
AIRCRAFT ACCIDENT REPORT- 

UNITED AIR LINES, I 
TRANS WORLD AIRLINES, INC. 

NEAR STATEN ISZBNDP- 

SYNOPSIS 

Model 1049A Constellation, N 6907C, and 8 United A i r  Llnes DC-8, N 8013U, obcurred 
near Mlller Army A l r  Fie ld ,  Staten Island, New York. Trans World Air l laas  Flxght 
266 originated at Dayton, Ohio. The destmatian was LaGuardia Alrport, New York, 
with one en route stop at Co’lumbus, Ohio United A i r  Lrnes F l ight  826 was a non- 
Stop service origwtmg at OlKare Airport, Chicago, Illmois, wlth it8 destsaa- 
tion New York International Airport, New York. 
Instrument Flight Rules. 

D C - 8  continued in a northesster3y direction, crashing mto Sterllng Phce near 
Seventh Avenue i n  Brooklyn, New York- 
128 occupants of both aircraft and 6 persons on the gromd rn Brooklyn were fatally 
MJWed. 
unpack of the D C d .  

On December 16, 1960, at 1033 e.s.t., a c o l h s m n  between Trans World Alrllnes 

Both aircraft  were operating under 

Following the col l is ion the Constel la t ion f e l l  on Mlller Army Fleld, and the 

A l l  Both aircraft were to ta l ly  destroyed. 

There was considerable d-e to property n the area of the wound 

TWA Fl ight  266 departed Port Colmbua Axrport at WOO, operat~ng routLne3y mdar 
Air Traffic Control mto the New York area 
Center (ARTCC) subsequently advised that radar contact had been established and 
cleared the flight to the Linden Intersectlon, 
quently transferred to LaGuard1.a Approach Control. 
the Linden Intersectlon, LaGuardla Approach Control  began vectorzng T U  266 by 
radar t o  the flnaZ approach course for a landlag on runway 4 at ZaGuardia. 
thereafter TWA 266 was cleared to descend t o  5,000 feet, and was rtwice advised of 
t r a f f i c  In t h e  vic in i ty  on a northeasterly heading. 
th is  information the radar targets appeared to merge on the LaGuardla Approach 
Contro l  radar scope, and communications with TWA 266 were lost. 

The New York A l r  Route Traffic Control 

Cantrol of the f l l ght  wlas subse- 
When the  f’llghb was abrut over 

ShoI”t1.y 

Fo2lowing the trtrnsrmssiaa of 

United A i r  Lues Flight 826 operated routmely between Chicago and the Wew York 
area, contactmg the New York ARTCC at 1012 
Center cleared UAL 826 t o  proceed from the  AllentQWn, Pa., very high frequency o m 1  
dmectional rad3.o range station (VOR) direct  to the Robbmsville, Ne@ Jersey, VW, 
and thence t o  the Preston Intersection v i a  Victor A i r n a y  123- A t  approxiaaate1-y 
1021, UAL 826 contacted Aeronautlcal Radio, Inc.  (ARINC) t o  advise their  c m w y  
t h a t  the No. 2 meelver accessory unft was maperative, which would lndiclzte tbat 
one of the aircraft’s two VHF radm navzgationsl receivers was not func t fonug .  A 
fffix‘t i s  established by the mtersectmn of two radials from two separate radxo 
range statxons. Wlth one uast moperatme the cross-bearmgs necessary can be %&en 
by tutring the ramammg receiver from one station to the other. 
sumes considerable tme, however, aad es not 2s accurate as the simultaneous dzsplay 

Short ly  thereafter the New Park 

This process con- 
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of lnformation on two separate position deviation lnd ica tors  
the company that one unit was moperative, A l r  Traff ic  Control was not advised. 

the distance t o  Preston by approximately 11 m i l e s .  
amount of tune available to  the crew to retune the  suzgle radio receiver to either 
the Colt 's  Neck, New Jersey, or Solberg, New Jersey, VOR rn order to establish the 
cross-bearing with Victor 123, which would ident i fy  the Preston Intersection. 
the  event the  crew would not attempt to retune the smgle VOR receiver, cross- 
bearings on the Scotland Low Frequency Radiobeacon could be taken with the ancraft 
dulection flnding (ADF) equipment. This would be a means of identifying the Preston 
Intersection but, under the circumstances, would require rapid mental c a l c n h t i o n  
in the mterpretation of a display which could be easlly misread. 
support the conclusion t h a t  this occurred. 

t h e  clearance lmit, should holdmg b e  necessary. 
approach t o  Idlewild Airport would be received from Idlewild Approach Control and 
the  transfer of control of the f l ight  from the New York Center t o  Idlewild Approach 
Control would normally take place as the a l rc raf t  was approaching Preston. UAL 826 
was not receivlng radar vectors, but was providing its own navigation. After the 
fhgkst reported passing through 6,000 feet the New York Center advzsed that radar 
service was termmated and instructed the flight to contact  Idlewild Approach Control. 
UAL 826 then  called I d l e w i l d  Approach C o n t r o l ,  statlng ntJnited 826 approachmg 
Preston at 5,000." This was t h e  last known transmission from UAL 826. 

A t  the  tune UAL 826 advised it; was approachmg Preston it had 111 fact gone on 
by this clearance lmit several seconds before and uas several miles past the pomt 
at which it should have turned l a t o  the holdmg pattern. This IS confmned by t h e  
data obtamed from the f l i ght  recorder which had been ulstalled III the UAL DC-8, 
as well as by analysis of the communication tapes 
past the Preston Intersection a collision occurred between TWA 266 and UAL 826. 

such as to preclude f l i g h t  by visual means. 

Flight 826 proceeded beyond its clearance lmit and the confules of the amspace 
allocated to the flfght by A l r  Traffic C o n t r o l  A contribututg factor was the hlgh 
rate of speed of the United DC-8 as i t  approached t h e  Preston intersectLon, coupled 
with  the change of clearance uhich reduced the enroute distance along VICTOR 123 by 
approlumately 11 nules 

While UAL 826 advised 

At 1025 the New York AETCC lssued a clearance f o r  a new routmg whlch shortened 
A s  a result, thia reduced the 

In 

Several factors 

Instructions had been issued t o  UAL 826 f o r  holding at the Preston Intersection, 
Clearance beyond Preston for  821 

At a point approxmtely 11 m i l e s  

'&ather at the  altitude of the co l l l s lon  and at the tme of the accident was 

The Board determlnes that  the probable cause of this accident was that United 

Invest Iga t 1 on 

His tory  of T U  Flight (See Attachment I as reference) 

Trans World Afcrllnes Fl@t 266 was a scheduled passenger serv ice  ongmatmg 
at Dayton, Ohio. 
one en route stop at Columbus, Ohio. 
First Officer Dean T. Bowen, Flight Engmeer LeRoy L Rosenthal, and Hostesses 
Margaret Gernat and Patr ic ia  Post. 

The destiination was LaGuardia Airport, New Pork, New Pork, wPth 
The crew consisted of  Captarn David A. Wollam, 

Durlng the stopover at Columbus a scheduled equipment change was made. 
266 departed Columbus with the previous l i s t e d  crew and 39 passengers, including 
two infants. 

Fl lght  



n i g h t  266 departed Port Columbus ADport a t  Om&. The gross weight a t  
takeoff was 101,444 pounds includmg 2,600 gallons of fuel, 
Wight and balance l m t a t i o n s  in accord mth current procedures. 
to h h a r d i a  was estmated to be one hour and 32 mnutea. 

The alrcraft a s  mthm 
The tme en route 

The f l i g h t  plan specified T n s t r m n t  Flight Rules ('IFR) at 7,000 feet dtl- 
tude. 
12 Johnstown, Pennsylvania, Victor 106 Selmspove, Pennsvlvanla, Victor 6 Victor 123 
to Lahardla Airport. 
then to 19,000 f e e t .  
area. 
Control Center mer Selinsgrove at 19,000 feet. 
Center cleared F h g h t  266 to descend in stages, and to cross Allentown, PemWlvanlab 
at U,OOO feet. 

The clearance was to the LaGuardia Alrport vla direct Appleton, Ohlo, k c t o r  

Subsequent clearances changed the altitude to 17,000 feet, 
The f l i g h t  was routine as it progressed toward the  New York  

At approxuhately 1005, nij ,ht  266 reported to the New York A m  Route Traffic 
Shortly thereafter t h e  ldew York 

At 1019 TUA 266 reported t o  the New York Center on 125.3 mcs. that 1% wa3 
passing Allentown, at 11,000 feet. 
radar contact had been established, cleared the flight to Linden Intersection, and 
requested i t  to stand by f9r descent. 
TWA 266 t o  descend to and maintam 10,000 feet. 
clW?anct? and reported leanng 11,000 feet. At 1023, the New York Center adnsed 
the fllght of t h e  current, LaCuardia weather 
n s l b l l l t y  in l i g h t  snow, surface mnd northwest 14 knots; altimeter setting 29.66. 
"he flight acknowledged t h i s  weather and requested the runway zn use. 
advised that Instrument Landlng System (ES) approaches were bemg made to mway 4 
and that the localizer was inoperative. 

In response, the N e w  York Center a d n s e d  that 

At 1021, the New York Center further CLmred 
The fhght acknowledged thls 

Measured $0 overcast; one mile 

The L e n t e r  

F l igh t  266 acknowledged. 

Between 102h and 1026, the New York Center cleared T U  266 to descend to and 
Rlalrlkaan 9,000 and to report leanng 10,000 feet. 
TU. 266 advlsed the Center t h a t  it was past the Solberg, New Jersey TOR. 
ackmwhdged. 
was termmated and to contact LaGuardia Approach Control on 125.7 mcs. 
acknowledged by repeating the frequency. 

This was acknowledged. A t  1027, 
The Cen%er 

Shortly thereafter, the New York Center advised that radar s e m c e  
TWA 266 

TWA 266 reported to LaGuardia Approach Control on 125.7 mcs. that it had passed 
Solberg at a,n altltude of 9,000 feet ,  
was 1026 22. 
clearance; 
landmg runway 4, no delay expected. 
LaGuarcha weather: Measured 9 0  overcast, vis1blllt.l. one mle; Ilght snow; staqd 5y.11 

TUA 266 acknowledged the clearance. 
one zero degree radial of Robbuzsvllle and requested informafaon on the LaSuardla 
localizer. 
the LaGuardia localizer ma inoperative as had been prevlousl3- reported S;y a NOTM~, 
and cleared t h e  f l ight $0 8,000 feet. 
9,000 feet .  
6,000 f e e t  and to advise passing though 8,000 feet. 
kt 1029:@, TWA 266 reparted "passing 8,000. " LaGuardia Approach Cont ro l  acknowle&ed 
and advised the  flight to mamtan present heahng for a radar vector to we f i n a l  
approach course. TMA 266 aCknOWleagea* A t  1030:h9, LaGuraclla Approach Control 
advised WA 266 to reduce to approach speed. A t  1032 09, 

1/ A l l  times herein are Eastern Standard based on the 2L-how clock, 

The tlme, correlated wxth the Center tape, 
LaGuardia Approach Control acknowledged, and xsstled the followlng 

''Maintain 9,OOOj report the  zepo one zero X o b b m s v 3 l e ~ ~  ILS m w a y  4, 
The mnd 1s northeast at '1s; altuneter 29-65. 

A t  1023, TIdA 266 reported passing toe zero 

LaGuardia Approach Control advised that tile glide slope rather than 

TI& 266 acknowledged and reported leaving 
A t  1029, LaGuarba Approach Control cleared TI4A 266 to descend to 

The transnssibn was achowle&ed 

The fhgh t  acknawleaged. 

Zer6 one zero degree radial of plobbinsv111ey ?Tew ,'erse.g -1 Range, 



LaCuarcua Approach Control advlsed TWA 266 t o  turn mght to a headmg of 130 degrees. 
The transrmssion was acknowledged by repeating the heading. 
Control agam advised that this uould be a radar vector to the final approach 
course. TWA 266 acknowledged. 

