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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D. C. 20594 

AIRCRAFT ACCIDENT REPORT 

Adopted: July 27, 1978 

UNITED AIRLINES, INC. 
DC-8F-54, N8047U 

NEAR KAYSVILLE, UTAH 
DECEMBER 18, 1977 

SYNOPSIS 

About 0138:28 m.s.t. on December 18, 1977, a United Airlines, 
Inc., DC-8F-54 cargo aircraft, operating as Flight 2860, crashed into a 
mountain in the Wasatch Range near Kaysville, Utah. The three flightcrew 
members, the only persons aboard the aircraft, were killed, and the 
aircraft was destroyed. 

Flight 2860 encountered .electrical system problems during its 
descent and approach to the Salt Lake City Airport. 
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 "little minute" 
to communicate with company maintenance. 

The flight requested 

Flight 2860 was absent from the Approach control frequency for 

The approach controller recognized Flight 2860's 
about 7 1/2 minutes. 
hazardous terrain. 
predicament but was unable to contact the flight. 
returned to approach control frequency, the controller told 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 climb 
immediately to 8,000 feet. Eleven seconds later, the flight reported 
that it was climbing from 6,000 feet to 8,000 feet. The flight crashed 
into a 7,665-foot mountain near the 7,200-foot level. 

During that time, the flight entered an area near 

When Flight 2860 

The National Transportation Safety Board determines that the 
probable cause of this accident was the approach controller's issuance 
and the flightcrew's acceptance of an incomplete and ambiguous holding 
clearance in combination with the flightcrew's failure to adhere to 
prescribed impairment-of-communications procedures and prescribed holding 
procedures. The controller's and flightcrew's actions are attributed to 
probable habits of imprecise communication and of imprecise adherence to 
procedures developed through years of exposure to operations in a radar 
environment 

Contributing to the accident was the failure of the aircraft's 
No. 1 electrical syptem for unknown reasbns. 
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1. FACTUAL INFORMATION 

1.1 His to ry  of t h e  F l i g h t  

On December 17, 1977, United A i r l i n e s ,  Inc . ,  F l i g h t  2860, a 
DC-8F-54 (N8047U), w a s  a scheduled cargo f l i g h t  from San Francisco,  
C a l i f o r n i a ,  t o  Chicago, I l l i n o i s .  About 2 1 / 2  h r s  before  F l i g h t  2860's 
scheduled depa r tu re  from San Francisco,  an  in te rmedia te  s t o p  a t  S a l t  
Lake Ci ty ,  Utah, w a s  scheduled. 

According t o  the  f l i g h t  d i spa tche r ,  t he  f l i gh tc rew repor ted  
f o r  d u t y ' a t  2300. L/ 
s i t u a t i o n  a t  S a l t  Lake City,  and t h e  d i spa tche r  informed t h e  cap ta in  
t h a t  t he  f l i g h t  would be  dispatched w i t h  t h e  a i r c r a f t ' s  No. 1 a.c. 
electrical  genera tor  inopera t ive .  
equipment- l is t  procedures,  and t h e  d i spa tche r  later s t a t e d  t h a t  t h e  l a c k  
of t h e  genera tor  seemed t o  p re sen t  no problems t o  the  capta in .  However, 
be fo re  the  f l i g h t c r e w  l e f t  t h e  d i spa tch  o f f i c e ,  t he  d i spa tche r  received 
information t h a t  t h e  genera tor  had been r epa i r ed ,  and he passed t h i s  
information t o  t h e  capta in .  

The c a p t a i n  and d i spa tche r  d i scussed  the  weather 

This  conformed t o  company minimum- 

On December 18, .1977, a t  0017, F l i g h t  2860 departed San Francisco 
on an  instrument  f l i g h t  r u l e s  (IFR) f l i g h t  p l an  f o r  S a l t  Lake City.  The 
f l i g h t ' s  es t imated  t i m e  en r o u t e  w a s  1 h r  12 min, and i t s  planned c r u i s e  
a l t i t u d e  w a s  f l i g h t  level (FL) 370. 

F l i g h t  2860's depar ture  and en  r o u t e  po r t ions  of t h e  f l i g h t  
were flown without  repor ted  d i f f i c u l t y ,  except  t h e  S a l t  Lake a i r  r o u t e  
t r a f f i c  c o n t r o l  cen te r  ( S a l t  Lake Center) s e c t o r  43 c o n t r o l l e r  w a s  
unable  t o  e s t a b l i s h  r ad io  communications wi th  t h e  f l i g h t  between 0105 
and 0109 on frequency 133.45 MHz. 
r a d i o  communication wi th  t h e  S a l t  Lake Center s e c t o r  41 c o n t r o l l e r  on 
frequency 132.55 MHz and reques ted  descent  c learance  f o r  t h e  approach t o  
S a l t  Lake C i ty  Airpor t .  

A t  0111:41, F l i g h t  2860 e s t a b l i s h e d  

A t  0111:52, t h e  S a l t  Lake Center c o n t r o l l e r  c l ea red  the  f l i g h t  
t o  descend t o  15,000 f t  21 and gave t h e  altimeter s e t t i n g  as 29.58 i n .  
A t  0115:42,Flight 2860 requested landing  and weather information f o r  
S a l t  Lake C i ty  Airpor t .  The c o n t r o l l e r  r e p l i e d  t h a t  t he  f l i g h t  would 
soon be t r a n s f e r r e d  t o  S a l t  Lake C i ty  approach con t ro l  and t h e  la t ter  
would provide t h e  information requested.  F l i g h t  2860 s a i d ,  "Okay, cause 
w e ' r e  working wi th  r a d i o  problems too  i t  looks  l i k e . "  

A t  0116:43 t h e  c o n t r o l l e r  c l ea red  F l i g h t  2860 t o  con tac t  S a l t  
Lake Ci ty  approach c o n t r o l  on frequency 126.8 MHz, and a t  0116:58, 
F l i g h t  2860 e s t a b l i s h e d  r ad io  communications wi th  t h a t  f a c i l i t y .  

- I/ 
2/ 

The 

A l l  t i m e s  h e r e i n  are mountain s tandard ,  based on t h e  24-hour c lock ,  
All a l t i t u d e s  and e l e v a t i o n s  h e r e i n  are mean sea level un le s s  
otherwise s p e c i f i e d .  

- 
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S a l t  Lake C i t y  approach c o n t r o l l e r  gave F l i g h t  2860 r a d a r  v e c t o r s  f o r  a 
VOR approach t o  runway 16R a t  S a l t  Lake C i t y  Airpor t  21 and c l ea red  t h e  
f l i g h t  t o  descend t o  8,000 f t .  
information as: I' ... measured 1,700 overcas t ,  v i s i b i l i t y  15 ,  l i g h t  r a i n ,  
temperature  41, altimeter 29.58." 

The c o n t r o l l e r  a l s o  gave t h e  weather 

The approach c o n t r o l l e r  continued t o  vec to r  F l i g h t  2860 f o r  
alignment wi th  t h e  VOR approach t o  runway 1 6 R ,  and a t  0120:38, he c l ea red  
t h e  f l i g h t  t o  descend t o  6,000 f t .  
c l ea rance  and asked t h e  c o n t r o l l e r ,  "What's t h e  ce i l i ng . . . ? "  The c o n t r o l l e r  
responded, "Measured 1,700 broken, t h e  wind i s  160 a t  10." 

The f l i g h t  acknowledged t h e  descent  

A t  0122:32, F l i g h t  2860 advised,  "Okay, w e  got . . .a  few l i t t l e  
problems he re ,  w e ' r e  t r y i n g  t o  check our  gear  and s t u f f  r i g h t  now." 
c o n t r o l l e r  r e p l i e d ,  "Okay, i f .  ..you need any he lp ,  I ' l l  g ive  you a 
v e c t o r  back around t o  f i n a l ,  b u t  you ' re  6 m i l e s  from t h e  VOR." 
s a i d ,  "Okay.. . . I 1  

The 

F l i g h t  2860 

A t  0124:18, t h e  c o n t r o l l e r  c l ea red  F l i g h t  2860 t o  land and 
gave t h e  s u r f a c e  wind as 160' a t  1 3  kns. F l i g h t  2860 r e p l i e d ,  "Roger, 
w e  go t  t o  check our  gear  f i r s t . "  A t  0124:36, F l i g h t  2860 ind ica t ed  i t  
would no t  land  and t h e  approach c o n t r o l l e r  r e p l i e d ,  " . . . f l y  runway 
heading, main ta in  6,000, w i l l  vec to r  you back around f o r  an  approach." 
F l i g h t  2860 s a i d ,  "Okay.. . . I 1  

The approach c o n t r o l l e r  gave F l i g h t  2860 i n s t r u c t i o n s  t o  t u r n  
r i g h t  t o  a 330" heading and t o  maintain 6,000 f t .  
and s a i d ,  "Okay, we'd j u s t  as soon no t  g e t  back i n  i t  i f  we can he lp  
it." The c o n t r o l l e r  r e p l i e d ,  "Okay, minimum vec to r ing  a l t i t u d e  is  
6,000, t h a t ' s  t h e  b e s t  I can do f o r  you t o  vec to r  you back f o r  t h e  
approach." F l i g h t  2860 s a i d ,  "Okay, w e ' l l  t r y  tha t . "  

The f l i g h t  acknowledged, 

A t  0127:31, F l i g h t  2860 asked, "Take u s  out  about 20 m i l e s ,  
can you do tha t ?"  The c o n t r o l l e r  r e p l i e d ,  "Affirmative", and F l i g h t  2860 
responded, "Okay 'cause w e ' r e  gonna have t o  g e t  t h e  gear  down and t r y  t o  
f i n d  ou t  what t h e  heck i s  going on." A t  0128:08, t he  c o n t r o l l e r  s a i d ,  

~ "United...2860 t u r n  r i g h t  heading 345," and F l i g h t  2860 r e p l i e d ,  "345 ,  
twenty e i g h t  s i x t y . "  

A t  0129:Ol F l i g h t  2860 t r ansmi t t ed ,  "Ah tower, we're gonna 
have t o ,  ah n u t s ,  j u s t  a second." Fourteen seconds later,  F l i g h t  2860 
asked, "You pu t  u s  i n  a hold ing  p a t t e r n  a t  6,000 he re  on the  VOR f o r  
awhile?"  The c o n t r o l l e r  r e p l i e d ,  ". . . roger,  t u r n  r i g h t ,  proceed d i r e c t  
t o  t h e  S a l t  Lake VOR, hold on the ,  a t  t h e  VOR, maintain 6,000." F l i g h t  2860 
s a i d ,  "Okay, w e ' l l  hold n o r t h  of t h e  VOR, 6,000 ... r i g h t  t u rns ,  Okay?" 
The c o n t r o l l e r  s a i d ,  "That ' s  c o r r e c t ,  northwest of+ the  VOR a t  6,000, 
r i g h t  tu rns ."  F l i g h t  2860 r e p l i e d ,  "Okay." 

