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UNITED AIR LINES, INC , DC-8, W 803U, AND
TRANS WORLD ATRLINES, ING., CONSTELLATION 1049i, N €907C,
NEAR STATEN ISLAND, NEZW TORK, DECEMBER 16, 1960

SYNCPSIS

On December 16, 1960, at 1033 s.s.t., a collision between Trans World Airlines
Model 10494 Constellation, N 6907C, and a Upnited Aar Lines DC-8, N 8013U, occurred
near Miller Army Air Field, Sisten lsland, New York. Trans World Axrlines Flaght
266 oraiginasted at Dayton, Ohilo. The destination was LaGuardia Airport, New York,
with one en route stop at Golumbus, Ohio  United Air Lanes Flight 8206 was a non-
stop service originating at O'Hare Airport, Chicago, Illanoxs, wibth its destina-
tion New York Internaticnal Airport, New York., Both airera{t were operating under

Instrument Flight Rules.

Following the ccllision the Constellziion fell on Miller Army Faeld, and the
DC~E continued 1n s northeasterly direction, crashing anmto Sterling Place near
Seventh Avenue in Brooklyn, New York. Both sircraft were totally destroyed. All
128 occupants of both aircraft and 6 persons on the ground in Brooklyn were favally
injured. There was considerable damage to property in the srea of the ground
umpact of the DC-E.

TWA Flight 266 deperted Port Columbus Airrpori at 0900, operating routinely under
Air Traffic Control into the New York area  The New York Asr Route Treffic Control
Center (ARTCC) subsequently advised that radar contact had been established and
cieared the flight to the Linden Intersection., Control of the flaght was subse-
quently transferred to LalGuardis Approach Contrel. When the flaght was abcout over
the Landen Intersection, LaGuardis Appreech Control began vectoring TWA 266 by
radar to the final approach course for g landing orn runwsy 4 at Labuardas. Shortly
thereafter TWA 266 was cleared ©o descend to 5,000 feet, and was twice advised of
traffic an the vacipity on a northeasterly hesding. TFollowing the transmissnon of
thas anformation the radar targets appesred tc merge on the LaGuardia Approach
Contrel radar scope, and communications with THA 266 were lost.

United Axir Lines Flight 826 operated routinely between Chicago and the New York
area, contacting the New York ARTCC at 1012  Shortly thereafter ihe New York
Center cleared UAL 826 to proceed from the Allentown, FPa., very high freguency omna
directicnal radio range station {VOR) darect tc the Robbinsville, New Jersey, VOR,
and thence to the Preston Intersectaon via Vietor Airwey 123. At approximately
1021, UAL 826 contacted Aeromautical Radio, Ipe. {ARINC) to advise their company
that the No. 2 resceiver accessory unit was inoperative, whieh would indicate that
one of the zireraft's two VHF radic navagationzl receavers was not functioning., 4
“fix® 1s esteblished by the intersection of two radials from twe separate raduc
range stations. With cne upat anoperative the cross-bearings necessary csn be taken
by tuning the remaining receiver from one station %o the other. This process con-
sumes consSiderable time, however, and is nobt 25 zccurate zs the simultanscus display
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of information on two separate position deviation indicators  While UAL 826 advised
the company that one unit was inoperative, Air Traffic Control was not advised.

At 1025 the New York ARTCC issued a clearance for a new routing which shortened
the distance to Preston by approximately 11 miles. As a result, this reduced the
amount of time available to the crew to retune the single radio receiver Lo either
the Colt's Neck, New Jersey, or Solberg, New Jersey, VOR in order to esteblish the
cross-bearing with Vaictor 123, which would identify the Preston Intersection. In
the event the crew would not attempt to retune the single VOR receiver, cross—
bearings on the Scotland Low Frequeney Radicbeacon could be taken wath the sireraft
directaon fandaing (ADF) equipment. This would be a means of identifying the Preston
Intersection but, under the circumstances, would reguire rapid menizl calculation
in the interpretation of a display which could be easily misread. Several factors
support the conclusion that this occeurred.

Instructions had been 1ssued to UAL 826 for holding at the Preston Intersections
the clesrance lamat, should heldang be necessary. Clearance beyond Preston for an
approach to Idlew:ld Airport would be recerved from Jdlewild Approach Control and
the transfer of control of the {laght from the New York Center to Idlewzld Approach
Control would normally take place as the aircraft was approaching Preston. UAL 826
Was not receiving radar vectors, but was provading its own navigation. After the
flight reported passing through 6,000 feet the New York Center advised that radar
service was terminated and instructed the flight to contact Idlew:ld Approach Controd.
UAL 826 then called Idlewald Approach Conirol, stating "United 82¢ approachang
Preston at 5,000." This was the last known transmission from UAL 826.

A1 the time UAL 826 advised it was approaching Preston 1t had in fact gone on
by this clearance limit several seconds before and was seversl miles past the point
at whach 1t should have turned into the holding pattern. This is confarmed by the
Gata obtzined from the flight recorder which had been installed in the UAL DC-8,
&s well as by analysis of the copmunication tapes At a point approximately 1l miles
past the Preston Intersection a ccllision occurred between TWA 266 and UAL 8R6.

Westher at the altatude of the collisrion end at the time of the accadent was
such z= to preclude flaght by visusl means,

The Board determines that the probable cause of this sceident was that United
Flaght 826 proceeded beyond 1ts clearance limit and the confines of the airspace
ellocated to the flight by Air Traffic Control A contributing factor was the high
rate of speed of the United DC-8 as 1t approached the Preston intersection, coupled
with the change of clearance which reduced the enroute distance alopng VICTOR 123 by
approximately 11 males

Investaigation

History of TWi Flight (See Attachment I as reference)

Trans World Airlines Flight 266 was a scheduled passenger service originating
at Dayton, Ohio. The destination was LaGuardia Airport, New York, Hew York, with
one en route stop st Columbus, Chio. The crew consisted of Captaan Davad 4. Wollam,
First Officer Dean T. Bowen, Floght BEngineer LeHoy L Rosenthal, and Hostesses

Margaret Gernat and Patricia FPost.

During the stopover at Columbus a scheduled eguipment change was made. Flight
266 departed Columbus with the prsvicus listed crew and 39 passengers, including

twe infentis.
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laght 266 departed Port Columbus Azrport at 0900}.’/. The gross welght at
mk%if was 101, LhbL pounds inecluding 2,600 gallons of fuel. The aircraft was wathin
weight and balance limtations in aceord with current procedures. The time en route
te LaGuardia was estimated to be cne hour and 32 minutes.

The flight plan specified Tnatrument Flight Rules (IFR) at 7,000 feet altu-
tude. The clearance wa& to the LaGuardia Airport via darect Appletom, Ohio, Victor
12 johnstown, Pemmsylvania, Victor 106 Selinsgrove, Pennsvlvania, Vietor & Victor 123
to Laluardia Airport. Subsequent clearances changed the altitude to 17,000 feet,
then to 19,000 feet, The flight was routine as 1% progressed toward the New York
arsa, At approximately 1005, Flisht 266 reported to the New Tork Air Route Traffic
Control Center over Selinsgrove at 19,000 feet. Shortly thereafter the Hew York
Center cleared Flight 266 to descend in stages, and io cross hllentown, Permsylvania,
at 11,000 feet,

At 1019 TWA 266 reported io the New York Center on 125.3 mes. That 1t was
passing Allentown, at 11,000 fest. In response, the New York Center advised that
radar contact had been establlshed, cleared the fllghu to linden Intersection, and
requested 1t to stand by for descent. At 1021, the New York Center further cleared
TWh 266 1o descend to and maintaln 10,000 feet. The flight acknowledged this
clearance and reported leaving 11,000 feet. A% 2023, the New York Center advised
the flaght of the current LaGuardla weather Measursd 500 overcast; one mile
visibilaty in light snow, surface wand nerthwest 15 knots; altaimeter settang 29.56.
The flight acknowledged ‘h:Ls weather and regquested the runway in use. The Lenter
agvised that Instrument Landing System (ILS) approaches were being made 10 Tunvay i
and that the localizer was anoperative. Flipght 266 acknowledged.

Between 102l and 1026, the New York Center cleared TW: 266 to descend to and
maintain 9,000 and to repert leaving 10,000 feet., This was acknowledged. At 1027,
TWA 266 advised the Center that 1t was pa‘?* the Solherg, New Jersey VOR. The Center
acknowledged. Shortly thereafter, the New York Center advised that radar service
Wwas terminated and to contact LaGuardaz Approach Control on 125.7 mes. TWh 266

acknowledged by repeating the Ifrequency.

TWh 266 reported to LaGuardia Approach Control on 125.7 mes. that it had passed
Sclberg at an altitude of 9,000 feet. The tame, correlated wath the Center tape,
was 1026 22. LaGuardia Approach Control acknowledged, and ssaed me following
clearance; ‘'Maintazn 9,000; report the zero one zero Robbinsvillesl 2/ TLS runway b,
landang rinway L, no delay expemed The wind 1s northeast at 15; altimeter 29.6%,
LaGuardis weather: Measured 500 overcast, visibility one mle; light snow; stand hy.!
THA 266 acknowledged the clearance. At 1029, TWA 266 reported passing tne zer
one zero degree radial of Robbinsville and reo_uested anformation on the Laluardaa
localazer. LlaGuardia Approach Control advised that tne glide slope rather than
the Laluardia localizer was 1noperative as had been previously reported by a NOTAY,
and cleared the flight to 5,000 feet. THA 266 acknowledged and veported lsaving
9,000 feet. 4t 1029, Laluardia Approach Control cleared TWA 266 to descend to
6,000 feet and to advise passing through 8,000 feet. The transmission was acknowledged
At 1029:49, TWA 266 reported "passing §,000." LaCuardis Approach Control ackniowledged
and advised ine {lapght to meintain present neaLng for a radar vector to tne fainal
approach course., TWhi 266 acknowleagea. At 1030:4%, Lalurama Anproach Con’fro;
advised TWA 266 to reduce to spproach speed. The flight acknowleaged. 4 1037 ¢9,

1/ K11 times herein are Bastern Standard based on the 2li~hour clock.
?/ 7ero one zerc degres radizl of Wobbinsville, New Jersey Omny Range.
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LaGuaroia Approach Control advised TWA 266 to turn right te a heading of 130 degrees.
The transmssion was aclnowledged by repeataing the heading. Laluardia Approach
Conirel again advised that this would be a radar vector to the final approach

course. TWh 266 acknowledged.

