Stntcs Vea thc  Bumu and both ccraylny m a t h o r  d ~ p k a e n t s ,  Tho30 predicted 
there imUld be high broken clouds with l i g h t  rain choxera 5y.1 tho Colorado 
River area, the clouds becaming scattered at 8,000 f e e t  ll.00. Scattared 
thundorstoxms ware expected south and east of a line defuod  frm Bnver 
thmigh Milford, Prescott, and PIiocnL~. These mro axpa tad  t o  dissipate 9 
t h e  Arizona mid aoutlieastorn Ut& sector a f te r  0700 h& t o  dsvel.op r?E,dn & 
1100. 

. 
, 

' 

The i h e z i n g  level niis ant ic iwtod  at 15,000 f ee t  with l i g h t  icing and 



turbulence in the clouds. Moderate t o  sovere turbulence xas forecast in 
tho thunderstorm, These b a d u p s  we- expected t o  develop t o  30,000 feet; 
o r  higher, protruding through and abovo the lovior coveraga. Top of the 
lower cloud4 nas mticipated at about 3.5,OCO feet roith good visibirity above 
and outsids the thundemQorm8. 
a t  LOP. (UP m, a ,  to), 

weather infomation dtic1.r essentially supported tho forecast conditions . 
&e airline captain passed about 25 WUOS southweat of the accidmt site 
a fev minutes after the accident occurz8ad. Eis d a t e d  tha t  a lower cloud 
coverap,e comenced noll eas t  of Lac; Vegas with increasing coverage f rm 
Rnvasu Crcek eastmwd, bocomjng nearly ovcrca'kt 20-25 miles mat of Grand 
Canyon Wllage. Cruising a t  19,000 feet  he noted se7zral tomring cumtilus 
d a d s ,  one of which vns losatod'over tho k e c l i a t e  Grand Canyon Village 
area and others far ther  cast and northeast, He s n  no buf lhps  nest; of Grand 
Canyon W a g e .  He estinatodsthe height of these t o  equal or exceed 25,000 
fee t  and stated that they appared t o  s t i l l  be h the  Active o r  bujlding 
stago. He m s  unalile t o  estbnate the 93.23 of the thunderstoms relative t o '  
&ameter, length,. o r  tiidth. E;olorr, he said, the top of t he  overcast ms 

- appt.or=inately.15,000 with few breaks but recalled one such brealc through 
which he saw Grand Canyon Airport, located 25 zrl les southxeat of the accident 
site. The captain stoked t h a t  he opektod clear of cloucis ni th  no difficulty 
as he passed tiest and southmot of  the accident site, 

The position of Uie stai was nozrrly ovsrhead 

Pilots who flm near the accident m e t  hunished sane on-the-spot 

. 

Other pllots flylng belort the overcast over the Grand Canyon sm a 
shaded ra.ln area t o  the west. &e p a o t  said t hem were br(eoks Jn the over- 
cast  with excellent v b i b i l i t y  belon it. 
e d s t c d  i n  all directions t o  the l i m i t  o f  h i s  visual  ability. T h g h  the 
breaks he noted no evidance of sny apprcciatr2e bu5ldups. 

He added that the conditibn described 

The eeveral areas of &nage previously described formed the foundatim*' 
for u successfU. although arduous analytical  study re lat ive t o  the inf l igh% 
collision sequence, the extent and ef fec t  of the collision dsmage, and t h e .  
relative attitudes of the aircraft tit the instant of- impact. 

. 

I h e  initial impaot occurred with t h e  Dc17 moving f m  rlght t o  l e f t  
relative t o  the I,-1049 and nith the L-lOLk9 m&g t o  the right and aft rela- 
t ive  to the DE?, E'rom analysis of physicsl dsmge in consideration of loca- 
tions of tho damaged components of the aircrrlft, it appears t h a t  first contact 
involved the center 'f in lending edge of the  L-1049 and the  l e f t  aileron t i p  of 
the XX-7. Instanlily thereaf ter  the Lomr surfzce of the DW7 left wing iDtiack 
the upper aft fuselage of the ConzsteUation with dishtograting force. FSith- 
out question t h i s  force caused cmfleta  dQ&rUctiOn of tho aft fhse1age and 
desbroyed the stractural in tegr i ty  of the  left wing outer pinel. As this oc- 
curred and the aircraft continued t o  pass l a te ra l ly ,  tho l e f t  ffn l eadhg edge 
of the Constellation and t h e  l e f t  wing. t i p  of tho Dc17 made contact, tearing 
off pieces of both compcments, Duzlng this s8pd tine the EC-7 No, 1 propeller 



inf l ic ted a ser ies  of cuts i n  the area of the aft baggage coapartment 
of the L-1049, This ent i re  sequence occurred i n  l e s s  than one-hdf second 
nnd in such a manner that  an interlocking of the a h r a f t  mas Virtually 
impossible. 

