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14, Abstract  About 0138 m.s.t, on becerber 18, 1977, a United Afrlines, Inc.,
DC-38F-5. cargo aircraft, operating as Flight 2860, cra:2d into a mountain in the
Wasatch Range near Kaysville, uU-ah. The three flightcrew menmbers, the only persons
aboard the aircruaft, were killed, and the aircraft was destroyed.
Flight 2860 encountered electrical System problems during its descent o .d
approach to the Sslt Lake City Airport. The flght recuested a holding clearasice
which was given by the approach controller and ccented by the flightcrew. The flight
then reques.ed and received clearance te leave rthe approach coniraol
"little minute" to cormunicate with company maintenance.
Flight 2860 was absent from the aprreoach control frequency for atout 7 1/2
ninutes. During that tine, the flight entered an area near hazardous terrain. The
approach contrnller rerognized Flight 2860's preaicament but was urable to cortact the
flight. When Flight 2860 returned to approgch control frequency, the controller
told the flight that 1> was too close to ter‘ain on its right and to make a left turn.
After the cantroller Te;eated the {instructiors, the flight began a left turn and about
15 seconds later the controller .old tae fliggt to climb irmediately to 8,000 feet,.
Elevea seconis later, the flight reported that\it was clinbing from 6,000 feet to
8,000 feet. 1he flight crasheu into a 7,665-fcot rountain near the 7,200-foot level.
The Nitiynal Transportation Safety Board detq&minps that the probable cause of
this acciden. w:s the approach canttoller's issuance and the fiightcrew®’s acceptance

of an ircomplece and anbiguvus holding clearance in conbination with the flightcrew's

failure to adhere to prescr'bed impairnent—of-cc&nunications procedures and prescribed

helaing procednres. The controller's and flightcrew's actions are attributed to
prebable habits of imprecise connunication and of imnrecise adhercence to prucedures
Juveloped hrough years of exnosure to operations

in a radar environrent.
Contributing to the ac:ilen: was the failuie of the ajrcratt's io. 1 electrical
systea for unknown reasons,
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGION, D.C. 20594

AIRCRAFT ACCIDENT KEPORT

July 27, 1978

UNITED AIRLINES. <.
DC-8F-54, N8047U
NEAR KAYSVILLE, UTAN

DECEMBER 18, 1977

SYNOPSIS

About 0138:28 m.s.t. on December 18, 1977, a United Alrlines,
Inc., DC-BF-54 cargo aircraft, operating as Flight 2860, crashed into 3
mountain in the Wasatch Range near Kaysville, Utah. The three flightcrew
members, the only persons aboard the aircrafr, were killed, and the
aircraft was desiroyed.

Flight 2860 encountered electrical svstem problems during its
descent and approach to the Salt Lake City Airport. The flight requested
a holding clearance which was given by the approach controller and
accepted by the flightcrew. The flight then requested and received
clearance to leave the approach control frequency for a "1ittle minute"
to comammicate with company naiitenance,

Flight 2860 was absent from the approach cont ol frequency for
atout 7 1/2 minutes, During that time, the flight entered an area near
hazardous terrain. The approach controller recognized Fliyht 2860's
predicament but was unabie :o contact the flight. Whaen Flis ht 2860
returned to approach control fveqiency, the contreller tola the flight
that it was too close to terrain on its right and to make a left turn.
After the controller repeated the instructions, the flight began a left
turn and about 15 seconds later the controller told the flight to ciimb
lrzediately to 8,000 feet. Eleven seconds later, the flight reported
that it was climbing fron 6,00 feet to 8,000 feet. The £light crashed
Into a 7,065-foot mountafn neay the 7,200-fooi level,

The Na {fonal Transportation Safety Beard deternines that the
probable cause of thig accident was the approach conrtrolier's igsuance
and the flightcrow's dcceptance of an incomplete and ambiguous Lolding
clearance in coubination with the (lightcrew's failure tec adhere to
prescribed Impairment-of-communications procedures and prescribed holding
procedures. The controller's and flightcrew's actions are attributed to
probatle habits of imprecise cemmunjcation and of {mprecise adherence to

pr-~»dures developed through years of e€xposure to operations in & radar
2h Lonoent.

Contributing to the accident was the faflure of the afrcor+t:-tg4
No. 1 electrical syeten: for unknown reasons,

-
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1. FACTUAL INFORMATION

1.1 Hisfory of the Flight

On December 17, 1977, United Airlires, Inc., Flight 2860, a
DC-8P-54 (NB8047U), wa3 a scheduled cargo flight from San Francisco,
California, to Chicage, Illinois. 2bout 2 1/2 hra buefore Flight 2860's
scheduled departure from San Francisco, an intermediate stop at Salt
Lake City, Utah, was scheduled.

According to the flight dispatcher, the flightcrew reported
for duty at 2300, The captain and dispatclier discussed the weather
situation.at Salt Lake City, and the dispatcher informed the captain
that the flizht would be dispatched with the atfvcraft's ko. 1 a.c.
electrical generator inoperative., This conformed to company minimum-
equipment-1i3t procedures, and the dirpatcher leter stated that the lack
of the generator seeand to present no problems to the captain, However,
bufore the flightrnrew left the dispatch nffice, the dispatcher racefved
information that the generator had been repaired, and he passed this
inforwation to the captain,

On December 18, 1977, at 0017, Flight 2860 departed San Francisco
on an fnstrument flizlit rules (IFR) flight plan for Salt Lake City. The
flight's estimated time en route was 1 hr 17 min, and its planned cruise
altitude was flight level (FL) 370.

Fl¢ .c 2860's departure and en route portions of the flight
were flown wathout reported difficulty, except the 5alt Lake air route
traffic control center (Salt Lake Center) sector 43 controller was
unable to establish radio communications with the flight between 0105
and 0109 on fregquency 133.35 ¥MHz. At 0111:4]1, Flight 2867 eatablished
redio communication with the Salt Lake Center sector 41 controller on
frequency 132.55 MHz and requested descent clearance for the approach to
Salt Lake City Atuport.

Av (0111:52, the Salt Lake Center controller cleared the flight
to descend to 15,000 ft 2/ and gave the altimeter setting as 29.58 in,
At 0115:42 Fligh: 2860 requested landing and weather information for
Salt Lake (City Aivonort. The controller replied “har the flight would
goon bte transferred to Salt Lake City approach control and the latter
wotld provide the informatfon vequested. Flight 2860 said, 'Ckay, cause
we're working with radto prublens too it looks like."

At 0116:43 the controller cleared Flight 2600 to contact Salt
Lake City approach contrel on freguency 126.8 MHz, and at 0116:58,
Flight 2860 established radio communications with that facility. The

1/ All times herein are mountain standard, based oa the 24-hour clock.
2/ All altitudes and elevations bherein are mean sea level unlsss

otherwise spacified.
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Salt Like City approach controller gave Flight "860 radar vectors for a
VOR approach to runway 16R at Salt Lake City Afrport 3/ and clecred the
flight to descend to 8,000 ft. The controller also gave the weather
information as: “.,.measured 1,700 overcest, vieibility 15, light tain,
temperatura 41, altimeter 29,58."

The approach controller continued to vector Flight 2860 for
alignment with che VOR approach to runway 16R, and at 0120:38, he cleared
the fiight to descend to 6,000 ft. The flight acknowledged the descent
clearance and asked the controller, "What's the ceiling...?” The controller
responded, "Measured 1,700 broken, the wind is 160 at 10."

At 0122:32, Flight 2860 adviied, "Okay, we got ..a few little
problens here, we're trving to check cur g=ar and stuff right now." The
controller replied, "Okay, 1f...you need any help, I'll 2ive you a
vector back around to final, hut you're 6 miles from the VOR." Flight 2860
said, "Okuy,..."

At 0124:18, the controller cleared Flight 2860 to land and
gave the surface wind as 160° at 13 kns. Flight 2860 replied, "Roger,
we got to check our pear first." At 0124:36, Flight 2860 indicated it
would not land and the approach controller replied, "...fly runway
heading, maintain 6,000, will vector you back around for an sgproach."
Flight 2860 saia, "Okay,..." :

The approach controller gave Flight 2860 instructions t¢ turn
right to a 330° heading and tr maintain 6,000 ft. The flight ackncwledged,
and said, "Okay, we'd just as soon not get back in it {f we can help
it." The controllor replied, "Okay, minfmum vectoring altftude is
6,000, that's the beat I can do for you to vector you back for the
approach.” Flight 2860 said, "Okay, we'll try that.”

At 0127:31, Flight 2860 asked, "Take us out about 20 m.les,
can you do that?"” The controller replied, "Affirmative", and Flight 2860
responded, "Okay 'cause we're gonna have to get the gear down aad try to
find cut what the heck is going on." At 0128:08, the controller said,
"United...2860 turn right heading 345," and Flight 2860 replied, ''345,
tventy eight sixty."

At 0129:01 Flight 2860 transmitted, "Ah tower, we're gonna
have to, ah nuts, just a second." TFourteen seconds later, Flight 2860
asked, "You put us in a holding pattern at 6,000 here on the VOR for
awhile?" The controller eplied, "...roger, turn right, proceed direct
to the Salt Lake VOR, hold on the, at the VOR, maintain 6,000." Fright 2860
said, "Okay, we'll hold north of the VOR, 6,000...right turns, Okay?"
The controller said, "That's correct, northwest of the VOR at 6,000,
right turns." Flight 2860 replied, "Okay."

3/. Airpcrf—elevation is 4,226 ft m.s.1.
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At 0129:51 Flight 2860 asked, '"Okay, now can we...leave you
for a little minute, we wanna call San Francisco a minute?" The controller
replied, "United 2860, frequency change approved," and at 0129:29
Flight 2860 said, "Thank you sir, we'll be back.”

After the above transmission, Flight 2860 contacted United
Airlines' system line maintenance control center in San Francisco. This
- contuct was made throuizh Aeronautical Radio, Inc. (ARINC) on frequency
130.6 MHz. Flight 2860 began this communication link at 0130:21 and
terminated the 1link at 0137:11.

According to ARINC communicatisns reccrdings, Flight 2860
estahlished communications with the DC~8 ."aintenance controller at
0132:27. Flight 2860 iniormed the maintenance controller that the No, 2}
electrical bus was inoperative, and the No. 3 generator would not parallel;
also, the landing gear indicator lights did not present a "down" indication
when the landing gear extenled. The maintenance controller inquired
whether the flightcrew had attempted to reset the No. 1 bus, and the
crew replied that they had. The controlier inquired whether the No. 1
generator was proviocing normal volts and frequency, and the crew replied
thet it was providing "nothiang, it's dead.”