- 3/ Ai rpor t  e l e v a t i o n  is 4,226 f t  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?" 
replied, "United 2860, frequency change approved," and at 0129:59 
Flight 2860 said, "Thank you sir, we'll be back." 

The controller 

After the above transmission, Flight 2860 contacted United 
Airlines' system line maintenance control center in San Francisco. This 
contact was made through Aeronautical Radio, Inc. (ARINC) on frequency 
130.6 MHz. 
terminated the link at 0137:ll. 

Flight 2860 began this communication link at 0130:21 aqd 

According to ARINC communications recordings, Flight 2860 
established communications with the DC-8 maintenance controller at 
0132:37. Flight 2860 informed the maintenance controller that the No. 1 
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 extended. 
whether the flightcrew had attempted to reset the No. 1 bus, and the 
crew replied that they had. The controller inquired whether the No. 1 
generator was providing normal volts and frequency, and the crew replied 
that it was providing "nothing, it's dead." 

The maintenance controller inquired 

At 0133:37, the maintenance controller told the flightcrew to 
standby 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 indicating system comes off the 
No. 1 bus...." He then inquired whether the flightcrew could get 
another generator to power the No. 1 bus, and the crew responded, "The 
No. 1 bus is dead and that's it." At 0135:30, the maintenance controller 
said, "Okay, you can't get any other generator to pick up the dead bus, 
and that's why your landing gear warning 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 figure who the 28-volt d.c. No. 1--I 
can't find that landing gear warning circuit breaker on the darn thing. 
Ah, also, I assume the hydraulic quantity pressure gage is on the same 
circuit breaker, same generator." The controller said that he would 
"check on it if you like," but Flight 2860 said, "Oh, before you go.. .one 
thing, if that's the only way they can get gear indicators, we're gonna 
go ahead and land then." 
volt d.c. bus powered the landing gear warning system. 

The controller confirmed that the No. 128- 

At 0136:28 Flighb 2860 terminated communications with the 
maintenance controller. In response to a querie from ARINC on whether 
to keep the line to maintenance control open, Flight 2860 replied, "Well 
no, I guess we're ... only got one radio, so we're back to the tower, 
we're going to land, we're going to call out the equipment." 
terminated radio communications with ARINC at 0137:ll. 

Flight 2860 
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While F l i g h t  2860 was on t h e  ARINC frequency, t h e  S a l t  Lake 
C i ty  tower ground c o n t r o l l e r ,  a t  0136:28, c a l l e d  t h e  S a l t  Lake Ci ty  
f l i g h t  s e r v i c e  s t a t i o n  (FSS) and t o l d  t h e  s p e c i a l i s t  on duty  t h e r e  t o  
t r ansmi t  a message t o  United F l i g h t  2860 on t h e  S a l t  Lake C i ty  VOR 
frequency. The message t o  F l i g h t  2860 w a s  f o r  t h e  f l i g h t  t o  contac t  
S a l t  Lake C i ty  approach c o n t r o l  on frequency 124.3 MHz. Between 0137:07 
and 0137:22, t h e  S a l t  Lake C i ty  approach c o n t r o l l e r  a t tempted t h r e e  
t i m e s  t o  e s t a b l i s h  r a d i o  communications wi th  F l i g h t  2860. A t  0137:22, 
t h e  ground c o n t r o l l e r  asked t h e  FSS s p e c i a l i s t  whether he had made t h e  
t ransmiss ions ;  t h e  s p e c i a l i s t  r e p l i e d  t h a t  he had. 

A t  0137:26 F l i g h t  2860 s a i d ,  " . . .hel lo  S a l t  Lake, United 2860 
we're back." A t  0137:31, t h e  approach c o n t r o l l e r  s a i d ,  "United 2860, 
you ' re  too c l o s e  t o  t e r r a i n  on t h e  r i g h t  s i d e  f o r  a t u r n  back t o  t h e  
VOR, make a l e f t  t u r n  back t o  t h e  VOR." 
again,"  and a t  0137:39, t h e  c o n t r o l l e r  s a i d ,  "You're too c l o s e  t o  t e r r a i n  
on t h e  r i g h t  s i d e  f o r  t h e  tu rn ,  make a l e f t  t u r n  back t o  the  VOR." A t  
0137: 44, F l i g h t  2860 s a i d ,  "Okay. 

F l i g h t  2860 r e p l i e d ,  "Say 

A t  0137:54 t h e  approach c o n t r o l l e r  asked, "United 2860, do you 
have l i g h t  con tac t  w i t h  t h e  ground?" F l i g h t  2860 r e p l i e d ,  "Negative." 
A t  0138:OO t h e  c o n t r o l l e r  s a i d ,  "Okay, climb immediately t o  maintain 
8,000." A t  0138:07, t h e  c o n t r o l l e r  aga in  t ransmi t ted ,  "United 2860, 
climb immediately, main ta in  8,000," and 4 seconds later, F l i g h t  2860 
r e p l i e d ,  "United 2860 i s  ou t  of s i x  f o r  e igh t . "  A t  0138:36, t h e  c o n t r o l l e r  
asked, "United 2860, how do you hear?" F l i g h t  2860 d i d  n o t  respond t o  
t h a t  t ransmiss ion  o r  t o  succeeding t ransmiss ions  from t h e  approach 
c o n t r o l l e r .  

Shor t ly  a f t e r  0135, a t  least  seven wi tnesses  i n  Kaysvi l le ,  
Utah, and t h e  nearby community of F r u i t  Heights  heard what they descr ibed  
as a j e t  a i r c r a f t  f l y i n g  low overhead. One of t h e  wi tnesses  s a w  a r ed  
l i g h t  on t h e  a i r p l a n e  as i t  f l ew i n  a n  e a s t e r l y  d i r e c t i o n  over h e r  
l o c a t i o n  i n  Kaysvi l le .  She could see noth ing  more of t he  a i r p l a n e  
because i t  w a s  obscured by clouds,  r a i n ,  and darkness .  The a i r p l a n e  
continued eastward and a s h o r t  t i m e  later,  she  s a w  a b r i g h t  orange glow 
appear  t o  t h e  east. Four 
o t h e r  wi tnesses  s a w  t h e  orange glow s h o r t l y  a f t e r  hear ing  t h e  a i r p l a n e  
pass  overhead. A l l  of t h e  wi tnes ses  s a i d  t h a t  i t  was r a i n i n g  a t  t h e  
time--several descr ibed  t h e  ra in  as heavy. 

The glow l a s t e d  3 t o  4 secs and disappeared.  

The acc iden t  occurred a t  n igh t  (0138:28) a t  an  e l e v a t i o n  of 
about  7,200 f t ,  and a t  l a t i t u d e  41°02'41"N and longi tude  lll"52'3O"W. 

1.2 I n j u r i e s  t o  Persons 

I n  j u r  ies C r e w  Passengers  Other 

F a t a l  
Ser ious  
Minor/none 

3 
0 
0 

0 
0 
0 

0 
0 
0 
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1.3 Damage t o  A i r c r a f t  

1 . 4  Other Damage 

Numerous trees and bushes were damaged and destroyed.  

1.5 Personnel  Information 

The t h r e e  crewmembers on F l i g h t  2860 w e r e  q u a l i f i e d  and 
c e r t i f i c a t e d  f o r  t h e  f l i g h t  and had rece ived  t h e  t r a i n i n g  requi red  by 
c u r r e n t  r egu la t ions .  (See Appendix B.) 

According t o  United A i r l i n e s '  records ,  t he  c a p t a i n ' s  most 
r ecen t  t r i p s  i n t o  S a l t  Lake Ci ty  were on January 7 and January 9, 1977. 
In t h e  6-month per iod  preceding those  t r i p s ,  he  had made seven t r i p s  
i n t o  S a l t  Lake C i t y  i n  United A i r l i n e s '  equipment. The f i r s t  o f f i c e r ' s  
most r ecen t  t r i p  i n t o  S a l t  Lake Ci ty  w a s  on November 28, 1976. 
1976, he  had made t h r e e  o t h e r  t r i p s  i n t o  S a l t  Lake City,  a l l  i n  t h e  
month of November. 
one t r i p  i n t o  S a l t  Lake City;  t h a t  t r i p  w a s  on February 26, 1977. 

During 

During 1976 and 1977, t h e  second o f f i c e r  had made 

Before r epor t ing  f o r  duty i n  Chicago about 2340 on December 16, 
t h e  c a p t a i n  had been o f f  du ty  f o r  44 h r s  15 min; t h e  f i r s t  o f f i c e r  had 
been o f f  duty f o r  28 h r s  36 min; and t h e  second o f f i c e r  had been o f f  
du ty  f o r  19 h r s  1 4  min. On December 17, t h e  crew f lew F l i g h t  2892 t o  
D e t r o i t ,  Michigan, a r r i v i n g  t h e r e  a t  0330. The crew then f lew F l i g h t  2827 
t o  San Francisco,  a r r i v i n g  t h e r e  a t  0925. They were r e l eased  from duty  
a t  0955 on December 17, and they  re turned  t o  duty a t  2300 t o  prepare  f o r  
F l i g h t  2860. During t h e  26 hours preceding t h e  acc ident ,  t h e  f l i gh tc rew 
had been on duty  1 2  h r s  55 min and had received an in te rvening  off-duty 
per iod  of 13 h r s  5 min. During t h e i r  du ty  per iod,  they had flown 7 h r s  
34 min. 

A pos tacc ident  check of t h e  f l i g h t c r e w ' s  ac t iv i t i e s  during 
t h e i r  off-duty per iod  i n  San Francisco d i sc losed  no evidence of anyth ing  
unusual.  The a s s i s t a n t  manager of t h e  h o t e l  where t h e  f l i gh tc rew s tayed  
s t a t e d  t h a t  a l l  t h r e e  crewmembers appeared normal when they l e f t  t h e  
h o t e l  about 2245 f o r  t h e  a i r p o r t .  

Two air  t r a f f i c  c o n t r o l  s p e c i a l i s t s  were on duty i n  the  S a l t  
Lake Ci ty  c o n t r o l  tower when F l i g h t  2860 crashed,  
c o n t r o l  p o s i t i o n s  and both were f u l l  performance l e v e l  c o n t r o l l e r s .  
(See Appendix B.)  