LaGuardla Approach 

LaGwckia Approach Control then requested the flight's altitude. A t  lO32r20, 
t h e  f l i g h t  advzsed 116,0000.*1 
and cleared the f l i g h t  to contlnue descent to 5,000. 
edged by the flight which then  reported leavlng 6,000 feet. 
acknowledged. 

A t  1032.22, LaGuarba Approach Control achowledged 
This clearance was aclcnowl- 

Approach control 

A t  1032:37, LaGuardia Approach Control advlsed the f l i ght  to turn ri-$tt to 
150 degrees. 
1032:47, LaGuardxa Approach Control advlsed %raffic at 2: 30, s i x  rmles northeast- 
bound." At 1032:51, TWA 266 acknowledged. A t  1033*08, LaGuar&a Approach 
Control requested the  f l i g h t  s alt i tude.  (garbled). . . .f;OOOH 
LaGuardia Approach Control asked if 5,500 was correct TWA 266 replied i n  the 
affirmative. 
descent to l ,%IO. At 1033~18, t h i s  was acknowledged. At 1033:21, LaGuarha 
Approach Control advlsed to "turn l e f t  now heacbng 1Jb.fl At 1033:23, TWA 266 
acknmkLged by repeating the heading. 
advised. "Roger, that appears to be jet traffic off  yo* right now 3 o~cbock at 
one =le, northeast-bound. I1 Follomng this transnussion, at 1033: 33, a noise 
snular to that caused by an open nucrophone was heard for suc seconds duration. 
LaGuarcha Approach Control then transmtted the f o l l o n n g  at 1033:L3. lT.rans 
World 266, turn f-her l e f t  one zero zero." 
Control m a d e  numerous attempts to establish conmxncatlons n t h  TWA 266 until 
1036:21, none of which was successful and durzng whlch time contact was establmhed 
mth another arcraft. 

The transmission was acknowledged by repeating the heading. A t  

TWA 266 replied, 

At l033:4, LaGuaraa Approach Control issued clearance to continue 

A t  1033 26, LaGuardra Approach Control 

Subsequently, LaGwrdia Approach 

History of  United Flight 

mg a t  O'Hare AUport, Chicago, I l l ino i s ,  mth its destulation New York International 
h p a r t ,  New York, New York. The crew consisted of Captain Robert H. Sawyer, first 
Officer Robert 11. Fiebulg, Second Offzcer Richard E. Pruitt, Stewardesses Mary 
J. Mahoney, Augustine L. Ferrar, Anne M. Bouthen, and Patricia A. Keller. The 
crew normally departed Los Angeles, Califorma, as United n i g h t  856, mth a 
two-hour stopover in Chicago and departing Chicago as United F l igh t  826. 

Uxuted A i r  Lues Flight 824 was a scheduled nonstop passenger service origmat- 

Captain Sawyer, F i r s t  Of2icer kebmg, and Second Officer Pruitt had flown 
Ellght 856 from Los Angeles to Chicago. 
0320 on December 16, 1960, and arrived i n  Chicago at approxmably 0656. 
stewardesses boarded United Flight 826 at Chicago. 

They departed Los Angeles at approxunately 
The 

n ight  826 departed O'Hare d u p o r t  mth the previously Lsted crew and 76 
passengers. 

The actual takeoff weight was 24,790 pounds which included 63,700 pounds 
The maxun~m allowable takeoff 

The mrcraft w i ~ s  r~lthln weight and balance 
of fuel., 6,49 pounds of cargo, and Ghe passengers- 
weight uas computed as 217,200 pounds. 
h u t a t i o n s  m accord mth current procedures. 

w a ~  =a Victor  P 5 and Jet 60 Victor to New York- 
m e  hour and 29 m u t e s ;  true airspeed 478 lrnotS; k3'Omd Weed 530 knots. 

The flight lan specif led IFR at a mght  level of 27,000 feet. The clearance 
The estmated tune en rmb m~l 
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IJnted 826 departed a t  09U. Cruising fl ight level of 27,000 feet 

The f l i g h t  to the New York area was normal. At approxunatdy at 09%. 
New York A i r  Route Traffzc Control Center was contacted by Fllght 826. 
mmmci Y.Jruted 826, New york Center, Eoger, have your progress, radar 
not avalable, descend to and m a m t a m  f l L g h t  level 250, over." night 
h t v l n g  fl ight level 270 at approxmately lOl4. 
Center advised Wnted 826, clearance lmt IS Preston Intersection m a  Jet 60 
Victor to Allentown chrect to Robbmsvllle, m a  Victor 123. maultan fllght level 
250. rilight 826 acknowledged. 

At approxlmateb 1015 New York 

was attained 
1012 
The Center 
service 
826 reported 

A t  approxmately 1021, TJmted 826 called ARINC (Aeronautical Radio, Incorporated, 
operator of Uruted h r  Lines aeronautical communications system) and reported "No. 2 
navigation receiver accessory unit xnoperrtive.ll This transnusalon was acknowledged 
by ARINC and relayed to Unxted A n  Lines, 

At approxunately 1021, New York Center issued further clearance to descend 
fo 13,000 feet. 
sequent t o  tJns transrmssion the Uruted f l ight  was i s t r w t e d  to change to 123.6 
mCS. I the frequency of another center sector controller. 
%e Center called Fllght 826: 
826 Peplled,  %Roger, we're cleared to 13,000 t o  maantam 25,000 untid we had con- 
versation with you. If wetre gomg to have a delay we would rather hold upstairs 
than down. We're g o n g  t o  need 314 of a ni le,  do you have the weather 
Center replxed, W o o ,  but I'll. get it, there have been no delays until now.'* 
approxunately 1023.30, U r n t e d  826 reported over Allentom at fhght level 250. 
'The Center acknowledged. A t  1024:37 the Center adnsed t h a t  the Idlewrld weather 
Ua3 'I . 1,500 feet overcast; 1/2 ule ;  l ight  rain; fog; altimeter settlng 
29.65." Shortly thereafter the f l i g h t  stated l1 . we're startirg dawn+t1 A t  
approxlmeteQ lO25:O9 t h e  Center arended the ATC clearance a8 follows: 
to proceed on Victor 30 unW. interceptlng Victor 123 and that way to ?restan. 
be a l l t t l e  h t  qucker.tl (The new routing shortened the distance to the Preston 
btersection by approxunately XI. nules. 
woxlreately 3026:b9 the f l i g h t  was cleared to descend to and mutam 13,ooO feet. 
The olemanee was acknowledged and the f l lght  reported lea- 21,000 feet a t  1026:SL. 
Then the Center advised at 1028:U . 
Vxctor 30 at th is  tirne.1' United 826 conf imd that it uas established on Victor 30 
and requested hxs distance from Victor 123. 
s a d  n . . I show you 15, W e  it 16 mles, Victor 123." 
then the Center advlsed "right now you're about 2 nules from crossing Victor 
h w a y  433.1' 

United 824 replied b Veld rather hold upstars I . '' Sub- 
At approxuaately 1022:u 

tlUruted 826 leu Pork Center, radar contact." United 

The 
At 

1'826 cleared 
It'll 

l?ns was acknowledged at 1025: 20. A t  

n326, I ahow you crossing the centerlule 

At approximately 1028:56 the Center 
826 aclarawledged and 

A t  appraunately 1030:07, U l u t e d  826 was cleared to Ildescend to and muntun  
5,000 feet." T!XLS was acknowledged and 826 reported leaving 14,000 feet. The 
Center then asked, %aok llke you'll be able t o  make Preston at s,0007i1 
answer was that they would try. 
826, if holding is necessary at Preston, southwest one nunute pattern r l g h t  turns . . the only delay rill be m descent.l' The flzght replied I9oger, no delay,  
we're out of seven.I1 
feet, At a~>praxmat,ely 1033.08, the Center called, 826, I ' m  s o r r y  i broke y o u  
up, was that you reportmg leaving 6,000 for f;,0W3l1 The f l i g h t  r q h e d  1kf.f*m%ive.n 
The Center at apprwumately 1033:M ~ n S t ~ ~ c t 8 d :  'l826, Roger, and. you received the 
holduzg Instructions at PFesbrL, radar 8 e r n C e  3.8 termmated. Contact I a e a d  
Approach Control . . 1) Fl ight  826 a~knowledged Ylood dayrr at approxMately 1033=27, 

Tr\e 
At approxmately 1032:16 the Center sta ted  ltUruted 

At approxlnartely 1033:Ol the fl ight reported passing 6,oM7 



I n  accordance mth the terms of the then-current Uruted States Standard 
lllanual of Radar A u  Traffic Control Procedures, paragraph 1.3, the responsibihw 
of the controller is defined as follows. 
shall be maintamed between alrcraft being controlled in accordance with the 
procedures authorized in this Manual and between such radar-controlled urcraft  
and other traffic being controlled in accordance w1%h the Instrument Flight Rules 
unless standard non-padap sepmation 1 s  provlded . , . 
is circumscribed by other provlsions of the same paragraph as f o l l O W 5 :  
control i s  not responsible f o r  deviations from these standards which result from 
the faxlure of t he  pllot to respond to the measures taken to control  themoff 

"A r m n m  of three miles separatxon 

His area of responsibility 
"Air traffic 

W i t 4  respect to the separation afforded If& 826, provisi on of at least the 
rninunUm rewired longitucimal separatxon was effected bv the issuance of a clearance 
to a ho lhng  fuc located at  a polnt consxstent wlth the m i m u t n  distance requlred 
between holding pattern amspace areas. 

called: 
This 1 s  the last hown transrmssion from the flnght. The transmission was acbowl- 
edged beguYling a t  approxmately 103333: 
Control, mantam ~,0000 
four Irght.  ILS in we. 
n s ~ b l l l t y  1/2 mle, h g h t  ram and fog. 
was completed at approxmately 1033 sh. 
attempts to contact Unked  826 were unsuccessfd.. 
alrcraft during this penod  were normal. It was testxf ied at t h e  hearmg that U x u t e d  
026 was not  observed on the radar by any Idlemld Approach Control personnel. 

A t  appraxlmatdy 1033.28 (timed from Idlenld Approach Control tape) Flight 826 
iiIdlerJlld Approach Control, llruted 826, approaching Preston a t  5,000. 

Wnited 826, this IS Idlemld Approach 
Idlemld landing m y  Lxt t le  or no delw a t  Preston. 

Idlewild weather. 600 scattered, estimated 1,500 overcask; 
Altlmeter 29.63 over." The LranSmLSSlon 

Radio comumcations ulth other 
It was nut acknowledged. Subsequent 

TWA Fl lght  266 UAL mght 826 

1023 
1023 : 33 
1027 : 58 
1028: 42 
1028: 51 
1025: 56 
1029- S S  
1030: fl 
l o x  0 2  
1032.25 
1032 32 
1033 01 
1033 20 
to33 28 
1033r33 

The Collision 

s, 

over ITiller Army A i r  Field,  New hrp, Staten Island, Yew York. After the merged 
plot, one target Dmke away to continue northeast for a dxstance of 8 to 10 d e s .  
The other +argeet appeared momentarxly nearly stationary and then commenced a slow 
right %urn t o  a southuesterly headlng, chaappemng from the scope. 

\ 

LaGuar&a radar observatlans indxated that the t w o  targets merged approximately 
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The target which continued northeast was Xruted Fzieht 826. ft renamed 
alrborm until  crashmg 8-1/2 miles northeast of lIrller f ie ld at t h e  inter-  
section of Sterling Place and Seventh Avenue m 9rooUyn, Vew York. 

They testified that one of the r i g h t  engmes was mssing. 

Wltnesses 
the area o€ impact stated that the DC-8 was headed in a northeasterly hrection. 

The target which continued in a slaw r ight  turn a d  disappeared fram the 

Several pieces of DC-8 
scope in the vicimty of lhller Field was the  T'L9 flight. 

structure and fragments of a Jet engine were interspersed mth the Constellation 
wreckage, confimnvlg the collision of the aulcraft. 

The wreckage of the 
, aJA Constellation was dmI,ributed about Bller  Field. 