At 0133:37, the maintenance controller told the flightcrew tc
dtandby while he checked the electrical power source for the landing
gear indicating system, and at 0135:08, the controller informed the
flightcrew "...the landing gear position indicaiing system comes off tha
No. 1 bus...." He then inquired whether che flightcrew could got
another generator to power the No. 1 bus, and the crew responded, '"The
No. 1 bus is dead and that's 1it.," At 013.:30, the maintenance controller
sald, "Okay, you can't get any othe:r gererator to pick up the dead bus,
and that's why yosur landing gear waruing system does not work---because
you got to have power to the 28-volt d.c. bus, No. 1." Flight 2860
replied, "Okay, I've gonna kind of fi{gure who the 28-volt d.c. No. 1l-~I
can't £ind that landing gear warning circuit breaker on the darn thing.
Ah, also, I assume the hyi..ulic quantity pressure gage is on the saie
circuit breaker, saze generator.” The controller said that he would
"check on it 1f you like," but Flight 2860 said, "Oh, before you go...one
thing, if that's the cnly way they can get gear indicators, we're gonna
20 ahead and laad then." The coatroller conffcmed that the No. 1 28-
volt d.c. bus powered the landing gear warnirz system.

At 0136:28 Flight 2860 termirated comzrunications with the
maintenance ccntroller. 1In response to a guerie from ARINC on whether
to keep the line to maintenance control open, Flight 2860 replied, '"Well
no, I guess we're...cnly got one radio, so we're back to the tower,
we're going to land, we're guing to call out the equipment.” Flight 2860
terminated radio communications with ARINC at 0137:11,
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vhile Flight 2840 was on the ARINC frequency, the Salt Lake
City tower ground controller, at 0136:28, called ine Salt Lake City
flight service station (FSS) and tcld the specilalist on duty there to
transmit a message to United Flight 2860 en the Salt Lake City VOR
frequency. The nmedeage tce Flight 2860 was for the flight to contact
Selt Lake City approzch control on frequency 124.3 MHz., Betwcen 0137:07
and 0137:22, the Salt Lake City approach controller attempted three
*ires to establisk radio cormunications with Fli<ht 2860. At 0137:22,
the ground controller asked the FSS specialist wnether he had made the
transwissions: the specialist replisd that he had,

v - et
P ﬁfs’,‘m‘;‘:’_&-'n A.A:;”;::V-? -
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At 0137:26 Flight 286y said, "...hellv Salt Lake, United 2860
we're back.”" At 0137:31, the approach controller said, "United 2860,
you're too close to terrain on the right side for a turn back to the
VOR, make a left turn tack to the VOR." Flight 2860 replied, "Say
again," and at 0137:39, the co./troller sajd, "You're tco close to terrain

cn the right side for the turn, make a left turn back to the VOR." At
0137:44, Flight 2860 s:4d, "Okay."

At 0137:54 the approach controller asked, "laited 2860, do you
have light contact with the ground?" fiight 2860 replied, *Negative."
At 0138:00 the controller said, "C'tny, climd lmmediately to maintain
8,000." At 0138:07, the controller again transmitted, "United 2860,
climb immed{ately, maintain &,000," and 4 seconds later, Flight 2869

reclicd, “"United 28¢0 is out of six for eight.'” At 0138:36, ‘he controller
asked, "United 2860, how 40 you hear?" Flight 2860 d1d not respond to

that transmission or to succeeding transmissions from the approach
controller,

4

Shortly after 0135, at least seven witnesses in Kaysville,
Utah, and the nearby commenity of Fruit Heights heard what they described
a3 a jet alrcraft flying low overhead, One of the witnesscs saw a red
light on the airplane as it flew in an easterly direction over her
location 1in Raysville., She could see nothing more of the atrplane
brcause it was obscuted by clouds, rain, and darkncss. The afrplane
certinued eastward and a short tine later, she savw a bright orange giew
dppear to the east. The glow lasted 3 to 4 secs and disappeared. Four
othecr witnesses saw the orange glow shortly after hearing the alrpiane
rass overhead. All of the witnosses said that it was raining st the
time--several described the rain au heavy.

The accident occurred at aight (G138:28) at an elesation of
about 7,200 ft, and at latftude 41°02'41"N and longftude 111°52'30"W.

1.2 Injurfies to Furcons

Injuries Crew Passengers

Fatal
Sexious
Minor/rione

SRR A AR AP D, DK i A LRI, A e vim (P s ¢
-

TN TR SR ke e iy ey Vi




Damage to Aircraft

Other Damage

Nunmerous trees and bushes were damaged and destroyed.

1.5 Perscnnel Information

The three crewmembers on Flight 2860 were qualified and
certificated for the flight and had recefved the training required by
current regulations., (See Appendix B.)

According to United Airlines' records, the captain's most
recent trips into Salt Lake City were on January 7 and January 9, 1977,
In the 6-month period preceding those trips, he had made seven trips
Into Salt Lake City in United Airlines’ equipment. The first officer's
most recent trip into Salt Lake City was on November 28, 1975. During
1976, ke had made three other trips ini> Salt Lake City, all in the
month of November. During 1976 and 1977, the second officer had made
one trip into Salt Lake Clty; that t:ip was on February 26, 1977.

Refore repurting for duty in Chicago about 2340 on December lé,
the captain hard been off duty for 4% hrs 15 mia: the first officer had
been off dnuty for 28 hrs 36 nin; and the second officer had been of f
duty for 19 hrs 14 rin. On December 17, the crew flew Flight 2892 to
Detroit, Michigan, arriving there at 0330. The crew then flew Flight 2827
to San Francisco, arriving there at 0925, They were released from duty
at 0555 on December 17, and they returned to duty at 2300 to prepare for
Flight 2860. During the 26 hours preceding the accident, the flightcrew
had been on duty 12 hrs 55 min and had received an intervening of f-duty
period of 13 hrs S min, During their duty period, they had flown 7 hrs
34 pin,

A postaccident check of the flighterew's activities dur ing
their off -duty period in Sar Francisco disclosed no evidence of anything
unusual. The assaistant nanager of th2 hotel where the flightcrew stayed
stated that all three crewpembers appeared nornal when they ieft the
hotel about 2245 for the afrport. )

Two afir traffic control speclalists were on duty in the Salt
Lake City centrol tow:r when Flight *360 crashed. Both were working
control positions and both were full perfornance level controllers.

(Sec Appendix B.)

The approach control and local control tunctions were consolidated
in the tower cab after 0030 on December 18, ard the approact controller
was functiouwng also as the lo-al controller. The other controller, the
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controller—in-charge, was the ground controller and also was handling‘th&
flight data positicn. These functions were consolidated during the 24G0 to

0800 duty period because traffic conditions vere light and two controllers
could provide the necessary services.

On December 17, the approach/local controller had worked the
0700 to 1500 shift. He was then off duty until reporting for duty at
2400. During the 9 hrs he was of~ duty, he slept about 2 to 2 1/2 hrs.
He denied feeling any fatigue drring duty on the 2400 shift,

1.6 Aircraft Information

N8047U was owned and operated vy Unfted firlines, Irc. It was
certificated, maintained, and equipped in ac¢ordance with current

regulations and procedures. Tha aircraft had accumulated 29,822 flight-
hours before the accident.

N8047U was configured as a cargo transport. Its maxipun
authorized takeoff gross weight and landipg weight were 315,000 1bs and
240,000 1bs, respectively, Its gross weight cn departure froe San
Fraucisco was 214,064 1bs, including the 38,800 1bs of fuel and 43,902
1bs of cargo aboard. At takecfi, N8047U's center of gravity was within
Prescribed limits at 27.5 percent mean aerodynamic chord. The alrcraft's
plauned landing welght at $Salt Lake City was 198,504 1bs.

On December 17, 1977, N8O47U arrived in San Francisco about
1638 after completing 4 series of flig! cs which began in New York that
morning. According to the second ocffcer on those flights, after the
engines were started in New York the Jo. 1 generator indicated no -roltage
or frequency, so he lefi the gereratoy controi switch off. While en
route to Cleveland, Ohin, the No. 3 generator unparallel 1ight {lluminated.
He activated the generator parallel switch and the No. 3 generator
returned to nornal operation. During the stop in Cleveland, in response
to the second officer's entry in the raintenance log, "Nc. 1 gen inop---
1o volts, no freq, CSD appears inorwal," maintenance personnel disconnected
the No. 1 generator darive and deferred further maintenance on the generatcer.,
The flightcrew flew the aircraft from Cleveland todDenver, Colorado, and
then to San Francisco with the No 1 senerator drive disconnected.
According to the second cfficer on those flights, all electrical svstems

were puowered by the three renaining generators and no further difficulties
were encountered during those flights,

Accordiag to maintenance personnel {n San Francisco. on
December 17, 1977, they removed the No, 1 guneracor control panel on
N8O47U and replaced it with a panel fron secviceable supplies. They
connected the No. 1 generator drive, started the Nos, 1 and 2 engines,
and performed electrical systen checks, These checks Indicated that the
No. 1 generator and the No. 1 elactrical System were functioning properly.
Subsequent tests on the generator cont:rol panel which had been removed
indicated that no discrepancies enisted 1in the parel which would Justif,

4
its removal in zesponse to the discrepancy, "no volts, no frequency."
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The mafintenance history of the g:nerator coatrol panrl which
wvas installed on N8047U on December 17, 1977, indicated that this panel
{seriil No. 105) was reczoved fron aivcraft N80O7U 1in 1late October 1977
1s the corrcctive action for a serfes of electrical problens involving
that ajrcraft's No. 1 electrical system, i'8007U continued co have
problems with the No. 1 System until wiring defects in the No. 1 generator
weve repaired several days atter Faael No. 105 was removec, Generator
control panel No, 105 was returned to the San Francisco rmaintenance shop
where it was tested, found satisfactory, and returned to serviceable
supplies; it remained there until it was installed on NS0Q47U.