Both were working 

The approach con t ro l  and l o c a l  con t ro l  func t ions  w e r e  consol ida ted  
in t h e  tower cab a f t e r  0030 on December 18, and the  approach c o n t r o l l e r  
w a s  func t ion ing  a l s o  as t h e  l o c a l  c o n t r o l l e r .  The o the r  c o n t r o l l e r ,  t h e  
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cont ro l le r - in-charge ,  w a s  t h e  ground c o n t r o l l e r  and a l s o  w a s  handl ing t h e  
f l i g h t  d a t a  pos i t i on .  
0800 duty per iod  because t r a f f i c  condi t ions  were l i g h t  and two c o n t r o l l e r s  
could provide t h e  necessary  services. 

These func t ions  w e r e  consol ida ted  dur ing  t h e  2400 t o  

On December 1 7 ,  t h e  approach/ loca l  c o n t r o l l e r  had worked t h e  
H e  w a s  then o f f  du ty  u n t i l  r e p o r t i n g  f o r  duty a t  0700 t o  1500 s h i f t .  

2400. During t h e  9 h r s  he w a s  o f f  duty,  he s l e p t  about 2 t o  2 1 /2  h r s .  
H e  denied f e e l i n g  any f a t i g u e  dur ing  duty on t h e  2400 s h i f t .  

1 .6  A i r c r a f t  Information 

N8047U w a s  owned and operated by United A i r l i n e s ,  Inc .  It w a s  
c e r t i f i c a t e d ,  maintained, and equipped i n  accordance wi th  cu r ren t  
r egu la t ions  and procedures.  The a i r c r a f t  had accumulated 29,832 f l i g h t -  
hours before  the  acc ident .  

N8047U was configured as a cargo t r anspor t .  Its maximum 
au thor i zed  takeoff  g ross  weight and landing  weight w e r e  315,000 l b s  and 
240,000 l b s ,  r e spec t ive ly .  Its g ross  weight on depar ture  from San 
Francisco was 214,064 l b s ,  inc luding  t h e  38,800 l b s  of f u e l  and 43,902 
l b s  of cargo aboard. 
p re sc r ibed  l i m i t s  a t  27.5 percent  mean. aerodynamic chord. 
planned landing  weight a t  S a l t  Lake Ci ty  w a s  198,504 l b s .  

A t  t akeof f ,  N8047U's c e n t e r  of g r a v i t y  w a s  w i th in  
The a i r c r a f t ' s  

On December 17, 1977, N8047U a r r i v e d  i n  San Francisco about 

According t o  t h e  second o f f i c e r  on those  f l i g h t s ,  a f t e r  t h e  
1638 a f t e r  completing a series of f l i g h t s  which began i n  New York t h a t  
morning. 
engines  were s t a r t e d  i n  New York t h e  No. 1 genera tor  i nd ica t ed  no v o l t a g e  
o r  frequency, so he l e f t  t h e  genera tor  c o n t r o l  switch o f f .  
r o u t e  t o  Cleveland, Ohio, t h e  No. 3 genera tor  u n p a r a l l e l  l i g h t  i l lumina ted .  
H e  a c t i v a t e d  t h e  genera tor  p a r a l l e l  switch and t h e  No. 3 genera tor  
re turned  t o  noma1  opera t ion .  During t h e  s t o p  i n  Cleveland, i n  response 
t o  t h e  second o f f i c e r ' s  e n t r y  i n  t h e  maintenance log ,  "No. 1 gen inop-- 
no v o l t s ,  no f r e q ,  CSD appears  normal," maintenance personnel  disconnected 
t h e  No. 1 genera tor  d r i v e  and de fe r r ed  f u r t h e r  maintenance on t h e  genera tor .  
The f l i gh tc rew f l e w  t h e  a i r c r a f t  from Cleveland t o  Denver, Colorado, and 
then  t o  San Francisco wi th  t h e  No 1 genera tor  d r i v e  disconnected.  
According t o  t h e  second o f f i c e r  on those  f l i g h t s ,  a l l  e lec t r ica l  systems 
were powered by t h e  t h r e e  remaining gene ra to r s  and no f u r t h e r  d i f f i c u l t i e s  
w e r e  encountered dur ing  those  f l i g h t s .  

While en 

According t o  maintenance personnel  i n  San Francisco,  on 
December 1 7 ,  1977, they  removed t h e  No. 1 genera tor  c o n t r o l  pane l  on 
N8047U and replaced i t  wi th  a panel  from se rv iceab le  supp l i e s .  They 
connected t h e  No. 1 genera tor  d r i v e ,  s t a r t e d  the  Nos. 1 and 2 engines ,  
and performed e l e c t r i c a l  system checks. These checks ind ica t ed  t h a t  t h e  
No. 1 genera tor  and t h e  No. 1 electr ical  system were func t ioning  proper ly .  
Subsequent tests on the  genera tor  c o n t r o l  panel  which had been removed 
i n d i c a t e d  t h a t  no d i sc repanc ie s  e x i s t e d  i n  t h e  panel  which would j u s t i f y  
i t s  removal i n  response t o  t h e  discrepancy,  "no v o l t s ,  no frequency." 
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The maintenance h i s t o r y  of t h e  genera tor  c o n t r o l  pane l  which 
w a s  i n s t a l l e d  on N8047U on December 17, 1977, i nd ica t ed  t h a t  t h i s  pane l  
( s e r i a l  No. 105) w a s  removed from aircraft  N8007U i n  la te  October 1977 
as t h e  c o r r e c t i v e  a c t i o n  f o r  a series of e lectr ical  problems involv ing  
t h a t  a i r c r a f t ' s  No. 1 e l e c t r i c a l  system. N8007U continued t o  have 
problems wi th  t h e  No. 1 system u n t i l  wi r ing  d e f e c t s  i n  t h e  No. 1 genera tor  
w e r e  r epa i r ed  several days a f t e r  panel  No. 105 w a s  removed. 
c o n t r o l  pane l  No .  105 w a s  r e tu rned  t o  t h e  San Francisco maintenance shop 
where it w a s  t e s t e d ,  found s a t i s f a c t o r y ,  and re turned  t o  se rv i ceab le  
supp l i e s ;  i t  remained t h e r e  u n t i l  i t  w a s  i n s t a l l e d  on N8047U. 

Generator 

N8047U's maintenance records  ind ica t ed  t h a t  no o t h e r  p e r t i n e n t  
d i sc repanc ie s  e x i s t e d  dur ing  t h e  200 f l igh t -hours  which preceded t h e  
acc iden t ;  except  on December 13, 1977, t h e  No. 3 genera tor  unpara l le led  
l i g h t  came on i n  f l i g h t ,  and a f t e r  about 1 h r  of f l i g h t  t h e  genera tor  
w a s  reset and r e tu rned  t o  normal opera t ion .  

1 .7  Meteorological  Information 

Synoptic S i t u a t i o n  

The area f o r e c a s t ,  i s sued  a t  1740 on December 1 7 ,  1977, by t h e  
NWS Forecas t  Of f i ce  a t  S a l t  Lake C i ty  and v a l i d  from 1800 on December 1 7  
t o  1200 on December 18, w a s ,  i n  p a r t  as fol lows:  

Southern Idaho, Nevada, Utah--mountains gene ra l ly  obscured 
by clouds and p r e c i p i t a t i o n .  Clouds gene ra l ly  6,000 f t  
t o  8,000 f t  broken t o  overcas t  w i th  merging l a y e r s  above 
t o  18,000 f t  t o  20,000 f t  except i n  e a s t e r n  Utah and 
southern  Nevada. The s u r f a c e  wind i n  sou theas t  Idaho, 
western Utah, and Nevada, l o c a l l y ,  180' t o  220' a t  18 kns 
wi th  g u s t s  t o  35 kns u n t i l  2000, and then  decreasing.  
Occasional l i g h t  r a i n  and l i g h t  snow, ahead of e a s t e r l y  
moving cold f r o n t  which extends from near  t he  western 
border  of Idaho southwestward i n t o  c e n t r a l  Ca l i fo rn ia ,  
w i t h  occas iona l  c e i l i n g s  1,000 f t  t o  2,000 f t ,  and 
v i s i b i l i t i e s  1 t o  4 m i .  Occasional c e i l i n g s  and vis i -  
b i l i t i e s  a long and w e s t  of t h e  f r o n t  a t  o r  about 800 f t  
and 1 m i .  
no r the rn  Utah, lowering l o c a l l y  t o  the  s u r f a c e  dur ing  t h e  
n igh t .  

Freezing levels a t  5,000 f t  t o  6,000 f t  i n  

Occasional moderate i c i n g  i n  c louds and p r e c i p i t a t i o n .  

The te rmina l  f o r e c a s t ,  i s sued  by t h e  NWS Forecas t  Of f i ce  a t  
S a l t  Lake C i ty  a t  1540 on December 17  and v a l i d  from 1600 on December 17 
t o  1600 on December 18, w a s ,  i n  p a r t ,  as fol lows:  

S a l t  Lake City--Clouds 2,500 f t  s c a t t e r e d ,  c e i l i n g  4,000 
f t  broken, 8,000 f t  overcas t ,  winds 180' a t  20 kns wi th  
g u s t s  t o  30 kns, occas iona l ly ,  c e i l i n g  a t  2,500 f t  broken, 
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4,000 ft overcast with visibility 5 mi in light rain and 
snow. After 2300, clouds 1,000 ft scattered, ceiling 
2,000 ft overcast, visibility 3 mi in light snow. 
Occasionally, ceiling 800 ft obscured, visibility 1 / 2  mi 
in moderate snow showers. 

At 2318, United Airlines dispatch personnel in San Francisco 
provided the flightcrew of Flight 2860 with a weather briefing message 
for the flight's intended route which included the following information: 
"Valid 2131 December 17 to 1100 December 18; shallow low over southwestern 
Idaho at 2000 moving eastward into Wyoming ;by 1100. 
southwestward from the low through central Nevada and southern 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." 
forecast for Salt Lake City. 

A cold front extending 

The message also contained the NWS's terminal 

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 mi, light rain; 
temperature--4l'F; dewpoint--36'F; wind--180" 
at 12 kns; altimeter--29.58 ins.; remarks-- 
winds occasionally gusting to 24 kns. 

- 0155 - Clouds--ceiling measured 1,600 ft broken, 2,800 
ft overcast; visibility--12 mi, light rain; 
temperature--41°F; dewpoint--37'F; wind--220° 
at 11 kns; altimeter--29.58 ins.; remarks--rain 
ended at 0108 and rain began 0132. 