Air W a f b  Control 

Lf weather or traffic re~lllP8d holding prior t o  l&ndIng clearmce. 
Was adnsed shat traffic & l a p  had not been encountered, 
descent in accord mth the clearance g n e n  by Air Route Traffic Conr;rol* 
1022:u the controller advlsed 826 that the f l i g h t  was in radar contact. 
flight progress was followed by a llshrmrp boatlB2/ marker, Radar separation was 
mmtamed between TJnited 826 and following flzghts. 
r-rt the radar controller changed the clearance t o  a shorter routing 80 as to 
intersect Victor 3 airway and proceed n a  V i c t o r  123. 
m routmg was to increase Longituchnal separation between %uted 826 and the 
succeeding aircraft which were cleared to Preston at  higher altit-)des than  the  
United F h g h t .  This change i n  routing was not made known to the  Idlewlld Approach 
Controller, nor was it reflected on the Idlemld fl ight progress strip by way of 
advancing his  expected time of arrival over Preston br apprownatelj five rmnutes. 
UAL 826 was previously estmating over Preston at  1039. 
f3x where a t ransfer  of control is takmg place the estuaated t ime  of arrival over 
that .fax IS used prmarily for radio f a a r e  and also for sequencing purposes. 
Separation at each feeder fur 1s not based on an estimated tune of arrival, but 
rather on the basis of vertical separation effected through discreet altitude 
assignment. 

'hited F l i g h t  826 expressed a desire on two occasions to remain at altitude 
The Xlght 

',mited 826 started a 
A t  
The 

Follomng the Allentown 

The purpose of the  change 

At an Approach Control 

The Center Controller advlsed 'Tnited 526 at 1028*Ll that It w a s  crossing the 
centerline of Victor 30. This position was acknowledged and %he dtstance from 
Victor 123 was requested. A t  1023.56 the center controller adnsed 'Jruted 326 
that it was then 16 mles west of Vxctar 123 and shortly thereafter adnsed that 
it was two nules w e s t  of Victor 123. The controller stated at the hearj-ng that he 
observed Uruted 826 one to tbree miles sout%est of Preston at  the t m  t5e flig'2t 
reported out of 6,000 feet. 
Cne center controller instructed F l i g h t  826 to contact T d L m l d  Approach Control 
and advised "radar semce temnated,4t 

This w a s  between 1033-01 and 1033 14. At 1033-20 

A t  1033*28, United 826 called ldleknld Approzch Conwol and stated ''approazh- 
lng Preston at 5,000 feet.11 

The Tdlemld Approach Controllers t e s t d i e d  tcat  t - e y  ala not osserve 'Jmted 
826 zn the Preston area. 
weather and runway information. 

Idlemld Approac3 Conmol acknowledged t'?e call mt31 

3/ Transparent marker used t o  record iden%lt- of and TO fallow radar t a r g e t  on 
a hor&-h,l radar display. 
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a t  the tune of the commwucation between 'irnited 826 and Idlemld Approach 
Control, the only information which had been received from the Few Pork Center which 
would have indicated a transfer of control was the  esklmate wkuch was forwarded 
at1029. The mterphone was n o t  used nor was a l i g h t  recelved on the General mil- 
way Signal a l t i tude  interlock system. 

Since only one aircraft was involved at the h m e  of transfer of control of 
UAL 826 from the ;Jew Vork Center to IdLenld Approach Control, the  use of the 
General Railway Sign& (CRS) altitude interlock lights was not required. 
the fiulure of t he  Center Controller to mndxate change o f  control by activating 
the amber GRS transfer l i g h t  had no significant meaning, as VAL 826 had been 
afforded standard non-radar separation from a l l  other known IFIZ traffic. Had 
several a r c r a f t  been cleared t o  the Preston fur mth discreet altitude assignments, 
it rrould then have been incumbent upon the Center Controller to urdicate, by the 
use of the  GRS l i ght s ,  the control of which of these aircraft were ming transferred 
and at what altitude. 

Therefore, 

At approxmately 1029 the Center adnsled Idlewzld Approach Control that Lnited 
Flight  826 was estmated over Preston at 1039 m a  Colts Neck, 
Control received the 1033.28 transmss7on stat-,ng, %pproachmg Preston at s,000,8' 
from Ynited 826 about 4-1/2 rmnutes prior to the estunated tune of arrival. 

ldlemld Approach 

', - Flight 826 was operating the transponder which was properly received as a 
target on Mew Pork Cmter's scope. There was no evldence that the transponder 
signal  appeared on Idlewild Approach Control eqmpment . This situation, however, 
1s not abnormal since a normal method of operation of the secondary radar receiving 
equipment associated mth an approach control radar requires that the tUrCraft'8 
transponder be set to an assigned select code in order that its response to an 
3nterrogation from a specific ground1ocat;Lon mll appear on the prlroiary radar 
indicator as a coded target .  In order to accomplish ths settutg the p i l o t  must 
be instructed to change kus equpment tu the cesxred code assigned to the next 
subseluent control functLon. This action was not a part of t h e  ruutxne transfer 
of control function between the Center and Idlewdd Approach Control and kldss not 
accompluhed UL connecbon mth t h i s  f l lght .  

During the t i m e  Umted 826 was progressing toward and beyond Treston, Trans 
W r l a  Airl ines  Flight 266 was under control of LaGuarcb Approach Control. 
series of radar vectors wa3 pven to TWA 266, and apparently properly executed. 
The controller obsemed a ta rget  approaching from t h e  southwest and informed IWI 
266 of the target information on two occas~ons. 

A 

The Weather 

A swwtary of infl ight reports from 51 arcraft wfuch had operated mthm a 
30 naut ical  mile radus  of the accident s i t e  mthm one hour of the tlme of the 
accident, shows that 45 m g h t s  were UI clouds at altztudes rangmg from 300 feet 
to 18,000 f e e t ,  Four of 
the f i v e  rewnmg reports inchcated some ground contact  up to altitudes ranging 
fram L,OOO nne pilot reported '%tween la-ers from L,oOO ta 5,000 
feet and from 13,000 to 15,000 feet. 

One pilot reported on top of aU. clouds at 31,000 feet. 

);,OW feet, 
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Flight Recorder Readout - 

supexnsion of t h e  Civil. Aeronautics Board. 
an elapsed time base are. 
Some degree of fire and Impact damage was present althoug% the l a s t  part of the 
record f o i l  was covered mth products of c&ust%on and chemical reaction. 

The Waste Kylg Flight Recorder aboard the Tinlted E-8  w a s  read out under khe 

altitude, arspeed, headmg, and vertical acceleration. 
The parameters recorded re la t ing  t o  

All measurements along t he  length of the tape (time base) were made mth 
respect t o  a hole corresponding in time t o  just prior to takeoff in Chcago. 
average &stance between the adjacent holes was determrned from measurements of 
the length composed of 36 holes. 
to 0.19661 of a minute of t i m e .  
events . 

The 

One mllmeter of length along the tape is equal. 
T h s  factor was used in computing the tune for all 

The data obtained re la t ive  t o  altitudes, indicated -speeds, and headmgg 
The f l i g h t  recorder values between 72 mulutes are illustrated In Attachment 2. 

after takeoff and the tune of coilision are plotted as a track profile in A t t a c h -  
ment 1. This track was plotted in reverse from the point of collision d-etemned 
by a trajectory study of the De-8 No. .& eng-lne and the  TWA Constellation No. 3 engine. 

The engines were detached in r'light upon collision and mpacted on Staten Island. 
Analysis of the trajectory of DC-8 engine indicated a fall of 5,575 feet on a course 
of 050 degrees magnetic. 
3,470-foot fall on an estmated course of between 110 degrees to 130 degrees magnetic. 
The intersection of the two trajectories deterrmned t he  co l l i s ion  area of approx- 
llnately 1,200 square feet, the center of which is located on a 315-degree magnetic 
bearing of 6,555 feet f rom the center of k l l e r  Field. 

Analysls of the Constellation No. 3 engine indicated a 

The a lb tude  at the instant of collision was computed to be 5,175 to 5,250 
feet  cLbove mean sea level as would be indicated by an alimneter set tu lg  of 29.65 
mches of mercury. The mdicated arspeed of the DC-8 at the pomt of col l is ion 
was 301 knots. 
Pennsylvarua. 
col l is ion was 82 m u t e s  and 32 Seconds. Vruted's h m e  of "wheels off" at OgHare 
&port was 0911. Adchng the elapsed %me of 82 rmnutes and 32 seconds, the tune 
of c o l h n o n  as deterrmned by the fl ight recorder readout was 1033 32. 

This was the lowest airspeed subsequent to passing Allentown, 
The elapsed tune of' Flight 826 f rom "wheels up" ~JI Weago to 

As previously stated, the indicated airspeed of United at t h e  pomt of collision 
was computed as 301 hots. 
t o  c o l l i s i o n  IS illustrated below: 

The reduction in alrspeed over a ?&second period prior 

Tune Lapse Speed Speed Reductlor? 

1032- 22 356 knots 
1032:55 33 seconds 338 h o t s  18 h o t s  
1033:Ob 9 seconds 332 knots 6 h o t s  
1033:12 8 seconds 325 knots 7 knots 
1033:20 8 seconds 318 knots 7 h o t s  
1033:29 9 seconds 309 knots 9 h o t s  
103332 3 seconds 301 h o t s  8 knots 

TOT rL 5s knots 
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Structures - TWA Constellation 

The majority of the  force of collision u p a c t  on the Constellation was 
centerad on the foUowmg pomts. 

Upper right section of passenger compartment between Fuselage. 

Stations 1030 and 1060. 

Sight vertical fin, rudder, and right outboard portion of the 
rrlght horizontal stabilizer.  

Right  wmg flap. 

3ight  mng between the engmes. 

The Constellation broke mt0 three ma3n sections foIlowmg the collision an 
lmpacted into t h e  Miller h e l d  area. The aft section, includmg the empennage, 
separated from the forward portion of the azrcraft. This section lmpacted m a 
flat attitude right  side up. 
-act force resultvlg in be,ndmg 45 degrees to the left approxlmately two feet 
from the top. 
horizontal stabilizer were t o rn  free. 
s c o r c h g .  There 
was, however, evidence of fire 111 the lnterior of the aft fuselage section. 
right wmg and No. 4 englne separated at Wmg Sta t ion  242 and iqacted 600 feet 
east of the aft fuselage section. This mng section evidenced severe fire and 
explosion damage. 
northwest of the aft fhselage. The forward secflon of the hselage and %he left  
mng, includmg the two engmes, impacted approxlmately 1,100 feet  north of the 
a f t  fuselage. 

The center vertical stabiliser bore evldence of 

The right vertical rudder and stabilizer and 12 feet of the  r i g h t  
f n f l i g h t  fire was evidenced by soot and 

There was no evidence of ground fire about the aft fuselage- 
The 

No. 3 engure and nacelle detached and f e l l  about 600 f ee t  

Numerous pieces of aircraft structure were strewn over a wlde area in the 
vlcrrnty of h l l e r  Field. Yany o f  these pieces were identified as parts of a 
E - 8  

Nos. 1 and 2 Wright C18CB-1 pmerplants were located rn their normal positions 
relative to the wmg spar. 
powerplant remaured attached t o  the mng wbch had separated frm the aucraf-t;. 
DetaiLed exarmnation was conducted after removal 0 -  the powerplants to LaGuarcha 
Anport. 
endence of ground fire damage was noted only on W. h. Tnternal exammation- of the 
powerplants revealed no evldence of frictional overheat, lack of lubrication or 
internal fal lwe.  

The Yo. 3 powerplant had separated from the mag, No. 4 

There was evld8nce of ground impact darnage on a l l  powerplants. Some 

E-8 Structures 

There Here 
c oU. I smn : 

SUL general areas of t h e  DC-3 whlc!? furrushed evidence of a 

1. L e f t  mng leadmg edge, 
2. L e f t  land3ng gear door . 
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3 .  R i g h t  landing gear door. 
b- 
5. 
6, 3elly antenna. 