N8047U's maintenance records indicated that no othkar pertinent
discrrpancies existed during the 200 ~light-hours wiich preceded the
accident: except on December 13, 1977, the N¢. 3 generator unparalleled
light came on in flight, and after abou: 1 hr of flight the generatcr
was reset and returned to normal operation,

1.7 Meteorological Inforrmation

Synoptic Situation

The area forecast, issued at 1740 on December 17, 1977, by the
KWS Forecast Office at Salt Lake City and valid frop i€30 on Decenrber 17
to 1200 on December F, was, in part as follows:

soufhnern Idaho, Neva@QL_ggghwnnountains generally obscured
by clouds and precipitation. Clouds generally 6,000 ft

to 8,000 ft broken to overcast witli merging layers above
to 18,009 ft to 20,000 f¢ except in eastern Utah and
southern Yevada. The syrface wind in southeast Idaho,
western Utah, and Nevada, Yacally, 18C° to 220° a4t 13 kns
with gusrs to 35 kns until 2000, #nd then decreasing,
Oc-:asional light rain and light snow, ahead of ecasterly
noving cold front which cxtepds from leav the vestern
border of Idaho southwestiward into central California,
with occasional ceilings 1,600 ft to 2,000 ft, and
visibilities 1 to 4 mi. Occasional ceilings and visi-
bilities along and west of the front at or about 800 ft
and 1 mi. Freezing levels at 2,000 ft to 6,000 ft in
nerthern Ucah, lowering locally to the surfaca during the
night. Occasionzl moderatc icing in clouds and precipitation.

The terminal forecast, issued by the NWS Forecast Office at
Salt ILuke City at 1540 on Decenber 17 wnd valid from 1600 on December 17
to 1600 on Decenmber 18, wazl, in part, as follows:

Salt I.ake City--Clouds 2,500 ft scattered, ceiling 4,000
ft broken, 8,000 ft overcast, winds i80° at 20 kne with
gusts to 20 kns, occasionally, ceiling at 2,500 ft broken,
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4,000 ft overcast with visibil‘ty 5 nl in light rain and
snow. After 2366, clouds 1,000 ft scattered, ceiling
2,000 ft overcast, visibility 3 mi in light snow.
Gccasionally, ceiling 800 ft obscured, visibility 1/2 ri
in moderate sncw showers,

At 2318, United Airlines dfspavch personnel in San Francisco
provided the flightcrev of Flight 2860 with a wea*her briefing message
for the flight's intended route which included the following information:
"Valid 2131 December 17 to 1100 December 18; siallow low over southwestern
Idaho at 2000 moving eastward into Wyoming by 1100. A cold front extending
southwestward frcm the low through central Nevada and southeyrn California
moving southeast at 20 kns. Light rain, occasional moderate rain ahead
of front except light snow showers and gusty southerly surface winds

eastern Nevada and Utah." The message also contained the NIS's terminal
forecast for Salt Lake City.

The surface weather observations at the following times and
locations were, in part: '

Salt Lake City

0054 - Clouds--ceiling measured 1,700 ft broken, 2,000
ft overcast; visibility--15 ni, light rain;
temperature--41°F; dewpoint--36°F; wind--180°
at 12 kns; altimeter--29.58 ins.; rewmarks--
winds occasionally gusting to 24 kns.

Ciouds--ceiling measured 1,600 ft broken, 2,800
ft overcast; visibility--12 ni, light rain;
temperature--41°F; dewpoint--37°F; wind--220°
at 11 kns; altimeter--29.58 ins.; rcmarks--rain
ended at 0108 and rain began 0132,

Hill Air Force Bare, lLtah

0057 - Cloud3--700 ft scattered, ~stimated 2,700 ft
overcast; visibility--6 mi, light rain, temperature—--
38°F; dewpoint--31°F; wind--1/0 at 20 kns;
alti:eter--29.56 ins.

Clouds~-~600 ft scatterad, estimated 1,500

ft overcast; visibility--3/4 mi, light snow;
temperature--35°F; dewpoint--28°F: wind--190°
at 12 kns; altimeter--29.58 ins,

The NWS's winds aloft observations at Salt Luke City at the
times and altituydes indicated were as follows:

-
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December 17, 1700

Height (Ft m.s.l.) Direction (°True)

4,226 170
4,971 170
5,762 176
6,970 160
7,884 212

December 18, 0500

4,226
5,045
6,037
6,973
7,903

1.8 Aids to Navigation

The Salt Lake City VOR, which operates on 116.8 MHz, is located
2.9 mi nerth-northwest of the Salt Lake City Airport. No discrepancies
in the operation of the VOR wvere reported before the accident, and
postaccident ground and flight checks disclosed normal operation.

The Salt Lake City VOR 1ig the initial approach fix for the YR
instrument approach to runwvay 16R at Salt Lake City Alrport. (See
Appendix C.) Also,<the VOR is the navigational aid associated with
nurerous low-altitude airways that traverse the Salt Lake City area,
including V-21-101 formed by the 331 radial of the VOR, According to
Jeppes:n and National Ocean Survey low-altitude navigation charts and
the VOR instrument approach chart for runway 16R current at the time of
the accident, there were no published holding patterns in the vicinity
of the Salt Lake City VOEK.

The Salt lLake City tower was equipped with an ASR 4 (nodified 5)
radar, ARTS IIIl automation, a minimum safe altitude warning (M3AW)
8ystem, and an ATC BI-4 radar beacon systen. The radar's antenna is
located on the Salt Lake.City Afirport. The radar displays in the tower
cab are closed circuit television pictures of the display in the tower
equipment room. According to the tecwer controllers, all equipment was
operational before the accident, and postaccldent checks of the equipment
disclosed normal operation,

The MSAW system provides the air traffic controller with a
wvarniag whenever the projected flightpath and reported altitude of -~n
appropriately cquipped aifreraft under his control will put the airc
in danger of collisfon with terraiu or obstructions 1in his control area.
The controller can then convay this werning to the pllot of the atrcraft
so that the lanter can take corrective action.
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: The ARTS 1II computer compares the aircraft's altitude, as

; R reported by its transponder, to terminal area terrain or obstr.-ction
elevation (m.s.l.) dacra which are stored in the computer. These data
are established for a grid system composed of 2-mi squares, each with a
2,000-fr buffe, zone. Based on computed groundspeec and rate of turn,

- the computer projects the aircraft’'s flightpath 30 seconds into the
future., If the alrecraft's projected flightpath will take it iato a
square where the highest terrain or obstruction elevation 1s within 300
ft or lens of the aircrafi's reported altitude, the MNSAW will flash an
alarm. Additionally, the ARTS III computer projects a 2-min flightpath
based on the assumption that the aircruft will climb at a 5° angie. If
the aircraft's projected flightpath and climb profile will place it
within a square where the highest terrain or obsiruction elevation is
within 300 ft or less of the aircraft's reported altitude, the MSAW will
alarm,

P T
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According to the Salt Lake City approach/local controller, the
MSAW flashed a low-altitude warning on the tower cab radar display about
the time (0137:31) or, shortly thereafter, that he made his first -
transmission to Flight 2860 after the flignt had retuwned to the
approach control frequercy.

bk 1.9 Communications

According to alr traffic coutrol tranacripts, Flight £860
reported a radio problem to the Salt Lake center R4l controller but did
not specify the characteristics of the problem. Additionally, the
flight told the ARINC contrcller, "...only got one radio...."

The tower controller testified that they were not aware thet
Flight 2860 had any radio problems. The approach/local controller
stated that he believed the flight had two communications radios aboard
the 'aircraft, but that the flight's request to leave approach control
frequency did not alert him to pecssible communication problems. Also,

he was not concerned about the flight's absence from his frequency for
more than "a little minute' because the flight was in the holding pattern.

ARINC and air traffic control (ATC) tape recordings were
reviewed by Safety Board and United Airiines perscnnel to determine

which of the three members of the flightcrew made the rad'o transmissions
from thi aircraft.

With several exceptions, the firs+ orfficer made all of the
transaissions to ATC until 0110:11, After that time, the captain made
the transmissions to Salt Lake Center except for transmissions the first
officer made at 0115:40, 0115:42, and 0115:48. From 0116:58 untii
0121:28, the first officer made the transmissions to Salt Lake Ciiy
approach control. From 0122:33 to the end of the transmissions, the
captain made all of the transmissions to Salt Lake City approach conirol
except for transmissions the first officer made at 0125:31, 0128:15, and
0138:11.

1y o A
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With regard to the ARINC communications, the captain made most
of the transmissions until 0133:48. From that time until 03.36:06, the
second officer made all the transmissions but one which the captain
probably made. From 0136:07 to the end of the cowmunications, tbe
captain made the transmissions,

1.10 Aerodrome and Ground Facilities

Salt L.ake City International Afrport is located about 3 mi
west of downtown Salt Lake City. The airport has three hard-surfaced
runvays, L6R-34L, 16L-34R, and 14-32, .unway 16R is 9,902 ft long and
150 ft wide. 7. is not equipped with approach lights but is equipped
with high intensity runway lights, runway end identifier lights, and a
visual approach slope indicator. The airport elevation is 4,226 ft.

1.11 Flight Recorders

N8047U was equipped with a Fairchild Industries Model 5424
flight data recorder (PDR), sérial No. 6084. The recorder case was
damaged mechanically, but the foil recording medium was not damaged.
All recording traces wore clear and active.

The FDR readout included 27 min of flight and indicated that
before N807.4U descended through 23,200 ft radio communication transmissions
were made from the No. 1 VHF radio. After that time, all radio transmissions
were made from the No. 2 VHF radio. The FDR sltitude information was
bascd on an altimeter setting of 29.58 in.Hg to convert pressure altitude
to m,s.1. altitude below 18,000 ft. No other corrections were made to
any parameters. The final 17 min of flight were plotted on a graph, and
the last 5 min of the graph is part of this report. (See Appendix D.)

N8047U was equipprd with a Sundstrand Data Control Model V-557
cockplt voice recorder (CVR), serial No., 1638. The recorder case was
damaged slightly. Howevez, the recording tape had bound and 1t contained
no:e of the cockpit conversations related to Flight 2860. The portion
of the tape that was recorded before the CVR malfunctioned was recorded
on December 6, 1977.

A plot of Flight 2860's probable ground track in the Salt Lake
City area was derived from NAS Stage-A D-log data from Salt Lake Center
and FUR data. {See Appendix E.) The NAS Stage-A dsta were used for the
first portions of the track. However, zince the recording of these data
ended at 0136:46 (probably because the aircraft was too close to and
well below the radar beacon antenna), FDR data and pertinent metecorological
data were used to complete the track.