LaGuardaa Approach Conirol then reguested the flaght's altitude. At 1032:20,
the flight advased "6,000." At 1032:22, LaGuardia Approach Control acknowledged
and cleared the flight to continue descent to 5,000. This clearance was acknowl-
edged by the Iflight whach then reported leavang 6,000 feet. Approach control
acknowledged,

At 1032:37, LaGuardia Appreoach Control advised the flight to turn risht to

150 degrees. The transmission was acknowledged by repeating the heading. At
1032:47, LaGuardie Approach Control advased *traffic at 2:30C, six miles northeast-
bound.® At 1032:51, TWA 266 acknowledged. At 1033-08, LaGuardia Approach
Control requested the flight's altatude. TWA 266 replaed, "{garbled)....500."
LaGuardia Approach Control asked 1f 5,500 was correct  TWA 266 replied in the

firmatave., At 1033:1k, LaGusrdia Approach Control 1ssued clearance to continue
descent to 1,500, At 1033:18, this was acknowledged, At 1033:71, LaGuardia
Approach Control advased to "turn left now heading 130." At 1033:23, TWA 266
acknowledged by repeating the heading. At 1033 26, Laluardia ipproach Control
advised: "Roger, that appears to be jet traffic off vouor right now 3 olelock at
one mile, northeast-bound," TFollowing this transmission, at 1033:33, & noise
sumlar to that caused by an open microphone was heard for six ssconds duration.
LaGuardia Approach Control then transmitted the follewang at 1033:43+ "Trans
Vorld 266, turn further left one zero zerc.' Subsequently, LaGuardia Approach
Control made numerous atiempts to establish communicataons wath TWA 266 untal
1036:21, none of which was successful and durang which time contact was established
wth another axrcralt.

History of United Flaght

Umated Air Lines Flaght 826 was a scheduled nonstop passenger service oraginat-
ing &t G'Hare Axrport, Chicago, Illinoxs, with 118 destination New York International
Arrport, New York, New York. The crew consigsted of Captain Rebert H. Sawyer, First
Officer Robert W. Fiebing, Second Officer Richard E. Pruatt, Stewardesses Mary
J. Mahoney, Augustine L. Ferrar, Anne M. Bouthen, and Patricia 4. Keller. The
crew normally deperited Los Angeles, Califorraa, as United Flight 856, with a
two-hour stopover in Chicago and departing Chicage as United Flight 826.

Captain Sawyer, Fairst Oflicer Fiebing, and Second Offacer Pruitt had flown
Flight 856 from Los Angeles to Chicago. They departed Los Angeles atl approximately
0320 on December 16, 1960, and arrived in Chicago at approximately 0656, The
stewardesses boarded United Flight B26 ai Chacago.

Flignt 826 departed O'Hare iirport wth the previously listed crew and 76
passengers.

The actual takeoff weight was 21,790 pounds which ineluded 63,700 pounds
of fuel, 6,450 pounds of carge, and the passengers. The maxamum allowable takeoff
weight was computed as 217,200 pounds. The aireraft was within weight and balance
lamatataons it accord with current procedures.

flaght plan specified IFR at a flight level of 27,000 feet. The clearance
was Vla Vlctar Sp T and Jet 60 Victor to Hew York. 'The estimated Lame en route was
one hour and 29 minutes; true airspeed L78 knots; ground speed 530 knots.
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Inited 826 departed at 091l. Crunsing flight level of 27,000 feet was attained

at 0936, The flight to the New York area was normal. At spproximately 1012
Hew York Aar Route Traffic Control Center was contacted by Flight B26. The Center
service

answered "United 826, Wew York Center, Roger, have your progress, radar ]
not averlable, descend to and maintain flight level 250, over." Flight 826 reported
leavang flaght level 270 at approxaimately 1014. At approxzmately 1015 New York
Center advised "United 826, clearence limit 18 Preston Intersection via Jet 60
Victor to Allentown direct to¢ Robbinsville, via Victor 123« maintaxn flaght level

250."  Flight 826 acknowledged.,

At approxmmately 1021, Tmited 826 called ARINC {ieronautical Radio, Incorporated,
operator of United Air Lines aercnautacel communications system) and reported "No. &
nevigation receiver accessory unit inoperative." This transmission was acknowledged

by ARINC and relayed to United Air Lanes.

At approximately 1021, New York Center aissued further clearance to descend
to 13,000 feet. United 826 replied . . . We'd rather hold upstairs . . . " Sub-
sequent Yo this transmssion the Umtbed flight was instructed to change to 123.6
ncs., the frequency of another center sector controller. At approximately 1022: 41
the Center called Flight 826: "United 826 New Vork Center, radar contact." United
826 replied, "Roger, we're clearsd to 13,000 to maintain 25,000 until we had con-
versation with you. If we're going to have a delay we would rather hold upstairs
than down. We're going to need 3/L of a mile, do you have the weather handy®" The
Center replied, ™ic., but I'1l get 1%, thers have been no delays until now." A4t
approxamately 102330, Umied 826 reported over Allentown at flaght level 250.
The Center acknowledged. At 1024:37 the Center advised that the Idlewild weather
was M . . . 1,700 feet overcast; 1/2 mule; laght rain; Fogy altimeter setting
29.65."  Shortly thersafter the flight stated " . . . . weire starting down." At
approximately 1025:09 the Center amended the ATC clearance as follows: "826 cleared
%0 proceed on Vactor 30 untal interceptaing Victor 123 and that way o Preston. It'1l
be & 11ttle Wt quicker." {The new routing shortened the distance tec the Preston
Intersection by approximately 11 miles.; This was acknowledged at 1025:20. At
approxamately 1026:49 the fiight was cleared to descend teo and maintain 11,000 feet.
The clearance was acknowledged and the flagnht reported leaving 21,000 feet at 1026:5L.
Then the Center advised at 1028:43 , . . "826, I show you crossing the centerline
Tictor 30 at this time." United 826 confirmed that it was established on Victor 30
and requested his distance from Vicior 123. At approxamately 1028:56 the Center
sa1d " . . . I show you 15, make 1t 16 mules, Vietor 123." 0§26 acknowledged and
then the Center advised "right now you're about 2 males from crossing Vactor

farway L33,

At approxaimately 1030:07, United 826 was cleared to *descend to and maintaan

5,000 feet." This wes acknowledged and 826 reported leaving 11,000 feet. The
Center then asked, "Look like you'll be able to make Preston at 5,000%" fre
answer was that they would try. At approxamately 1032:16 the Center stated "United
826, if nelding 18 necessary at Prestor, soubhwest one minute patiern right turns

- - the only delay wall be in descent.” The flight replied "Roger, no delay,
we'rs oul of seven." At approximately 1033:01 the flight reported passing 6,000
fzet. At approximately 1033.08, the Center celled, '826, I'm sorry i broke you
up, was that you reportang leavang 6,000 for 5,000? The flight replied "affiymetive,.n
The Center at approxamately 1033:20 instructed: V826, Roger, and you received ihe
holdang anstructions at Preston, radar service 1s terminated. Contact Iglewild
Approach Conitrol . . . " Flight 824 acknowledzed "Cood day" st approxamately 1033:27.
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In accordance with the terms of the then-current United States Standard
Manual of Radar Zar Traffic Control Procedures, paragraph 1.3, the responsibility
of the controller is defined as follows: ®A minimum of three myles separation
shall be maintained between aircralt being controlled in accordance with the
procedures authorized an this Manual and betwesn such radar—centrolled aircraft
and other tralfic being controlled in accordance with the Instrument Flight Rules
unless standard non-radar separation 15 provaded . . . " His arsa of respomsibility
1s circumscribed by other provasions of the same paragraph as follows: '"air traffac
contrel 18 not responsible for deviatzons from these standards whach result from
the failure of the pilot to respond to the measures taken to control them.”

With respect to the separation afforded UAL 826, provasion of at least the
minamum required longaitudinal separation was effected v the issuance of a clearsnce
to a holding fix located at a point consisient with the minamum distance reguared
between holding pattern airspace areas.

At approximately 1033+28 (timed from Idlewald Approach Control tape) Flaight 826
called: #Idlewald Approach Control, Unmited 826, approaching Preston at 5,000."
This 25 the last known transmassion from the flight. The transmission was acknowl-
edged beginning at approximately 1033:33: '"United 826, this is Idlewirld Approach
Control, maintain 5,000. Little or no delay at Preston. Idlewild landing runway
four raght. ILS an use. Idlewild weather- €00 scattered, estamated 1,500 overcasSti;
visibilaty 1/2 mle, light rain and fog. Altimeter 29.63 over." The transmissicn
was completed at approxamately 1033 5L. It was not acknowledged. Subseguent
atiempts to contact Unated B26 were unsuccessful. Radio communicaticns with other
arrcraft during this period were normal. It was testafied at the hearing that United
826 was not observed on the radar by any Idlswild Approach Control persommel.

CHRONCLOGICAL SEQUENCE OF EVENTS

TWA Flight 266 UAL Flight 826
1023 Current LaGuardia Weather
1023133 o e e e Over Allentown ai 25,000 ft.
1027: 58 Cver Solberg at 9,000 ft.
10281 L] e e e Crossing center I'ne of Victor 30
1028: 5k Teavang 9,000 ft.
I028:56 e e e i e 14 mailes west of Victor 123
1029-58 Leavang 8,000 ft.
1030:31 e e e e Leaving 14,000 ft.
1034 G2 Aeduce to approach speed
1032.25 e e e Leaving 7,000 ft.
1632 32 Leavang 6,000 ft.
1033 Ol e e e e Leaving 6,000 ft.
1033 26 At 5,500 ft.
1633 28 e e Approaching Preston at 5,000 £t.
1033:33 Sound of the oren microphone

The Oolliision

s

™ Lafuardia radar observataions indicated that the itwo targets merged approximately
over Miller Army iir Field, New Dorp, Staten Island, Wew York. After the merged
plot, cne target proke away 1o continue northeast for a distance of 8 o 10 males.
The other target appeared momentaraly nearly stationary and then commenced a slow
right turn Lo a southwesterly heading, disappearing from the scope.
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The target which continued northeast was Umited Flapht 826, Tt remazned
airborne until crashing 8-1/2 miles northeast of ILller Taeld at the inter-
section of Sterling Place and Seventh Avenue in Brooklym, Wew York. UWitnesses
in the area of impact stated that the DC-8 was headed in a northeasterly dirsciion.
They testafaed that one of the right engines was missing.