Fram the extent of damago and tho locations of various compon'ents on 
the ground, the coll ision ripped open the fuselage of the Canstellatian 
frcm just  forward of i t a  t a i l  t o  near the m a i n  cabin door' The collision 
a lso  caused the empennage of the ConsteUation t o  separate almost h e d i a t e l y ,  
This a i x r a f t  then pitched d m  and f e l l  on a short f o m r d  trajectory t o  the 
gmmd, Consideration of these factors loads tho b a r d  t o  conclude that t h e  
collision occurred in space over a position just. vast of the  TTA crash si te,  

c r i t i c a l  damage affecting f l ight .  Host of i t a  l e f t  outer wing separated 
during the coll ision end it appears l i k e l y  tha t  the hodzontdl s tab l l izer  of 
the Dc-7 vas struck by pieces t o m  o f f  the Constellation. It is also reaaon- 
able ' that damage t o  the loft 'ming w s t r i c t e d  a i l e r a  contrdl. It I s  believed 
tha t  the DC-7 f e l l  less steefly, pmbabl.y on a turning path, t o  the  g m d .  

' .  

: 

The United ainraft; appears t o  have sustained l e s s e r  but equally 

For damage t o  have resulted a s  described ea r l i e r  and f o r  other areas 
t o  have escaped inf l igh t  contact, tho a i r c r a f t  had t o  M oriented ia a cer- 
tain m e r  relative t o  each other when the  col l is ion occurred, 
end independent of the matching of dmzge, a Study m s  a l s o  made relative t o  
the propeller cutsr Both otudies gave nearly identical  rasults re lat ive t o  
the angle between the a i r c ra f t  a t  the instant of impack, 
t o  be approximately 25 degrees re la t ive t o  the longitudinal 8x88. 

mined tha t  the DC-71eft Ming was above the L-1049 re lat ive xing plane o r  the 
E-7 w89 ralled approxhately 20 degrees r ight  wing dozn d a t i v e  t o  the 
L1049. The study a lso  indicated.the a i m r a f t  were oriented such that the 
vertical. distance betmen eznpennngea of the  aircraft was l e s s  than the  verti- 
c a l  distance betmen t h e i r  nose 8octiona. The dlfference as an angle.Ras 
betmen 5 and 10 degrees. It is important t o  recognize that  the aircraft 
at t i tudes described are d a t i v e  o r  with respect t o  each other and do no t  

Additionally, 
' 

"his an&e nas found 

Fmn the layout mrk matchhg'the inf l igh t  contact akas ,  it mas doter- 

*necessarily ref lect  t h e i r  orientation nith respect to the ground. 

Because sane componentd of the a i r c r a f t  mre not =covered and others 
were destroyed, it uas not possible t o  detefinine conpletely nrether o r  not 
any malfunction occurred t o  e i ther  aircrzft before inpact. 
could bo examined there waa no evidence of malfunction and f r a t  all the 
evldence surroundbgthe accident tho Board believes there rras none. 

h a y s i s  of  all the avauable ma thor  infornation (see attachment 2 
as  reference), including pub+ reports, indicates t h a t  the forecast conditions 
f o r  the flights were reasonably accurate.' It shows tha t  the tsro f l ights  de- * 

parted Los Angdes and climbed thmugh M overcast approximately 700 fee t  
thick t o  clear conditions on top, 
f ined' to tho Los h g e l e e  coastal $regI Thereafter, the  f l ight&,  except for 
eome scattered clouds, m m  in c lear  veather as they climbed eastbound over 
the i r  respective t racks  

Frm a l l  that 

The overcast mas local. in nature and con- 

--_ 



' Clear weather appears to have p r e d e d  east of L s s  Vegae along the 
Cdorado River t o  near Havasu Creek but beccorling overuaet n i th  a few breaks 
beginning a short distance east  of Havasu Creek. Along the proposed routes 
of TFPA 2 and UAL 7l.8, scattered clouds camenced shortly east  of the C d l i f -  
ornia-Arizona border, Egscfiard therefran clouds incl.eased t o  broken; then 
m r c a e t  lrith erne breaks i n  the Grand Canyon area t o  sanevhat east; of the 
accident site, 
fee t  n i t h  seveml lmr layers, the lowest being about 2,OOU fee t  above the 