Additionally, Flight 2860's altituvde profiie for i{ts last 22
sec of flight was established. (Sce Appendix F.) Thig profile shows
the aircraft's altitude in relatfon to the terrain beneath its probuable
ground track.
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1.12 Wreckage Information

N8O47U crushed on the southwegt slope of Ed's Peak in the
Wasatch Mountains abaut 2 85 nmi northeast of Kaysville, Utah. The
crest of Ed's Peak is at 7,665 ft. Ground impact marks at an elevation
of 7,200 ft indicate that thk- aircraft was in a near vings-level climdb
and on a magnetic heading ¢f 040° at the time of inpact., Most of the
wreckage wvas scattered Jp the southwest slope but the cockpit seciion,
parts of engirnes, some ¢argo containers, and other heavy parts were
Scattered down the n-riheast slope.

the wreckage arca was about 1,300 ft long, horizontaliiy, and
500 ft wide. Yicm the 7,200-ft level to the 7,500-ft level, the slape
of the mountain was 32°, and fvom the 7,500-ft level to the crest of the
Peak, the slope was about 26°, Much of the wreckage was covaered with or
buried in snow that ranged from 1 o 4 f¢t deep.

The horizontal stabilizer was tle first large cection of the
aircra‘c above the initial impact levet--it was at an elevation of about
»30% Ft. From there, numerous pleces and secticvns of the aircraft were
Scattered up the mountain, including fuselage structure, flight control
surfaces, engine components, cargo containera, cargo, miin landsug gear,
and wing structure. There was no evidence of ground fire; hovever, some
papers znd cardboard boxes showed evidence of scorching.

The wings trafling edge flaps and the larding gear were retracted.
The horizortal stabilizer was at 4.2 units nogeup. There was no evidence
of preexisting structuvrel damage or of flighec contrei malfunction.

Both wi.258 were separated fron the fuselage and all four
engines were separsted from their wing attachments. The intact assemblies,
consisting cf high pressure compressors, combustion gections, and high
pressure turbine modules of the Nos. 1, 2, and 3 engines, were in the
main wreckage area, The fan sections, low pressure compressors, and low
pressure turbine sections of these engines had separated from the above
ass mblies. The bludes of the high pressuce compressors and turbines i
these .gines were bent in the direction opposite to compressor/turbine
rotation, wers broken near the blade recov platforms, or were nissing
fcom the root platform slots,

A portion of the fan, fan fu1ct case, and low pressure compressor
of the No. 4 engine was in the wreckage area on the northeast slope of
the mountain. The remainder of the engine was not located. The attached
blades ¢f the low Pressure compresscr were all bent in the airection
opposite vo compressor rotation and we
discs,

The snow in the area of the cockpit section was searched
extensively for cockpit components of the aircraft. The readings or
positions of *he portinent components vecovered were as follows:
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Pilots' Instruments/Controls

Course galect--153

Attitude situation indicator--15° ¢limb, 10° right bank
Radio wagnetic indicator heading--035°

Altixeter barometric setting~~29.57 in,

Altimeter altitude indication--6,820 f¢

Standby altimeter--6,880 ft

Coumunicatfions radio receivers--oOn

Transmitter selector- -Ns. 2

Frequency selector switches~-Both switches on VHF
No. 1 transceiver--132.55 MH2z

No. 1 navigation receiver--116.8 Miz

Copilots' Instcuxents/Controls

Course select--000

To/From indicator--From

HSI heading--040°

Attitude situstion indicator--15° climb, wings lovel
Instantareous vertical speed indicator--5,500 rt/min clizd
No. 2 transceiver--126.8 Miz '

No. 2 navigation receiver--116.8 Miz

Cockpit Overhead Panel

GPWS Switch--Normal, cover guard broken

Second Officer's Station
Generator manual disconnect levers--all 4 levers in same
relative position

Generator bus-tie circuit breakers
No. l-<broken No., 2~-~broken
No. 3--open ¥o. 4-~-closed
Generator circuit breakers
No. l--broken No. 2--broken
No. 3--broken Ho. 4--closed

The altit-ide module of the air data conputer indicated an
altitude of 7,261 ft, and the airspeed module motor was at the high
stop, power—-off nosition.

Three electrical relays were found and tested. The d.c.
emergency moniter relay and the No. 1 load monitor relay operated p-operly,
The No. 2 load monitor relay did not operate; impact forces had distcrted
the solenoid housing and the armature was bound.

The four generator protection control panels were exarmined.
Al: four panels were damaged similarly by impact forces. The posfitions
o° th rield relays and auxiliary field relays were as followa:
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Panel No. Field Relay Aux Field Relay

105 closed open
270 closed danaged
213 damaged opEn
241 open open

The cockpit section of the aircraft was demolished; the largest
piece consisted of the left side and roof of the cockpit, including six
of the cockpit windows. The fligh%crew's seats were separatad from
their supporting structure and were heavily damaged. Both ihe captain's
and first officer's seatbelts and shoulder harnesses were f{ntact, except
the latter's right seatbelt anchorage was torn from the seat. Each of
the three creaembers was separated from his seat.

1.13 Medical and Pathological Informction

All three members of the flightcrew died of extreme and extensive
trauma. All suffered extensive craniocerebral traums, r-ltiple fractures
of the extremi-.ies, and trauma to the chest and abdomen. None of the
flightcrew displayed marks or injuries that could be attributable to
seatbelt or shoulder haraness restraints.

There was no evidence of preexisting disease or heart'disorders
in the captain and second offiler. The first officer had some symptoms
of slight preexisiing heart damage, but wedical authorities _onsidered
the damage insignificant.

Two laboratories, each using different specimens, performed
toxicological examinatfons of the crewnembers. These tests disclosed no
drugs or carbon monoxide in any of the crewmembers and no alcohol .n the
captain and first officer.

One laboritory's tests of tissue specimens from organs of the
second officer disclosed ethyl alcroho' in amounts which varied from
0.042 percent to 0.007 percent., Further culture tests of these specimens
produced alcohol and a growth of mixed organisms. ‘‘herefore, lacking
any cor.oborative evidence of alcohol ingestion, the laboratory coasidered
the tissue specimens contaminated.

The other laboratory's tests disclosed that samples of the
second officer's urine and bile contained 0.08 percent and 0.03 percent
ethyl alcohol, respectively. Additionally, trace quantities of alcohol
were found in the gastric contents of the stomach. The toxicologist who
condi_ted these tests considered the tests valid and believed that the
.08t likely source of alcohol was ingestion, He further stated that
throughout the ingestion process, there is no established relationship
between levels of aicohol in the urine and blood. However, in his
opinion, since the gastric contents of the stoma:h contained only a
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trace of alcohol, absorption had ceased, equilibrium had been attained,
and the alcohol vwas being metatolized at a rate of (.012 to 0.015 perceant
per hour just before. the second officer's dea*h, At equilibrium, the
0.08 percent alcohol n the urine would equate to about C¢,06 percent
alcohol in the blocd. Considering metabolization rates 3nd assuming

that no alcohol war inpeated during the 3 hours before Lils death, the
second officar would have to have had the equivalent of of 7 to 2

ounces of 80 proof alcohol in his body when he left the hotel to report
for duty at 2300. The toxicologist thought it possible that, considering
his weight of 200 1bs, the sacond officer might not have appeared intoxicated
vith that amount of alcohol in his body.

The results of the two toxicological tests were subuitted to
the Armed Forces Institute of Pathology (AFIP) for an additional opinion.
AFIP considered both tests valid and considered the results of the urine
tests more reliable because bacterial contamination of bladder urine
would have been delayed under the low ambient tempevat:ren to which the
crewmembers were erpogsed after thefir deaths. Additionaily, AFIP believed
that significant weight must be given to the presence of ethyl alcohol
in the tissues and fluids of only one of tlie three crewmembers oven
though all three were exposed to 2ssentially the same postmorcen conditions.,

1.14 Fire

The evidence indicates that a flasn fir= occurred immedlately
after the crash but that the fire was of short duration,

1.15 Survival Aspects

At 014Z the Davis Councy Sheriff'’s Department at Farmington,
Utah, wa: notified of the accident. The sheriff activated the county
emergency plan, search parties were organized, and shortly e€te~ 0200
search activities were initiated. Rain, snow, darkness, anu .uggec
terrain hampered the gearch. Abecut 0755, a U.S. Afir Force helicopter
from Hf11l Air Force Base joined the search. Pollowing I(mprovement in
the weather conditicns, the wreckage was located about 0955 and para-
medlcs were lowered from the helicopter. The paramedics searched the
wreckage area but could not find the crewmembsrs. About 1245, members
of the search parties arrived at the scene and secured the area. The
remains of the flightcrew were found the a‘temoon of the following day.

The accident was not survivable because extreme impact forces
destroyed the aircraft and caused severe traumatic injury to the flightcrew.

1.16 Tests ani Research

N804TU was equipped with a Rockwell International, Collins
Racdlo Group, FPC-75 ground proximity warning system (GFWS), which was
powered by the No. 2 electrical system. This syctem was design-d to
provide flightcrews with both visual and aurel warnings if the aircraft's
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flightpath between 50 ft and 2,450 ft above the grcund places it in
hazerdous pr~xinity to terrain. Because CVR information was not available,
tests were conducted at the manufacturer's facility te determine whe*her
N8047U's GPWS, 1f op ative, cculd have provided the flight.rew with a
timely warning about the aircraft's hazsrdous proximity to the terrain
which it struck, \

These tests were computerized simulations based on probable
ground tracks of the last 10,000 f+ of flight FDR dat~, pertinent
meteorological information, terrain profiles, and aircraft configuration
(landing gear and flaps up). Five probable ground tracks were selected
because of large variations in terrain elevations over a short distance
and because of slight variations in three independently computed tracks.
The track shown 'in Apoeniix E was one of the tracks. Additfonally, the
five tracks choren- {nsured radio altimeter fllumination of all pertinent
terrain features.