The target which continued in z slow right turn and disappeared from the
scope in the vaicimty of !aller Faeld was the TR flight. The wreckage of the
TWL Constellataion was dis.ributed about Miller Field. Severszl preces of DC-8
structure and fragments of a jet engine were interspersed wath the Constellation

wreckage, confirmang the collision of the aircraft.

Aar Traflic Control

mited Flisht 826 expressed a desire on two occasions to remain at altitude
1f weather or traffic remuired holding prior to landing clearance. The “laght
was advised that traffic delays had not been encountered. United 826 started a
descent in accord with the clearance given by Air Route Traffic Control. At
1022:11 the controller advised B26 that the flight was in radar contact. The
flaght progress was followed by a “shrimp boai"3/ marker. Radar separation was
maintained between Tnited 826 and followang flights. Following the Allentown
report the radar contreller changed the clearance to & shorter routing so as to
intersect Victor 30 airway and proceed vaa Victor 123, The purpose of the change
in routing was to increase longitudinal separation between Unated 826 and the
succeeding azrcralt which were cleared to Preston at higher altitudes than the
United Flight. This change in routing was not made kKnowr to the Idlewild Approach
Controller, nor was 1t reflected on the Idlew:ld flight progress sirip by way of
advancing his expected tame of arrival over Preston by approxumatel ;s five minutes.
UAL 626 was previously estimating over Preston at 1039, At an Approach Control
fix where a transfer of control is taking place the estimeted time of arrival over
that fix 1s used pramarily for radio failure and also for Sequencing purposes.
Separation at each feeder fix 1s not based omn an estamated tame of arraval, but
rather on the basis of vertical separation effected through discreet altatude

assigrment,

The Center Controller advised "Tnited £26 at 1028-L1 that it was crossing the
centerline of Victor 30. This position was acknowledged and the distance from
Victor 123 was remuested. At 1028:56 the center controller advisad Unated 3264
that 2t was then 16 miles west of Vaictor 123 and s»ortlvy thereafter adwvised that
it was two miles west of Victor 123. The controller stvaited at the hearing that he
observed United 526 one to ithree miles southwest of Presion at the fime the flagh
reported out of &,000 feet. This was between 1033-01 and 1033 1L. 4% 1033-20
the center controllier insiructed Flight B26 to contact Tdiewnld Approach Jontrol
and advised "radar service terminated.®

At 1033-28, United 826 called Idlewrld Approich Control and stzted “approash-
ing Preston at 5,000 feet.n

The Tdlewrld Approach Controllers testified trat t-ey cic not csserve 'nited
826 1in the Preston area. Ialewild Approach Conzrol acknowledged the call wtn
weather and runway infermation.

3/ Transparent marker used to record identit- o and o follow radar target on
a horizontal radar display.
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At the tame of the communication between Unmited 826 and Idlewald Approach
Control, the only information whach had been received from the Mew York Center which
would have indicated a bransfer of control was the estimate which was forwarded
at 1029. The interphone was not used nor was & light received on the General Rail-
way Signal zlititude interlocx systen,

Since only one aircraft was involved at the time of transfer of control of
LAL 826 from the Wew Vork Center to Idlewrld Approach Control, the use of the
Geners]l Railway Signal (GRS) altitude interlock lights was not remared. Therefore,
the failure of the Center Contreller to indicate change of control by activating
the amber GRS transfer light had no saignificant meaning, as AL 826 had been
afforded standard non-radar separation from all other known IFR traffic., Had
several aircraft been cleared to the Preston fax with discrest aliitude assigmments,
1t would then have been aincumbent upon the Center Controller to indicate, by the
use of the GRS lights, the contrel of which of these aircraft were oeing transferrad
and at what altzifude.

At approximately 1029 the Center advised Tdlewrld ipproach Control that lnated
Flzght 826 was estimated over Preston at 1039 vaia Colts Neck., Idlewild ipprosach
Control received the 1033.28 transmission siat ng, "approaching Preston at 5,000,%
from "mited 826 about i-1/2 minutes prior to the estimated tame of arraval.

. Flzpht 826 was operating the transponder which was properly received as &
target on Mew York Center's scope. There was no evaidence that the transponder
signal appeared on Idlewald Approach Control eguipment. This situation, however,
18 not abnormal since a normal method of operation of the secondary radar recelving
equapmentt associsted wath an approach control radar recuires that the aircraft's
transponder be set to an assigned select code in order that 1is response to¢ an
interrogataion from a specafac ground locatzon will appear on the primary radar
indicator as a coded target. In order to accomplish this setting the pilot must
be 1nstructed to change his equupment to the cesired code assigned to the next
subse mwent control funetron. This actlon was not a part of the routine transfer
of control function betwsen the Center and Idiewild Approach Control and was not
accomplished in comnection with this flight.

During the time Umted 826 was progressing toward and beyend Preston, Trans
Worla firlanes Flight 266 was under control of Laluardia Approach Control. A
series of radar vectors was ziven to TWA 266, and apparently properly executed.
The controller observed a tarzet approaching from the southwest and anformed THA
266 of the target information on two occasions.

The Weather

4 summzry of inflaght reports from 51 sarcraft whach had operated wathin a
30 nautical male radiaus of the aceident site withan one hour of the time of the
aceident, shows that 45 flaghts were an clouds at altatudes rangang from 300 feet
to 18,000 feet. One palot reported on top of all clouds at 31,000 feet. Four of
the five remaining reports indicated some ground contact up to altitudes ranging
from I;,000 .o 5,000 feet. (me pilot reported “eiween la-ers from L,000 to 5,000
feet and from 13,000 to 15,000 feet.




Flight Recorder Readout

The Waste King Flight Recorder aboard the nited DC-8 was read out under the
supervasion of the Civil Aeronautics Board.

an elapsed time base are-

The parameters recorded relating to
altitude, airspeed, heading, and vervical acceleration.

Some degree of fire and impact damage was present although the last part of the
record foil was covered wath products of combustion and chemical reaction.

411 measurements 2long the length of the tape (tame base) were made with
respect tc a hole cerresponding in time to just praor to takeofl i1n Chicago. The
grerage dlstance between the adjacent holes was determined from measursments of
One millimeter of length along the tape is equal

the length composed of 36 holes.
to 0.19681 of a minute of tame.

events.

This factor was used in computing the tame for all

The data obtained relative to altitudes, indicated airspeeds, and headings

The flight recorder values between 72 minutes

after takeoff and the time of collision are plotted as a track profile in Attach-
ment 1. This track was plotied in reverse from the pornt of collision determined

by a trajectory study of the DC-8 Neo. kL engine and the TWA Gonstellation No. 3 engine.

are 11lustrated in Attachment 2.

The engines were detached in flight upon cellision and impacted 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.

Analysis of the Constellation No. 3 engine indicated a

3,470~Foot fall on an estimated course of between 110 degrees o 130 degrees magnetac.
The 1ntersection of the two trajectories determined the collasion area of approx-
wmately 1,200 square feet, the center of which 1s located on a 315-degree magnetic
bearing of 6,555 feet from the center of Maller Field.

The altitude at the instant of collasion was computed to be 5,175 to 5,250
feet «bove mean sea level as would be indicated by an altimeter settang of 29.65
wmehes of mercury. The indicated airspeed of the DC-8 at the point of collision

was 301 knots.
Penngylvania,

collision was 82 minutes and 32 seconds.
Airport was 0911,

This wase the lowest airspeed subseguent to passing Allentown,
The elapsed time of ¥light 826 from “wheels up" in Chicage to
Unmited's time of "wheels off" at O'Hare
4ddaing the elapsed time of B2 minuies and 32 seconds, the tame

of colliszon as determined by the [light recorder readout was 1033 32,

As previously stated, the indicated zirspeed of Jnited at the poinit of collasion

was computed as 301 kmois.
to collision 1s 1llustrated below:

1032-22
1032:55
1033:04L
1033:12
10332:20
103323
1033:32

Time Lapse Speed
356 knots
33 seconds 338 imcts
¢ seconds 332 knots
B seconds 325 knots
B seconds 318 mots
S seconds 309 knots
3 seconds 301 knots

TOT4L

The reduction in airspeed over a 70-second period prior

Speed Reductaon

18 ¥mots
& knotis
7 knots
7T knots
2 kncts
8 knots

oF kmots
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Structures - TWA Constellation

The majority of the force of collision impact on the Constellatron was
centered on the following points.

Upper right sectaion of passenger compartment beiween Fuselage,
Stations 1030 and 1060.

R1ght vertical fin, rudder, and right outboard portion of the
right horizontal stabilizer.

Right wing flap.
Raght wing between the engines.

The Constellaiion broke into three main sectaons following the collision an
ampacted into the Miller Faeld area, The aft section, including the empemnage,
separated from the forward portion of the aarcraft. This section impacted an 2
flat attitude right side up. The center veriacal stabilizer bore evidence of
wmpact force resulting in bending 45 degrees to the left approxmmately two feet
from the top. The right vertical rudder and stabilizer and 12 feet of the raght
horazontal stabilizer were torn free. Inflight fire was evidenced by soct and
scorching. There was no evidsnce of ground faire about the aft fuselage. There
was, howsver, evidence of fire in the interior of the aft fuselage section. The
right waing and No. L engine separated at Wing Station 242 and impacted 600 feet
east of the aft fuselage section. This wang ssction evidenced severe fire and
explosion damage. No. 3 engine and nacelle detached and fell about 600 feet
northwest of the aft fuselage. The forward section of the fuselage and the left
wing, including the two engines, i1mpacted approximately 1,200 feet north of the

af ¢ fusslage.

Numerous pieces of aircraft structure were strewn over a wide area in the
vicirmity of Miller Field, IMany of these pieces were 1dentified as parts of a
Be-8.

Hos. 1 and 2 Wraight C18CB-1 powerplants were located an their normal positions
relative to the wang spar. The Wo. 3 powerplant had separated from the wing. UNo. &
powerplant remained attached to the wing whach had separated from the aircraflt.
Detailed examnation was conducted after removal ¢ the powerplants 4o Laluardia
Rirport, There was evidence of ground impact damage on all powerplants. Some
evidence of ground fire damage was noted only on No. L. Tnternal examination of the
powerplants revealed no evidence of fricticonal overheat, lack of Jubrication or
internal failure.