No. k engine, nacelle, and pylon 
R l g h t  mng outboard of the No. 4 engme. 

Follawzng the collision the DC-8 contmued on a northeasterly headmg and 
led into t he  heanly populated area of 3raokly-n at the ultersection of 
mg Place and Seventh Avenue. 

to property on the ground. 

The ensung ground fire was prolonged and 
e, conswung a large part of the  azc ra f t  s structure and causing extensive 

he a f t  section of the passenger cabvl structure upacted and slid, c m n g  
.st facmg UI a northerly cbrection on Sterlmg Place. Impact and subse- 
t ground fire consumed the greater part of the passenger cabm structure. 
of the  r i g h t  m.ng and the attached No. 3 engme s l x e d  through the P a a r  
re Church. 

I try ground fare. 
re mtersectmn of the two streets ulth the outermost end a g n e d  in a south- 

The f l i g h t  deck crashed lnto the same area and was largely cono 
The left  mng, except for  the outer 3-5 feet, came to rest 

This mssmg outer 15-foot section c u t  through, and came to sterly direction. 

otrudmg through the roof. 
;st a b ~ i l b n g  at 126 Sterling place, IeaPvlg two feet  of the mng tip 

The empennage and fuselage a f t  of FUelage Station 4% was found on Sbrlxng 
place on the south side of Seventh Avenue and facing appraxmately north. 
mation of this section revealed that ~1 adchlaon to the impact damage t h e r e  
was evldence of fire damage. 
pamt was blistered. 

Exam- 

Areas of the empennage were heavily sooted and the 

Soot was found on the ground -act fracture areas, mndmaturg that some of 
the soot was a result of t h e  ground fire. However, the duectum of the soot on 
the upper and lower skur of the mtact left horizontal stabilizer indicated an 
i f l ight  fire. Also ,  the p u t  on both sides of the vertical Rn and rudder was 
blistered as the result of heat. 
rudder was damaged on ground T a c t  when it contacted 
of the Ster lmg Place and Seventh Avenue intersectmn. The pant on the t m K ,  
exposed to the same ground fire heat, showed no endence of blistering or any 
uther heat or f i re  dama,ge. 

The upper 24 ulches of the p u t - b l i s t e r e d  
a truck at the south corner 

The Zsf t h o r i z o n t d  atabzliser and elevator received l i t t l e  damage. other 
than 8 two-foot tear in the lower shn of the elevator and a damaged oztbomd 
elevator section. 
seven feet  from the fuselage. 
found. 

The rrght horizontal stabxliaer and elevator sheared off 
EIost of the parts of the n g h t  elevator were 

Yowever, the severed horizontal stabihzer was not located. 

Both main h d m g  gear doors, the outboard section of r l g M  n n g ,  part of 
the leading edge of t h e  left wmg, and the Xo. 4. engine impacted UL t h e  %Uer 
Field area. 

Vos. 1 and 2 Pratt & Whitnqy JT3C-6 powerplants were severs@ damaged ' i  

The Eo. h engine separated at the inter- 
ground lnrpact. 
pressure turbme shaft  was tmsted. 
asba te  and diffuser cases, severzng the attaching bolts. 

The No. 3 powerplant remnned an integral mt., although the low 
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The red paint marks found on the No. 4 englne at the compressor unlet were 

of the same material as the p a n t  used on the TWA Constellation. Human remains 
and Constellation cabm insulation material were removed from the diffuse1 case 
of No. 4. 

Internal examnation of Nos. 1, 2, and 3 powerplants revealed no evldence 
The damage of the No. 4 powerplant was attributed to m- of m i g h t  failure. 

f l x h t  and ground impact forces. 

Evidence of A i r  Collision 

Exmnnat~on of the wreckage of the DC-8 and the Constellation substantiated 
the eadence of an air  collision. 
-act was from outboard toward the inboard on t h e  right rear quarter a t  an angle 
of l l 0  degrees relative to the course line. The ~ c - 8 ,  as indicated by the f l i g h t  
recorder, wa8 in approxlmately straight and level f l i g h t  at the moment of mpact.  
The Constellation was 1 ~ 1  an approxmate 22-degree l e f t  bank relative to the DC-8 
f'hghtpath and maukainmng apprmumately the same a l t i tude .  

The Constellation exarmnabon Lndicated the 

Several pieces of DC-8 engine pod titmum, engine accessory fragments, and 
cowling material were f w d  xn the passenger cab= area of the Constellatzon. 
A fragment of fiberglass from the DC-8 tower antenna cover was found embeded i n  
the right stabi l izer of the Constellation. Pieces of  DC-8 =ring and structure 
of the No. & pylon were found mbeded i n  the Constellation flap panel. 
mng spar fragments were found m the mng of the Constellahon. 

DC-8 

A portion of the DC-8 left n n g  l e a h g  edge and a section of the right mng 
were sheared off and fe l l  m the area of the Constellation wreckage. 

The TWA ConsteUtion nangation, communication, and flight instrument equp- 
ment were closely exanuned. Compass headmg information was &splayed on three 
mstruments. 
dnection mdicator (MDI) and the copllot*s RMI heabng card, a l l  receive the i r  
Mput from the fluxgate compasses. 
188 degrees; the captam's MDI was 190 degrees. 
mputs from the same fluxgate compass. 
062 degrees. 
mamination of the selector match could not deterrune whether the polnter system 
was selected t o  automatic chrection finder (AIIF) or VHF o m  range (VOR). The 
frequency setting of 232 kilocycles was found on the m h o  control panel of the 
ADF No. 2 systen. The internal receiver mechanism was deterrmned a8 havlng been 
tuned t o  between 227 kilocycles and 233 kflocycles. The No. 1 ADF control panel 
mndusated only that the receiver was tuned to between 200 and 410 k i t O C Y C l 8 S .  
Internal exammation of the ADF receiver inchcated a frewency of 320 to 326 
kilocycles. No, 1 ADF loop mh.cated a relative bearing of 98 degrees and No, 2 
AD? loop 77.5 de@ees. NO. 2 VOR control panel was found t o  be set t o  a frequency 
of 115.9 mcs. and the ~-nt,ernal exam;uliLfion of the receiver indicated frequency of 
113.9 or U5.9 mcs. 

The captain' s radm magnetic m&cator (RMI) headmg card, the master 

The first officer's €MI head- inctcatzon was 
Both of these uruts receive t hen  

No. 2 VO.R/ADF pointers on each RKT each indicated 100 degrees. 
The captaints RMI heachng imhcation was 
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Bananation of the W P  communications system indxated tnat the No. 1 VHF 

communications system was tuned to 128.9 mcs. 
receiver panel, the receiver mechanism, and the transmtter. 
cornmications system panel setting was 125.7 mcs., the receiver and transnuttier 
mchwsms were also 125.7 or 125.8 mcs. 

This frequency was set on the 
The Nu. 2 VHF 

Systems - UAL 

The United DC-8 navigational and cornmication equipment was a l so  closely 
exmned. 
stallation mcorporatmg mnor changes xn accord mth Uluted k r  Lues policy. 
Navlgataon equpment consisted of the ADP, very high frequency omn b e c t i o n a l  
range (VOR) receivers, and ILS receiver, and a gyro stabilized compass system. 
Two complete sets of these m t a  form the navlgation system and they are re- 
ferred to as System No, 1 and System No, 2. 
radar for storm momtoring. 
and identified except for  components of the weather radar. Any component which 
could possibly md in detemnmng a setting, measurement, or indication, was 
dismantled and inspected at the  place of manufacture. 

Primary navlgcltion equipment of Uruted 826 wa8 a typical nC-8 m- 

The DC-8 wits equipped mth a weather 
Components of a l l  navigational systems were found 

N O M  procedure in tracklng and detern&mng cross bewings along an airway 

Two pictorial deviation mduatars display an arcraft 's  position relative 
1s to use the pictorml deviation indicator (PDI) and the TOR pointers on the 
RMI. 
to the selected stations by presentation of the VOR mfomatxm on a V-shaped 
pouiter which rotates wrth heacbng changes and pomts t o  the selected statlon. 
The R-1 (PDI) indicators rn the Umted A i r  Lines E-8s are modLfied xn that the 
mdlcator always points t o  the selected rahal, 
-eciprocbL srntch. 

There is no provision for  a 
Compase heading information 1s supphed to the rotating mask 

A digxta l  course mcbcator 18 located i n  uch revolves n t h  the V-bar pointer, 
w d o w  on the upper part of the inchcator. 

kached to &e dzal representing the relationshp of the aircraft to the VOR radial. 

Unted  Dc-8 awcraf't are equxpped mth t w o  RMI-VOR mndicators, and two C-6A 
- r o w  compass mchcators mth pomters for the ADF. 
3 RMI which presents compass headmg and m)R mfomatxon plus a C-6A mdxator 
r &splay of ADF and compass mformation. A sumlar presentation 1s displayed 

1 the first officer panel. 
m t h  card fram which the arcraftfs heading 1s read at 12 ofclock position. 

Magnetic bearxng to the station 
set  by the h o b  on t h e  face of the mstrument. A munature axreraft i s  

The captam's panel has 

Each mdxcator has two poanters and a rotating 

The captain !s RKX mdicator has a ,single or nmrow poxnter which aperates 
.th vrputs from System No. 1, The double or wide pointer operates mth xnputa 
rom Svstem No. 2. The first officer has an identical &splay. The display is 
nular to the V-bar pointers of the  No. 1 and No. 2 pictorial denation m- 

sators. A8 an example: When the No. 1 VOR u m t  is tuned t o  a frequency, the 
No. 1 pomter of the RMI and the V-bar of the captam's No- 1 €91 present the 
same data. Two C-6A ADF indxators are independent o f  the VOR indicators. 

Per tment  New York mea navigational facfiities in the viciruty of the 
Preston Intersection are Lsted w i t h  t h e  charted frequencles m ef2ect at the - 
tuae of the accident: 
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Scotland Ra&obeacon 
RobbinsviUe Omru 
Colts Neck O m m  
Solberg Omru 
IdleWiLd Oram 
Idlemld Localizer (Runway 4 R i g h t )  
I d l e d d  Glide Slope 
ldlewrld Outer Marker Locator 
I d l e a d  Middle Marker Locator 

29k kilocycles 
109.0 megacycles 
115.1 megacycles 
111.7 megacycles 
115.9 megacycles 
109.5 megacycles 
332.6 megacycles 
373 kilocycles 
353 hlocycles  

Nav5gational and communications radios of Uluted 826 were exarmned and 
the i r  frequencies as of the t m e  of Impact were noted. The captan's  No. 1 W R  
receiver was tuned t o  approxlmately 109.7 megacycles. The first off icer  s Nom 2 
QOR receiver was tuned to 1lO.hS megacycles. The No. 2 accessory urut had been 
reported as bemg moperative prior t o  the co l l i s ion .  The c a p k n l s  PDI o m  bearing 
selector was deternuned t o  be approxunately 039 degrees. 
officer was s e t  to appromtely  034 degrees. 
the captam's ADF receiver 
ADF recaver was tuned to 293 hloc-rcles. 
uas set  at 103 kilocycles. 

The PDI of the firs6 
The only ADF equipment recovered Was 

and the first officerfs ADF control head. The capmn's 
The first officerfs ADF control head 

VOR Navigational Facilit ies 

rabal of the Colts Neck Omni and the 050-degree r a d i a l  of the Robbinsnlle omtll. 
The 120-degree r a w  f r o m  t h e  Solberg O m  may be used m conjunction a t h  the 
Robbmsnlle raaal. 
the Federal Aviation Agency. 
and transrmt signals xn the very high frequency radlo spectrum between 108 and 
U 8  megacycles . 