The simulations for all five tracks ended with radfo altimeter
altitude's (afrcraft's alcitude minus terrain elevation) reaching zerc
before the known impact point was reached. This could indicate one of
three things: (1) An error in the barometric aitimeter altitudes,

(2) an ervor in +opographical information, or (3) that Flight 2860
contacted the ground, or came very close to contacting the greund,
before reaching the poiut where the evidence indicates that fnit{al
contact occurred. Since Flight 2860's altitude profile also appears to
contact the ground befeore the established impact point, the FDR altitude
trace is probably 31ightly {n error but within recorder tolerances of

+ 2606 ft at 6,000 f¢. Consequently, to determine more accurately what
the warning time might have been, the times cetermined by the tes’s were
incriased by the amount of time required to traverse the distance, at
the last simulated groundspeed, between the points where simulations
terminited and the actual impact point,

The test results are showvn in Tanle 1. If the GPWS was operable,
it would have provided u mode 4 varning (unsafe larding configuration)
from 7.7 sec to 10.2 sec before iwpact, Additionally, a mode 2 warning
(terrain closure rate) would have been generated on three of the five
probable tracke. However, on those three tracks, the mode 2 warnings
were preceded by mode 4 wvarrings. The Collins FPC-75 system uses filter
tine constants and gains to eliminate nuisance warnings produced by high
closure rates of short duration, Consiquentiy, the wode 2 warning
delays.are attributed to Flight 2860's high groundspeed and low initial
altitude, and the precipitous nature of tha terrain.

Te'ts were also conducted on the MSAW system in the Salt Lake
ity control tower to determire more precisely when the MSAW system
alert was triggered. The ARTS III expanded target generator was used to
simulate the probable radar returns generated during the last minutes of
NB04A7U's flight. Data from N8047U's probable ground track, the FDR, and
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Waraing Time
Before Simulation Waming Tine
Termination Before Impact

Mode 2 Mode 4 Mode 2 | Mode 4
(sec) (sec) (sec) (sec)

6.6 7.9 8.6 9.5
7.3 2 8.9 9.8
0.9 8.3 2.5 9.9
8.7

5.3

TABLE 1,--
Simulation Result Summary

pertinent meteorological factors were entered into the gener~tor computer
and two simulated flights were monitored on a standard plan posaition
indicator display in the radar room. All generated data were recorded
on nagnetic tape and later vreduced to nrints, which were used to plot

the generated flight tracks.

These simulaticns, although not exact reproducticys of Flight 2860's
probable g-ound track, were sufficiently representative to determine
that for an aircraft flying the frack at 6,000 ft and 2290 kns groundspecd,
the MSAW system warning would activate as the aircraft's magnetic
heading approached about 073° in {ts right turn toward Kaysville. (3ee
Appendix E.)

1.17 Additional Information

1.17.3 Ovarational Information

United Airlines’ Flight Operations Manual provided operaticnal
guidance to United's pilots. This manual specified that in accordance
wi: h Federal Aviation Administration (FAA) procedures the maximun holding
ajrspeed from the surface through 6,000 ft 1s 200 XIAS, and from above
6,000 ft through 14,000 fe¢, 216 KIAS. Also, the pilot must advise ATC
if any increased airpseed is necessavy.

With regard to holding pattern limits, the manual specified
that inbound legs of the holding pattern are of 1 min duration {(at or
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below 14,000 ft); the initial outbound leg should be flown foe
and timing for subsequent outtcund legs should be adjusted as necessary

to achieve propar ftntound leg time, Alsc, outbound timing begins over
or abeam the holding fix, whichever occurs later,

1 nin;

With regard to commurications procedures, the manual included
the provisions of 14 CFR 91.129, which requires that the pilot repor:

"iomediately to Air Traffic Control any in-flight malfunction of navigation
or air/ground commwications equipment.” The pilot must include in the
report the "degree to whichn capability to operate IFR irn ATC system is
impaired", :nd the "nature and extent of assistance desired from ATC."

The Airman’s Informaticn Manual, Part I, July 1977, contained
information on holding procedurcvs for situations where the holding
pattern was not published. The maaual provided that an ATC clearance
under such circumstances would include the following information:

"a. General Holding Instructions,

(1) The direction io hold from holding point; (The
direction o hold with relation to the holding
fix will be specified as one of eight general

pointe of the compass; 1.e., north, northeast,
east, eotce.),

(2) Holding fix;

(3) On (specified} radial, course, magnetic bearing,
airway number or jet route;

(4) Outbound leg length in nautical miles if DME is
to be used;

(5) Left tr ms, 1f nonscandard pattern is to be
used;

(6) Time to expect further clearance, or time to
expect approach clearance,"

"b. Detailed holding fnstructfons: Same as a.(1), (2),

and (3) above with foliowing additions to (4) and (5):

(4), or minute/s if DME is nor to be used,

(5), or right turns 1if stand :rd pattern 1is to be
UBEdiu *

United Airlines' Flight Handbook for DC-8 alrcraft contained,

ectrical system malfunctions:

Tt e e s o b o
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JINOPERATIVE EQUIPHENT RESULTING FROM ELFCIRICAL BUS FAILURE
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(Critical itcas only. Sors iteme which dis:lay  flag or
evidence of powetr loss are not listed, )"

"If puwer cannot be restored to one or more buses, refer to the followin
list of systers inportant to the approach and landing phases of flight
that will BOT be.available, This list does not include all electrically
controlled and/or powered systexs, and 1s no gsubstitute for a complete
check of the circuit breaker panel to deternine the affected systess,"

L3

"BUS SYSTEM NO. 1

Spoller pump (and control on later alrplanes).

Antiskid (Also rain gesr spoller control with Mark II brakes).
Staniby rudder pump.

JT4 outboard ejectors.

-62 reversing on No. 2 and No. 3 engines,

SYSTEM NO. 2

No. 1 Comm (except -62) and Nav Radios.
Hydraulic and spofler pressure gages.,

SYSTEM PO. 3

No. 2 Corm and Nav Radios.
-62 standoy reverser punp (reversing available if buses 1
and 4 are powerec).

SYSTEM NO. 4

Spoiler purp control (some early airplarnes),

Spoiler selector valve (soue later airplanes which also cequire right
ground control relay power for spoiler operation).

Aux hydraulic pump,

Ma‘n gear spoiler control (with Mark II brakesy.

JT4 inboard ejectors.

-62 reversing cn No. 1 and No. 4 engines (no reversing on

Nos. 1, 2, 3, or 4 if bus No. 3 1is also lost),

"LEFT EMERGENCY BUS
Captain: horizon, compass, and pitot heat,
Spoiler selector valve (some early airplanes which also require
right ground control relay power for spofler operation).

"RIGHT EMERG BUS

¥/0: horizon, compa-s, and pito: heat."
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1ae Haudboox alse contained irregulsar prccedures ror: (1) Bus
power failre light--0. and (2) generator unparallieled light--On  The
procedure fo. (1) abovae specified that 1f the volts and fregquency weve
not nornal and activation of the bus Fault reset switrch did not extinpuish
tne failure light, tle bus should be left unpowered {generator control
switch--0ff), and the inoperative equinrent list consulred. If a generator
uaparallcelad 1ighi cuould not be extinguished but generator operatisn was
othervwise norial, the generatory could be operated in an izolated condition;
that 1s, with the generator powering only its own bus,

The Handbook did not contain a proccdure that vas sormetires
recorronded by maintenance contrellers im circumstances where a generator
vas rnot producing any power and 1its associatad bus could not be powered
by the o*her generators. This prcceduve specified that the generator te
disconnec-ed from its constant speed drive {CSD) uvnit and was based on
the thecry that generatcr faults sensed by the generator's internal
sensing circuiit can prevent its assoclated bus-tie from closing, therety

preven;ing the other generators from powering the faulty generator's
bus. %

The above procedure was used on N8047U's No. 1 generator on
December 17, 1977, for flights from Cleveland to Denver and Denver to
San Francieco before the No 1 generator control panel was replaced. The
maintenance controlier who communicated with the flightcrew of Flight 2860
through ARINC stated that he was not aware of N8047U's previous. electrical
problens but that he was aware of the disconnect procedure. He did not
recomzend the procedure to the flightcrew because they secemed to be
concerned nainly witix why the landing gear indicator system was inoperative
and not with wvhy the No. 1 bus could not be powaered.

Most of the circuit breaker panels iIn N8047U were lcrated
on the aft wall of the cockpit. Some «f the generator concrol circuit
breaxers wete located in the flightccew coatroon.

Humerous electrical comnonents in N8047Y vere powered by the
No. 1 elecirical bus; pertinent conponents were:

No. 1 engine oil quantity indicato.

Ne. 1 engine pressure ratio gage

No. 1 engine fuel flow indicator

Speiler hydraulic pump control

Left wing landing light and light control

Left nose gear landing and taxi light

Captain's instrument lights (red)

No. 1 generator drive and engine oil temperature
¥,. 2 generator drive aud engine oil temperature
Landing gear warning and interlock

%/ After t»~ accldent, United Airlines’ included the procedu.e in the
DC-8 F). - : Handbook,
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Hydraulic oil temperature
Hydraulic oil jantity

i{ain landing gear spoiler locckout
No. 1 VHF cormunication radia

No, 1 transpender

1.27.2 Air v -affic Control Information

s s — ——

The FAA's Air Traffic Control Handbook 7110.65 provided cuidance
for air traffic concrcilers. Tne Handbook, current at the time of the
accident, 3pecified that, with respect to holding aircraft, 1f the
holding pattern is not charted, Lhe controller issue both of the following:

(L) General holding instrucrions or, if the pilot requests

or you consider it necessary, detallz=d holding
instructions....

{2) The time at which the pilot can expect tu receive
approach clearance..,or further clearance..,."

According to paragraph 320 of the Handbeook, general halding
instructions consisted of:

irection of holding from the fi-..
Holding fix
Radial, course, bearing, airway, or jet rcute on
witich the aircraft is to hold.
Outbound leg lengthi in niles, if DME or RNAV is
used.,

Direction of holding pattern turns if left turns are
to be made."

Parvagraph 324 provided that for detailel holding instructions
the controller "issue the same items as for general holding, but always
specify leg length in minutes, niles RNAV, or niles DME, and directiocn
of 'iolding pattern turns.”

The approach/local controller testified chat according to the
abov > provisions he should have issued gencral holding instructions to
Flight 2860. He stated that he intended that the flight hold on the
331° radial, but he could not explain why he did not specify the radial.
He stated that he had never worked 1in a nonradar control facility, and
during his career at tne Salt Lake City control tower facility he had
few occasions to issue holding clearances to flightcrews of large aircraft.