Hill Air Force Base, Utah 

0057 - Clouds--700 ft scattered, estimated 2,700 ft 
overcast; visibility--6 mi, light rain; temperature-- 
38OF; dewpoint--31°F; wind--170 at 20 kns; 
altimeter--29.56 ins. 

0158 - Clouds--600 ft scattered, 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 Lake City at the 
times and altitudes indicated were as follows: 
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December 17 ,  1700 

1.8 

Height (Ft m. s. 1. ) 

4,226 
4,971 
5 , 762 
6,970 
7,884 

December 18, 0500 

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

Aids t o  Navigation 

Di rec t ion  ('True) 

170 
170 
176 
190 
212 

330 
323 
322 
320 
312 

Speed (Kn) 

16 
29 
29 
22 
19 

8 
19 
23 
27  
30 

The S a l t  Lake C i t y  VOR, which ope ra t e s  on 116.8 MHz, i s  loca ted  
2.9 m i  north-northwest of t h e  S a l t  Lake Ci ty  Airpor t .  
i n  t h e  ope ra t ion  of t h e  VOR were repor ted  before  t h e  acc iden t ,  and 
pos tacc ident  ground and f l i g h t  checks d i sc losed  normal opera t ion .  

No d i sc repanc ie s  

The S a l t  Lake C i t y  VOR i s  t h e  i n i t i a l  approach f i x  f o r  t h e  VOR 
instrument  approach t o  runway 16R a t  S a l t  Lake Ci ty  Airpor t .  
Appendix C. )  Also, t h e  VOR i s  t h e  nav iga t iona l  a i d  a s soc ia t ed  wi th  
numerous low-a l t i tude  airways t h a t  traverse t h e  S a l t  Lake Ci ty  area, 
inc luding  V-21-101 formed by t h e  331" r a d i a l  of t h e  VOR. 
Jeppesen and Nat ional  Ocean Survey low-a l t i tude  naviga t ion  c h a r t s  and 
t h e  VOR instrument  approach c h a r t  f o r  runway 16R c u r r e n t  a t  t h e  t i m e  of 
t h e  acc iden t ,  t h e r e  were no publ ished holding p a t t e r n s  i n  t h e  v i c i n i t y  
of t h e  S a l t  Lake C i ty  VOR. 

(See 

According t o  

The S a l t  Lake Ci ty  tower w a s  equipped wi th  an ASR 4 (modified 5 )  
r a d a r ,  ARTS I11 automation, a minimum s a f e  a l t i t u d e  warning (MSAW) 
system, and a n  ATC BI-4 r ada r  beacon system. The r a d a r ' s  antenna i s  
loca ted  on t h e  S a l t  Lake Ci ty  Airport .  The r ada r  d i s p l a y s  i n  the  tower 
cab are c losed  c i r c u i t  t e l e v i s i o n  p i c t u r e s  of t h e  d i s p l a y  i n  t h e  tower 
equipment room. According t o  t h e  tower c o n t r o l l e r s ,  a l l  equipment was 
ope ra t iona l  be fo re  t h e  acc ident ,  and pos tacc ident  checks of t h e  equipment 
d i sc losed  normal opera t ion .  

The MSAW system provides  t h e  a i r  t r a f f i c  c o n t r o l l e r  wi th  a 
warning whenever t h e  pro jec ted  f l i g h t p a t h  and repor ted  a l t i t u d e  of an 
appropr i a t e ly  equipped a i r c r a f t  under h i s  c o n t r o l  w i l l  pu t  t he  a i r c r a f t  
i n  danger of c o l l i s i o n  wi th  t e r r a i n  o r  obs t ruc t ions  i n  h i s  c o n t r o l  area. 
The c o n t r o l l e r  can then  convey t h i s  warning t o  the  p i l o t  of t h e  aircraft 
s o  t h a t  t h e  lat ter can take  c o r r e c t i v e  ac t ion .  
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The ARTS I11 computer compares t h e  a i r c r a f t ' s  a l t i t u d e ,  as 
r epor t ed  by i t s  t ransponder ,  t o  t e rmina l  area t e r r a i n  o r  o b s t r u c t i o n  
e l e v a t i o n  (m.s.1.) d a t a  which are s t o r e d  i n  t h e  computer. 
are e s t a b l i s h e d  f o r  a g r i d  system composed of 2-mi  squares ,  each wi th  a 
2,000-ft  b u f f e r  zone. 
t h e  computer p r o j e c t s  t h e  a i r c r a f t ' s  f l i g h t p a t h  30 seconds i n t o  the  
fu tuqe .  I f  t h e  a i r c r a f t ' s  p ro j ec t ed  f l i g h t p a t h  w i l l  t ake  i t  i n t o  a 
squa re  where t h e  h ighes t  t e r r a i n  o r  o b s t r u c t i o n  e l e v a t i o n  is  wi th in  300 
f t  o r  less of t h e  a i r c r a f t ' s  r epor t ed  a l t i t u d e ,  t h e  MSAW w i l l  f l a s h  an 
alarm. Addi t iona l ly ,  t h e  ARTS I11 computer p r o j e c t s  a 2-min f l i g h t p a t h  
based on t h e  assumption t h a t  t h e  a i r c r a f t  w i l l  climb a t  a 5" angle.  If 
t h e \ a i r c r a f t ' s  p ro j ec t ed  f l i g h t p a t h  and climb p r o f i l e  w i l l  p l ace  i t  
w i t h i n  a square  where t h e  h i g h e s t  t e r r a i n  o r  o b s t r u c t i o n  e l e v a t i o n  is  
w i t h i n  300 f t  o r  less of t h e  a i r c r a f t ' s  r epor t ed  a l t i t u d e ,  t h e  MSAW w i l l  
alarm. 

These d a t a  

Based on computed groundspeed and rate of t u r n ,  

According t o  t h e  S a l t  Lake Ci ty  approach/ loca l  c o n t r o l l e r ,  t h e  
MSAW f l a s h e d  a low-a l t i tude  warning on t h e  tower cab r ada r  d i s p l a y  about 
t h e  t i m e  (0137:31) o r ,  s h o r t l y  t h e r e a f t e r ,  t h a t  he made h i s  f i r s t  
t ransmiss ion  t o  F l i g h t  2860 a f t e r  t h e  f l i g h t  had re turned  t o  t h e  
approach c o n t r o l  frequency. 

1 .9  Communications 

According t o  a i r  t r a f f i c  c o n t r o l  t r a n s c r i p t s ,  F l i g h t  2860 
r epor t ed  a r a d i o  problem t o  t h e  S a l t  Lake c e n t e r  R 4 1  c o n t r o l l e r  bu t  d id  
n o t  s p e c i f y  t h e  c h a r a c t e r i s t i c s  of t h e  problem. Addi t iona l ly ,  t h e  
f l i g h t  t o l d  t h e  ARINC c o n t r o l l e r ,  " . . .only got  one radio. . . ."  

The tower c o n t r o l l e r  t e s t i f i e d  t h a t  they w e r e  no t  aware t h a t  
F l i g h t  2860 had any r a d i o  problems. 
s t a t e d  t h a t  he  be l ieved  t h e  f l i g h t  had two communications r a d i o s  aboard 
t h e  a i r c r a f t ,  bu t  t h a t  t h e  f l i g h t ' s  reques t  t o  l eave  approach c o n t r o l  
frequency d i d  n o t  alert  him t o  p o s s i b l e  communication problems. Also, 
h e  w a s  n o t  concerned about t h e  f l i g h t ' s  absence from h i s  frequency f o r  
more than "a l i t t l e  minute" because t h e  f l i g h t  w a s  i n  t h e  holding p a t t e r n .  

The approach/ loca l  c o n t r o l l e r  

ARINC and a i r  t r a f f i c  c o n t r o l  (ATC) t ape  record ings  were 
reviewed by Sa fe ty  Board and United A i r l i n e s  personnel  t o  determine 
which of t h e  t h r e e  members of t h e  f l i g h t c r e w  made t h e  r a d i o  t ransmiss ions  
from t h e  a i r c r a f t .  

With several except ions,  t h e  f i r s t  o f f i c e r  made a l l  of t h e  
t ransmiss ions  t o  ATC u n t i l  011O:ll. A f t e r  t h a t  t i m e ,  t h e  c a p t a i n  made 
t h e  t ransmiss ions  t o  S a l t  Lake Center except  f o r  t ransmiss ions  the  f i r s t  
o f f i c e r  made a t  0115:40, 0115:42, and 0115:48. From 0116:58 u n t i l  
0121:28, t h e  f i r s t  o f f i c e r  made t h e  t ransmiss ions  t o  S a l t  Lake C i ty  
approach con t ro l .  From 0122:33 t o  t h e  end of t h e  t ransmiss ions ,  t h e  
c a p t a i n  made a l l  of t h e  t ransmiss ions  t o  S a l t  Lake C i ty  approach c o n t r o l  
except f o r  t ransmiss ions  t h e  f i r s t  o f f i c e r  made a t  0125:31, 0128:15, and 
0138: 11. 
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With regard t o  t h e  ARINC communications, t h e  cap ta in  made most 
of t h e  t ransmiss ions  u n t i l  0133:48. From t h a t  t i m e  u n t i l  0136:06, t h e  
second o f f i c e r  made a l l  t h e  t ransmiss ions  b u t  one which the  cap ta in  
probably made. 
c a p t a i n  made t h e  t ransmissions.  

From 0136:07 t o  the  end of t h e  communications, t h e  

1.10 Aerodrome and Ground F a c i l i t i e s  

S a l t  Lake C i ty  I n t e r n a t i o n a l  Ai rpor t  i s  loca ted  about 3 m i  
w e s t  of downtown S a l t  Lake City.  The a i r p o r t  has  t h r e e  hard-surfaced 
runways, 16R-34LY 16L-34RY and 14-32. Runway 16R i s  9,902 f t  long and 
150 f t  wide. It i s  no t  equipped wi th  approach l i g h t s  bu t  i s  equipped 
w i t h  h igh  i n t e n s i t y  runway l i g h t s ,  runway end i d e n t i f i e r  l i g h t s ,  and a 
v i s u a l  approach s l o p e  i n d i c a t o r .  The a i r p o r t  e l eva t ion  i s  4,226 f t .  

1.11 F l i g h t  Recorders 

N8047U w a s  equipped wi th  a F a i r c h i l d  I n d u s t r i e s  Model 5424 
f l i g h t  d a t a  recorder  (FDR), serial No. 6084. The recorder  case w a s  
damaged mechanically,  b u t  t h e  f o i l  record ing  medium w a s  not  damaged. 
A l l  recording traces were clear and a c t i v e .  