Do-8 Structures

There were six general areas of the DC-3 which furnmished evaidence of a
colllsions

1. Left wing leading edge,
2. Left landing gear door .
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+ Raight landing gear door.

. No. L engine, nacelle, and pvlen

. Raght wing outboard of the No. L engine.
.  Delly antenna,

LSRN 3 [ Sagp WV

Pollowang the collision the DC-8 continued on & northeasterly heading and
sed 1nto the heavaly populated area of Brooklym at the intersection of
1ing Place and Seventh Avenue. The ensuang ground fire was prolonged and
e, consumng a large part of the aisrcrafi's structure and causing extensive
te property on the ground.

he aft section of the passenger cabin structure impacted and slid, coming

st facing in & northerly direction on Sterling Place. Impact and subse-

» ground fire consumed the greater part of the passenger cabin stiructure.

of the right wing and the attached No, 3 engine sliced through the Pillar

re Church, The flight deck crashed into the same area and was largely con-

¢ by ground faire. The left wing, except for the cuter 15 feet, came to rest

e Intersectzon of the two streets with the outermost end aligned in a south-
sterly darection. This missing outer 15-foot section cut through, and came to
sst 1n a building at 126 Sterling Place, leaving two feet of the wing tip
otruding through the roof.

The empennage and fuselage aft of Fuselage Station 14390 was found on Sterling
Place on the south side of Seventh Avenue and facaing approximetely north. Exam-
inatzon of this seciion revealed that in addation to the impact damage there
was evidence of fire damage. Areas of the empennage were heavily sooted and the
paint was blastered,

Soot was found on the ground impact fracture areas, indacating that some of
the scot was a result of the ground fare. THowsver, the darection of the soot on
the upper and lower skin of the intact leflt horizontel stabalaizer indicsted an
infilight fore. Also, the paznt on both sides of the verticel fin and rudder was
blistered as the result of heat. The upper 2L inches of the paint-blastered
rudder was damaged on ground impact when 1% contacted & truck at the south corner
¢of the Sterling Place and Seventh Avenue intersection. The paint on the truck,
exposed W ihe same ground fire heat, showed no evadence of blastering or any
other heal or faire damage.

The left horizontal stabilizer and elevator received lattle damapge other
than a two-fool iear in the lower skin of the elevator and a damaged ovthoard
elevator section. The right horizontel stabaluizer and elevator sheared off
seven feet from the fuselage. !Nost of the parts of the right elevator were
found. ™“owever, the severed horizontel stabilizer was not located,

Both main Manding gear doors, the outboard section of right wang, pari of
the leading edge of the left wang, and the No. i engine impacied in the Miller
Field arez.

1 and 2 Prati & Whitney JT3C-6 powerplants were seversly damaged oy
ground 1mpact. The Neo. 3 powerplant remained an integral umt, although the low
pressure turbine shaft was twisted. The No. L engine separated at the inter-
mecdiate and diffuser cases, severing the attaching bolis.

Hos. 1
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The red paint marks found on the No. kL engine at the compressor inlet were
of the same material as the paint used on the TWA Constellation. Human remains
znd Consbellation cabin insulation material were removed from the diffuser case

of No. L.

Internal examination of Nos. 1, 2, and 3 powerplants revealed no evadence
of inflaght failure. The damage of the No. L powerplant was attributed to in-
flight and ground impact forces.

Bvidence of axr Collision

Examination of the wreckage of the DC-8 and the Consitellation substantiated
the evadence of an air collasion. The Constellatron examnation indicated the
wmpact was from ocuthboard toward the anboard on the right rear gquarter at an angle
of 110 gdegrees relative to the course line. The DC-8, as i1ndicated by the flight
recorder, was in approximately straight and level flight at the moment of impact.
The Constellation was in an approximate 22-degree lefti bank relative to the DC-8
flightpath and maintaining approximately the same altztude.

Several pieces of DO-8 engine pod titaniwn, engine sccessory fragments, and
cowling material were found in the passenger cabin area of the Constellation.
4 fragment of fiberglass from the D0-8 tower antenna cover was found embeded in
the raight stabilazer of the Constellation. Pieces of DC-8 waring and structure
of the No. L pylon were found embeded in the Constellation flap panel. DC-8
wing spar fragments were found in the wing of the Constellation.

& porticn of the DC-8 left wing leading edge and a section of the right wing
were sheared off and fell in the area of the Constellation wreckage.

Systems - TWa

The TWA Constellation navigation, communication, and fiight znstrument equp-
ment wers closely examined. Compass heading informatoon was displayed on three
instruments. The cgptain's radic magnetic indicator (EMI) heading card, the master
direction indicator (MDI) and the copalot's RMI heading card, all recelve their
anput from the fluxgate compasses. The first officer's RMI hesfaing indication was
188 degrees; the captain's MDI was 190 degrees. Both of these units receive their
wmputs from the same fluxgate compass. The captain!s RMI heading indication was
062 degrees. No. 2 VOR/ADF pointers on each RMI each indicated 100 degrees.
Examinatzon of the selector switch could not determine whether the pointer system
was selected to automatic directaion finder (ADF) or VFF omni range (VOR). The
frequency settang of 232 kilocycles was found on the radio control panel of the
ADF No. Z system. The internal receiver mechanism was determined as having been
tuned to between 227 kilocycles and 233 kilocycles. The No. 1 ADF control panel
indicated only thal the receiver was tuned to between 200 and LI0 kilocycles.
Internal examinaiion of the ADF receiver indicated a fremency of 320 to 326
kilocycles. Wo. 1 ADF loop indicated a relative bearaing of 98 degrees and No. 2
ATT loop 77.5 degrees. No. 2 VOR control panel was found to be set 1o a frequency
of 115.9 mes. and the internal examination of the receiver indicated frequency of
113.9 or 115.9 mes.
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Examnnation of the YHY commnaications system indacated tnal the ¥o. 1 VHF
communications system was tuned to 128.9 mes. This frequency was sel on the
receiver panel, the recexver mechanism, and the transmrtter. The No. 2 VHF
communications system panel setting was 125.7 mes., the receiver end transmitter

mechanisms were alse 125.7 or 125.8 mes.

Systems -~ UAL

The United DC-8 navigationsl and communication equipment was also closely
examined, Primary navigetion esquipment of Umited B26 was a typical DC-8 in-
stallation incorporating minor changes 1n accord with United Arr Lanes policy.
Navagataion equipment consisted of the ADF, wvery high frecuency omm directional
range (VOR) receivers, and TLS receiver, and a gyro stabilized compass system.
Two complete sets of these wnats form the navigation system and they are re-
ferred to as System No, 1 and System No. 2. The DC-8 was equipped with a weather
radar for storm momitoring. Components of all navigational systems were found
and 1dentified except for components of the weather radar. Any component which
could possibly axd in determimng a sebting, measurement, or indication, was
dismantled and inspected at the place of manufacture.

Normal procedure in tracking and determiming cross bearings along an sirway

15 to use the pictorzal deviation indicator {PDI) and the VCR pointers on the
RMI. Two pictorial deviation indacators display an aircraft's position relative
to the selected stations by presentation ¢f the VOR informataon on a V-shaped
pointer which rotates with heading changes and points to the selected station.
The R-1 {PDI) indicators in the Urnated Axr Lanes DC-8s are modified in that the
wndicator always points to the selected radial, There is no provision for a
*eciprocal switch. Compass heading informataon 1s supplied to the rotating mask

vieh revolves with the V-bar pointer. A digatel course indicator is locabted in

window on the upper part of the xndicator. Hagnetic bearing to the station

gset by the knob on the face of the instrument. A manmiature aireraft is
tached to the dial representing the relationship of the aircraft to the VOR radial.

Umated DC~8 aarcraft are equipped with two RMI-VOR indicaters, and two C-04
Tosyn compass indicators with pointers for the ADF. The captain's panel has
: BMI which presents corpass heading and VOR anformation plus & C~64 andicator
r display of ADF and compass informataon., A simlar presentation is displayed
v the first officer panel. Bach indaicator has two pointers and a2 rotating
muth card from which the aircrafti's headang 15 read at 12 ofclock positron.

The captsin's RMI indicalor has a single or narrow pointer which operates
.th anputs from System No. 1. The double or wide poanter operates with inputs
rom Svstem No. 2. The first offzcer has an adentacal display. The display 18
milar to the V-bar pointers of the No. 1 and No. 2 pictorial devaation in-
icators. As an example: When the No. 1 VOR umat s tuned te & frequency, the
No. 1 pointer of the RMI and the V-bar of the captain's Wo. 1 PDI present the
same data. Two C-8A ADF andicators are independent of the VOR indicators.

Pertinent New York area navigational facilitaes in the vaicinity of the
Preston Intersection are listed with the charted Irequencies in effect at the

t1me of the accident:
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Scotland Radiobeacon ‘ 29l k3locytles
Robbansvillie Cmm 109.0 megacycles
Celts Neck Omnz 115.1 megacycles
Solberg Cmm 11h.7 megacycles
Idlew:ld Ommy 115.9 megacycles
Tdlewrld Localizer (Runway b Right} 109.5 megacycles
Idlew1ld Glade Slope 332.6 megacycles
Tdlewrld Quter Marker Locator 373 kilocyeles
idlewild Maddle Marker Locator 353 kzlocycles

Navigational and communications radios of United 826 were examined and
their frequencles as of the tame of impact were noted. The captaan's No. 1 VOR
recerver was tuned to approximately 109.7 megacycles. The first officer's No. 2
VOR receiver was tuned to 110.15 megacycles. The No. 2 accessory umat had been
reported as being inopsrative prior to the collision. The captain's PDI omna bearing
selector was determined tc be approxumately 039 degreses. The PDI of the first
officer was set to approximately 036 degrees. The only ADF equipment recovered was
the captain's ATF receiver and the first officer's ADF contrel head, The captain's
ADF recerver was tuned to 293 kalocveles. The farst officert!s ADF control head
was set at 103 kilocycles,

VOR Navigational Facilities

The Preston Tntersection 15 defined by the antersection of the 3L6-degree
radial of the Colts Neck Omni and the 050-degree radial of the Robbinsvallie Omna.
The 120-degree radial from the Solberg Omm may be used in conjunction with the
Robbinsvaille radial. These three VOR staiions are coperated and maintained by
the Federal Aviatiop Agency. VOB stations are located on carefully selected sites
and transmit signals an the very high fregquency radio Spectrum between 108 and

118 megacycles.