The required ohlstacle clearance criteria, as specified in FAA
TERPS Handbook 8260.38, could be met for an aircraft holding at 6,000 ft
on the 331° radial of the Salt Lake City VOR 1f the aircraft was heid in
a righthand pattern, 1 min legs, at 200 KIAS or less.
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According to video maps in the Salt Lake City control tower
radar displays, the minimum vectoring altitudes (MVA) varied cosidarably
within tke facility's control area. The MVA for the area about 3 mi
east of V-21 (331° radial) to 5 mi west of V-21 between the Salt Lake
City and Ogden VOR's was 6,000 ft. The MVA's on both sides of this area
were higher. On the east side, the MVA's extended to 9,000 ft and
10,500 ft.

2. ANALYSIS AND CONCLUSIONS

2.1 Analysis

The flightccew was certificated properly, ard all members were
qualified for the flight. They had received the off-duty time required
by regulation, and there was no evidence of medical factors that might
have affected their performance.

There was evidence of ethyl alcohol in the second officer's
body which according to the weight of medical opsnion most likely occurred
from his ingestion of alcohol within the 8-hr period preceding the flight.
Since investigation of the second officer's activities before he departed
San ¥rancisco disciosed no evidence either of alcohol consumption or of
the noticesble effects of consumption, the Safety Board is unable to
determine the extent, if any, to which the second officer's physiological .
and mental faculties might have been impaired by alcohol nor could the
Board datermine whether the blooed alcohol level of the second officer
contributed to the accident. However, the consumption of alcohol by
nembers of a flightcrew within 8 hrs of flight is prohipvited by regulation
for good reason and should not pe tolerated by anyone responsibleé Tor
the operation of airxcraft.

The aircraft was certificated, equipped, and maintained in
accordance with regulations and approved procedures, Except for the
electrical malfunction associated with the Nu. 1 electrical bus and the
reported unparalleled state of the No. 3 generator, tchere was no evidence
of a failure or malfunntion of the aircraft's 8tructure, poverplants,
flight controls, or systems, including flight instrument and navigational
systews. The postaccident condition of the engine components indicece
that all four engines were running at high thrust selections whop tiue
aircraft crashed.

Based on the flightcrew's recorded conversation with United's
system line maintenance controller, following the flight's descent for
landing at Salt Lake City, the No. 1 electrical bus was not powered and
all electrical compuaents powered by the No. 1 bus wera inoperative,

The Safety Board was not able to deternine why the No. 1 electrical tus
could not be powered bdecsuge many of the electrical components could not
be recovered and because those recovered wera too badly damaged to
provide clues. However, we believe that the No, 1 generator probsbly
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was malfunctioning for the same reasons that it malfunctioned the day h
before. Also, 2ithough the generator control panel had been changed,

the cause of the earlier malfunction apparently was intermitteat and was

not in the control panel as established by tests con the panel that was

removed. Consequently, had the No. 1 generator drive been disconnected,

as it had been the day before, the No. 1 bus-tie probably could have

been closed and the No. 1 bus could have been powered by the Nos. 2 and

4 generators. The unparalleled scate of the No. 3 generator appears to

have been an unrclated malfunction which had no bearing on the problems

associated with the No. 1 generator.

Notwithstanding Flight 2860's electrical systems problems, the
Safety Board concludes that the failures associated with the No. 1
elentrical system alone were not responsible for the accident. Although
thes.e failures precipitated a series of events which culminated in the
accadent, the aircraft's alternate electrical systems and the established
procedures for dealing with electriial system failures were, for the
most part, adequate to permit safe ouperation of the aireraft with the
No. 1 eiectrical system incperative. Further, although disconnection of
the No, 1 generator drive mighe have permitted the flightcrew to restore
powzr to the No. 1 electrical bus, the flightcrew should have been able
to safely fly, navigate, and land the aircraft with the bus inoperative.

An analysis of the serles of events which followed Flight 2860°s
electrical system prablems discloses numerous acte of omission and
commission, the slight alteration of which probably could have prevented
the accidert. The first of these events was the holding clearance that
was issued by the Salt Lake City approach controller, The clearance
clearly did not conform to established holding clearance requirements
because the holding radial was ouitr.d.

The controller was not able to explain why he cmitte? the
radial from the clearance. Under the circumstances, with 2 to ? 1/2 hrs
sle:p in the 19 1/2-hr period preceding the accident, the controller

mighv have been affected by tatigue. However, fatigue is a subjective
physiological reaction since it affects each individual differently.

Since the controller denjed feeling fatigue, general.zations to the

contrary would be speculative at best. It is believed more likely that
since the controller intended that the flight hold northwest on the 331°
radial and since the 331° radial was the only radial useful to the
flightcrew in conducting a VOR approach to runway 1l6R, he probably

thought that the holding radial was obvious and that, therel—re, the
direction of holding was sufficient. The flightcrew's response (''Okay")

to the controller's correction of the holding direction from north to
northwest would have tended to reassure him in this respect, as would

the flight's subsequent return to the VOR via the 331° radial. Additionally,
since the flight was apparently in visual flight conditions and under

radar control and since there was no other traffic in the area, the
controller probably did not consider the specific radial particularly
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important. As a practical matter, the omission of the holding 1adial
would have been detected and corrected hed communications with the
flight not been interrupted.

Because of the lack of CVR information, the Safety Board 1is
unable to determine why the captain and firat of“icer might .have failed
to realize the omission of a specific holding radial from the holding
clearance. Possibly, fatigue affected the flightcrew when the clearance
was issued and throughout the remainder of the flight; but, there was no
evidence that they did not make full use of the 13-hr rest period in San
Francisco or of the rest periods afforded them before they reported for
duty in Chicago on December 16. If the flightcrew made appropriate use
of these rest periods, as the evidence indicates they did, fatigue
ghould not have been a factor., Therefore, we believe it more likely
that they probably failed to realize the omission, or the importance of
the omission, because of distractions associated with the electrical
aystem problems and because they were in visual flight conditions where
the aircraft was just below the clouds and the visibility was good.

Flightcrew voice identification of ATC and ARINC tapes indicates
that the captain originally was flying the aircraft and that the first
officer was managing the radio communications. Shortly after the fiight
established communications .-ith Salt Lake City approach control, tha
captain began making the radio transmissions, vhich indicates that the
first officer probabiy was flying the afrcraft wheu tle holding clearcauce
was requested, because the nonflying pilot usually msnages the radio
communications. Later transmissions on the ARINC frequency show that
the captain was active in discussing the electrical system problems with
United's maintenance controller. Thevefore, before the flight left the
approach control frequency, the captain probably was significently
involved in the diagnoses of the electrical problems and, consequently,
his attention probably was divided betwesen those problems and flying
activities,

Since the pattern of ground lights in the Salt Lake City-Ogden
corridor are oriented in a true north-south direction and since, when
the holding clearance was requested, the aircraft was about 7 to 8 mi
west of those lights, the captain c¥u1d have thought that holding north
was dore appropriate. His stateuwent, "Okay, we'll hold north of the
VOR...," tends to support such a train of thought. Whether the flightcrew
discussed the matter is not known. However, the evidence indicates that
the first officer accepted the 360° radial as the holding radial because
the course selection in his horizontal situation indicator was found at
220, 3/ Additionally, the probable ground track shows that after the

]

aircraft passed the VOR it flew the outbound leg of the holding pattern

5/ This selection would keep the course deviation indicator (CDI)
directional while the aircraft was outhound from the VOR. To
keep the CDI directional after turning inbound, a course of 180
would have to be selected.
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on about a 358° track. The captain's course selection anparently was
left at or near 151, the designated course to the Salt Lake City VOR for
the published VOR approach to runway 16R.

The second critical event in the series of events leading to
the accident was the transfer of radio communi{cations from approach
control frequency to ARIANT frequency. Under the circumstances, the
controller was not aware that Flight 2860 bad radio communicaticn

" problems and would need special iandling because he was not teid as

required by regulation that the flight had lost a communications radio,
the degree to which the loss impaired the flighc's capability to operate
IFR in the ATC system, or the natu.e and extent of assfstance desired
fron ATC. Had the flightcrew given this {nformation to the controller,
the controller might hava been aLle ¢ arrange for an alternate means of
maintaining communications, such as estabZishing a voice receiving
capability for the flight through “he Salt Lake tity VOR., It appears
that the captain arranged both the holding clearance and the transfer of
comsunications somewhat casually. Some of the casualness probably can
be att-ibuted to his divided attentdion. However, while holding at
night at an altitude well below the elevation of surrounding mountains,
a professional pilot would be careful about limiting his source of
aircraft position information, particularly with unresolved electrical
problems that could have the potential of affecting his navigational
equipment.

On the other hand, the controller should have realized that

tne flight's request to leave the approach control frequency probably
would result in a losg of ATC communications, and, therefore, would in
effect terminate radar control for the duration of the loss. He should
have furtuer realized that while he was providing radar vectors and
radar navigativnal guidance to an aircraft operating at MYA, he was also
required to provide advisories in the event the aircraft deviated from
its protected airspace. If the controller was unable to communicate
with the flightcrew, he could not provide the deviation advisories tc
them. Therefore, in the absence of a request for emergency handling, he
should have taken one of the following actions: (1) Directed the flight
to a protected area which would not have required the controller's
provision of radar navigational guidance, or (2) dented the request to
leave the frequency.

Notwithstanding the controller's alternatives, he undoubtedly
vas misled by the captain's suggestion that the flight would only be off
frequency "for a little minute." Given the aircraft's position, altitude,
and groundspeed at that time (0129:51) and the flight's clearance to
"turn right and proceed direct to the Salt Lake VOR...", the controller
knew that the flight was safe from obstructing terrain for well over a
minute, As the flight pProgressed, the aircraft passed over the VOR
about 0132, or more than 2 min after the captain implied that the
flight would be off the frequency for a short time.
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Ir fact, the flight was absent from the controller's firequency
for about 7 1/2 min. The ARINC transcripts show that 2 nin 16 sec of
the 7 1/2-min period were consumed in cstabiishing ccmmurications with
the maintenance controller. Consequently, the Board canro: explain why
the captain thought the flight's absence from the frequency would be
only "a little minute." However, flightcrew probably was nct concerned
with the passafje of time because they believed themselves in & safe
area, and they were intent on solving the ianding gear problem and a
difficult electrical system problem. In any event, the whole pattern of
imprecise communications with approach con“rol suggests a somewhat
casual and complacent attitude toward management of the flight,

buring the 7 1/2-min period, (about 0136), it became obvious
to the controlliers that the flight would cross the 331° radia) on a
northerly track instead of turning right to intercept the radial and
flying inbound on the 331° xadial to the VOR. Consequently, the controllers
attempted to contact the flight through the Salt Lake City and Ogden
VOR's but were not successful because the flight was not monitoring the
VOR's for voice tiransmissions even though both VOR receivers were tuned
to the Salt Lake City VOR frequency. This 1s verified because, according
to the message transmitted, the flight was requesied to contact approach
control on frequency 124.3 MHz, but the aircraii's No. 2 transceiver--the
only communications radio operative with the No. 1 electrical bus inoperative--
was found at 126.8 MHz, the originally assigned frequency. &/ Additionally,
the flight terminated communications with ARINC at 0137:11, only 15
secs before they reported back on approach control frequency.