Tops of this main weather coverage wre approxbately 15,000 

ground 

Northwest of Grand Cenyon Village, o r  over the -stern portion of the 
main Grand Canyon, the first of several scattered buildups appears t o  have 
d s t e d .  It appears t o  have been isolated with others northeast of it, The 
build-ups were apparently formed ln the lomr clouds and protruded through 
and above than t o  approximately 25,WO feet. An a i r l i ne  captain described 
'the restermost  buildup as large but of an indetersinable width and length.< 
He believed it m s  almost ovbr Grand Canyon Vllage. P i l o t s  below the over- 

' cast saw no evidence of it there but a t  l e a s t  two noted a A n  area north- 
west of this position. It i s  en t imly  l i k e l y  that the ra in  area was f r o m  .i - the bujldup notad by the  captaiu froln above. Pi lots  f ly ing  below the over- 
cast  a lso  stated that they saw breaks 3n the overcast but that they were few 
and scattered. ' They observed that the overcast condition covered most if 
not all of %he a m d  Conyon. 

conditione a t  ZL,OOO f ee t  md.d not have precluded f l i gh t  in VFR conditians 
in t h i s  accident area but tha t  deviations may have been mquired t o  drcuavent 
the baildups while the subject f l igh ts  traversed the area. 

Rdn the evidence available the Board i s  of the opinion tha t  the weather 

According t o  cmpany procedures United f l i g h t s  were n& perm,itted t o  ; 
fly in i n s t m e n t  weather conditions xM1e operating off ainrays. Similarly, 
"ITA procedures precluded instmnent night under the f l i g h t  clearance on which 
its Flight 2 was proceeding a t  the time of t h e  accident; Each canpanyj under 
the conditions during which this accident occurred, therefore required i ts  . 
f l i g h t  t o  adhere t o  Visual. f l i g h t  rules. F'urther, it is  unlikely that  Captain 
Gandy muld proceed into Instrument mather conditi9nsj having proOiou8ly been 
informed that the United n i g h t  ma in the general areElrtrt 21,000 feet ,  The 
Board is therefore of the firm opinion, based on the mather  conditions, em- 
psny procedures, and good p i lo t  practice, that both n i g h t o  were operating 
acco&ng t o  rules prescx3bed f o r  VFR conditions gfien the collision occurred, 

Tire last position report fram each flight; indicated, a t  the time t h e  
report vas given, that, each m s  a t  . Z l j O O O  f a t r  Althuugh there was .no require- 
ment for ei ther  t o  remlnin at  tha t  hl t i tude in the uncontrolled area, d h h  
respect t o  A i r  Traffic Control, each c m p n y  did require tha t  it be not i f ied 
of an al t i tude change. Because there was no notice and no knom reason f o r  
the f l i g h t s  t o  alter alt i tude,  it is considered reasonable t o  believe that the 
collision occurred a t  ZL,OOO f ee t ,  

Ctmej.dtw!ng ewh f l i g h t ' s  eetjlnate t o  t h e  Painted Desert, together with 
aircroft performance, It appears t ha t  both f l i g h t s  should have reached the  



. b e  of poeition about 17 milei, o r  3 4 2  minuteat f lsing time, farther 
!a& d e n  the accident occurred, Although there are several possibfli t ies,  
10 defini te  conclusion has been raached as t o  the cause of the 3-1/2-dnute 
felay, of these aircraft;. One possibuity is  that it could have been caused 
$ maneuvering t o  poddo a more SCGELC v i e w  f o r  the  passengers, dthaugh 
the evidence is not suff ic ient  to. eatahlish t h i s  fact .  Another possibi l i ty  
L8 t ha t  a less favorable Kind was oncountered durlng the 8ubject oegnente 
than m s  used for estimatee nhich almed the pmgress of the fl ights.  
third possibil i ty is t h a t  one o r  toom b a d u p s  Fn the Grand Canyon area may. 
have required deviatione and, if 80, could account f o r  the time element 

A 

inPol~~!d. 

At approximatdy 1.a1.3 the mt Lake conimUer T;BS in' possession of 
the l a s t  position mport made by each of the subject flights. He m$ Wen 
amw that *en the reports mre mado both &rcx.af% were operating at ZL,OOO 
feet, -re on converging courLies, and mre evtinating the Painted Dssert r? t  
the s m e  tho. 110 advloed neither f l igh t  of t-8 dbmt ion .  I n  considering 
*ether o r  not %hi8 ehould have bsen dona,the t r a f f i c  control concept, the 
c o n t r d l e r t s  express clt\tles, and the mquirments involved t o  provide this 
information to f l i gh t s  must be conoidcred. 