The basic prainciple of VOR navigation is the emission of a 360-degree structure
of radzal Joanes of magneiic bearang aboubt a known point. It differs from the older
gural four-course radio range in that 1t offers an infinite choice of radial courses.

The pramary navigational signal conslsts of a reference modvelation and a
variatle modulation. The phase (or taming) of the varizble modulation with respect
to the reference modulation 1s a function of azimuth or magnetiac bearing from the
station. The airborne receiver performs 4 phase compariscn beitween fthe varaable
and reference signals by which the magnelic bearang of the aircraft from the
station may be determained.

Under normal conditions of propagation the range of a VOR station zs 1/3
greater than the line of sight distance. The wpper lumts of range vary from
approximately 45 mles for an aircraft at an altatude of 1,000 feet, to 200 males
or more for an airvcraft at an altatude of 20,000 or more. The location of statiom
sites generally precludes the necessity of using facilities in ranges an excess of
5O to 100 miles. Nevertheless, to minimize the possibility of interference at
high altitudes, siations wath simxlar frecuenceis are normally separated by 480

mlies or nere.
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The Board conducted ground monitor checks on the VOR stations at Colts Weck,
Solberg, and Iebbansville. Hotrang abnormal was noted during the monitorings.

Flight checks were made using Colts Neck, Solberg, and Robbinsville VOR
radials composing the Preston Intersection. These flight checks revealed no
abnormalities. Preston Intersection as determined by the VOR radials was found
to be geographically as plotted on current air navigation charts.

Analysis and Conclusions

Toh Flaght 266

TWi Flight 266 operated routinely as 11 approached the New York area on
Victor harway 6, at §,000 descendang to 6,000 feet on an approximate heading of
096 degrees. Radar vectors to the TLS final approach course to LaGuardia Airpoert
were commenced in the vieinity of the Linden Intersection. TWA 266 was advised by
LaGuardia Approach Control to turn raght to a headang of 130 Gegrees; his altitude
at this time was 6,000 feet. He was then cleared to descend to 5,000 feet and
advised to turn further right to & heading of 150 degrees. The next transmission
by Lalmardia Approach Control constituted an air traffic advisory, "traffic at
2:30, 6 miles northeast-bound." This traffaic information was not relayed as
unrdentified traffic, nor was 1t given as conflicting traffic. Surveillance radar
i current use 15 unable to provide information comcerning an aircraft's altatude.
kpproximately 39 ssconds after imataally advising TWh 266 of traffic, the {laght
was again advised of the same traffic in the same relative position, at a distance
of one male. A% no time prior to the one-mile advisory of traffic was any informa-
tion furnished to Flaght 266 whaich could have alerted 1t te a possible conflact.

The last traffic advisory was transmitied to TWA approximately 5 seconds subsequent
%o a2 20-degree headang change 1ssued by LaGuardia Approach Control. The lagot was
conducted in conformance with the headings and clearances i1ssued by Approach Control.

United Flaght 826

Umted Flaght 826 operated routinely as 1t progresssd toward the New York area
with cne exception. The flight reported the No. 2 navigationsl receiver accessory
At as inoperative. This information was received by ARTAC and relayed to the
company. However, Alr Houte Traffic Control was not advised of the faci tnat Jnmated

826 was operating wath a saingle omnl receiver.

The New York Center coriginally cleared United 826 to the Preston Intersection
{the tlearance limit) via Jet 60 Victor to Allentown direct to the Robbinsvaille
omni, Victor 123 to Preston, to maintain flaight level 250,

Przor to reaching Allentown the New Veork Ceniter advaised "marted 826 that 1t
was in radar contact and 1ssued a descent clearance to 13,000 feet., United 825
elected to remain at flight level 250 1n the event of a delay due to weather.
Sherily after passing Allentown the flight staried 245 descent to 13,000 feet anc
wag recleared via & shorter route to progeed on Victor 30 until intercepiing
Victor 123. Thos new routing shortened the distance to the Preston Inrersection by
approxumately 11 nautical miles. Howsver, 1t 424 not alter the Presion clearance
limit. The New York Center advised Umited 825 to maintain present heading from
Allentown uwntil antercepting Victor 30, and then cleared 1t to descend to and
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maintain 11,000 feet. Subsequently, "mited 826 was advised by Wew Vork Center that
1T was crossing the cenberline of Victor 30. United 826 confirmed establishment

on Victor 30 and renuested his dastance from Vactor 123. The New York Center
advise that the flaght was 16 miles from Vactor 123 and about 2 miles from Crossing
Vactor 433, This anformataon, showing the proxamity to Victor 123 and the Preston
Intersection, should have alerted the United crew of the rapid approach io the
clearance lamit.

After Unated 826 was established on Vietor 30, the New York Center cleared
the flight to descend to 5,000 feet. Umted 826 acknowledged and reported leaving
14,000 feet. lew York Center than asked 1f United 826 could make Preston zt 5,000.
United indicated 1t would try. A transfer of control could not be effected to
Tulewild Approach Control until United 826 vacated 6,000 feet.

To assure that "nited 826 understood the clearance limit, the New York Center
provaded holdang instructaons for the Preston Intersection. The flight was advised
at this time that the only delay would be in the descent. United £26 reported
leaving 7,000 and 6,000 feet. United's report leaving 6,000 feet was acknowledged
by the New York Center which then instructed the flight to contact Idlewild Apprcach
Control., New “ork Center did not furnish radar vectors to 'mited 826. Unated 826
was doing 1ts own navigation and the radar service thug far provided was in the
form of advisories. Umted B26 contacted Idlewild Approach Control and reported
approaching Preston at 5,000, When Tmited 826 advised approaching Preston, it had
already passed Preston by several miles. In accordance with the information relayed

to Idlewild Approach Control by the New York Center, United 826 would be approaching
Preston from the southeast. Nowever, the revised clearance via Victor 123 would

?ave Unxted 826 approachang from the southwest. This revised routing was not re-
iayed by the New York Center to Idlewild Approach Control.

The area which would normally be observed by the approach coniroller on radar
in an effort te wdentify aireraft approaching Preston wouid have been from &
southerly darection. Aecording %o the positicn report transmitted by Umted 826,
and the clearance liumt zssued by ATC, the approach controller would have npormaily
expected to observe a target approaching Preston. HNo target was observed. Axrcraft
must be positively identafied and radar conmtact establaished by the contreller before
radar vectors are commenced. Peositrve radar contact is accomplished by several
means:-

1. By the aircraft reperting over a known radio fix which the cortroller has
described on his scope.

2. By ascertainaing the heading of an aircraft and requestiing 2 turn to a
designated heading for identificataion.

3. By a coded Beacon transponder response.

A radar handeff would be effected in somewhat the same manner, the only ex-
ception beang that both facilites, New York Center and Idlewild Approach Control,
would simultaneously observe the alrcraft during these procedures and the eonirolling
facilaty would not relanguash control until the receivang facility had the aircraft
positavely adentified. It was testafied that radar handoffs are the exceptaon
rather +than the rale. Their use 25 not mandabory ain the air trafi:ic contrel svstem.
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Radar handoffs may be used at the discretion of the controller w1§h prior coordi-
nation between facilities, or in the event of an emergency. A radar handoff
was not used for Umted Flaght 826,

Since United 826 did not advase ATC of 2 failure of a component or components
of the No. 2 omni recelver or renuest radar assistance, ATC could only assume
that he was capable of providaing his own navigation. Therefore, there was no
requirement to effect a positive radar handoff procedure between New York Center

and Idlewald Approach Control.

Aar Traffic Control

Victor Airway 123, upon which United 826 was proceeding, 1s utalized and
chartered as a one-way, inbound airway serving laGuard:ia and Idlewild hAxrports.
Under IFR, aarcraft traversing ‘this airway are controlled by the New York Air
Route Traffic Control Center. ilnder VFR weather conditions, aircraft may traverse
this airway without an ATC clearance, in which event ATC would not have knowledge
of such zircraft's position, alititude, destipation, or identification. Further,
air traffic procedures do not provade for the separation of en route IFR and ViR
traffic except in designated positive control zirspace. Tn view of the fact that
the weather in the New Vork area on December 16, 1960, during the perazod 1000 to
1100, was not conducive to VFR operaticn, it 1s highly improbable that VFR
traffic would have been iraversing Victor 123 on approach control radar. On the
basis of all avarlable meteorological informatzon, 1t 15 concluded that the
weather condations in the New York area were such that between the altitude of
300 feet and 18,000 feet, VFR flight could not have been employed.

The Hew York Center records aindicate that there were no TFR aircraft over-
flyang the New York Metropolitan area via Victor 123 during the period 1000
to 100 on December 16, 1960. Consequently, the aircralt observed on radar by
LaGuardia Approach Control could only have been traffic destined for one of twe
alrports, LaGuardia or Idlewald, or an wudentified aarcraft., Since Laluardia
Approach Control did not have a flaght progress report on the unadentifoed trafl-
fic, they were aware that the traffic on Victor 123 was not destaned for thear
airport. In order “o have been tertain of the destanation of the unidentrfied
aircraft, the approach controller could have recuested ihis informstaon from the
Wew York Center. It 1s doubtful that Laluardia Approach Control could have
established communication with the New York Center, adentified the aircraft, and
transmitted effectaive instruction in approximately 39 seconds. The only immediate
alternatave action that could have been taken by the LaGuardia Approach Controller
would have been to provade evasive radar vectors to TWA 266 on the assumpticn
that the unidentified traffic was conflicting traffic. This provasion of evasive
vectors to TWA 266 would not be incumbent on the controller inasmuch as the air-
space in the area in which TWA 265 was operating had been assigned to lLaluardia
Approach Control.

The New York Center RRSA Radar Controller's testimonv that he observed
"mted 825 on his scope 1 to 3 miles south of Preston &t the time Lhe flight
reperbed out of 6,000 feet 1s i1nconsisient with the facts concerning the tams
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of collision Tt must be concluded that the controller’s memory of the position
of Umited 824, or the tame of observation, 1s an error. 1If he were correct
there could not have been a collision at the time and place 1t cccurred. The
Board concludes from the foregeing that the controller did not cobserve 826

at this location.