The third critical event was the manner in which the holding
pattern was flown. According to Flight 2860's probable ground track,
the standard time of 1 min on the outbound leg of the holding pattern
was exceeded by about 1 min 39 sec. Addiiionally, according to FDR
information, the flight's indicated airspeed on the outbound leg averaged
about 240 kns as opposed to the authorized 200 kns. It {is apparent from
the probable ground track map that, had the flight adhered to the 1 min
limitation and had it intercepted the 360° radia! back to the VOR, it
wiuld have remained well clear of obstructing terrain. Also, calculations
show that 1f the maxirum authorized afrspeed of 200 kns had been flown,
the flight's right turn toward the 300° radial might have begun about
2.6 mi earlier, which would have kept the flight much farther from
obstructing terrain., Finally, if both the 200-KIAS and l-min limitations
had been observed, the flight's outbound 1lsg would have been about 4 mi
long and the flight would have remained well clear of the hazardous
terrain.

However, it is not certain what aid, if any, the flightcrew
used to determine the length of the outbound leg. The inbound tura

6/ Salt Lake City approach control could receive and transmit simultaneously
on both 124.3 MHz and 126.8 MHz.
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began about 10 nmi from the VOR which indicates that the first off{icer
might have used 10 nmi on hie DME as the measure of leg length even
though the use of DME was not specified in the holding clearance. Since
the controller had told the flight earlier that he could take it out 20
mi (north-nortlwest), the use of 10 nmi on the DME as the measure of leg
length probably would have seemed reasonable to the first offtcer. On
the other hand, the inbound turn was begun shortly after the discussion
with Uniied's maintenance convroller ended, during the last portion of
which the captain expressed his intention to "go ahead and land then."
Consequently, it is possible that che first officer was monitoring tiie
discussion and that he began the inbound turn shortly after the captain
expressed his decisfon to land. Also, if the first officer's attention
was partially directed toward the diagnoses of the electrical system
problems, he might have lost track of the timing on the outbound leg.

In any event, the holding pattern was not flown in confcrmity with
prescribed procedures and, as a result, the aircraft was flown into an
unsafe area vhen the air traffic controllers could not provide any
assistance.
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The final critical event which, if managed differently, might
have prevented che accident was the exchange of communications between
the controller and the flightcrew after the flight had returned to the
approach control frequency. About 1 min eclapsed between the time the
flight reported back on the frequency and the time the afrcraft struck
the mountain. Considering the afrcraft's speed and performance capability
as demonstrated by the FDR traces, in about 30 secs or less the aircraft
could have been flown safely above the mountaina. Additionally, it is
apparent from the probable ground track that had Flight 2860 continued
its right turn, without climbing, and had it intercepted the 360° radial
inbound, without overshoot, it would not ha've struck the mountains. On
the other hand, had Flight 2860 begun the left turn immediately or had
it begun the climdb immediately after receipt of the controller's first
instructions to turn and climb, it is likely that the aircraft would not
have craghed.

Considering the alternatives which were possibly available to
the controller, instructions for an immediate.turn and climb with stress
on the immediacy of the action would have been most appropriate.
However, the controller's radar display did not, and cannot, portray
sufficient details of the terraia or the afrcraft's flight track to
permit the controller to make fine distinctions about the aircraft's
proximity to obstructing terrain. Additionally, the radar display that
the controller was using in the tower cab did not portray these features
with as high fidelity as the plan position indicator displays in the

* radar rvoom., 1/ Consequently, under the circumstances, the controller's
instructions to the flight must be considered a judgmental matter on his

1/ After the accident, the FAA discontinued the practice of using the
radar display in the Salt Lake City control tower cab for approach
control functions during weather conditions where the ceiling is
below 5,000 ft or the visibility 1is less than 4 mi.
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part, However, since the MSAW alert was flashing and since the aircraft

was headed toward areas where the MVA's were 9,000 ft and higher, the
controller should have placed more emphasis on the urgency of the action

he told Flight 2860 to take, and he should have given the flight instructions
r> immediately turn and. immediately climb,

The ccrditions in the cockpit of Flight 2860 after the flight
reported back on approach control frequency are not known because of the
lack of CVR information. However, based on weather reports and witvess
reports, the flight apparently entered instrument flight conditions
during the inbound turn, if not before, and the flightcrew was not aware
that a dangerous situation was developing. Consequently, the controller's
instruccions probably surprised them sufficiently to cause delays in
their respongses., Additionally, simulation tests indicate that the GPWS
would not have provided a warning until 7,7 to 10.2 secs before impact,
which because of the rapidly rising terrain was too late. 8/

Clearly, it was a preventable accident because so rany independent
events had to combire sequentially to produce the accident, and slight
alterations in any of these events could have prevented it. However, we
conclude that the most critical of the events was the manner in which
understanding was reached on the holding clearance, because 1if the
holding clearance had been properly given and properly understood the
events that followed either would not have affected the safety of the
aircreft or would not have occurred, We believe the majcr problem with
the holding clearance was the lack of precision in the communications
between the varties involved.

The captain knew that he had only one radio and that he would
have to terminate ATC communications, and radar control, in order to
cemmunicate with United's maintendnce controller. Further, froa information
avajilable to him on the instrument approach cluit and from his previous
experience in the Salt Lake City area, he should have known that 6,000
ft vas well below the elevations of rurrounding mountains, Therefore,
he should have fnsisted on absolute certainty usbout where the flight was
to hold. When the approach controller issued the holding instructions,
he was not aware that cowmunications and, therefore, radar control,
later'would be interrupted. Consequently, the holding instructions were
imprecise and containec an ambiguity which the flightcrew failed to
detect.

8/ The GPWS probably functfoned because| the GPWS switch was found in
the normal position. Additionally, the rapid increase in the FDR
altitude trace and corresponding dec}ease in the airspeed trace
during the final 4 to 5 secs of flight, and the impact attitude
of abouat 15, indicate that the pilof reacted sharply to:such a
stimulus.
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The Board has noted this lack of precision in communication in
other accidenta.gf, and we believe that some of it is attributable to
complacency while operating in the radar environment. When under radar
control, flightcrew cowmunicatione and adherence to prescribed procedures
may tend toward imprecision because they know that the controller has
the means to detect and correct mistakes. On the other hand, the coatroller
may be less precise in his communications and adherence to prescribed
procedures because he has the ueans to correct any mistakes or misunder-
standings that might occur. Consequently, after lengthy exposure to the
pure radar enviromnment, both flightcrews and air traffic controllers develop
habits of imprecision in their communications with each other and in
their adherence to prescribed procedures. Further, the exposure can
lead to a loss of knowledge of procedures which, generally, were developed
for use in the nonradar environment or for use in the event of lost
comunications and which may be used rarely with precision in the pure
radar environment.

Flightcrews and controllers alike should consciously strive
for precizion in their communications with each other and in their
adherence to prescribed procedures, not only to avoid events similar o
those which led to this accident, but also because the loss of communications
between the flightcrew and controller always terminates radar control
and prevents both parties from correcting mistakes or clarifying ambiguities.

Another problem inherent in situations involving malfunctioms
of aircraft systems in flight is the division of responsibilities among
members of the flightcrew while the malfunciion is being resolved. The
Safety Board has addressed these responsibilities in a number of accident
reports. 10/ In this instance, hecause of the lack of CVR information,
the manner in waich the captain coordinated and nanaged the activities
of the first officer and the secoad offfcer is not explicitly known.
However, it is known from the ATC and ARINC commmnications recordings
that *he captaln was actively iuvolved in resolution of the electrical

9/ NTSB-AAR-73-15, North Central Airlines, Inc., and Delta Air Lines, Inc.,
0'Hare International Airport, Chicago, Illinois, December 20, 1572.

NTSB;AAR~75-16. Trans World Airlines, Inc., Berryville, Virginia,
December 1, 1974,

NTSB-AAR-77-8, Jet Avia, Ltd.,, Palm Springs, California, January 6, 1977.
)

* 1)/ NTSB-AAR-70-14, Scandinavian Airlines System, near Los Angeles,
California, January 13, 1969.

.' o~
. *

NTSB-AAR-73-8, Kohawk Wirlines, Inc., Albany, New York, March 3, 1972,

'NTSB-AAR-73-14, Eastern Air Lines, inc., Miami, Florida, December 29,
1972,

”
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problem sad in obtaining a holding clearance. Consequently, the captain
probably was distracted by the electrical problem from supervision of

the flying activities, including obtaining the holding clearance and the
manner in wvhich the first officer flew tha holding pattern. Similarly,

it is possible that the first officer was monitoring the resolution of

the electrical problem and, therefore, was paying less than full attention
.o ATC communications and to flying the aircraft,

Since this type of nituation is dynamic because the aircraft
must be flown while the malfunction {s reso.ved, it follows that the
captain must manage the flightcrew in a meaner which will insure absolute
safe operation of the aircraft during the interim. Therefore, although
each situatfon will vary dependfng on the type of aircraft involved, the
complexity and criticality of the malfunction, the composition of the
flightcrew, and many other factors, it remafns that the captain's first
and foremost responsibility i{s to insure safe operation of the af-craft.
To achieve this objective, he must relegate other activities accordingly.

3. CONCLUSIONS

Findings

1. The flightcres were properly certificated and were qualified
for the flight,

2. ‘There vas toxicological evidence of alcohol in the second
officer’'s body which according to the wveight of medical
opinion wost likely resulted from his ingestion of alcohol
during the 8-hr period preceding the flight; however,
since there was no rorroborative evidence of alcohol
consumption or the effects thereof, the degree of impatrment,
if any, of the second ufficer's physiological and mental
faculties could not be determined.