The FDR readout  included 27 min of f l i g h t  and ind ica t ed  t h a t  
be fo re  N8074U descended through 23,200 f t  r a d i o  communication t ransmiss ions  
were made from t h e  No. 1 VHF rad'io. Af t e r  t h a t  t i m e ,  a l l  r a d i o  t ransmiss ions  
were made from t h e  No. 2 VHF rad io .  The FDR a l t i t u d e  information w a s  
based on an altimeter s e t t i n g  of 29.58 in.Hg t o  convert  p ressure  a l t i t u d e  
t o  m . s . 1 .  a l t i t u d e  below 18,000 f t .  
any parameters.  
t h e  l as t  5 min of t h e  graph i s  p a r t  of t h i s  r epor t .  

No o the r  co r rec t ions  were made t o  

(See Appendix D.) 
The f i n a l  17  min of f l i g h t  were p l o t t e d  on a graph, and 

N8047U w a s  equipped wi th  a Sundstrand Data Control Model V-557 
cockpi t  vo ice  r eco rde r  (CVR), serial  No. 1638. The recorder  case w a s  
damaged s l i g h t l y .  
none of t h e  cockpi t  conversa t ions  r e l a t e d  t o  F l i g h t  2860. 
of t h e  t ape  t h a t  w a s  recorded be fo re  t h e  CVR malfunctioned was recorded 
on December 6,  1977. 

However, t h e  record ing  t a p e  had bound and it contained 
The po r t ion  

A p l o t  of F l i g h t  2860's probable  ground t r a c k  i n  t h e  S a l t  Lake 
C i t y  area w a s  der ived  from NAS Stage-A D-log d a t a  from Sa t Lake Center 
and FDR da ta .  The NAS Stage-A d a t a  we e used f o r  t h e  
f i r s t  po r t ions  of t h e  t r ack .  However, s i n c e  t h e  record in  of t hese  d a t a  
ended a t  0136:46 (probably because t h e  a i r c r a f t  w a s  too c f ose  t o  and 
w e l l  below t h e  r ada r  beacon antenna) ,  FDR d a t a  and p e r t i n e n t  meteorological  
d a t a  were used t o  complete t h e  t r ack .  

(See Appendix E . )  

Addi t iona l ly ,  F l i g h t  2860's a l t i t u d e  p r o f i l e  f o r  i t s  last 22 
(See Appendix F.) sec of f l i g h t  w a s  e s t ab l i shed .  

t h e  a i r c r a f t ' s  a l t i t u d e  i n  r e l a t i o n  t o  t h e  t e r r a i n  beneath i t s  probable  
ground t r ack .  

This  p r o f i l e  shows 



- 13 - 

1 . 1 2  Wreckage Information 

N8047U crashed on t h e  southwest s l o p e  of Ed's Peak i n  t h e  
TFe 

Ground impact marks a t  an  e l e v a t i o n  
Wasatch Mountains about 2.85 nmi n o r t h e a s t  of Kaysvi l le ,  Utah. 
crest of Ed 's  Peak i s  a t  7,665 f t .  
of 7,200 f t  i n d i c a t e  t h a t  t h e  a i r c r a f t  w a s  i n  a near  wings-level climb 
and on a magnetic heading of 040' a t  t h e  t i m e  of impact. 
wreckage w a s  s c a t t e r e d  up t h e  southwest s l o p e  b u t  t h e  cockpi t  s e c t i o n ,  
p a r t s  of engines,  some cargo con ta ine r s ,  and o t h e r  heavy p a r t s  w e r e  
s c a t t e r e d  down t h e  no r theas t  s lope.  

Most of t h e  

The wreckage area w a s  about 1,300 f t  long, h o r i z o n t a l l y ,  and 
From t h e  7,200-ft level t o  t h e  7,500-ft level,  t h e  s l o p e  500 f t  wide. 

of t h e  mountain w a s  32O, and from t h e  7,500-ft level t o  t h e  crest of t h e  
peak, t h e  s lope  w a s  about  26'. Much of t h e  wreckage w a s  covered wi th  o r  
bu r i ed  i n  snow t h a t  ranged from 1 t o  4 f t  deep. 

The h o r i z o n t a l  s t a b i l i z e r  w a s  t h e  f i r s t  l a r g e  s e c t i o n  of t h e  
a i r c r a f t  above t h e  i n i t i a l  impact level--it w a s  a t  an e l e v a t i o n  of about 
7,300 f t .  From t h e r e ,  numerous p i eces  and s e c t i o n s  of t h e  a i r c r a f t  were 
s c a t t e r e d  up t h e  mountain, inc luding  fuse l age  s t r u c t u r e ,  f l i g h t  c o n t r o l  
s u r f a c e s ,  engine components, cargo con ta ine r s ,  cargo, main landing  gear ,  
and wing s t r u c t u r e .  There w a s  no evidence of ground f i r e ;  however, some 
papers  and cardboard boxes showed evidence of scorching. 

The wings t r a i l i n g  edge f l a p s  and t h e  landing  gear  were r e t r a c t e d .  
The h o r i z o n t a l  s t a b i l i z e r  w a s  a t  4.2 u n i t s  noseup. 
of p r e e x i s t i n g  s t r u c t u r a l  damage o r  of f l i g h t  c o n t r o l  malfunction. 

There w a s  no evidence 

Both wings w e r e  separa ted  from t h e  fuse l age  and a l l  f o u r  
engines  were sepa ra t ed  from t h e i r  wing at tachments .  The i n t a c t  assemblies ,  
c o n s i s t i n g  of h igh  p res su re  compressors, combustion s e c t i o n s ,  and h igh  
p res su re  t u r b i n e  modules of t h e  Nos. 1, 2, and 3 engines ,  were i n  t h e  
main wreckage area. The f a n  s e c t i o n s ,  low p res su re  compressors, and low 
p res su re  t u r b i n e  s e c t i o n s  of t h e s e  engines  had separa ted  from t h e  above 
assemblies .  The b l ades  of t h e  high p res su re  compressors and t u r b i n e s  of 
t h e s e  engines were bent  i n  t h e  d i r e c t i o n  oppos i te  t o  compressor/ turbine 
r o t a t i o n ,  were broken near  t h e  b lade  r o o t  p la t forms ,  o r  were missing 
from t h e  roo t  p la t form s l o t s .  

A p o r t i o n  of t h e  fan,  f a n  i n l e t  case,  and low p res su re  compressor 
of t h e  No. 4 engine w a s  i n  t h e  wreckage area on t h e  no r theas t  s l o p e  of 
t h e  mountain. The remainder of t h e  engine w a s  no t  l oca t ed .  The a t t ached  
b l ades  of t h e  low p res su re  compressor w e r e  a l l  bent  i n  t h e  d i r e c t i o n  
oppos i t e  t o  compressor r o t a t i o n  and were f l a t t e n e d  a g a i n s t  t h e i r  r e s p e c t i v e  
d i s c s .  

The snow i n  t h e  area of t h e  cockpi t  s e c t i o n  w a s  searched 
ex tens ive ly  f o r  cockpi t  components of t h e  a i r c r a f t .  The readings  o r  
p o s i t i o n s  of t h e  p e r t i n e n t  components recovered w e r e  as fol lows:  \ I  
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Pilots Instruments/Controls 

Course select--153 
Attitude situation indicator--15' climb, 10' right bank 
Radio magnetic indicator heading--035' 
Altimeter barometric setting--29.57 in. 
Altimeter altitude indication--6,820 ft 
Standby altimeter--6,880 ft 
Communications radio receivers--h 
Transmitter selector--No. 2 
Frequency selector switches--Both switches on VHF 
No. 1 transceiver--132.55 MHz 
No. 1 navigation receiver--116.8 MHz 

Copilots' Instruments/Controls 

Course select--000 
To/From indicator--From 
HSI heading--04O0 
Attitude situation indicator--15" climb, wings level 
Instantaneous vertical speed indicator--5,500 ft/min climb 
No. 2 transceiver--126.8 MHz 
No. 2 navigation receiver--116.8 MHz 

Cockpit Overhead Panel 

GPWS Switch--Normal, cover guard broken 

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

Generator bus-tie circuit breakers 
relative position 

No. 1--broken No. 2--broken 
No. 3--open No. 4--closed 

No. 1--broken No, 2--broken 
No. 3--broken No. 4--closed 

Generator circuit breakers 

The altitude module of the air data computer indicated an 
altitude of 7,261 ft, and the airspeed module motor was at the high 
stop, power-off position. 

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

The four generator protection control panels were examined. 
All four panels were damaged similarly by impact forces. 
of the field relays and auxiliary field relays were as follows: 

The positions 
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Panel  No. F ie ld  Relay Aux F i e l d  Relay 

105 
2 70 
213 
241 

c losed  
c losed  
damaged 
open 

open 
damaged 
open 
open 

The cockpi t  s e c t i o n  of t h e  a i r c r a f t  w a s  demolished; t h e  l a r g e s t  
p i e c e  cons i s t ed  of t h e  l e f t  s i d e  and roof of t h e  cockpi t ,  inc luding  s i x  
of t h e  cockpi t  windows. 
t h e i r  suppor t ing  s t r u c t u r e  and were heav i ly  damaged. Both t h e  c a p t a i n ' s  
and f i r s t  o f f i c e r ' s  s e a t b e l t s  and shoulder  harnesses  were i n t a c t ,  except  
t h e  la t ter ' s  r i g h t  s e a t b e l t  anchorage w a s  t o r n  from t h e  seat. 
t h e  t h r e e  crewmembers w a s  s epa ra t ed  from h i s  seat. 

The f l i g h t c r e w ' s  seats were separa ted  from 

Each of 

1 .13 Medical and Pa tho log ica l  Information 

A l l  t h r e e  members of t h e  f l i gh tc rew d ied  of extreme and extensiv 
trauma. A l l  s u f f e r e d  ex tens ive  c ran ioce reb ra l  trauma, mul t ip l e  f r a c t u r e s  
of t h e  ex t r emi t i e s ,  and trauma t o  t h e  ches t  and abdomen. None of t h e  
f l i g h t c r e w  d isp layed  marks o r  i n j u r i e s  t h a t  could be a t t r i b u t a b l e  t o  
s e a t b e l t  o r  shoulder  harness  r e s t r a i n t s .  