Air Traffic Control undertakes t o  sepnrate d r  traffic h e n  it i s  
operating i n  SCCO~~EUICO with hn IFR clearance m d  while it is vithin the 
confines of controlled a i r s p c s .  If  instrument aeather conditiona.exist 
and the  above requiremento are net,  all cLr b f f i c  mu3.d be eaparated. 
However, when Pisual f l i g h t  conditions exis t  h s t m e n t  t r a f f i c  is oaparated- 
0riI.y frcm other l*.e t r a f f i c  and not fma Qircnf% boing flm under v i s u a l  
flight d e s ,  much of the l a t t e r  being unhom t o  A i r  Traffic Control. For 
t h i s  reason flights 
separation regardless of f l i gh t  @.an o r  clcmmce. 

embracod the reapondbi l i ty  f o r  separation of air t r a f f i c  regardless of 
f l ight  $an, dearance, o r  weather conditlcns. I n  t h l a  mea no cont ro l  i8 
exercised by A i r  Traffia Contml, i ts  principal function being t o  monitor 
the progress of  f l i g h t s  through an uncontrdled area so t h a t  an orderly f lan 
of instrument t r a f f i c  may be acccmpli~hed into the  adjacent control area. 
Control is not presen5I.y avd lab le  in the uncontrolled eirspce bectiuoe euf- 
f i c i en t  facilities and mans for such control do not cxLst. 

A t  the present time t r a f f i c  advisory information t o  f l i gh t s  is offered 
*en and *ere control of air t r a f f i c  i s  being exercised. Then, mch ndvf- 
eory 5.3 discretionary w i t h  the contraller and is nab a mand3tory procadurs 
of contml. Accurate and .rrorthr,W~ traffic jnforrmtion recpires that the 
ccmtrollcr be informed of $Ire a i E r a f t  b d w d  8nd hme precise and Cinely 
information on the position of i l i gh to  dative t o  t h e i r  a l t i tude  and l a t e r a l  
and f o m r d  position along Q dofincd track& Thio infornat im nu& thereaf ter  
be posted und correlated n i th  l i k e  infomation 011 other flights t o  dotermine 
&ether o r  n o t  u. corrflicting e i t u a t i m  o d 9 t s .  I n  the  mcontmlled airspace. 
as previously Bhtcd, f l i g h t s  are permitted greahr f le f ib i l i ty  t o  W e  ado , r 
tag8 of vtdrid si=ld *;;c&-LhGr f8ctors. Furtlicr, ia-thia area tho naofgut;iondl aidd 

visual conditions are required t o  prorI.de t h e i r  m 

Orrts.t.de the con t rd l ed  a i r s p c o  the air t r a f f i c  cantml  concepb has not  * 

. 
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enabling a flight t o  report i ts  position with the  precisian necessary t o  
enable accurate advisory information are h s u f f i c i e n t  The aforementioned 
factors affecting the value of t r a f f l c  advlsorg information'are evident 
with respect to TlvA 2 and United 718. Both f l i g h t s  d m  s a n d a t  north of 
t he i r  proposed tracks, both =re appmxbately 17 d e s  trest of *ere they .. 
had estimatedthey muld be at  that  time, and t h e i r  actual tracks interc 
sectod a considerable distance before the proposed tracks converged, Such 
dedations are not unusual i n  off-aaimaas operation. 

. Although knmledge of the projected f l i g h t  paths of the a b j e c t  f l igh ts  
could have prompted the %It Lake controller t o  offer  both f l igh ts  +raffia 
advisory information on a voluntary basis, giving the best  tnfonnation a d l -  
able t o  him a t  the time, the Board is of the oplnion tha t  the &sting control 
concept, Air Traffic Control policies and procedures, and the  expresd duties 
of a contraller did not require him t o  do so. 

8 

' This accident, ae nearly all. other midair collisions, apparently occurred 
in  v i s a  f l ight  weather conditions and there is no reason t o  believe the air- 
craf t  mre not being operated i n  accordmce Opith cloud separation criteria of 
Visual f l i gh t  rules. Under these conditions and according to . these nil68 t he  
met p r t i o n  of flying today 13 being conducted. 
means for avoiding coll ision rests with the p i lo t  t o  see and avoid other a i r -  
craft. 

Accordingly, the present 

Wens ive  study of most collision accidents has s h m  that there was tin 
opportunity, of vaqying degree, f o r  the p i l o t  o r  pXLots t o  see the c o n f l i b t i n g  
a i rc raf t  in sufficient time for them t o  teke' evasive maneuvers t o  avoid t h e .  
accident, I n  many of these accidents lofiere there was survival, however, t e s t i -  
mony of the pilots mas t h a t  they -re maintaining a careful. lookout Uut despite 
it they did not see the other a i r c ra f t  i n  t h e  t o  avoid it o r  tha t  they did not 
eee it a t  a ~ , .  