When initially dispatched, the aircraft's No. ] a.c.
electrical generator was inoperative, but repatrs were
completed and the dispatch release was revised accordingly
before the flight departed San Francisco.

The aircraft’s No. 1 electrical system malfunctioned
during the flight's descent for the approach to Salt Lake
City airport; the No. 1 electrical bus was inoperative
and all of its assocfated electrical components were
inoperative.
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Other than compoaents that were powered through the No, 1
electrical bus, thero was no evidence of malfunction or
failure of the aircr. t's other systems, including flight
inairument and navigat.ional systems, or its structure,
powerplants, or fligt¢ controls.

Contrary to United's DC~8 Flight Handbook, the No. 1
communications radio was powered t.rough the No. 1 electrical
bus; the radio was {noperative after the loss of the

No. 1 bus, '

The flightcrew was unable to verify lan ing gear extension
because the landing gear {ndicator sysyem was powered
through the No, 1 elecirical bus.

Shortly nfter the flight establieheé cemurications with
Salt Lake City approach coatrol, the first officer began
flying the aircraft and the captain managed the radio
communications.

Contrary to regulations, the flightcrew did not inform
ATC of the loss of a communications radio, the extent to
which the loss impaired the flighct's capability to operate
IFR in the ATC system, or the assistance desired from

ATC,

Because the captain wanted to communicate with United's
systen line maintenance control in San Francisco, he
requested a holding clearance from the Salt Lake City
approach controller,

The holding clearance issued by the approach controller
was incomplete and attempts to clarify the clearance
resulted in an ambiguity.

The approach controller intended that Flight 28€0 hold
northweat on the 151 radial of the Salt Lake City VOR,
but he did not specify the radial.

The captain apparently intended to hold north of the
Salt Lake City VOR but did not request a complete holling
clearance, including a holding radial. ‘

Because the approach controller did not fissue a holdina
radial, and because the captain did not request a holding
radial, the first officer assumed the 360° radial to be
holding radial,
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The approach controller was misled by the captain's
request to leave the frequency for a "little minute''; the
flight was absent from the frequency for about 7 1/2 min.

During the flight's absence froz the approach control
frrquency, the controllers recognized that the aircraft

was enterirg a hazardous area but they were unable to
communicate with the flight.

Flight 2860 was not monitoring the 5alt Lake City VOR for
voice transmissions even though both VOR receivers were
tu.ed to the Salt Lake City VOR frequency,

The first officer did not fly the holding pattern in
accordance with established procedures; as a result, the

aircraft was unknowingly flown into an area near hazardous
terrain.

When the flight returned to approach control frequency,
the apprnach coniroller had determined that a laft turm
was required to prevent a collision with hazardous terrain.

The approach controller told Flight 28%0 to turn left to
avoid hazardous terrain on its right, but he did not
stress .the need for immediate action.

Because ATC radar displays cannot pertray terrain features
or an afrcraft's track in fine detafl, and because the
display used by the controller had less fidelity than the
usual approach control radar displays, the controller's
instructions to Flight 2860 to turn and climb were ji:dgmentai.

When Flight 2860 received turn and climb instructions
from the approach controller, 1t was in instrument flight

conditions and the flightcrew was not able to make an
Independent assessment of their predicauent,

The afrcraft's GPWS probably functioned from 7.7 to 10.2
sec before impact but not in time for the flightcrew to
prevent the aircraft's collisfon with terrain which rose
at a 32° angle from the horizontal,

The accident was not survivable because severe impact

forces destroyed the afrcraft and subjected the flightcrew
to extreme traumatic injury.
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3.2 erobable Cause

The olational Transportation Safety Board determfnss that the
probable cause of this accident was the approach controller'; issuance
and the flightcrew's acceptance of an incomplete and ambigucas holding
clearance in combinacion with the flightcrew's failure to adhere, to
prescribed impairment-of-communications procedures and prescribe holding
procedures. The controller's and flightecrew's actions are attributed to
probable habits of imprecise comunication and of inprocise adhevence to
procedures developed through years of exposure to operations in a radar
environment,

Contributing to the accident wag the failura of the aircraft's
No. 1 electrical system for unknown reasons,

4.  RECOMMENDATIONS

On April 3, 1978, the Safety Board issued Safety Recommendations
A-78-21 and A-78-42 to the Federal Aviation Administration as follows:

"Review the adequacy of current cockpi: voice recorder
preflight testing procedures to assure satisfact vry
8ystem operatior. (A-78-21)

""Review the reliability of cockpit voice recorder units
to assure that the mean time between faflure is not
excessive, (A-78-22)"

BY THE NATIONAL TRANSPORTATION SAFETY ROARD

/s/ JAMES B. RING
Chairman

/8/ FRANCIS H. McADAMS
Member

/s/ PHILIP A. HOGUE
Member

/8/ ELWOOD T. DRIVER
Member

July 27, 1978
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5. APPENDIXES

APPENDIX A

INVESTIGATION AND HEARING

1. Investigation

The National Transportation Safety Board was notified of the
accident about 0220 on December 18, 1977. The Safety Board immediately
dispatched an Investigative team to the 8cene. Investigative group were
established for operationslwitnesses, air traffic control, weather,
human factors, structures, powerplants, systems, flight data recorder,
maintenance records, and cockpit voice recorder,

VTR e e et it st e

Parties to the investigation wasre: The Federal Aviation
Administration, United Afrlines, Inc., Air Line Pilots Association,
Professional Ailr Traffic Controllers Organization, Douglas Aircraft
Company, International Association of Machinists, Pratt & YWhitney
Division of 'nited Technologies Corporation.

2, ggprings

There was no publie hearing. Depnsitions of material witnesses
were taken in Salt Lake City, (ltah, February 28, 1978, and San Francisco,
Califorania, March 2, 1978. Parties to the depositional proceedings
were: the Federal Aviation Administration, United Airlines, Inc.,
Professional Afr Troffic Controllers Organization, Douglas Aircraft
Company, and International Association of Machinigta.
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APPENDIX B

PERSONNEL INFORMATION

Captaln John R. Fender

Captain Fender, aged 49, was employed by United Airlines,
inc., December 10, 1954. He held Airline Transport Pilot Certificate
No. 1240691 with an airplane multiengine land rating and type ratiny for
CV-240, CV-340, CV-440, DC-6, DC~7, DC-8, §:210, and B-737 aircraft; he
also had commercial privileges with an airilane single engine land
rating. His first-class medical certificate was issued November 30,
1977, with the limitation that he wear corrective lenses while flying.

Captain Fender advanced to captain July 27, 1967, and he
qualified in DC-8 aircraft April 4, 1973, He passed his last proficiency
check October 9, 1977. During his flying career, Captain Fender accumulated
14,954 flight-houra, of which 4,148 were on DC-8 aircraft. In the 30-day,
7-day, and 24-hour perlods preceding the accident, he flew 43.1, 17.4,
and 7.7 hours, respectively, in DC-8 ailrcraft.

First Officer Phi;lip E. Modesitt

First Officer Modesitt, aged 46, was employed by United Airlines,
Inc., June 13, 1966. He held Afrline Transport Pilot Certificate No. 1447203
with an airplane multiengine land (centerline thrust) rating and B~727
type rating; he also had commercial privileges with airplane single
engine land and multiengine land ratings. His first-class medical
certificate was issued January 10, 1977, with no limitations, and had
reverted to a second-class certificate.

Firast Officer Moudesitt qualified in DC-8 aircraft April 5,
1977. He passed his last oroficienc, check November 1, 1977. During
his flying career, First Officer Modesitt accumulated 9,905 flight-hours
of which 366 were in DC-8 afrcraft. In the 30-desy, 7-day, and 24-hour
periods preceding the accident, he flew 42.4, 14.3, and 7.7 hours,
respectively, in DC-8 afircraft.

Second Officer Steve H. Simpson

Second Officer Simpson, aged 34, was employed by United Airlines,
Inc., April 7, 1969. He held Flight Engineer Certificate No. 2114963
with turbo jet rating and Afrline Transport Pilot Certificate No. 1582275
with airplane multiengire land rating and a type rating in Learjet
atreraft; he also had commercial privileges with an airplane single
engine land rating. His first-class nmedical certificate was {ssued
August 1z, 1977, with no limitatfons.

e R ot U S i
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Second Officer Simpson qualified in DC-3 alrcraft March 5, 1977.
He passed his last proficiency check September 30, 1977. During his
flying career, Second Officer Simpson accumulated 5,692 flight-hours of
which 419 were ir DC-8 aircraft. In the 30-day, 7-day, and 2%-hour
periods preceding the accident, he flew 63,8, 15.1, and 7.7 hours,
respectively, in DC-8 aircraft,

Alr Traffic Control Specialist Murray D. Hess

Mr. Hess served as an air traffic controller in the U.S,
military forces from 1964 to 1968. He wae employad by the FAA in 1968.
Since then, he has served In the Oakland and San Francisco, California,
air traffic control towers for 1 1/2 years ecach, the Bay Area terminal
radar control facility for about 3 years, the Hill Air Force Base radar
approach control facility for 1 1/2 years, and the Salt Lake City air
traffic control tower for 1 1/2 years.

SO e, gy

Mr. Hess hotds an air traffic control tovwer operating certificate
with qualifications in ARTS III equipnent and air surveillance radar.
At the time of the accident, he held a current second--clasa medical
certificate,

Alr Traffic Control Specialist Boyd R. Beizer

Mr. Beazer eerved as an air traffic controller in the U.S. Air
Force fro:- 1955 to 1959. He was employed by the FAA in 1959 ang subsequently
served in the Jueson, Arizona, air tcaffic control tower end radar
approach control facility for about 3 years. He then served in the
Casper, Wyoming, air traffic control tower for about 1 year followed by
1) years of service at the Hill Air Force Base radar approach cont.ol
facility. At the time of the accident, he had served in the Salt Lake
City air traffic control tower ahout & years.

¥r. Beazer holds an alr traffic control tower operntors certificate
with qualificatfons in ARTS III equipnent and air surveillance radar.
At the time of the accident, he held a current secoid-class medical
certificate with no limitations.
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S8UREAU OF TECHNOLOGY
WASHINGTON, D.C.

ALTITUDE PROFILE

UNITED AIRLINES, DOUGLAS DC-8F, N8047U
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