There w a s  no evidence of p r e e x i s t i n g  d i s e a s e  o r  h e a r t  d i s o r d e r s  
i n  t h e  c a p t a i n  and second o f f i c e r .  
o f  s l i g h t  p r e e x i s t i n g  h e a r t  damage, b u t  medical a u t h o r i t i e s  considered 
t h e  damage i n s i g n i f i c a n t .  

The f i r s t  o f f i c e r  had some symptoms 

Two l a b o r a t o r i e s ,  each us5Bg d i f f e r e n t  specimens, performed 
t o x i c o l o g i c a l  examinations of t h e  crewmembers. These tes ts  d i sc losed  no 
drugs o r  carbon monoxide i n  any of t h e  crewmembers and no a lcohol  i n  t h e  
c a p t a i n  and f i r s t  o f f i c e r .  

One l a b o r a t o r y ' s  tests of t i s s u e  specimens from organs of t he  
second o f f i c e r  d i sc losed  e t h y l  a l coho l  i n  amounts which va r i ed  from 
0.042 percent  t o  0.007 percent .  Fur ther  c u l t u r e  tests of t hese  specimens 
produced a l coho l  and a growth of mixed organisms. Therefore ,  l ack ing  
any co r robora t ive  evidence of a l coho l  i nges t ion ,  t h e  l abora to ry  considered 
t h e  t i s s u e  specimens contaminated. 

The o t h e r  l a b o r a t o r y ' s  tests d i sc losed  t h a t  samples of t he  
second o f f i c e r ' s  u r i n e  and b i l e  contained 0.08 percent  and 0.03 percent  
e t h y l  a l coho l ,  r e s p e c t i v e l y .  Addi t iona l ly ,  trace q u a n t i t i e s  of a lcohol  
were found i n  t h e  g a s t r i c  con ten t s  of t h e  stomach. 
conducted t h e s e  tests considered t h e  tests v a l i d  and be l ieved  t h a t  t h e  
most l i k e l y  source  of a l coho l  w a s  inges t ion .  
throughout t h e  i n g e s t i o n  process ,  t h e r e  i s  no e s t a b l i s h e d  r e l a t i o n s h i p  
between levels  of a l coho l  i n  t h e  u r i n e  and blood. 
opinion,  s i n c e  t h e  g a s t r i c  con ten t s  of t h e  stomach contained only a 

The t o x i c o l o g i s t  who 

H e  f u r t h e r  s t a t e d  t h a t  

However, i n  h i s  
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t r a c e  of a lcohol ,  absorp t ion  had ceased, equi l ibr ium had been a t t a i n e d ,  
and t h e  a l coho l  w a s  being metabolized a t  a rate of 0.012 t o  0.015 percent  
pe r  hour j u s t  be fo re  t h e  second o f f i c e r ' s  death.  
0.08 percent  a l coho l  i n  t h e  u r i n e  would equate  t o  about 0.06 percent  
a l coho l  i n  t h e  blood. Considering metabol iza t ion  rates and assuming 
t h a t  no a l coho l  w a s  inges ted  during t h e  3 hours  be fo re  h i s  dea th ,  t h e  
second o f f i c e r  would have t o  have had t h e  equiva len t  of of 7 t o  8 
ounces of 80 proof a l coho l  i n  h i s  body when he l e f t  t he  h o t e l  t o  r e p o r t  
f o r  duty a t  2300. The t o x i c o l o g i s t  thought i t  p o s s i b l e  t h a t ,  cons ider ing  
h i s  weight of 200 l b s ,  t h e  second o f f i c e r  might no t  have appeared in tox ica t ed  
wi th  t h a t  amount of a lcohol  i n  h i s  body. 
7 

t h e  Armed Forces I n s t i t u t e  of Pathology (AFIP) f o r  an a d d i t i o n a l  opinion.  
AFIP considered both  tests v a l i d  and considered t h e  r e s u l t s  of t h e  u r i n e  
tests more r e l i a b l e  because b a c t e r i a l  contamination of bladder  u r i n e  
would have been delayed under t h e  low ambient temperatures  t o  which t h e  
crewmembers w e r e  exposed a f t e r  t h e i r  dea ths .  Addi t iona l ly ,  AFIP be l ieved  
t h a t  s i g n i f i c a n t  weight must be given t o  t h e  presence of e t h y l  a lcohol  
i n  t h e  t i s s u e s  and f l u i d s  of only one of the  t h r e e  crewmembers even 
though a l l  t h r e e  w e r e  exposed t o  e s s e n t i a l l y  t h e  same postmortem condi t ions .  

A t  equi l ibr ium,  t h e  

The r e s u l t s  of t h e  two t o x i c o l o g i c a l  tes ts  w e r e  submitted t o  

F i r e  - 1 .14  

The evidence i n d i c a t e s  t h a t  a f l a s h  f i r e  occurred immediately 
a f t e r  t h e  c ra sh  bu t  t h a t  t h e  f i r e  w a s  of s h o r t  dura t ion .  

1.15 Surv iva l  Aspects 

A t  0142 t h e  Davis County S h e r i f f ' s  Department a t  Farmington, 
Utah, w a s  n o t i f i e d  of t h e  acc ident .  The s h e r i f f  a c t i v a t e d  t h e  county 
emergency plan,  search  p a r t i e s  were organized, and s h o r t l y  a f t e r  0200 
sea rch  ac t iv i t ies  were i n i t i a t e d .  Rain, snow, darkness ,  and rugged 
t e r r a i n  hampered t h e  search.  About 0755, a U.S. A i r  Force h e l i c o p t e r  
from H i l l  A i r  Force Base jo ined  t h e  search.  Following improvement i n  
t h e  weather condi t ions ,  t h e  wreckage w a s  l oca t ed  about 0955 and para- 
medics were lowered from t h e  h e l i c o p t e r .  The paramedics searched t h e  
wreckage area but  could no t  f i n d  t h e  crewmembers. 
of t h e  search  p a r t i e s  a r r i v e d  a t  t h e  scene and secured t h e  area. The 
remains of t h e  f l i gh tc rew were found t h e  a f te rnoon of t h e  fol lowing day. 

About 1245, members 

The acc iden t  w a s  n o t  su rv ivab le  because extreme impact f o r c e s  
destroyed t h e  a i r c r a f t  and caused severe t raumat ic  i n j u r y  t o  t h e  f l i gh tc rew.  

1.16 Tests and Research 

N8047U w a s  equipped wi th  a Rockwell I n t e r n a t i o n a l ,  Co l l in s  
Radio Group, FPC-75 ground proximity warning system (GPWS), which w a s  
powered by t h e  No. 2 electrical system. This  system w a s  designed t o  
provide f l i gh tc rews  wi th  both visual and a u r a l  warnings i f  t he  a i rcraf t ' s  



- 17 - 

f l i g h t p a t h  between 50 f t  and 2,450 f t  above t h e  ground p laces  it i n  
hazardous proximity t o  t e r r a i n .  
tests were conducted a t  t h e  manufacturer ' s  f a c i l i t y  t o  determine whether 
N8047U's GPWS, i f  ope ra t ive ,  could have provided t h e  f l i g h t c r e w  wi th  a 
t imely  warning about  t h e  a i r c r a f t ' s  hazardous proximity t o  t h e  t e r r a i n  
which i t  s t ruck .  

Because CVR information w a s  no t  a v a i l a b l e ,  

These tests were computerized s imula t ions  based on probable  
ground t r a c k s  of t h e  las t  10,000 f t  of f l i g h t ,  FDR d a t a ,  p e r t i n e n t  
meteoro logica l  information,  t e r r a i n  p r o f i l e s ,  and a i r c r a f t  con f igu ra t ion  
( landing  gear  and f l a p s  up). F ive  probable  ground t r a c k s  were s e l e c t e d  
because of l a r g e  v a r i a t i o n s  i n  t e r r a i n  e l e v a t i o n s  over a s h o r t  d i s t a n c e  
and because of s l i g h t  v a r i a t i o n s  i n  t h r e e  independently computed t r acks .  
The t r a c k  shown i n  Appendix E w a s  one of t h e  t r acks .  Addi t iona l ly ,  t h e  
f i v e  t r a c k s  chosen insured  r a d i o  altimeter i l l umina t ion  of a l l  p e r t i n e n t  
t e r r a i n  f e a t u r e s .  

The s imula t ions  f o r  a l l  f i v e  t r a c k s  ended wi th  r a d i o  altimeter 
a l t i t u d e ' s  (aircraft 's  a l t i t u d e  minus t e r r a i n  e l eva t ion )  reaching  zero  
be fo re  t h e  known impact po in t  w a s  reached. This  could i n d i c a t e  one of 
t h r e e  things:  (1) An e r r o r  i n  t h e  barometr ic  altimeter a l t i t u d e s ,  
(2) a n  e r r o r  i n  topographical  information,  o r  (3) t h a t  F l i g h t  2860 
contac ted  t h e  ground, o r  came ve ry  c l o s e  t o  con tac t ing  t h e  ground, 
be fo re  reaching t h e  p o i n t  where t h e  evidence i n d i c a t e s  t h a t  i n i t i a l  
c o n t a c t  occurred.  
con tac t  t h e  ground be fo re  t h e  e s t a b l i s h e d  impact po in t ,  t h e  FDR a l t i t u d e  
trace i s  probably s l i g h t l y  i n  e r r o r  b u t  w i t h i n  recorder  t o l e r a n c e s  of 
- + 160 f t  a t  6,000 f t .  Consequently, t o  determine more accu ra t e ly  what 
t h e  warning t i m e  might have been, t h e  t i m e s  determined by t h e  tests w e r e  
increased  by t h e  amount of t i m e  requi red  t o  traverse t h e  d i s t a n c e ,  a t  
t h e  las t  s imulated groundspeed, between t h e  p o i n t s  where s imula t ions  
te rmina ted  and t h e  actual impact po in t .  

Since F l i g h t  2860's a l t i t u d e  p r o f i l e  a l s o  appears  t o  

The  test r e s u l t s  are shown i n  Table 1. I f  t h e  GPWS w a s  operable ,  
i t  would have provided a mode 4 warning (unsafe  landing  conf igu ra t ion )  
from 7.7 sec t o  10.2 sec be fo re  impact. 
( t e r r a i n  c l o s u r e  rate) would have been generated on t h r e e  of t h e  f i v e  
probable  t r a c k s .  However, on those  t h r e e  t r a c k s ,  t h e  mode 2 warnings 
w e r e  preceded by mode 4 warnings. The Co l l in s  FPC-75 system uses  f i l t e r  
t i m e  cons t an t s  and g a i n s  t o  e l imina te  nuisance warnings produced by h igh  
c l o s u r e  rates of s h o r t  dura t ion .  Consequently, t h e  mode 2 warning 
d e l a y s , a r e  a t t r i b u t e d  t o  F l i g h t  2860's h igh  groundspeed and low i n i t i a l  
a l t i t u d e ,  and t h e  p r e c i p i t o u s  n a t u r e  of t h e  t e r r a i n .  