Callisim studies, including contmlled f l i gh t  tests,  have pointed aut 
that seeing other aircraft i n  flight is di f f icu l t .  The degree of such diffi- 
culty is variable di;h numerous tangible and jntangible factors affecting it. 
.The f i r s t  tangible factor i s  the  angular limits of cockpit Pision, o r ' t he  
vision afforded by cockpit structure and design only, 

The second tangible factor  is visual  range o r  the distance that  an object 
can be seen. Many conditions and cimmstances enter i n to  th is  factor'and are  
variable. Sane of these am color of the object, i t s  background, tu~d the con- 
t r a s t  betkeen them. Others a re  mass of the object, i ts angular size  and shape, 
and the atnospheric condition of vis ibf l i ty .  The l a t t e r  may a lso  i n c h a e  alti- 
tude effect and cloud obstruction. 

A th i rd  gmup of factors is physiologicd. o r  hman and many of these .me 
intaneible, depending on t h e  ind iv idua l l s  physicdl condition, degree of fatigue, 
and training. Tho hwnan eye niu best see an object when it is within the sen- 
ei t ive o r  focal f i e ld  of vision, which is  tm t o  three degmes. 
be seen through *tiw periplreraf, portion of  Vision o r  the area of several. degrees 
outside of 'the focal field. The nmber of degrees is dependent upon motim 

An objec$ may 

-_ 



and/or the aforementioned factors providing sufficient 9thul . i .  1% may 
be noted that a i r c ra f t  ctxmrging on constant, tm~XIr$h$ c o ~ i s i o r i  courses 
provide no relat ive motion when viewed &on t h e  aircraft. Searching foe 
aircraft lpithin the v i s u a l  limits of cockpit Vis ibUi ty  wqdm8’acannhg  
through those lh i t s .  “his requires t h e ,  the amount being a l l i e d  t o  the 
~hysiological factors and the adequacy depending on all. considerationa, 
including closure speed. 

Allied t o  the element of opportunity it is  important t o  rbcogtlise 
that  the operation of a modern aircraf% requires mgular and frequent 
attention of the p i lo t  o r  pUota t o  dut ies  ~d.@in the cockpit. Attention 
t o  i n s tmen ta t ion ,  both operational and na-dgationd, i s  required during 
alJ. &ases of f l i g h t ,  as  neU aa canputations and recoxh perkining t o  the 
progress and anticipated progress of the flight;. 

Many combinations of a v e r s e  factors, conditions, and drcmshncezt.  
can resu l t  in a ljmited opportunity t o  see another a i n r a f t ,  
hand the opportunity t o  see another a i r c ra f t  may be good, Here the factors 
ac t  to a good and reasonalile opp0St;unity f o r  the v i g i l a n t  pSLot and in t h i s  

‘regard the Board expects pj lots  t o  maintain the higliost  degree of dgl lance.  

On the other 

It l a  recognized that the basic mecans f o r  truffle separation in VFR 
conditions is presently the llaee and be seen“ phjlosophy. This concept has 
d a t e d  as a matter of necessity, w i th . i t s  knm Ilmitations, and w i l l  con- 
tinue untll t he re  are sufficient technological. advances t o  provide additional 
assistance t o  the pUot for col l is ion avoidmce. The progress of aviation is 
moving rapidly toward higher a l t i tudes  and grezter speeds, with t r a f f i c  i n  
jncreasing density, Fully amre  of t h i s  and i t a  sffectr the Board is lending 
i t a  support t o  industry, other govarnmea%d. agencies, and interested persons 
t o  Mnd and develop methods, means, and depices trhich d l l  assist ‘the concept 
of vioual separation. 

Rnaning fuJ3 Kell that insufficient evidence mu3.d preclude determining 
with pos i t iw  matil ts  the &sting opportunities for the subject c m  t o  see 
the conflicting aircraf t ,  the Board nevertheless conducted an o.xhauative 
andys is .  This vas done to prosent eU information possible from the avail- 
able evidencer The andyeis successful in this ob$xtive end dieclosed 
much vhich the Board believes nil1 assist; its prlncipa3 goal of greater 
safety i n  aviation. 

Since the at t i tudes of the aircraft re la t ive  t o  the ground and t h e i r  
p b a b l e  f l i gh t  paths prior t o  col l i s ian  are so closely interrelated, they 
can be treated together. A determination of t;hese is hpe ra t ive  relahive 
t o  the opportunity fo r  the pi lots  t o  ham seen the  conflicting aircraf t .  