The transmission "Wo. 2 navigation receirver accesseory unit oub" has raised
the question as teo 11is preeise meaning An inoperative accessory unit 18 a
term which cannot be accurately applaied to this DC-8. It appears that the
description of the malfunction relates to the VOR insirumentaiion in earlier
axrcraft on which the crew had more operataing experaence. The comparable unit
mmetalled on the DC-8 would have been corrsctly named the VHF navigation Yo. 2
instrumentation unit, however, the function of the umts in both arrcraft was
basically the same. Assuming that this unit was inoperative due tc a loss of
power, the followang effects might have been observed by the crew

Condrtaon Tndication Lo Crew
1. VHF NaV-2 115V . MNo. 2 PDI red warning flag
Circurt Breaker {(OA Bus 3) Open visible.

b No. 2 RMI-VOR (double barred)
poilnters became sluggish.

¢, No audio saignale..

2. VHF-EALV-2 2BV, D. C. a. No, Z PDI red warning flag
Circuit 3reaker (DC Bus 3) Upen visible.

t, No. 2 EMI-VOR (double barred)
pointers draift.

c. No aadic signal.

3« Farst Offucer's heading 2. No. 2 PDI red warning flag
outpur radic fuse open visiple.

b, Wo. 2 BMI-VOR (double barred)
pointers will not respond to
change 1n heading or Irequency
selection.

4. VHE WAV Transformer a No. 2 PDI red warning flag
No. 2 Czrcuit Breaker Open visible.

b, Furst officer's RMI-VIR card
and No. 2 RMI-VCR (double baryeg®
pointers will not respond 4o
change in heading or fremuency
selectieon. -
These condrizons were liakely the result of a faulty umit or wiring and resul+ted
in a red warnaing flag, open circurt breaker or blown fuse., Admittedly this woula
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have been an obvious sympion of e malfunciion to the extent that the crew
would have recogmized the fmilure without the appearance of a red warning flag.

Deravation of Flightpaths in Attachment 1

Prior 4o the clearance via Victor 30, Umited Flight 826 had been cleared
Allentown VOR direct Robbinsvalle VOR. Accordingly, the flightpath alfter passing
the Allentown VOR was projected on the basis of a turn to a darect heading ©o
Robbansvalle VOR, and this heading maintained untal intercepting Victor 30.

The transcriptions indicate that the aircraft was established on Victor 30, and
at 1029-02 was given a position by the New York Center as approximately two
nauntical miles from crossing Victor L33, Tt was assumed thalt the aircraft would
be flown waithin the confanes of Victor 30 airway urtil the turnoff io intercept
Yictor 123, In consideraing that one VOR receiver may have been inoperative,
the turn ontoc Victor 123 was ploited as a gradual turn to the 050~degree radial
of Robbinsville in order not to overshoot the centerline of Victor 1Z23. From
the point of interception of Victor 123, the flightpath was projected in a
strailght line to the collision point cemputed as approximately 6,555 feet from
the center of Mller Field on a bearing of 315 degrees magnetic. This flighi-
path was deraived independent of the flight recorder information.

TWE Flaght 266 had been cleared from Allentown VOR via Vaictor 6 to tae
Linden Intersection, It was assumed that the arrecraft would be flown along the
centerline of Victor & until being vectored for an approach to the LaGuardia
Airport. At 1030.49 TWA Flight 266 was re~uested to reduce to approach speed,
and subsequently given turns to headings of 130 degrees, 150 degrees, and 130
degrees. These turns to neadaings were properly executed. Accordangly, a ground
speed of 160 knots was consadered reasonable win projeciing the probable path of
flight while being vectored, and the path was plotted from the estimated collision
point back to Victor 6 on magnelac headings of 310 degrees, 330 degrees, and 310
degrees.

The tame of collisrion uwtilized »s not antended to mean That this 18 the pre-
cise time of collasion. In order Lo have a starting point for the purpese of
establishing approximate geopraphical positions at cne-minute intervels, 103339
was selected as a reasonably wathin-range figure for the followang reasons:

L. I marks a definite point an the transerapt of the recordings, 1.e.,
the end of the 'open mike" sound.

2. This tame poaint was selected as within reascnable limitations based upon.

a. At 1033:42 TWA 266 was instructed to turn left to 2 heading
of 100 degrees. This anstructaion was neilther fellowed nor
acknowledged, according to the transcript, and;

b, At 1033-26 TWA 266 was advised of traffic at 3 o'clock one
mile  Assuming the asecuracy of the one-mile figure and using
& ground speed range from 240 knets 1o 220 knots for the
unidentified ftarget, ine time to collasion is 1033:26 plus 10
seconds egoals 103336, or 1033:26 plus 15 seconds equals 1033-L1.
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3. United Flaght 826 reported approaching Presion at 1033+28. Detaaled
landing information to Unated 826 endang at 10335k was given by Idlewald
Approach Control, but was not acknowledged, although all previous instructions
had been acknowledged in approximately six seconds or less. t was therefore
considered that the Collision occured within the tame interval 1033-30 - 103L:00.

Since the taime of 1033:39 represented a definite time point in the trans-
cribed recording tapes approxamately mdway between the foregoing time computa-
tions, 1t was selected for the purpose of plotting the approximate geographical
positions o” the aircraft along the flightpath at one-minute 1ntervals.

The flightpath of United B26 as derived from the flight recorder readout
vas plotted independently of the information obtained from the communications
tapes. The two tracks depicted in Attachment 1 are similar. The starting peint
of each track was the peint of collision as determined by the trajectory studv.
The flightpath was then worked out in reverse from this poant using the information
obtained from the flight recorder readout. The successive points were determined
and plotted back along the flightpath to Allentown. The data points were then
jeined 1n a faired curve.

Flight recorder tapes of selected fiights making ILS approaches under in-
strument weather conditions to New York International Axrport from the areas of
axrways Vactor 30 and Vicior 123 between December & and December 16, 1960, were
plotted. Only two of the 31 computed ground tracks included a holding pattern
at Preston. Most of the remaining tracks zndicated turns at or in the genersal
vacimty of Preston, However, possible {rack inaccuracies resulting manniy
from tolerances in indicated sirplane headoings and possible differences between
actual and reported winds precliude determination of the exact distance from
Preston at wnich these turns were made.

VOR Stations

United Axr Lanes Flight 826 dad not enter a holding pattern at Preston
Intersection bui proceeded northeast on Vactor 123. Thas raised the ruestion of
the relnability and integrity of the VOR radio navigation signals transmtted
from Robbinsville, Colts Weck, and Solberg which define the Preston Intersection.
Many theories have been advanced to explain how incorrect navigat-ron anformation
could have exasted in the vicamity of Preston at the fame of the accident. It
has been suggested that false radio bearing information existed at Preston and
could have been caused bv co-channel anterference, harmonzcs, induostrial radao
noise, reflections, vertical polarizatlion, and a transmitter mal funmctaion. To
properly appreciate and evaluate each theory, 2 briefl review of VOR operating
prineiples 1s presented.

VCR stations at the above three lceations are operated and maintained by
the Federsl Aviation Agencv and transmit signals an the very high freouency
radis spectrum. Each stataion 15 located at a carefully selected site. Ths
structure houses the transmitting egquipment beneath a2 domed housing or counter-
poise whach serves as part of the antenns system. 4 360-degree signal radiates
from antermas sheltered beneath a cone which 15 situated in the middle of the
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counterpolse. The besaring information 15 transmaitted via signals thai are unigue
for each azamuth., Should a signal of specafic bearing peculiarities be changed
from 1ts proper azimuth by some reflecting phenomenon 1t would still retain its
originel bearing information regardless of its final alignment. A momitorang
device which 15 attached to the counterpoise edge aleris the proper personnel by
Yzlarming® when certain signal characterisiics change, when the bearing infor-
mafion 13 1n error plus or minus one degree, and when the signal 15 not present.
In addition, this momitor immediately shuts the transmitter off when any of the
above occur. There was no record of guch an irregularazty on any of the zbove
facilitaies on the date of the accident.

The pattern of signal strength developed 1n space 1s the algebraic addation
of signals direct from the antennas and signals reflected by the counterpoise.
In addartaon, relections of the signals by the sarth contribute to the form of
the signal strength pattern. The varying surface character of the earth will
cause the patiern to differ slightly with each azimuth. Hills, trees, fences,
arnd bmldings can all vary the reflecting ability of the earth. A weak signal
space 1n the signal pattern is called a "null* and the patiern of stronger signals
1s called a "lobe," The reflective quality of the esrth's swface vares, but
normally the strength of signals reflected 1s low in comparason with the direct
saignals so that variations in the earth's reflecting ability would result an :
slight changes in the signal pattern. Therefore, the general patitern of the VR
signal strength is a lobe f1lling the space surrounding the station from the
horizon te an elevation angle of approxamately 75 degrees. Normally, the station
signals £131 the space about z station and 2 nonnavagable signal 18 developed
10 degrees to 15 degrees either side of the veritical over the station. This

mull is termed the cone of ambiguzty.

The even distribution of snow on the counterpoise may cause a very small
change 1n the signal pattern. Testimeny recexved at the second public hearing
disclosed thai spproximately two inches of snow were on the counterpoise of the
Colts Neck VOR several hours after the accident. Tests previously conducted by
the FAA during the winter of 1945-50 eoncluded that although snow on the counter-
poilse 15 undesirable 1t 18 not & serious source of error unless the height of
snow exceeds the height of the antennas (gpproximately L8 inches).

The theory of co-channel interference suggests the possibality that another
VOR station operating on the same frequency as folts Neck transmitted its sipnal
by some phenomencn into the Presion area. Due to the numerous VOR stations in
the United States and because of the limited number of radio frequencies avarlable,
the same frequency must be occasionallv assigned vo more than one station. How-
ever, since radio signals an this frequency spectrum are receavable only in an
approxamate line of saght path, the dafficulty of sharing fremuency 18 elaminated
by placing stations using the same freguency a great distance apart. Theoretically
1t 15 possible to receave signals of this radio band over a dastance substantially
greater than the line of sight path, but authorities believe that reguired
conditions rarely occur and then only occasionallv during tne summer months.
Nevertheless, assuming that such a phenomenon did exist on December 16, the
resultant signal formed by the combination of two different station signals
would depend on the quartz crystals being of the same calibratlon freguenc values
for each transmitter and on the phasing of the modulzted bearing intelligence 1o
form a flyable signal. For such coincidental phenomena to occour over the distance
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and altitudes flown by United Flight 826 as 1t went through the Preston area is
consaderad highly amprobable.