The Preston Intersection is defined by the Zntersection of the %&degree 

These three VOR stations are operated and wntamed by 
VOR stations are located on carefully selected sites 

The basic principle of VOR navigation LS t h e  ennssion of a 360-degree structure 
of radial lmes of magnetxc beanng about a h m  point. 
aural four-course rabo range xn that  It offers an lnfllvte cholce of r a a l  cowseer 

It dlf fers  from the older 

The prmary navigational signal consists of a reference modulation and a 
variable modulation. 
to the reference modulation i s  a functlon of awmuth or magnetic bearing from the 
station. 
and reference signals by which t h e  magnetlc bearlng of t h e  aircraft from the 
station may be detemned. 

The phase (or t m m g )  of the variable modulation mth respect 

The airborne receiver performs a phase comparison between the variable 

Under normal conht ions  of propagation the range of a VOR station 1s 1/3 
greater than the line of slght &stance. 
approxmately 45 mles for an aircraft at an altitude of 1,000 feet ,  to 200 m l e s  
or more for an arcraft at an altxtude of 20,000 or more. The location of s-ti0-n 
sites generally precludes the necessity of using faellakes i n  ranges in excess of 
50 to 100 d e s .  
high altitudes, stabons m t h  s l r m h r  frequenceis are n0Imlly separated by 480 
mles or more ,  

The upper luruts of range vary from 

Nevertheless, t o  rmnmze the possiblllty of Interference at 
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The Board conducted ground monitor checks on %he VOR stations at Colts Xeck, 

Flight checks were made using Colts Neck, Solberg, and Robbinsvfile VQR 
These fllght checks revealed no 

Solberg, and 3obbmsvllle. 

radials composing the Preston IntersectLon. 
abnormalities. 
to be geographically as plotted on current a r  navlgatxon charts. 

Nothing abnormal was noted d m n g  the mollltorlngs, 

Preston Intersection as determuled by the V02 radials was found 

Analysis and Conclusions 

TMA l i l i ghL 266 

Victor krway 6, at 8,000 descending t o  6,000 feet an an approxunate heading of 
096 degrees. Radar vectors to the ILS final approach course to LaGuarcha Airport 
were commenced in the mcimty of the Linden Intersectxm. TWA 266 was advised by 
LaGuiwdia Approach Control to turn right to a heading of 130 degrees; kus altitude 
at %has tune was 6,000 feet. Ne was then cleared to descend to 5,000 feet and 
advised t o  turn further right to a headmg of 150 degrees. 
by LaGuarcha Approach Contipol constituted an a n  traffic advisory, l%raffic at 
2:30, 6 mlles northeast-bound." 
m d e n t s i e d  traffic, nor was it sven  as conflicting t ra f f ic .  Surveillance radar 
~1 current use is unable to provlde information concerrung an -craft's altitude. 
Appraxlmately 39 seconds aEter mitially advising WA 266 of traffic, the f l i g h t  
vas again advlsed of the same traffic in the same relative posltlon, at a dxstance 
Of one =le. A t  no time prior ta the one-mle advzsory of traffic was any informa- 
tion furnished to Flight 266 which could haw alerted IC to a possible conflict. 
The l a s t  trafflc advisory was transnutted to T U  approximately 5 seconds subsequent 
to a 20-degree heading change issued by LaGuardla Approach Control. The xflxgnt #as 
conducted y1 conformance wlth the he&ngs and clearances issued by Approach Control. 

TWA Flight  266 operated routinely as It approached the New York area on 

The next transrmssion 

This traffic lnformatlon was not relayed as 

Uruted Fhght  826 

Uruted Flight 826 operated routinely as it progressed toward the  New York area 

However, A i r  Route Traffic Control was not advlsed o f  the fact tnat Jnited 

mth one exception. 
u t  as mnoperatxve. 
contpany. 
826 was operating mth a single o m  receiver. 

The f l i g h t  reported the No. 2 naagational receiver accessory 
This information was received by AR3iK and relayed to the 

The New York Center originally cleared United 526 to the Preston Intersection 
(the clearance l m t )  via Jet 60 Victor to Allentown arect  to the RobbinsnUe 
onmi, victor 123 to Preston, %o mintrun flqj-it l e v e l  250. 

h o r  t o  reaching Allentown the New York Center adnsed "luted 826 that it 
Umted 826 was in radar contact and issued a descent clearance to 13,000 feet. 

elected to remain at f l ight  Level 2 9  in t he  event of a delay due to weather. 
Shortly after passmg Allentown the fl ight started i t s  descent to 13,000 feet a m  
waa recleared via a shorter rolite to prweed on Victor 30 unwl intercepting 
Victor 123. 
approxunately 11 nautical rmles. However, it did not alter h e  Pres-ton clearance 
linut. 
Allentown until mnterogptml: Victor 30, and then cleared It t o  descend t o  and 

Thls new routing shortened the &stance to the Preston I tersectmn by 

The New York Center advised Uruted 826 to m a n t a n  present headulg from 
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maintain I1 ,OOO 
it was crossmg 

feet, Subsequently, Tlnited 826 was advised by Vew York Center that 
*e centerline of Victor 30. TJrnted 826 confirmed establishment 

on Victor 30 and requested his distance from Victor 123. 
adnse-1 that the f l i g h t  was 16 mles from Victor 123 and about 2 mles from crossing 
Victor b33. This  information, shomng t h e  proxunity to Victor 123 and the Preston 
Intersection, should have alerted the Lmted crew of the rapid approach to  the 
clearance l m t .  

The New vork Center 

After Gnxted 826 was established on Vlctor 30, the  New York Center cleared 
the f l i gh t  to descend t o  5,ooO feet. 
1k,OOO feet. 
United rnchcated i t  would try. 
Iulemld Approach Control u n t d  Urnted 826 vacated 6,000 feet. 

Urnted 826 acknowledged and reported leavmg 
PewYork Center than asked if Uruted 826 could m a k e  Preston at 5,m. 

A transfer of control could not be effected t o  

To assure that ''nited 826 understood t he  clearance lun i t ,  the New vork Center 

Unitedfs report leanng 6,000 feet  was acknowledged 

Urnted 826 

provlded holding instructions for the Preston Intersection . 
a t  ths tame that t he  only delay would be i n  the descent. 
leavmg 7,000 and 6,000 feet. 
by the New York Center which then instructed the flight to contact Nl.en ld  Approach 
Control. New "ork Center d3d not f u m s h  radar vectors t o  fTruted 826. 
was doing its  own navigation and the radar service thus far provlded was m the 
fonn of advisories. Umted 826 contacted Idlemld Approach Control and reported 
approachng Preston a t  5,000. 
already passed Preston by several mles. In accordance mth the information relayed 
to Idlemld A roach Control by the 3ew York Center, Umted 826 would be a[Dproacbmg 
Preston from {Ee southeast, However, the revlsed clearance n a  Victor 123 would 
have Uruted 826 approaching from the southwest. 
layed by the New York Center to Idlem2.d Approach Control .  

The f l igh t  was adnsed 
United 824 reported 

When TJnxted 826 advlsed approachng Preston, It had 

This r e n s e d  routing WBS not re- 

The area whch wodd normally be observed by the approach controller on radar 
m an effort to identify a r c r a f t  approaching Preston would have been from a 
southerly direction. 
and the clearance luru t  issued by ATC, the approach controller would have normally 
expected. t a  observe a target  approaching Preston. 
must be positively identified and radar contact established by the controller before 
radar vectors are commenced. Positive radar contact is accomplished by several 
means 

According to the position report transrmtted by Uluted 826, 

No target was observed. Alurcraft 

1. 3y the a r c r a f t  reportmg over a known radm fuc which the controller has 
described on hls scope. 

2. By ascertazning the headtng of an aircraft  and requesting a turn to a 
designated headmg for identification. 

3. By a coded Beacon transponder response, 

a radar handoff would be effected rn somewhat the  same manner, the only ex- 
ception k > e m g  t h a t  both facilites, New York Center and I d l e d d  Approach Control, 
would s~ul taneous ly  observe the -craft durlng thsse procedures and the controlling 
facalty would not relmqush control unt i l  t h e  receiving facility had the arcrsft 
positxvely identified. 
rather tfian the d e ,  Their use za not mandatory the alr traf'fic control s y ~ t e m ,  

It wa.a t e s t i f i ed  that radar hadoffs  are the exception 
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R a d a r  handoffs may be used a t  the dxmetzon of the controller mth prior coordi- 
nation between facllztles, or m the  event of an emergency. 
was not used for Umted Fl ight  826. 

A radar handoff 

Smce United 826 a d  not  advise ATC of a failure of a component or components 
of the NO. 2 
that he was capable of providing hls own mmgatlon. 
requirement to effect a positive radar handoff procedure between New York Center 
and Idlemld Approach Control. 

omni receiver or rimiest radar assistance, ATC could onLy assume 
Therefore, there was no 

Air Traffic Control 

Victor Axrway 123, upon which Umted 826 was proceeding, is utilized and 
chartered as a one-way, inbound airway servlng LaCuardra and Idleknld &ports. 
Under IFR, arcraft traversing this turway are controlled by the New York Am 
Route Traffic Control Center . 
this airway wlthout an ATC clearance, in which event ATC would not have knowledge 
of such aucraf'tfs posi-tion, altitude, destination, or identification Further, 
a u  t r a f f i c  procedures do not provide fo r  the separatwn of en route IFR and P?R 
traffic except u1 designated positxve control airspace. 
the weather in the Yew vork area on December 16, 1960, during the period loo0 to 
110, was not conducive to T T F R  operataon, It i s  highly unprobable that VFR 
traffic would have been traversing Vwtor 123 on approach control radar. On the 
basis of all avulable meteorological information, it 1 s  concluded that the 
weather conhtions In the New York mea were such that between the altxtude of 
300 fee t  and 18y000 feet, VFR f l i g h t  could not have been employed. 

Vnder VFR weather conhtions, aucraft may traverse 

Tn n e w  of the fact that 

The llew York Center records i-cate that there were no TFR -craft over- 
flying the New York Metropolitan area via Victor 123 d m n g  the. period "3 
t o  1100 on December 16, 1960, Consequently, the a z c r a f t  obsemd on radar by 
UGuarka Approach Control could only have been traffic destined for one of two 
airports, LaGu-a or Id len ld ,  or an urudentified m c r a f t .  Slnce LaGuardia 
Approach Control dxd not have a fl ight progress report on the unldentxfied traf- 
fic, they were aware that the traffic on Victor 123 w a s  n o t  destined for their 
a r p o r t .  In order to have been certain of the destination of the unidentified 
aircraft, the approach controller could have recruested tkus information from the 
New Pork Center. 
established comnnuucation mth the New York Center, identified the =craft, and 
transrmtted effective inst ruct ion m approxuuately 39 seconds, The only m e b a t e  
aternatin action that could have been taken by the LaGuartfia Approach Controller 
would have been to provide evasive radar vectors to TWA 266 on the assumption 
t ha t  the wudentified traffic was conflictulg t ra f f lc .  
vectors to TWA 266 would not be incumbent on the controller inasmuch as the ar- 
space uz the area u1 Id.lzch TWA 266 was operating had been assigned to UGwdia 
Approach Control. 

It 1s doubtful t h a t  LaOuardxa Approach Control could have 

Th~s provision of evasive 

The New York Center RRsA Radar Controller's testunonT that  he observed 
"m+ted 826 un h s  scope 1 t o  3 mles south of Preston at the tune the €h&t 
reported out of 6,OM) f e e t  1s ~nconsi.stent m-th the facts concemung tbe  tune 
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of collision 1% must be concluded that  the controller's memory of the  posltlm 
of United 826, or the tme of  observation, 1s m error. 
there could not have been a collision at the trme and place it occurred. 
Board concludes from the foregourg that the controller did not observe 826 
at k h i s  location. 

If he were correct 
The 

The transrmssion '%om 2 navigation receiver accessory unit outa has raised 
the question as t o  i t s  precise meaning 
tern which cannot be accurately applied to t h i s  Dc-8. 
descrxption of the malfunchon relates to the VOR instrumentation in earlier 
aircraft on which the crew had more operating experience. 
mstaJled on the DC-8 would have been correctly named the 
mstrwnentation unit, however, the function of t h e  mts in both a r c r a f t  was 
basically The same. Assunung that t h s  uni t  w a s  inoperative due to a loss of 
power, the follotnng effects mght have been observed by the crew 

A n  inoperative accessory umt is a 
It appears that the 

The comparable UTUt 
navigation No. 2 

Condition 

1. VHF mv-2 1197 a. 
Circlut Breaker (3A Bus 3)  Open 

b 

c .  