As indicated, correlation of t.he @ysic& h g o  relates one aircraft 
with respect t o  the other and n o t  mith respect tx t he  ground. Obviotlsly, 
the &aical orientation is d i d  only  a t  the instant  of impact, &cause 
of th i s ,  and i n  tho absence of eyenitnesses, it is not knorm vhether me 
o r  both aim&b ne= rolled, pitchod, o r  yased relative t o  the ground4 
3ithout B knm orientation of a t  l e a s t  one of ~e aircraft v i th  respoct 

--- 



to  the mudJ an analysis cannot determine a sin@e f l i g h t  path of the 
a i m m t  pr io r  to the collision, nor is it possible t o  establish the  f l i g h t  
paths by other hmrn.fa&ors in this accidenli. It is therefors necessary 
t o  ewiluatb tlie objective on the basis of several f l igh t  path ccnbinations, 
hOning that  only one eds ted ,  hnerdl ly ,  homver, the p s s i b i l i t ' i e a  may 
be namowed i n t o  two bmad categorlos with variations, The possibi l i t ies  
may also be limited @' the h m  orientation of the a i r c ra f t  t o  each other 
a t  the instant of impaqt, which precludes certain other relative at t i tudes 
between the aircraft, 

The first category assmes that there was no evasive action prior t o  
collision and that one o r  both a i zcmf t  were turning rrithin the limits 
afforded & the knm collision orientation, This category accepts a8 
reasonable that  both a i m r a f t  were being f lom camenewate with t h e i r  
performance for  the en mute phase of * flight. Analyt;icaL studies recog- 
nized the vaxlationa t o  t h i s  cotegory but found that three lbit considera- 
tions 8een t o  cover the i n f i n i h  m b o r  Rith respect t o  the p i lo t s '  v i s u a l  
opportunities. Trvo of those are that  e i ther  aircraft was turning rrhile the  
other f l e w  straight and leve l  t o  collision; the third i s  that both mm tum- 
Sng p d o r  to the accident. 

%e second category of possibi l i ty  i s  based m the  asnmfiion that  there 
tc~s an evasive action jn i t iq ted  by one o r  both fLights but tha t  it acne too 
l a t e  to avoid the a c c i h t .  Again, it is  reasonatile t o  believe the evasive 
action was limited t o  the h m  orientation and that the aircraft mre being 
f lom according t o  the nomdl performance f o r  the en route phase of f l i gh t .  
The evasive action was a l s o  limited to ailemn-elevator t y p  maneuvers. 
Although rudder displacaaent mas studied and evaluated,the aileron-elevator 
action appeared t o  be more consistent with the preponderance of all evidence; 
homver, this ms not en t i re ly  conclusive. Even accepting t h i s  l i m i t  there 
are variations,  but these can be narrorred by a l i m i t  consideration, This is 
possible because maneuver characteristics of both aircraft shoved tha t  an 
evasive action without sufficient time t o  avoid thg  coll ision muld not appre= 
ciably a l t e r  the f l igh t  path of e i ther  aircraft from f l i g h t  paths mhich pre- 
sumed there  was no evasive action, It must be noted, homver, that mla t ive  

, at t i tudes of the aircraft would be changed, 'Accordingly, the studies under 
the second category relating t o  the visual. opportunities of the crews are 
not approoiably altered hma the aituation where both aimraft m r e  approach- 
ing one another in s tmigh t  and level  f l igh t  a t  tho angle between the longitu- 
dinal axos s h a m  t o  have e d s t e d  a t  the in i t ia l  impact J 25 degrees. 

It is haorn tha t  several doud buildups exlsted i n  the h e d i a t e  area 
of tho collision and t h e i r  heights exbnded yell above t4e cnaising alt i tudes 
of both flights. Although it is unknm, it is ent i re ly  possible that the 
a i l w a f t  may have been flom so L!at m e  was on each side of a buildup s h o d y  
before colllsion, The effect of this muld, of course, preclude the crew froxu 
soeing the other a i r c ra f t  during the time the  cloud o r  douds were between them, 
Qouds muld also require course doviation in certain situations. They nould 
d s o  8 d . 0 ~ S l y l h i t  tho  time f o r  pjlotn t o  see the conflicting a imraf t ,  the 
mount dcpcndhg cia ilia s ize  and 3hap of the c l~ i lds ,  t t i ~  l a b d  distanke 
m h t a i n e d * b y  tho f l igh ts  from themJ md the distance of the clouds R p m  the 

. 
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* collision point. ThU, c l o d  positioned close t o  the  coUision point 