Several industrizl processes are known to generate rad-o signals, harmonics
of shich fall in the VOR frequency band. The existence of such signals 1s known
to have occurred in the New York Oaty area and the strength of such signals would
permt thear recepiion in the Presion area. The possibility that such signals
caused erronecus bearing anformation te be received by the Unated flaght s
extremely unlakely. American Flights 16 and 100, following the United flight over
Preston by four and seven mnuies respectively, reported no interference.

The possibility of ainterference to the proper reception of VOR signals caused
by other strong radio signals such as those transmitied by the Voice of America
station WBOU a4t a nearby locaticon was considered. Flipght checks of the VOR
stations cefaimang Preston, with WBOU operating at the frequencies and power used
at the Tame of the accident, found no evadence of interference.

One ol the most serious conditions that can arise once a null or weak signal
gone 15 developed in the VOE pattern is the reflectaon of a signal of another
azimith into the null. To aid in resolvang this possibilaty the Coltis Neck site
was studied for landscape, structure, or device which would act as a reflector
and retransmxt a signal inte a2 null ai or near the Preston Tntersectien. Two
objects, a metal-roofed barn, and an amateur radio siatzon antenna, were con-
sidered as possible reflectors. To ascertain the effect of these objects as
reflectors, a mathematical analysis disclosed that the szgnal received by any
aircraft followang the path the Unnted flight 1s believed o have followed would
be unflyable and anstrument reaction would certaanly alert the crew to uwnusual
condations. Tt was suggested that two halls an the arsa of the Colts Neck
station may have reflected undersired azimuth signals inte the Preston area, bat
again the character of the resulzant signals recerved by an aircraft would be
unusual snd noticeable to a flaght crew. The reception of a satisfactory sigmsl
by Ameracan Flights L6 and 100 over Preston a short time after the passage of
Flight 826 indicated that such a condation did not exast at i, 000 or 6,000 feet.

Hormally, the signal transmitted by a2 VOR station is predomuinantly horizon-
tally polarzzed. However, some veritical polarization ex:sis Lo a small degree.
The vertacally polarized wave component of a signal 18 transmitied an the same
azimith as the horizontally polar:ized porticn, vet 1ts bearing information is
90 degrees greater or less than the actnal azimuth. Theoretically, the wvertically
polarized signal 18 generated by a separate poriion of the antenna structure,
which wouln cause the formation of a separate and dastanct signal pattern. This
then would make the result of such polarazation more effective in changaing the
resultant bearing received by an airceraft. A review of the flight check data of
the Colts Neck station indicates a below-normal level of wvertical polarization
throughout ats history. Such a condition could go undetected v station monitor-
ang equipment, out the lack of such polarization before and after the accident s

a strong andication that it dod not oceur duraing the period when Flight 826 was near

Preston. The two Ameracan Il ghts experilenced no failure or nobiceable signal
varzation as they followed Umited 826 up Vietor 123,

in extensave onvestigation was made of the transmitting equipment and station

logs of the ithree stations involved. OSignsls “rom each station were momatored
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for & considerable period of taime. One period of monzioring was conducted at
the geographaical positron of Preston. There was no evidence diasclosed by This
phase of the anvesiigation te indicate that any of the three stations was

malfunctioning praor te, at the time of, or subseguent to, the accident.

The Board believes that the failure to solve the time and distance

problem associated with the clearance, in conasunciion with the apparent failure

{ the No 2 VYOR accessory unit and resultant instrument pictoraal display,
caused the passing of the Preston Intersection to be unobserved by the flaght
crew. The flight was proceeding normally on the oraiginal clearance via Allentown,
Robbinsville o Preston. fn route to Allentown at 1021 the DC-8 reported the
No. 2 navigsiion receiver accessory unit fto be inoperative. The message directed
to United mainitenance personnel via ARINC radao was an alert that either the
cockpat instrumentation, the navigation equipment, or both, would require
attention during the ground stay of the aircralft at Tdlewnld. There was no
report teo the effect thabt navigation was difficult or impossible.

While en route from Allentown to Robbinsville, Flight 826 received an amended
clearance via Victor 30 and to intercept Viector 123 with further clearance to be
expected at Preston. There was no delay expected. This new clearance necessitated
& rapid descent and maneuvering in order to position the flight at 5,000 feet
over Preston. when the clearance was changed, with the subsesuent short cut of
approxamately 11 nautical miles, the crew apparently made no notat.on of the
shortened time and distance from the interception of Victor 123 1o the Preston
Intersection.

The crew commitited a pramary error by apparently failing to¢ record and note
the time and distance regured ito comply with their new clearance, It 1s logicsel,
m vaiew of the rapidity with which the flight was being maneuvered, to assume ithat
the time and castance from the intersection of Victor 30 and Victor 123 to Preston
was not corrected from the originel time and distance assoczated with the Hobbins-
v111e/Preston clearance, This origainal time and distance was probably embeded
in the crew's maind and, tame-wise, they would have believed that Preston had not
been reached. Logically, since the No. 2 WOR accessory wnit and associated instru-
ments were undependable, the captein would be expected tc use a substitute method
for determirang Preston by retuning the No. 1 VOR to Colts Neck or Solberg or by
tuning the No. 1 ADF to the Scotland Radiobeacon. If tuned 4o Scotland, the crew
could have observed the pointer for the ideptification of Preston by reading a
magnetic bearang on the WNe. 1 AD®. The ADF 15 considered the legical instrument
tC use inasmuch as the flight would normally proceed toward Scotland after
Tecelving a clearance to depart Preston,

I the crew retuned the operable Wo. 1 VOR after establishing their position
on Victor 123, they could have received ithe appropriate radizl of the Colis Neck
omni by selecting 166 degrees in the window and funing o the Colts Neck frequency.
If this were accomplished before passing the intersaction at Preston, they would
nave had an wndication of the intersection by the fleoating pointer when passing
Preston., If they had already passed Preston when the seleciion was completed,

the indacation on the caal would have been a full defleciion of the pointer, at which

tame they could have taken some action to discontinue further flight 1n & north-
easterly direction.




-2l —

Normally, with both VOR units operataing properly, the Yo. 2 VOR floating
pointer would pass across the centerline when the aircraft passed the Presion
Intersection provaded that the unit were tuned to Colis Neck and the window
setting was 166 degrees to the station. Simultaneocuslr, the No. 2 pointer on
the captain's VOR RUI would, when operating correctly, poant to 166 degrees on
the VOR azimuth at the time of passing Preston. The crew would be accustomed to
this imstrument display.

If the No. 2 VOR accessory unat were dependable, the captain would use his
Mo, 1 VOR and has PDI on Robbinsvilie and expect to see the double pointer on his
No. 1 VIR pointing to 166 degrees on the rotating azimuth when crossing Preston
and at the same time the copilot's PDI would be indicating the crossing of Preston.
1t 18 believed that since Colts Heck facilaty was apparently operating normally
and that the crew had used thas facility while operating the flaght on Victor 30,
1t would have been the logical axd for establishing the Preston fax. Sance 2t
1.5 believed bthat the ADF was used for nevaigation, 211t 1s probable that the captain
was transatioming o the ADF and prctoraalily assocrated this instrument wzih the
VOR RMI. In such a2 case he would containue has flaght untzl the No. 1 pointer of
the ADF indicated 166 degrees on the RMI, Wath the No. 1 ADF tuned to Scotland,
the collision occurred when the single pointer was indaicating approxamately 153
degrees and had not reached the errcneously desired 166 degrees. This, coupled
with the facts that the crew had informed approach control that they were coming
up on Preston, that the altitude at fime of collision was a lattle over 5,000
feet, that radar service had been terminated, and that the crew had not reported
over Preston, all tend to support the conclusion that the crew believed they had
riot vet reached the Preston Interseciion when the collision occurred.

Llse, the flight had remsained on the 050-degree radial of Robbansville while
proceeding northeastward and 1ittle devaation from course was recorded. The
time fo point of collision was nearly the same 25 fime normally reguired to
fly from Robbinsviile to Presten. The distance from normal interception of
Victor 123 via the clearance to Hobbinsvalle to Preston is approximately the
same distance that the flight made from anterceptaing Victor 123 vaa Victor 30
‘o the crash site, Therefore, the tame to travel from Robbinsville tc Preston
would approxamate the elapsed fime from Victor 30 interseciicn to the crash site.

Tne Beard believes with the above conditicens prevailing the captain would be
operating the conirols dependang upon ‘the copilot to tune the navigational
equipment., record new clearances, and keep him advised of other operational data.
It 3s further logical to assume that the capiain would use has No. 1 VOR pointer
and the PDI unit tuned to Robbinsville frequency to maintain his position on
Victor 123, and hold 1f necessary.

The crew kad flown this air route many tames and were famailiar with the
time amo distance from Robbainsvalle 1o Preston. Also, ait the Presfon Inter-
sectzon and tuned to Colts Neck the captain, when navigating with both VOR umts,
was accustomed to seeing the No. 2 VOR pouwnter in 2 southeast darection and to
reading 166 degrees on the No. 1 or captain's VR azmuth. The pactoraal dasplay
by the captain's ADF when tuned to Scetland wath the zareraflt over the crash sate
would resemble the VOR display when at Preston wzth the No. 2 VOR tuned to Cclis
Nack. The Preston Intersecticn would be identilied whale holding the outbound
radaal of 050 degress of Robbansvaille and by a 100-degree indicataon on the RMI
taned 10 Scotland., It i1s realized that the New York area charts do not indicate
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specifacally the bearing of Scotland from Preston, but by inspeciion a very close
approximation of the correct bearing could be obtained.

From the foregoing, the Board concludes that the crew of United 826 did
not take note of the change of time and distance which would be associated with
the new clearance and probably confused the ADF display with the antacipated VOR
display, thereby exceeding the clearance lamits.

The Board concludes that while wath thas type marcraft i1t 218 possible 1o
navigate with one VOR navigational unit, the high degree of cockpit occupalion
during the approach to Preston Interssctaion aindicates that & second operable VOR
unit would have assisted in a positive identificataion of the Preston Intersection
The change of clearance from the oraginal "Allentown, direct Robbinsville, Vactor
123 to Preston” to the short cut clezrance "present heading, to Victor 30, Vactor
30 to Victor 123 to Preston," added ioc the workload of revising and recomputing

the navigational problem during & very smell interval of tame.

The Board further concludes that the ¥ew York Center Controlier did not
observe United §26 proceeding through the Preston Interseciron before he had
advised the flight to contact Idlewsld Approach Control and prior to the termin-
ation of radar service. When radar service was being termainated at 1033-20,
Flight 826 had already proceeded eight or nine miles bevond Preston. United 826
acknowledged this transmassion at 1033 27, seconds before the collision.