2, W-NAll-2 28Vs D. C. a. 
Circui t  3reaker (DC Bus 3) Open 

b. 

3, F m s t  Officer's he* 
output ra&o f i s e  open 

4. VHF NAV Transformer 
No. 2 Circut meaker Open 

C.  

a. 

b. 

a 

b. 

Indication to Crew 

No. 2 PDI red warnmng flag 
vlsible. 

No. 2 RMI-VOR (double barred) 
pointers became sluggish . 
No audio signal-, 

No. 2 PDI redwarning flag 
visible. 

No. 2 RMI-VOR (double barred) 
pointers drift. 

No audm signal, 

No. 2 PDI red warnrng f l a g  
visible. 

Wo. 2 RMI-VOR (double barred} 
pointers wlll not respond to 
change i n  headmg or frequency 
selection. 

No. 2 PDI red warmng f lag 
visible. 

Fnst officer's RMI-Vcllt card 
and YO. 2 M - V O R  (double barred' 
pointers  w l l l  not respond to 
change i n  heading or frequency 
selection. 

These conhtions were llkely the result of a faulty unit or wiring and r e s a t e d  
m a red w a r r u n g  flag, open circlxlt breaker or blown fuse. Adrmttedly tMs 
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have been an obnous sympton of a malfmctilon to the extent tha t  the creu 
would have recognized the falure without the appearance of a red warning flag. 

Derivation o f  Flightpaths m Attachment 1 

Allentown VOR clnect  Xobbinsvllle VOR. Accordingly, the f l lghtpath after passing 
the Allentown VOR was projected on t h e  basis of a turn t o  a Chrectheabng t o  
Bobblnsvllle VOR, and t h i s  headmg mamtained until lnterceptlng Victor 30. 
The transcrlptlons lndlcate  that the amcraft was establlshed on Vic-cor 30, and 
a t  1029-02 was even  a position by the  New York Center as approxunately two 
nautical mles from crossing Victor 433. 
be flown mthin the conflnes of Victor 30 anway untl l  t h e  turnoff t o  intercept 
Victor 123. 
the turn onto Victor 123 was plotted as a gradual turn t o  the 050-degree radial 
of Bobbmsnl le  i n  order not t o  overshoot the centerline of Victor 123. 
the pomt of interception of Victor 123, the flightpath was projected in a 
straight l i n e  t o  the coUision point computed as apprownately 6,555 feet from 
the center of Ihller F i e l d  on a bearing of 315 degrees magnetic. T h s  f l lgh t -  
path was derived independent of the f l i g h t  recorder information. 

Prior t o  the clearance v i a  Victor 30, Urnted Flxght 826 had been cleared 

It was assumed that the arcraft would 

In considermg that one VOR receiver may have been inoperative, 

Prom 

"WA F l i g h t  266 had been cleared from Allentown VOR m a  Vlctor 6 to tne 
Linden Intersectlon. 
centerline of  Victor 6 unt i l  belng vectored fo r  an approach to the LaGuardia 
Airport, 
and subsequently glven turns to headmgs of 130 degrees, 150 degrees, and 130 
degrees. kccordmgly, a ground 
speed of 160 knots was considered reasonable in pro;ectmg the probable path of 
fllght w H e  being vectored, and the path was plotted from the estimated colhsxon 
pomt back to  Victor 6 on magnetic headings of 310 degrees, 330 degrees, and 310 
degrees. 

It was assumed that the amcraft would be flown along t h e  

At 1030.49 TdA Flight  266 was requested to reduce to approach speed, 

These turns  to headlngs were properly executed. 

The time of col l is ion us i l lzed  IS not intended to mean that this 1 s  the pre- 
cise t m e  of collision. 
eslablishing apprommate geographical positions at me-nunute intervals, 1033.39 
was selected as a reasonably ntbn-range figure for the follotnng reasons: 

In order to have a startang point for the purpose Of 

3. It marks a definite point in the t ranscr ipt  of the recordmgs, l.e., 
the end of the Itopen mke" sound. 

2. This time point was selected as -thin reasonable I m t a t i o n s  based upon. 

a. A t  1033:42 TMA 266 was instructed to t u r n  left to a headmg 
of 100 degrees. This instruction was neither folloued nor 
acknowledged, according to the transcript, and; 

b. A t  1033926 TWA 266 was advlsed of trafflc at 3 o'clock one 
m l e  ASsiming the accuracy of the o n e - d e  figure and using 
a ground speed range from 240 larats to 320 knots for t)le 
unidentified h r g e t ,  m e  tune t o  collision is 1033:26 plhs 10 
seconds e q d b  1033.36, or 1033~26 plus 15 secorids equals 1033*41. 

j 
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3 ,  United Fllght 826 reported approaching Preston at 1033.28. Dehled c 

l a n b n g  information to Uni ted 826 endxng at 1033-5k was aven by Idlemld 
Approach Control, but was not acknowledged, although a l l  previous instructions 
had been acknowledged i n  approltullately SIX seconds or less. 
considered that the Collrsion occured -thin the tune ulterval 1033-30 - 103hiOO. 

I t  was therefore 

Since the tune of 1033:39 represented a definite t i m e  point m the trans- 
cribed recorhng tapes approxmately nndway between the foregolng time conputa- 
tions, it was selected for the purpose of plot t ing  t he  approximate geographcd 
positions o* the aircraft along the nightpath at one-nunute mtervals. 

The f l ightpath of flnxted 826 as derhed from the f l i g h t  recorder readout 
was plotted independently of the  mnfomatxon obtained from the comuucations 
tapes. 
of each track was the pout of c o l l i s i o n  as determined by the trapctory StucW. 
The flightpath was then worked out in reverse from this  point using the information 
obtained from the f l i gh t  recorder readout. 
and plotted back along the flightpath to Allentown. 
joined m a faired curve. 

"he two tracks depicted i n  Attachment 1 are s m u l a r .  The starting point 

The successive points were determmd 
The data points were then 

Flight recorder tapes of selected f l ight s  makmg ILS approaches under u1- 
strusnent weather conditions to Yew York Tnternational Airport from the areas of 
a l w a y s  Victor 30 and Victor 123 between December 8 and December 16, 1960, were 
plotted.  Only two of the 31 computed ground tracks included a holding pattern 
at Preston. Most of the remammg tracks mdwated turns at or in the general 
vicirnty of Preston. However, possible track m c u r a c i e s  result ing mamly 
from tolerances in xnbcated cvrplane he-gs and possible  dxfferences between 
actual and reported &s preclude detemnat ion  of the exact &stance from 
Preston at dnch these turns were made. 

VCR Stations 

Umted A l r  LUES Fl ight  826 did not enter a holdmg pattern at Preston 
Intersection but proceeded northeast on Victor 123. This rased the question of 
the rehability and mtegrity of the VOR radh navigation signals trmsrmtted 
from RobbmsvlUe, Colts Neck, and Solberg *ich define the Preston Intersection. 
Many theones have been advanced to explam how incorrect navigat7cm informatian 
could have exlsted 3.n the n c u n t y  of Preston at t h e  time of the accident. It 
has been suggested that false radio beanng information e n s t e d  at Preston and 
could have been caused by co-channel interference, harmomcs, inddstrml radio 
noise, reflections, vertical polarization, and a trammutter xnalfmtron. To 
proper* appreciate and evaluate each theory, a k ie f  renew o f  VOR operating 
principles is presented. 

VOR stations at the above three locatlans are operated and rnmntmned k? 
the Federal Anation AgencTr and transrmt signals in the very h g h  fremency 
r&o spectrum. Each station is located it'c a carefully selected site. The 
structure houses the transmttmg ecppment beneath a domed housmg or counter- 
pase wbch serves as part of the antenna System. A 360-degree signal radxafes 
from antennas sheltered beneath a cone which is sxtuated in the nuddle of the 
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counterpoise. 
for each azunuth. Should a signal of spec i f ic  beumng peculiarities be changed 
from i t s  proper asmuth by some reflee%-Lng phenomenon It would stlll r e t a m  I t s  
o n g m a l  bearmg information regardless of i t s  final. alignment. A morutormg 
device which IS attached to the counterpoise edge alerts the proper personnel by 
Italarrmngl' when c e r t a  slgnal characteristics change, when t he  bearing mnfor- 
mation 1s in error plus or mnus one degree, and when the s q p l  1s not present. 
In adbtxon, this momtor unmedlately shuta the transmitter off when any o f t h e  
above occur. 
faclllties on the date of the accident. 

The bearvlg mfomation 1s transnutted via s ~ g n a l s  that are unique 

There was no record of such an Irregularity on any of the above 

The pattern of szgnal strength developed i n  space 1s  the algebraic adbtion 
of signals direct from the antennas and s~gnals  reflected by the counterpoise. 
In adihtion, relectaons of the signals by the earth contribute to the form of 
the signal strength pattern, The varylng surface character of t h e  earbh m11 
cause the pattern t o  differ slightly wzth each azimuth. 
and bu3di ngs can all vary the reflecting ability of the earth. 
space in the signal pattern i s  ca l led a 9nClit and the pattern of stronger signals 
is called a "1obe.n 
normally the strength of signals reflected i s  law in comparison mth t h e  dlrect 
signals so that v e a t i o n s  in the earth's reflect- ability would result zn 
slight changes in the signal pattern. 
signal  strength is a lobe f i l l i n g  the  space surroundmg M e  stabon from the 
honson to an elevation angle of approxmately 75 degrees- 
s ignals  fill the space about a station and a nomangable signal 1s developed 
LO degrees to.15 degrees either sida of the vertical Over the station. 
nu3l is termed the cone of aaibiguity. 

H i l l s ,  trees, fences, 
A weak szgnal 

The reflective quality of the earth's surface varies, but 

Therefore, the general pattern o f  the VOR 

hornally, the stat ion 

T h s  

The even dxstribution of snow on the  counterpoise may cause a very s m a l l  
change in the signal pattern. 
&sclosed that approxlmate2.y two inches of snou ware on the counterpoise of the 
Colts Neck VOR several hours after the accident. Tests prenously cunducted by 
the FAA during the mnter of 19b9-50 concluded t h a t  although snow on the counter- 
poise 1s undesirable It is  not a serlous source of error unless the height of 
snow exceeds the height o f  the antennas (approxmately 48 Inches). 

Testmony received at the second 2ublic hearing 

The theory of eo-channel lnterference suggesta the possibilxty .that another 
VOR station operating on the sane frequency a8 Colts Neck transnutted Its s l e d .  
by some phenomenon mto the Preston area. 
the United States and because of the limited nunber of radm frequencies available, 
the same frequency must be occasionally assigned GO more than one station. 
ever, since radio signals In ths frequency spec%- are receivable only In an 
approxynate hne of sight path, the Wficulty of sharing frenuenwr is elmmated 
by placxng stations us- the same frequency a great dxrtance apart. Theoretictally 
i t  1s possible to receive signals of t k s  radxo band over a chstance substantially 
greater than the luze of sight path, but authorities believe that reqmred 
con&tions rarely occur and then only occasiordlv during tne sulwler months. 
Nevertheless, assurmng that such a phenonenon did exlst on December 16, the 
resultant slgnal formed by the combinatxon of two different station signals 
wwLd depend on the quartz crystals being of the same calibraUon freq1:encr values 
for each translrutter and on the phasulg of the  modulated beamng mtellxgence t o  
form a flyable signal, For such comcxdental phenomna to wcm over the &stance 

Due t o  the numerous VOR statxma m 

HOW- 
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and alt i tudes flown by Uruted Flight  826 as it went through the Preston area i s :  
considered highly -probable. 