Addi t iona l ly ,  a mode 2 warning 

T e s t s  were a l s o  conducted on t h e  MSAW system i n  t h e  S a l t  Lake 
C i t y  c o n t r o l  tower t o  determine more p r e c i s e l y  when t h e  MSAW system 
alert  w a s  t r i gge red .  The ARTS I11 expanded t a r g e t  genera tor  w a s  used t o  
s imula t e  t h e  probable  r a d a r  r e t u r n s  generated dur ing  t h e  last minutes of 
N8047U's f l i g h t .  Data from N8047U's probable  ground t r ack ,  t h e  FDR, and 
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Mode 2 
(set) 

6.6 

7.3 

0.9 

- 

Track 

Mode 4 
( s 4  

7.9 

8.2 

8.3 

8.7 

1 

- 

-~ ~ 

Warning T ime  
Before Simulat ion 

Terminat i o n  

6.3 

J. 

Warning T i m e  
Before Impact 

8.6 

8.9 

2.5 

- 

9.9 

9.8 

9.9 

10.2 

7.7 

TABLE I.-- 
Simulat ion Resul t  Summary 

p e r t i n e n t  meteorological  f a c t o r s  were entered  i n t o  the  generator  computer 
and two s imulated f l i g h t s  were monitored on a s tandard  plan p o s i t i o n  
i n d i c a t o r  d i s p l a y  i n  t h e  r a d a r  room. 
on magnetic t a p e  and later reduced t o  p r i n t s ,  which were used t o  p l o t  
t h e  generated f l i g h t  t r acks .  

A l l  generated d a t a  were recorded 

These s imula t ions ,  a l though no t  exact reproduct ions of F l i g h t  2860's 
probable  ground t r a c k ,  were s u f f i c i e n t l y  r e p r e s e n t a t i v e  t o  determine 
t h a t  f o r  an a i r c r a f t  f l y i n g  t h e  t r a c k  a t  6,000 f t  and 290 kns groundspeed, 
t h e  MSAW system warning would activate as t h e  a i r c r a f t ' s  magnetic 

' 

heading approached about  073" i n  i t s  r i g h t  t u r n  toward Kaysvi l le .  (See 
Appendix E. )  

1.17 Addi t iona l  Information 

1.17.1 Operat ional  Information 

United Ai r l ines '  F l i g h t  Operations Manual provided ope ra t iona l  
guidance t o  Uni ted ' s  p i l o t s .  This  manual s p e c i f i e d  t h a t  i n  accordance 
w i t h  Federa l  Aviat ion Adminis t ra t ion (FAA) procedures the  maximum holding 
a i r speed  from t h e  s u r f a c e  through 6,000 f t  is  200 KIAS, and from above 
6,000 f t  through 14,000 f t ,  210 KIAS. Also, t he  p i l o t  must adv i se  ATC 
i f  any increased  a i rpseed  i s  necessary.  

With regard  t o  holding p a t t e r n  l i m i t s ,  t h e  manual s p e c i f i e d  
t h a t  inbound l e g s  of t h e  hold ing  p a t t e r n  are of 1 min du ra t ion  ( a t  o r  
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below 14,000 f t ) ;  t h e  i n i t i a l  outbound l e g  should be flown f o r  1 m i n ;  
and t iming f o r  subsequent outbound l e g s  should be ad jus t ed  as necessary  
t o  achieve proper  inbound l e g  t i m e .  
o r  abeam t h e  holding f i x ,  whichever occurs  later.  

Also, outbound t iming begins  over  

With regard t o  communications procedures,  t h e  manual included 
t h e  provis ions  of 1 4  CFR 91.129, which r e q u i r e s  t h a t  t h e  p i l o t  r e p o r t  
"immediately t o  A i r  T r a f f i c  Control  any i n - f l i g h t  malfunct ion of naviga t ion  
o r  a i r /ground communications equipment." 
r e p o r t  t he  "degree t o  which c a p a b i l i t y  t o  ope ra t e  I F R  i n  ATC system is  
impaired", and t h e  "nature  and e x t e n t  of a s s i s t a n c e  d e s i r e d  from ATC." 

The p i l o t  must i nc lude  i n  t h e  

The Airman's Information Manual, P a r t  I, J u l y  1977, contained 
information on hold ing  procedures  f o r  s i t u a t i o n s  where t h e  holding 
p a t t e r n  w a s  no t  published. 
under such circumstances would inc lude  t h e  fol lowing information:  

The manual provided t h a t  an ATC c l ea rance  

"a. General Holding I n s t r u c t i o n s .  

The d i r e c t i o n  t o  hold from holding po in t ;  (The 
d i r e c t i o n  t o  hold wi th  r e l a t i o n  t o  t h e  holding 
f i x  w i l l  be  s p e c i f i e d  as one of e i g h t  genera l  
p o i n t s  of t h e  compass; i .e.,  nor th ,  no r theas t ,  
east, etc.) .  

Holding f i x ;  

On ( spec i f i ed )  r a d i a l ,  course,  magnetic bear ing ,  
airway number o r  j e t  rou te ;  

Outbound l e g  l e n g t h  i n  n a u t i c a l  miles i f  DME is  
t o  be  used; 

L e f t  t u r n s ,  i f  nonstandard p a t t e r n  i s  t o  be 
used; 

T i m e  t o  expect  f u r t h e r  c learance ,  o r  t i m e  t o  
expect  approach clearance."  

"b. De ta i l ed  hold ing  i n s t r u c t i o n s :  Same as a. (1) , (Z), 
and (3)  above wi th  fol lowing a d d i t i o n s  to ( 4 )  and (5): 

(4) ,  o r  minute/s  i f  DME i s  not  t o  be used. 

(5), o r  r i g h t  t u r n s  i f  s tandard  p a t t e r n  i s  t o  be 
used. 'I 

United A i r l i n e s '  F l i g h t  Handbook f o r  DC-8 a i r c r a f t  contained,  
i n  p a r t ,  t h e  fol lowing information p e r t i n e n t  t o  electrical system malfunctions: 
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"INOPERATIVE EQUIPMENT RESULTING FROM ELECTRICAL BUS FAILURE 
(Critical items only.  
evidence of power l o s s  are not  l i s t e d . ) "  

Some items which d i sp lay  a f l a g  o r  

I f  power cannot be r e s t o r e d  t o  one o r  more buses,  r e f e r  t o  t h e  fol lowing I t  

l is t  of systems important t o  t h e  approach and landing  phases of f l i g h t  
t h a t  w i l l  - NOT b e  ava i l ab le .  
con t ro l l ed  and/or powered systems, and i s  no s u b s t i t u t e  f o r  a complete 
check of t h e  c i r c u i t  breaker  panel  t o  determine the  a f f e c t e d  systems." 

This  l i s t  does not  inc lude  a l l  e l e c t r i c a l l y  

"BUS SYSTEM NO. 1 

S p o i l e r  pump (and c o n t r o l  on la ter  a i r p l a n e s ) .  
Ant i sk id  ( A l s o  main gear  s p o i l e r  c o n t r o l  wi th  Mark I1 brakes) .  
Standby rudder pump. 
J T 4  outboard e j e c t o r s .  
-62 r eve r s ing  on No. 2 and No.  3 engines.  

"BUS SYSTEM NO. 2 

No.  1 Comm (except -62) and Nav Radios. 
Hydraulic and s p o i l e r  p re s su re  gages. 

"BUS SYSTEM NO. 3 

No. 2 Comm and Nav Radios. 
-62 standby reverser pump ( revers ing  a v a i l a b l e  i f  buses 1 
and 4 are powered). 

"BUS SYSTEM NO. 4 

Spo i l e r  pump c o n t r o l  (some e a r l y  a i r p l a n e s ) .  
Spo i l e r  s e l e c t o r  va lve  (some la te r  a i r p l a n e s  which a l s o  r e q u i r e  r i g h t  

A u x  hydrau l i c  pump. 
Main gear  s p o i l e r  c o n t r o l  (with Mark I1 brakes) .  
J T 4  inboard e j e c t o r s .  
-62 r eve r s ing  on No. 1 and No.  4 engines  (no r eve r s ing  on 
N o s .  1, 2, 3,  o r  4 i f  bus No.  3 i s  a l s o  l o s t ) .  

ground c o n t r o l  r e l a y  power f o r  s p o i l e r  ope ra t ion ) .  

"LEFT EMERGENCY BUS 

Captain: horizon,  compass, and p i t o t  hea t .  
Spo i l e r  s e l e c t o r  valve (some e a r l y  a i r p l a n e s  which a l s o  r e q u i r e  

r i g h t  ground c o n t r o l  r e l a y  power f o r  s p o i l e r  ope ra t ion ) .  

"RIGHT EMERG BUS 

F / O :  hor izon,  compass, and p i t o t  hea t . "  
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The Handbook a l s o  contained i r r e g u l a r  procedures f o r :  (1) Bus 
power f a i l u r e  light--On and (2) genera tor  unpa ra l l e l ed  light--On. The 
procedure f o r  (1) above s p e c i f i e d  that i f  t h e  v o l t s  and frequency were 
n o t  normal and a c t i v a t i o n  of t h e  bus f a u l t  reset switch d id  not  ex t ingu i sh  
t h e  f a i l u r e  l i g h t ,  t h e  bus should be  l e f t  unpowered (genera tor  con t ro l  
switch--Off), and t h e  inope ra t ive  equipment l i s t  consul ted.  If a genera tor  
unpa ra l l e l ed  l i g h t  could n o t  be ex t inguished  bu t  genera tor  ope ra t ion  w a s  
o therwise  normal, t h e  genera tor  could be opera ted  i n  an i s o l a t e d  condi t ion ;  
t h a t  is, wi th  t h e  genera tor  powering only i t s  own bus. 