To this ond 

d d  limit the time opportunity as would one. p;hich mas n a m m  o r  elongated. 
The intervening d o u d  factor appears t o  be a possibf i i ty  and therefore ms 
a necessary consideration in the VlsuiL opportunity s t u e c  
several representative cloud sizes and shapes were selected and introduced 
in the analytical study, The atudy a lso  included the considetation nhich 
promed that douds muld hot  have been a factor. The study accepted as 
Ole limit of pisunl. range 8 distance of f ive t o  a i r  8tatute milee and a d m o d  
that the airoraft; posed the Cloud formation ab a horl.aontal. distanoo of 
2,000 f ee t  and that they were a t  the sane alt i tuda.  

members fran the i r  33SpeCtiVQ c6ckpi.t positions. 
the form of w3ndshid.d disflays, thereby Fncorprating the several s i t ua t ions  
mith t h e  angular limits of cockpit v ia ion .  Attachmenti 3 re f lec ts  the results 
as apflied in t h i s  manner. 

The results of this analysis were then apEiLiod t o  the  individual c m  
This vas accanfiished i n  

h the  d i s p l a y ' i t ' i a  apparent that  the L-1049 mi$ within the  angdar - lwts of the DG7 window area f r o m  the captain's seat during all, the. flight 
path aituations. In the ttituation of no intervening cloudsj'motion wuld be 
involved jn three of the four situations. Vindshidd fonnem muld block the 
captain's vim f o r  varging portions of *he tine opportmity. The time oppor- 
tun i ty  with no clouds m s  50 t o  120 seconds according t o  the situa%ion bsing 
considered. 
as low as 1 2  seconda. 

The mrst cloud si tuat iun could redube the'time opportunity t o  

* 
With respsct t o  the E227 f i r s t  o f f i ca r r s  position, the L-1049 was rdthia 

the  angular linits of the DC-7 vindoir area d w g  two of the limit; considera- 
t ions and during the  early part of the  other tm. I n  the k o  cloud" fac tor  
6itWtiOnS the L-1049 muld  have been near maxhuiu v i s u a l  range in two condi- 
tions, without re lat ive motion in one, end with d a t i v e  motion fn'anokher. 
Time opporbunity withaat intervening clouds and with both a i r c r a f t  s t ra ight  
and level oras 120 seconds. For the other throe considerations, including the 
intervening cloud condition, the opportunity varied from 12 seconds t o  50 
seconds. 

I n  only one of the conditions does it appear that the t-1049 captain 
could have socn the -7 from his de&; iri this the  t h d  opportunity a s  f o r  
a period of up t o  40 seconds with no intervening clouds. I n  the  other three 
conditions, according t o  the study, his opportunity r;as precluded by the 
limits of cockpit structure o r  because the Dz.7 mas beyond visual, zahge. 

The etudy indicates that  without tho intervening cloud conditiun the 
Dc-7 mas within v isua l  range and within the m y l a r  limit$ of cockpit' ,Visian 
fran the L-1049 copilot 's seat  during three of the four flight path situations. 
Then tho time opportunity varied f b n  50 t o  120 seconds, according t o  the situ- 
ation. Tm of t ! e  &sprays roved redative motion. Again, i n  the mrat cloud 
Bitustion his time opportunity mas cia l o w  a s  12 seconds. 

Analysis of the various possible f l i g h t  path variations d a t i v e  t o  i .  

cockpit angular limits of. d s i o n  has shmrn tha t  one OF both p i lo t s  of one 



aircraft; could.hve been precluded fm see3ng the conflicting aircraft 
dudng c r i t i ca l  periods. 
if one crm member was occupied ;dth cockfib duties and he sone had the 
Oisual opportunity d u r l q  t h i s  time. 

Tho Boa# has shovm the existence of cumulus-type clouds in the accident 
area. X t  has shown t ha t  these clouds may not have been an intervening factor 
between the f l i g h t  paths of the aircraft. Here the time opportunities f o r  
the pi lots  t o  effect v i s a  sep ra t ion  w8m good, In  this situation, despite 
the possiblo f l i g h t  path variations, and in considemtion of the aforementioned 
factors contlolling Vrsudl ability of the pjlo.t;s, the Board i s  of the opinion 
t h a t  the range of oppor th i t ies  adequate. .If this situation existed, the . 
Board believes the  p i l o t s  s h d d  have seen and avoided the other's &.waft. 