Several u ldus t r i a l  processes are known t o  generate rad30 signals, ha;rmorucs 
of &nch fall in the VOR frequency b a d e  The existence of such signals is h m  
to  have occurred m the New rork C i t y  area and 
p e m t  t h e i r  recept;lon in the Preston mea. The possibility that  such szgnals 
caused erroneous bearing information to be received by the United flight is 
exhmely unlikely. 
Preston by four and seven m u t e s  respectively, reported no interference, 

t h e  strength of such signals w o u l d  

American Flights  46 and 100, follom-ng the Uruted f l lgh t  over 

The possibxlity of interference t o  the proper reception o f  VOR signals caused 
by other strong r&o signals such as those transrntted by the Voice of America 
stabon FJBOU at a nearby location was considered. 
stations ciefinrng Preston, n t h  WBOU operating a t  the frequencies and pomr nsed 
at the lame of the  accident, found no endence of interference. 

Fl ight  checks of the VOR 

One of t h e  m o s t  seriovs conditions t h a t  can arise once a null  or weak signal 

To md in  resolvlng this possibility the Colts Neck s i te  
zone 1s developed xn the TOR pattern 1s the reflection of a signal of another 
a z m t h  i n t o  the null. 
was studied for landscape, structure, or devlce which would act  as a reflector 
and retransnut a signdl into a nul l  at or near the Preston Tntersection. Two 
objects, a metal-roofed barn, and an amateur radm statLon antenna, were con- 
sidered as possible reflectors. 
reflectors, a mathematical analysis dLsclosed that the signal received by any 
arcraft follonng the  path the United f h g h t  1s belxeved to have followed would 
be unflyable and instrument reaction w d d  certamly alert the crew to unusuaf. 
con&tions. 
station may have ref lected undersired azlmuth signals lnto the Preston area, but 
agam t h e  character of the resultant slgnals received by an alrcraft would %e 
unusual and noticeable t o  a flight crew. 
by American Flights k6 and 100 over Preston a short tune after the passage of 
F h g h t  826 inhca ted  t h a t  such a condition did not exist at 4,OvO or  6,000 feet. 

To ascertain the effect  of these objects as 

rt was suggested that  two h l l s  m the area of the Colts  Neck 

The receptlon of a satisfactory signal 

Normally, the s i g n a l  trmmtted by a VOR station 1s predormnantly horizon- 
tally polarized. However, some vertical polarization exlsts t o  a small degree, 
The vertically polarized wave component of a signal 1 s  transmitted in the same 
azimuth as the holzzontally polariz,ed por-cion, yet i t s  bearmg information 18 
90 degrees greater or less than the actual azimuth. 
polarized signal is generated by a separate portion of %he antenna structure, 
which mula cause the fcrm2llOn of a separate and &stinct signal pattern, This 
then would make the result of such polariZation more effective in changing the 
resultant bearing received by an aircraft. A review of the f l i g h t  check data of 
the Colts Xeck station indicates a below-normal level of vertical po2arization 
throughout Its history. Such a condition could go undetected TT station monitor- 
ing e q u p n t ,  mt the lack of such polarization before and after the accident 1s 
a strong xndzcation that ;It chd not occur during the period when Flight 826 was n m  
Preston. The two Amemcan f l i g h t s  experienced no failure or noticeab3.e signal 
vwiation as they followed TJnlted 826 up Vsctor 123. 

Theoretically, the vertically 

~n extensive investigation was made of the transmttmg eqlupment and s t a t i o n  
logs of the three stations urvolved. S ignah "rom each station were morut;orc;d 
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for a considerable period of time. 
the geographical position of Preston. 
phase of the rnvestigation to Indicate that any 03 the three stations was 
malfunctionuzg prior to, a t  t h e  tune of, or subseauent to, t he  accident. 

One period of monitoring was conducted a t  
There was no evidence disclosed by this 

The Board believes that the failure to solve the time and distance 
problem associated mth the  clearance, in conjunction mth the apparent failure 
of the No 2 VOR accessory a t  and resultant instrument pictorial display, 
caused the passing of the Preston Intersectam to be unobserved by the -night 
crew. 
Robbmsnlle to Preston. En route to Allentown at 1021 the DC-8 reported the 
No. 2 navlgation receiver accessory unit to  be inoperabve. 
to Uruted maxntenance personnel v i a  A R D C  raho was a n a l e r t  that either the 
cockpit ulstrumentation, the navlgation ecmpment, or both, would require 
a t ten t ion  dunng  the ground stay of the awcraft a t  Tdlewlld. 
report to the effect that navlgation waa chfficvilf or unpoaslble. 

The flight was proceedmg normally on the orxgulal clearance n a  Allentown, 

The message duected 

There was no 

While en route from AlJ.entown to Robbmsvllle, m g h t  826 received an amended 
clearance n a  Victor 30 and to mtercept Victor 123 mth further clearance to be 
epec ted  at Preston. There was no delay expected. 
a rapid descent and maneuvering in order t o  position t he  f l i g h t  at 4,000 feet 
over Preston. 
approximately 11 naut ical  mles, the crew apparently made no notation of t h e  
shortened time and distance from the interception of Vxctor 123 to the  Preston 
Intersection 

I'hs new clearance necessitated 

dhen the clearance was changed, n t h  the subsequent short cut of 

The crew comtted a prllnary error by apparently faxling to record and note 
the t m  and distance reqwred to comply mth their new clearance. It is log ica l ,  
m n e w  of the  rapidity mth which t!,tle faaght  was being maneuvered, to assume that 
the tune and custance from the mtersection of Victor 30 and Victor 123 to Preston 
was not corrected from the orrg ina l  tune and &stance associated mth the Robbms- 
vllle/Preston clearance. 
m the crew's mind and, tme-mse, they wuld have believed t h a t  Preston had not 
been reached. 
nents were undependable, the captain would be expected ta use a substitute raethod 
for deteminsng Preston by r e t m n g  the NO, 1 VOR t o  Colts Keck or Solberg or by 
t w g  the No. 1 ADF to t he  SootLand,Radzobeacon. If tuned to Scotland, the crew 
could have observed the pointer f o r  the identif icat ion o f  Preston by reading a 
mgnek~c bearing on the FJo. 1 AD". The ADF is considered the lcgical instrument 
to use mamuch as t he  f l ight  would normally proceed toward Scotland after 
receivung a clearance to depart Preston, 

This origmal tune  and dastance was probably embeded 

Logwally,  since the No. 2 9DR accessory m t  and associated mstru- 

If the crew retuned the  operable *Sa. 1 VclR after establishing t h e i r  position 
on Victor 123, they could have received the appropriate radxal. of the Colts Neck 
 om^ 
If t h s  were accomplished before pass- the intersection at Preston, they muld 
nave had an lndscation of the intersechon by t he  f l o a t i n g  pomter when passing 
Preston. If they had already passed Preston when the selection was completed, 
the uldication on the mal would have been a f u n  deflection of the  pomter, at whicn 
mme t h e y  codd have taken some action to chscontinue further flight in a north- 
easterly direction. 

selecting 166 degrees u1 the nndm and tuning to the Colts Weck frequency. 
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Normally, n t h  both VOR units operating properly, the No. 2 VOR f loat ing  

pomter would pass across the c e n t e r h e  when the aircraft passed the Preston 
'Intersect_ton provxded t h a t  the mi-t were tuned to Colts Neck and the mndow 
settmg was 166 degrees t0 the station. S d t a n e o u s l - r ,  the No. 2 pointer on 
the  captain's VOR RI4I muld, when operatmg correctly, point to 166 degrees on 
the VOR azmuth at the tme of passmg Preston. 
this instrument &splay. 

The crew would be accustomed to 

If the No. 2 VOR accessory unit  were dependable, the captam would use his 
No. 1 VOR and h s  PDI on Robbinsville and expect to see the double pouter  on his  
No. 1 VCR pointmg t o  166 degrees on the rotat ing azlnuth when crossing Preston 
and at the same W e  the copl lot ls  PDI w d d  be mdicating the crossing of Preston. 
It IS believed that since Colts Neck facilitv was apparently operating normilly 
and that the crew had used th3s facil ity while operating the f l i g h t  on Victor 30, 
i t  would have been the logxcal a d  for establishng t he  Preston f~c. 
1s believed that the ADF was used for navigation, it is probable that the  captain 
was t r a n s i t i o m g  to the ADF and pictorially associated t h i s  i n s t m e n t  wlth the 
VOR RMI. In such a case he muld contmue h s  f l i ght  u n t i l  the No. 1 pointer of 
the AJ)F lndrcated I66 degrees on the l3M.I. W i t h  the No. 1 ADF tuned to Scotland, 
the collision occurred when the single pomter was indicatmg appraxllnately153 
degrees and had not reached the erroneously deslred 166 degrees. This, coupled 
mth the facts that the crew had informed approach control that they were corning 
up on Preston, that the altitude at t ime of collision was a l i t t l e  Over 5,000 
feet,  that  radar semce had been temnated, and that the crew had no t  reported 
over Preston, a l l  tend t o  support the conclusion that  the crew believed they had 
not yet reached the Preston Intersection when the collision occurred. 

Since it 

Also, the f l l g h t  had rammed on the 050-degree r a b a l  of Robblnsvllle wlule 
proceechng northeastward and l i t t l e  deviation from course was recorded. 
tme to point of col l is ion was nearly the same as tune normally requxred to 
f ly  fram Robbinsnlle to  Preston. The &stance from normal interception of 
Victor 123 via the clearance to Robbuzsvllle to Preston 1s approxmately the 
sagl~ distance that the f l ight  made from intercepting Victor 123 m a  Victor 30 
t o  the crash site, Therefore, the t i m e  t o t r a v e l  from Robbinsvllle to Preston 
would approxmuate the elapsed t i m e  from Victor 30 Intersection t o  the crash site. 

The 

The Board believes with the above conditions prevailmg the captain would be 
operatmg the controls depenbng upon the copilot  to tune the navigational 
eqmpmnt, record new clearances, and keep him adnsed of other operational data, 
It, 2s  further logical to assume that the captan would use h s  No. 1 VOR pointer 
and the €91 unit tuned tu R o b b i n s d e  frequency to maintam his position on 
Victor 123, and hold if necessary. 

The crew had flown t h i s  au- route many times and w e r e  farmliar wzth the 
tune ann distance from Robblnsvllle to Preston. 
sectxon and hned to Colts ?leek the  captam, when navlgatmg wxth both VOR umts ,  
was accustomed to seeing the No, 2 VOR pomter xn a mutheast hrection and to 
read- 166 degrees on a e  Yo, 1 or captain's VOR azurmth. T e  pictorial. dasplay 
by the captam's ADF when tuned to Scotland n t h  the aircraft over t h e  crash site 
wodd resemble &e Vofl display when at Preston wrth the No, 2 VOR tuned to Colts 
Neck. 
mhal of 050 degrees of Robbmsvslle and by a 100-degree mn&Lcatlon on t h e  RKE 
tuned to Scotland. 

A l s o ,  at the Preston Inter- 

The Preston Intersection would be identified while holding the outbound 

It 1s reahzed that the New York area charts do not indicate 



specifically the bearing of Scotland from Preston, but bv inspection a very close 
approxmation of the correct bearing could be obtained, 

From the foregoing, the Board concludes that t h e  crew of Uruted 826 dld 
not take note of the  change of time and &stance which would be associated u t h  
the new clearance and probably confused t he  AD?? display n t h  the ant i c ipated  VOR 
display, thereby exceeding the clearance lmnts. 

The Board concludes that  while wlth thls type ancraft it 1 s  possible to 
nangate knth one VOR navigational unit, the h g h  degree of cockpit occupation 
during the approach to Preston Intersection d c a t e s  that a second operable VOR 
unit would have aS8l6ted in a positive identlfication of the Preston Intersection 
The change of clearance from the or;LgLnal lfAllentown, beet Robbinsvllle, Victor 
123 to Preston" to the  short cut clearance ''present heahng, to Victor 30, Victor 
30 to Victor 123 to Preston," added to the workload of renslng and recomputing 
the navigational problem dur ing  a very small  interval of tme. 