The Board notes that during the course of this investigation the Federal
Avaataion Agency took various steps to improve and strengthen the efficiency and
effectaveness of 1ts Arr Traffic Control System, including the following:

1. & specazl regulation {SR-LLD) was 1ssued which reouires pllots operating
under instrument flight rules to report in-flight nmalfunctions of n&vigation or
communication eguipment.

2. A program has been establashed for all turbine-powered aircraft to
be equipped with dastance-measuring equipment (DME) by January 1, 1963. One year
later 211 axrcraft of over 12,500 pounds maxamum takeoff weight must be so
equipped.

3. Radar handoff service for arravaing and depariing aircraft in the New York
area 15 being performed teo a much greater extent than wes practaced before the
actadent. On a national basis, full-time radar handeff serviece has increased to
a great sxtent.

i, Controllers have been instructed to isswe an advisory to arriving let
aircralft 4o "slow to holding pattern airspeed at least 3 minutes before reachang
holdang fax.®

5. The Stroudsburg, Pennsylvania, VOR name and identaficatoon signal (SSE)
have been changed to Taunersville (TVE) because of potential confusion wth
Solberg VOR (SBJ).

) 6 The Agency has issued e speed rule whaich prohibats airceraft from exceeding
250 knots when within 30 nautical miles of a destination girport and below 10,000,
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except where the safety recuirement of tactocal military jets dactates a higher
minzmum speed, which then applies Lo these aircraft.

Probable Cause

The Board determines that the probable cause of this accident was that Umted
Flight 826 proceeded bevond 1ts clearance lamat and the confanes of the airspace
allocated to the flaght by Axr Traffic Control. A contribubting factor was the
kigh rate of speed of the Umited DC-8 as 1t approached the Preston intersection,
coupled with the change of clearance which reducedthe en route distance along
Victor 123 by approximately 1l males.

BY THE CIVIL AERONAUTICS BOARD-

/s/ ALAW S.BOYD
Chairman

/s/ ROBERT T, MURPHY
Vice Chairman

/s/ CHAN GURNEY
Member

/s/ G. JOSEPE MINETTI
Menber

/s/ WEITNEY GILLILLAND
Member




Investagation and hearing

The Civil Aeronautics Board was notified that there was apparently an air-
eraft collision over Staten Island, Wew York, approximstely 1050, December 16,
1960  Investaigators were immediately dispatched from she Washington office to azxd
the New York office investigators who were already on the scene., The anvesta-
gation was initisted 1n accordance with the provisions of sectzon 702(a)(2) of
the Federal Aviation Acl of 1948

A public hearing was ordered by the Board and was held 1n the ballroom of
the St. George Hotel, Brooklyn, Wew York, on Januwary 4 through January 13, 196L.
Sevenby-nine witnesses were interrogated and a large amount of documentary
material was receaved 1n evidence

A second public hearing wes held at Cival Aeronautics Board Headquarters in
the Universal Bualding, 1825 Connecticut Avenue, Washington, D. C., on July 21
and 22, 1961, at which time {iftesn additional witnesses were interrogated and
several witnesses recalled. Additaonal exhibits were introduced into evidence.

Air Carraisrs

Trans Worid Airlines, Inc , a Delsware corporation, 1s a scheduled air
carrier with 2ts princapal offices located at Kansas City, Missouri. It
possesses a currently effective certafacate of public convenience and necessity
1ssved by the Caval Aercnautics Board and an alr carrier operating ceriifacate
1ssued by the Federal Avietion Agency  These authorzze the carraer to itrans-
port by air persons, property, and mail over various routes includang thal
from Dayton, Ohio, to New York, Wew York.

United Aar Lanes, Ine ,28 a Delawars corporation with its corporate offices
in Chicago, Illinois, The company 1s engaged in transporbing DY air persons,
property, and mail It holds z currently effectave certificate of public cone-
venrence and necessity issued by the Cavil Aeronautics Boarc and apn alr CarTier
operating certificate issued by the Federsl Avastzon Agency. These aathorize
operation over a number of routes ancludang that of Los Angeles, Californiz,

Lo Few York, Wew York.

Flight Personnel

1. Trans World Airlines, Inc

Captain David A. Wollam, age 39, was employed by Trans World Aiarlines on
May 23, 1945. He beld & wvalid airman certificate with a currently effsctive
zarline transperi certificate No. 2061640, Has retangs included DC-3, Martin 202
and 404, and Lockheed Constellation aircraft, Captzin Wollam had a total of
14,583 flying hours, of whach 267 were in the Constellstion. He qualafied 1n
this type equapment on Sepbember 9, 1252, He was current in the reguirements
of proficiency checks, line checks, route qualifications, and recurrent train-
g His last Federal Aviation Agency physical wes pzased on October 3%, 1960.

Farst Officer Dean T. Bowen, age 32, was employed by Trans World Airlines
on July 13, 1953. He held z currenily effective mirline transport ceriificate
No. 1261217. He was rated on Lockheed Constellatzon aircraft.




Farst Officer Bowen had a btobtal of 6,411 flying nours, of wnich 208 were
i the Copstellation  He qualified in this type eguipment on May 13, 1959,
He was current in all Federal Aviation Agency and company reguirements. Has
last Federal Aviailen Ageniy physical was passed on September 17, 1960

Flight Engineer LeHRoy L. Rosenthal, age 30, was employed by Trans World
Airlines on Januvary 3, 1956. He held a currently effective sarframe and power-
plant certaficate No, 1329830 and flaght engineer certificate No. 1340774.

Mr. Rosenthal gualified ss a flight enganeer with the company on May 9, 1956,
He had a total of 3,561 flyaing hours, of which 204 were in Constellation eguipment.

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

Stewardess Patricia Post, age 21, was employed by Trans World Airlines on
January 1, 1960

2. Inated Axr Tanes, Inc.

Captaain Hobert H. Sawyer, age 46, was employed by United Aar Lines on
January 2, 194L. He held a valzd airman certificabte with a currently sffective
airline transport certificate No 70677. His ratings included  DC-3, B-247, DC-4,
DC-6, DC-7, and DC~8 type aarcraft. Captain Sawyer had a total of 19,100 flying
hours, of which 344 were an DC-8 type axrcraft. He gqualafied in DC-8 type air-
craft on June 6, 1960. He was current in the reguirements of proficiency checks,
and route qualifications. His last Federal Aviation Agency physical examinabion
was on September 26, 1960.

Farst Officer Robert W. Fiebing, age 40, was employed by United Air Lines
on May 1, 1951. He held =z currently effectave airline transport certificate
No. 439262, His ratings included: DC-3, DC-4, DC~6, DC-7, and DC-8 aircraft.
First Offacer Fiebing had a total of 8,400 hours, of which 416 were in DC-8 Type
aireraft. He was rated in DC-8 aarcraft on May 3, 1960. His last Federsl Avaisticn
Agency vhysical was August 23, 1960.

Second Officer Richard E. Pruitt, the flaght enginesr, age 30, was employed
by United Air Lanes on September 15, 1955. He held an sarline transpori certif-
rcate No 1161137 and flaght engineer certificate No. 1329809, His rstaings in-
cluded: DC-6, DC-7, and DC-E type aircraft. Second O0fficer Pruatt had a total
of 8,500 hours of flying time, of which 379 were as flight engineer in DC-8 type
axreraft  He was rated in DC-B type aircraft on December 15, 1959. His last
Federzl Avaiation Agency physical was August 23, 1960,

Stewsrdess Mary J. Mahoney, age 24, was employed by United Axlr Lines on
Getober 31, 1955,

Stewardess Anne M. Bouthen, age 29, was employed by Upited Air Lines on
Angust 25, 1254.

tewardess Patricia L. Keller, age 26, was employed by United Air Lines on
July 28, 19460,

Stewardess Augustine L. Ferrar, age 22, was empioyed by Unated Air Lines on
May 30, 1956,
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The Aircraflt

L. Trans World Airlines, Inc.

N £907C, a Lockheed Constellation, model L-10494, manufacturer's serisl
No. 4021, was delivered to Trans World Airlines on October 16, 1952. At the
time of ths accadent the saireraft had a total of 21,555 f£lying hours. A line
maintenance operation had been conducted 149 hours prior to the accident. The
aireraft nad been flown 3,955 hours since 1ts last overhaul. The aircraft was
equipped with Wright engines, model WAD 975C18CB-1 and Hamilton Standard pro-
pellers model 43E60 with model 6901-0 blades.

2. Unated Air Lanes, Inc.

N 80130, = Douglas DC-8, manufgcturer's serael No. 45290, was delivered to
United Air Lines on December 22, 195%. At the time of the accident the aircraft
had = total of 2,434 flying hours. The zireraft had been flown 42 hours since
the last overhaul. The aircraft was equipped wath Pratt & Whitney JT3C-6 turbo-
Jet engines.

- 111 -



GLOSSARY

Air route traffic control center [Center).

An Fhh facalaty established to provide air traffic control service to IFR flaghts
operating within controlled airspace and principslly during the en route phase of
fizght.

Air traffic clearance (Clearance).

Authorazation by sar traffic control faecalities, for the purpose of preveniaing
collision between known sarcraft, for an aircraft to proceed under specafaed traffic

conditions within controlled asirspace.

dar traffic control {Control).

An FAA service provided for the purpose of promoting the safe, orderly and expedi-
tlous flow of gar traffic including airport, approach snd en route air traffac
control services.

Alr traffic control specialist (Controller).
A duly smuthorized person employed by the FAL providang air treffic control service.

AppTresch Control.

Ailr traffic control service, provided by a terminal area traffic control facility,
for arriving and/or departing IFR flights and, on occasion, VFR flights

Center's aresa.

The specified zairspace within which an air route traffic control center provides aar
traffac control and flaght advisory service.

Clearance limab.

The fix to which an sireraflt 13 issued an azr traffaic clesrance.

Holding.
4 predetermined maneuver which keeps an aircraft within e specified alrspace whilc
awaliling further clearance,

1FR condaitions

Weather conditrons below the minima prescribed for flight under Viasual Flight Rules.

IFR flaght.
Flaght conducted in accordance with instrument flagnt rules.

Badar handoff

That action whereby radar adentificatzon and control or advisory jurazsdiction over
an aireralt os transferred from one controller to another without anterrupizon of
radar survelllance.

USCOMM-wDC
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