On the other hand, evidence has shmm tha t  during other of *e possibi- 
l i t i e s  t h e  p l lo t s '  opportunity t o  effect  v i s u a l  separation could have been 
ser ioudy imp&rod. Analysis has s h m  how clouds, i f  positioned between the 
flights a t  a c r i t i c d  time, could have reduced the time opportunity for col- 

e lision avoidance t o  less than the minlmulp of 15 o r  more seconds necessary for 
scanning, pl lo t  reaction, and aiqilane response& 

The Board has carefdL3.y studied and arduously evaluated a l l  the avafl- 
able evidence surrounding this accident. It has learned all t ha t  existing 
methods of investigaticm and evaluetion enabled it. t o  do 6 This wa's'done 
without the assistance of sumLvors o r  eyewitnesses whose testinony i s  con- 
sidered imperative to a canplete hm7ledge 2nd t o  single conclusions i n  the 
collision-type accidant, Because of the  lack of this vital. information and 
when a l l  factors, including intervening douds, cockpit v i s u a l  limitations, 
cockpit duties, the several f l i g h t  path varlationa, the h e  opportunities, 
and the physiological limits t o  hunan vision are considered, the Board con- 
dudes there is not enough eddence t o  determine whether o r  not;' there wag 
sufficient opportunity f o r  the p i lo t s  t o  avoid the  col l is ionr 

The study m u s t  d s o  recognize the possible effect  

, ' 

Findings 

On the basis of a l l  available evidence the Board Sinds thatt 

I.. The cunpaniea, the aircraft, 8nd f l i gh t  a m 8  mre properly cer t i f i -  
cated,. 

2, Preparation for both flights was complete and routine. 

8 

. .  

3. The flights were properly dispatched on IFR fl ight plans, over 

4 .  Approaching Daggett, TKA 2 requested its company radio t o  obtain 

acceptep high-dltitude direct  mutes. 

21,000 f ee t  as an asoigned s l t i tude,  o r  1,000 on top. * .  

5 .  Company radio requested 21,000 feet IFR fmn A R E .  This ma8 denied 
by ARTC. Reqwst mas then made f o r  1,000 on top. This m8 approved and 
dloakhce irtmed. lWm f l i g h t  climbed t o  and proceeded at P , O O O  feet ,  



6. A 8  an &planation for the denial of  P,OW feet, TKA 2 was 
niahed pertinent information on UAL 7l8,  

The last position report by each n i g h t  indicated it was a t  that 
time at P , O O O ,  e s t h t i n g '  the Painted Desert l i n e  of position at  103l.. 

The Sd.t Lake controller possessed both position reports at 
approximately lCa3, at vhich t ime both flights were in uncontrolled airspace. 

Traffic control. servlces are not provided in  the  uncontrdled air- 
space and according t o  exLsting A i r  Traffic Control policies and procedures 
the  Salt  Lake contmller  m s  not required t o  issue traffic information; none 
mas issued voluntarily, 

7.  * 

8.  

9. 

10, A general overcast with ~ome breaks existed at 15,000 f e e t  i n  the 
Grand Canyon area. 

11, Several. cumulus buildups extending above fl ight level existed; one 
was nearly over Orand Canyon VXLlage and others were north and northeast; in 
the area of the collision. 

12, The collision occurred a t  approximately 103. i n  visual  f l i gh t  nile 
weather conditions at about 21,000 feet ,  

The collision i n  apace was above a position a short; distance mst 
of the TKA mckage.area,  17 miles mst of o r  appro-tely 3-1/2 minutes t 
flying t h e  fran the Painted Desert line of  position, 

responsibility t o  maintain separation frcclm other aircraft. 

of about 25 degreea Kith the Dc-7 t o  the r igh t  of the L-1049. 
rolled about 20 degrees f i g h t  wing dom and pitched about; 10 degrees n o m  
down relat ive t o  the L-1049, 

of the aixraft o r  t h e i r  components was a fac tor  in the accident, 

13. 

14. Under visual. f l igh t  rule weather conditions it is the  pi lot ' s  

15. A t  impc t  the aimraft re la t ive  t o  each other converged at an an&e 
The DC-7 vas. 

' 

I 

16, There was no evidonce round t o  indicate  tha t  inalfunctim o r  f a j l u r e  

P1.obeEl.e Cause 

The Board determines tha t  the probable cause of this mid-air coll ision 
wss;that the pil;ots did not see each other i n  t o  avoid the collision. 
It is n o t  possible t o  determine why the pf lo ts  did not see oach'other, but 
the evidence suggests that it msulted f r a  any one o r  b coinbination of the 
following factors: Intervening clouds reducing time fo r  visual,  separation, 
visual l imitations due to cockpit v i s ib i l i t y ,  and preoccupation with n o d  
cockpit duties, preoccupation with matters unrelated t o  cockpit duties such, 
as attaapting t o  provide the  passengers mith*a mom scenic vim of the G*d 
Canyon area, ~.y;.ijd.or$cs'l limits t o  hunan vision reducing the t h e  opporti1-S 
nib t o  see and avoid the other a i rc raf t ,  or insufficiency of en route d r  