The Board further concludes that  the N e w  York Center Controller &d not 
observe Uruted 826 proceeding through the Preston 3htersection before he had 
admsed the f l i g h t  to contact Idletslld Approach Control and prior to t h e  terrmn- 
atmn of radar semce. When radar sernce was bemg terminated at 1033.20, 
F k g h t  826 had already proceeded e ight  or nine nules beyond Preston, Umted 826 
acknowledged t h i s  transrmssion at  1033 27, seconds before the collision. 

The Board notes that during the couT8e of t h i s  investigation the Federal 
Amation Agency took various steps to mprwe and strengthen the efficiency and 
effectiveness of i t s  A i r  Traffic Control Sys tem,  indadmg the f o l l m n g :  

1. A special regulation (slz-,!d& was issued which requires p i lo t s  operating 
under instrument flight rules to report  m-f3q$t malfunctions of nangation or 
cornurncation eaulpment . 

2. A program has been establrshed far a31 turbine-powered arcraft to 
be eqmpped mth &stance-measuring eeluupment (DME) by' January 1, 1963. One year 
latw all a m m f t  of over 12,500 pounds maxunm takeoff weight  must be so 
equpped . 

3 .  
are8 is being performed to a much greater extent than was practaced before the 
accident. 
a great extent. 

aircraft to "SLOW to holding pattern a r s p e e d  at least 3 mmutcs before reaching 
holchng f ' l x . 1 8  

Radar handoff service for  arrinng and deparkng ancraft m the New Tork 

On a nataona3 basis, full-tune radar handoff semce has lncreased to 

4. Controllers have been vlstructed to issue an advisory to arrinng j e t  

5. The Stroudsburg, Pennsylvama, VOR m e  and identification signal, (SS3) 
have been changed to Taunersvllle (WE) because of potent ia l  confusion m t h  
Solberg VOR (SBJ), 

6. The Agency has issued a speed rule w-hxch prohAbits arcraft from exceedutg 
250 knots when =thin 30 nau%scal mles of a destination aimort and below 10.00). 
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I except where the safety reaulrement of t ac t lca l  mlitary jets h c t a t e s  a higher 

nnnlmum speed, d n c h  then applies t o  these aircraft. 

bobable Cause 

The Board deterrmnes that the probable cause of th i s  accident was that Uruted 
Flight 826 proceeded beyond i t s  clearance Iimt and the confines of the arspace 
allocated to the f l igh t  by AU Traffic Control. 
hgh rate of speed of the Uxuted E - 8  as it approached t h e  Preston Intersection, 
coupled with the change of clearance w h c h  reduced- en route distance along 
Victor 123 by approxunately ll mles. 

A contributing factor was the 
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Investigation and hearing 

The Civ i l  Aeronautlcs Board was notifled that  there was app*enkly an am- 
craft col l is ion over Staten Island, New York, approxumtely 1050, December 16, 
1960 
t h e  N e w  York office investigators who were already on the scene. The mvesti- 
gation was initiated m accordance with t h e  provisions of section 702(a)(2) of 
the Federal Aviation A c t  of 1958 

Investigators were mediately dispatched from the Washugton office to ald 

A public hearlng was ordered by the Baard and w a s  held in the ballroom of 
the  St. George Hotel, Brooklyn, New York, on January  4 through Janua ry  13, 1961. 
Seventy-nme witnesses were lnterrogated and a large mount of documentary 
material was received in evidence 

A second public hearing was held at C l v i l  Aeronautics Board Headquarters i n  
the Universal. Bul ldug ,  1825 Connecticut Avenue, Washmgton, D. C., on Ju ly  21 
and 22, 1961, at which time flfteen additional witnesses were lnterrogated and 
several witnesses recalled. Additional exhibits were introduced mto evidence .) 

A u  Carriers 

Trans World Airlmes, Inc , a Delaware corporation, 1s a scheduled air 
carrier with its prmcipal offices located at Kansas City, lfissouri. 
possesses a currently effective certificate of public convenience and necessity 
Lasued by the Cxvil Aeronautics Board ELnd an azr carrier operatulg certificate 
issued by the Federal Aviation Agency 
port by a i r  persons, property, and mail mer various routes including that 
f rm Dayton, Ohio, t o  New York, New York. 

It 

These authorize the carrier t o  trans- 

United A l r  Lues ,  Inc , i s  a Delaware corporation with i t s  corporate offices 
In Chicago, I l l inoie .  The company i s  engaged xn transporting by air perso~s,  
property, and m a i l  
venience and necessity issued by the C i v i l  Aeronautics Boarcl and an axr carrier 
operatmg certificate issued by the Federal Aviation Agency. 
operation over a number of routes including that of Los Angeles, California, 
t o  Mew York, New York. 

It holds a curren t ly  effective certificate of public con- 

These atlthorize 

Flinbt Personnel 

1. Trans World Airlines,  Inc 

Captaln David A. Wollam, age 39* was employed by Trans World Airl ines  on 
May 23, 1945. 
axlme t r anspor t  cer t i f icate  No. 261640. 
and 404, and Lockheed Constellation alrcraft. 
14,583 flyxng hours, of which 267 were i n  the Constellation. He qual i f ied  m 
this type equipment on September 9 ,  1952. He was current ~tl the requirements 
of proficiency checks, llne checks, rout e quallficatmns , and recurrent tram- 
%& h 8  h%& Federal A;v&atxm Agency phyarcal was passed on October 31, 1960. 

He held a valid airman certlricate w i t h  a currently effective 
H i s  satulgs ulcluded DC-3, Martul 202 

Captaln Wollam had a total of 

First Officer Dean T. Bouen, age 32, was employed by Trans World Alrllnes 
He held a currently effective airline transport certificate on July 13, 1953. 

No. 1241217. He was rated on Lockheed Constel la t ion aircraft. 
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Flrst Officer Bowen had a total of 6,411 flying horns, of which 268 uere 
ISI the Constellation 
He was current III all Federal Aviation Agency and company requirements, 
last Federal Aviation AgenEy physlcal was passed on September 17, 1960 

He qualified m this t y p e  equipment on Nay 13, 1959- 
His 

Fllght Enguleer LeRoy L. Rosenthal, age 30, vas employed by Trans World 
Airllnes on January 3 ,  1956. 
plant certificate No, 1329810 and flight engineer certificate No. 1340774. 
Mr. Rosenthal qualified as a flight engineer w i t h  the company on M a y  9, 1956. 
He had a total of 3,561 f lying hours,' of  whmh 204 were in Constellation equipment. 

He held a currently affective airframe and power- 

Stewardess Margaret Gernat, age 24, was employed by Trans World Alrl lnes  on 
October 13, 1958. 

Stewardess Patricm Post,  age 21, w a s  employed by Trans World Airllnes on 
January l.* 1960 

2. United Air Lines. Inc. 

Captaln Robert H. Sauyer, age 46, was employed by United Air Lmes on 
January 2, 1941. 
alrlvle transport certificate No 70677. Bis ratmgs included DC-3, 8-247, DC-4, 
DC-6, DC-7, and DC-3 type aircraft. 
hours, of which 344 were XI DC-8 type aircraft. 
c r a f t  on June 6,  1960. 
and route qualif zcations. 
was on September 26, 1960. 

He held a valid a i m  c e r t i f i c a t e  with a currently effective 

He qualified in DC-8 type air- 
Captaln Sawyer had a tota l  of 19,100 Slylng 

H i s  last Federal Anation Agency physlcal examination 
He was current in the requrements of proficiency checks, 

First Officer Robert W. Fiabmg, age 4.0, w a s  employed by United Air Lmes 
on May 1, 1951. 
No. 439262. 
First Officer Fiebixlg had a total of 8,400 hours, of whxh 416 were m DC-8 type 
slrcraft. 
Agency physical was August 23, 1960, 

He held a currently effective airllna transport certificate 
H i a  ratulgs included* DC-3, DC-4, DC-6, E-?, and DC-8 aircraft. 

He was rated u1 DC-8 aircraft on May 3, 1960. H i s  last Federal Aviratron 

Second Officer Richard E. Pruitt ,  the flight engineer, age 30, was employed 
by United A i r  Lines on September 15, 1955. He held an airllne transport certlf- 
icate lo 2161137 and f l ight  engineer certificate No. 1329809. Hls ratmgs fb- 
cluded: DC-6, DC-7, and DC=8 type aircraft. Second Officer P r u i t t  had a t o t d  
of 8,500 hours of flymg tune, of which 379 were as fllght engmeer i n  DC-8 type 
aircraft 
Federal Aviation Agency physical was August 23, 2960. 

He was rated Ln DC-8 type aircraft on December 15, 1959. His last 

Steuardsss Mary J. M-mneg, age 26, was employed by United A i r  bmes on 
October 31, 1955. 

Stewardess Anne M. Bouthen, age 29, was employed by United Air Lmes on 
August 25, 1954. 

Stwardess Pstricla A. Keller, age 26, Was employed by United A i r  Lines on 
July 28, 1960. 

Stewardess Augustme L. Ferrar, age 22, was employed by United A i r  Lmes on 
May 30, 1956. 



The Aircraft 

1. Trans World Airlmes, Inc. 

N 6907C, a Lockheed Constellation, model L-l049A, manufacturer's serial 
No. @Zl, was delivered to Trans World Alrllnes on October 16, 1952. At the 
tune of' the accident the aircraft had a total  of 21,555 f l y h g  hours. 
mamtenance operation had been conducted 3.49 hours prior to the accident. The 
aircraft had been flown 3,955 hours smce i t s  last overhaul. The aircraft was 
equpped with Wright engines, model WAD 975Clt3GB-1 and Hamilton Standard pro- 
pellers model 43E60 with model 6901-0 blades. 

A 15oe 

2. United Air L u e s ,  Inc. 

N 8013U, a Douglas DC-8, manufacturer's serial No. 45290, was delivered to 
United A u  Lues  on December 22, 1959. 
had a t o t a l  of 2,434 f l y l n g  hours. The aircraft had been flown 42 hours smce 
the last overhaul. 
j e t  engmes. 

At the t h e  of the accident t h e  aircraft 

The aircraft was equipped with Pratt & Whitney JT3C-6 turbo- 
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GLOSSARY 

Air route t ra f f i c  controI_-center - (Center) 
An FAA fac i l i ty  established t o  provxde au" %raff le  control serv~ce to IFR f lxghts  
operatang withm controlled airspace and prmcipdly durrng the en route phase of 
f l i ght .  

A i r  traffic clearance (Clsarancel, 
Authorlaat ion by air traffic control facilities, for the purpose of prevent mg 
cc l l l s ion  between known aircraft, f o r  an alrcraft to proceed under specified traffic 
conditions within controlled amspace. 

Air traffic control (Control). 
An FAA  emi ice provided f o r  the purpose of promotmg the safe, orderly and expedi- 
tious flow of air traffic ulcludlng a q o r t ,  approach and en route air traffic 
control services. 

Air t raff ic  control sDeclalist (CmtroUer)  . 
A duly authorized person employed by the FAA providing a m  traffic control service. 

Amroach Control . 
A r r  traffic control service, provided by a terminal area traffic control facility, 
for arriving and/or departlng IFR f l i ght s  and, on occasion, VFR f l zghts  

Center's area. 
The specsfled airspace within which an au' r o u t e  traffic control center provides air 
t r a f f i c  control and f l i g h t  advisory service. 

Clearance l un i t  . 
The fix to which an aircraft is  issued an a lr  *raffic clearance. 

A predetermined maneuver which keeps an alrcraft withln a specified airspace whiL 
riwaitmg fmther clearance. 

IFR conditions 
Weather conditions below the mmma prescribed for  f l i g h t  under Visual Flight Rules. 

IFR f l lRht .  

F h g h t  conducted III accordance with mstrument fl ignt rules. 

Radar handoff 

T h a t  action whereby radar ideatif Lcatmn and control or advisory jurisdictmn over 
an aucraft 13 transferred from one controller t o  another without mterruptlon of 
radar surveillance. 
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