The Handbook d i d  no t  con ta in  a procedure t h a t  w a s  sometimes 
recommended by maintenance c o n t r o l l e r s  i n  circumstances where a genera tor  
w a s  no t  producing any power and i t s  a s s o c i a t e d  bus could no t  be powered 
by t h e  o t h e r  genera tors .  
disconnected from i ts  cons tan t  speed d r i v e  (CSD) u n i t  and w a s  based on 
t h e  theory  t h a t  genera tor  f a u l t s  sensed by t h e  gene ra to r ' s  i n t e r n a l  
sens ing  c i r c u i t  can prevent  i t s  as soc ia t ed  bus- t ie  from c los ing ,  thereby 
prevent ing  t h e  o t h e r  gene ra to r s  from powering t h e  f a u l t y  gene ra to r ' s  
bus.  A/ 

This  procedure s p e c i f i e d  t h a t  t h e  genera tor  be 

The above procedure w a s  used on N8047U's No. 1 genera tor  on 
December 17, 1977, f o r  f l i g h t s  from Cleveland t o  Denver and Denver t o  
San Franc isco  be fo re  t h e  No 1 genera tor  con t ro l  pane l  w a s  replaced.  
maintenance c o n t r o l l e r  who communicated wi th  t h e  f l i gh tc rew of F l i g h t  2860 
through ARINC s t a t e d  t h a t  he w a s  n o t  aware of N8047U's previous electrical  
problems bu t  t h a t  he  w a s  aware of t h e  disconnect  procedure. 
recommend t h e  procedure t o  t h e  f l i gh tc rew because they  seemed t o  be 
concerned mainly wi th  why t h e  landing  gear  i n d i c a t o r  system w a s  i nope ra t ive  
and n o t  w i th  why t h e  No. 1 bus could no t  be powered. 

The 

H e  d id  not  

Most of t h e  c i r c u i t  b reaker  pane ls  i n  N8047U w e r e  l oca t ed  
on t h e  a f t  w a l l  of t h e  cockpi t .  Some of t h e  generator  c o n t r o l  c i r c u i t  
b reake r s  were l o c a t e d  i n  t h e  f l i g h t c r e w  coatroom. 

Numerous e lectr ical  components i n  N8047U were powered by t h e  
No. 1 electrical bus; p e r t i n e n t  components were: 

No. 1 engine o i l  q u a n t i t y  i n d i c a t o r  
No. 1 engine p res su re  r a t i o  gage 
No. 1 engine f u e l  f low i n d i c a t o r  
Spo i l e r  hydraul ic  pump c o n t r o l  
L e f t  wing landing  l i g h t  and l i g h t  c o n t r o l  
L e f t  nose gear  landing  and tax i  l i g h t  
Capta in ' s  instrument  l i g h t s  ( red)  
No. 1 genera tor  d r i v e  and engine o i l  temperature  
No. 2 genera tor  d r i v e  and engine o i l  temperature 
Landing gea r  warning and i n t e r l o c k  

- 4 1  After t h e  acc iden t ,  United A i r l i n e s '  included t h e  procedure i n  t h e  
DC-8 F l i g h t  Handbook. 
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Hydraulic o i l  temperature  
Hydraul ic  o i l  quan t i ty  
Main landing  gear  s p o i l e r  lockout  
No. 1 VHF communication r a d i o  
N o .  1 transponder 

1 . 1 7 . 2  A i r  T r a f f i c  Control Information 

The F M ' s  A i r  T r a f f i c  Control  Handbook 7110.65 provided guidance 
f o r  a i r  t r a f f i c  c o n t r o l l e r s .  The Handbook, cu r ren t  a t  t h e  t i m e  of t h e  
acc iden t ,  s p e c i f i e d  t h a t ,  w i t h  respect t o  holding a i r c r a f t ,  i f  t h e  
hold ing  p a t t e r n  i s  n o t  char ted,  t h e  c o n t r o l l e r  i s s u e  both of t h e  following: 

"(1) General holding i n s t r u c t i o n s  o r ,  i f  t h e  p i l o t  r eques t s  
o r  you consider  i t  necessary,  d e t a i l e d  holding 
i n s t r u c t i o n s . . . .  

"(2) The t i m e  a t  which t h e  p i l o t  can expect t o  receive 
approach c learance . . .o r  f u r t h e r  clearance. . . ."  

According t o  paragraph 320 of t h e  Handbook, gene ra l  ho ld ing  
i n s t r u c t i o n s  cons i s t ed  o f :  

"a. Di rec t ion  of ho ld ing  from t h e  f i x .  
b. Holding f i x  
c. Radial ,  course,  bear ing ,  airway, o r  j e t  r o u t e  on 

d. 

e. D i rec t ion  of holding p a t t e r n  t u r n s  i f  l e f t  t u r n s  are 

which t h e  a i r c r a f t  i s  t o  hold. 
Outbound l e g  l eng th  i n  m i l e s ,  i f  DME o r  RNAV is  
used. 

t o  be made. 

Paragraph 324 provided t h a t  f o r  d e t a i l e d  holding i n s t r u c t i o n s  
t h e  c o n t r o l l e r  " i ssue  t h e  same i t e m s  as f o r  genera l  holding,  bu t  always 
s p e c i f y  l e g  l eng th  i n  minutes,  m i l e s  RNAV, o r  miles DME, and d i r e c t i o n  
of holding p a t t e r n  turns ."  

The approach/ loca l  c o n t r o l l e r  t e s t i f i e d  t h a t  according t o  t h e  

H e  s t a t e d  t h a t  he intended t h a t  t h e  f l i g h t  hold on t h e  
above provis ions  he should have i s sued  genera l  holding i n s t r u c t i o n s  t o  
F l i g h t  2860. 
331' r a d i a l ,  b u t  he could no t  exp la in  why he  d id  not  s p e c i f y  t h e  r a d i a l .  
He s t a t e d  t h a t  he had never worked i n  a nonradar c o n t r o l  f a c i l i t y ,  and 
dur ing  h i s  career a t  t h e  S a l t  Lake Ci ty  c o n t r o l  tower f a c i l i t y  he had 
few occasions t o  i s s u e  holding c learances  t o  f l i gh tc rews  of l a r g e  a i r c r a f t .  

The requi red  o b s t a c l e  c l ea rance  criteria, as s p e c i f i e d  i n  FAA 
TERPS Handbook 8260.38, could be m e t  f o r  an a i r c r a f t  holding at 6,000 f t  
on t h e  331' r a d i a l  of t h e  S a l t  Lake Ci ty  VOR i f  t h e  a i r c r a f t  w a s  held i n  
a r ighthand p a t t e r n ,  1 min l e g s ,  a t  200 KIAS o r  less. 
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According t o  video maps i n  t h e  S a l t  Lake C i ty  c o n t r o l  tower 
r a d a r  d i sp l ays ,  t h e  minimum vec to r ing  a l t i t u d e s  (MVA) v a r i e d  cons iderably  
w i t h i n  the  f a c i l i t y ' s  c o n t r o l  area. 
east of V-21 (331' r a d i a l )  t o  5 m i  w e s t  of V-21 between t h e  S a l t  Lake 
Ci ty  and Ogden VOR's  w a s  6,000 f t .  
w e r e  h igher .  

The MrA f o r  t h e  area about  3 m i  

The MVA's on both s i d e s  of t h i s  area 
On t h e  east s i d e ,  t h e  MVA's extended t o  9,000 f t  and 

10,500 f t .  

2. ANATLYSIS AND CONCLUSIONS 

2 . 1  Analys is  

The f l i g h t c r e w  w a s  c e r t i f i c a t e d  proper ly ,  and a l l  members were 
q u a l i f i e d  f o r  t h e  f l i g h t .  
by r e g u l a t i o n ,  and t h e r e  w a s  no evidence of medical f a c t o r s  t h a t  might 
have a f f e c t e d  t h e i r  performance. 

They had rece ived  t h e  off-duty t i m e  requi red  

There w a s  evidence of e t h y l  a l coho l  i n  t h e  second o f f i c e r ' s  
body which according t o  t h e  weight of medical opinion most l i k e l y  occurred 
from h i s  i n g e s t i o n  of a l coho l  w i th in  t h e  8-hr per iod  preceding t h e  f l i g h t .  
S ince  i n v e s t i g a t i o n  of t h e  second o f f i c e r ' s  a c t i v i t i e s  b e f o r e  he  depar ted  
San Franc isco  d i s c l o s e d  no evidence e i t h e r  of a l coho l  consumption o r  of 
t h e  n o t i c e a b l e  e f f e c t s  of consumption, t h e  Sa fe ty  Board is  unable  t o  
determine t h e  e x t e n t ,  i f  any, t o  which t h e  second o f f i c e r ' s  phys io log ica l  
and mental  f a c u l t i e s  might have been impaired by a l coho l  nor  could t h e  
Board determine whether t h e  blood a l coho l  level  of t h e  second o f f i c e r  
con t r ibu ted  t o  t h e  acc iden t .  However, t h e  consumption of a l coho l  by 
members of a f l i g h t c r e w  w i t h i n  8 h r s  of f l i g h t  is  p roh ib i t ed  by r e g u l a t i o n  
f o r  good reason  and should not  be t o l e r a t e d  by anyone r e spons ib l e  f o r  
t h e  ope ra t ion  of a i r c r a f t .  

The a i r c r a f t  w a s  c e r t i f i c a t e d ,  equipped, and maintained i n  
Except f o r  t h e  accordance wi th  r e g u l a t i o n s  and approved procedures. 

e l e c t r i c a l  malfunct ion a s s o c i a t e d  wi th  t h e  No. 1 e l e c t r i c a l  bus and t h e  
r epor t ed  unpa ra l l e l ed  state of t h e  No. 3 genera tor ,  t h e r e  w a s  no evidence 
of a f a i l u r e  o r  malfunct ion of t h e  a i r c r a f t ' s  s t r u c t u r e ,  powerplants, 
f l i g h t  c o n t r o l s ,  o r  systems, i nc lud ing  f l i g h t  instrument  and nav iga t iona l  
systems. The pos t acc iden t  cond i t ion  of t h e  engine components i n d i c a t e  
t h a t  a l l  fou r  engines  w e r e  running a t  h igh  t h r u s t  s e l e c t i o n s  when t h e  
a i r c r a f t  crashed. 

Based on t h e  f l i g h t c r e w ' s  recorded conversa t ion  wi th  Uni ted ' s  
system l i n e  maintenance c o n t r o l l e r ,  fo l lowing  t h e  f l i g h t ' s  descent  f o r  
l and ing  a t  S a l t  Lake City,  t h e  No. 1 e l e c t r i c a l  bus w a s  no t  powered and 
a l l  e l e c t r i c a l  components powered by t h e  No. 1 bus were inope ra t ive .  
The Sa fe ty  Board w a s  n o t  a b l e  t o  determine why t h e  No. 1 e l e c t r i c a l  bus 
could not  be powered because many of t h e  e l e c t r i c a l  components could not  
be recovered 
provide  c l u e s .  

and because those  recovered were too badly damaged t o  
However, w e  b e l i e v e  t h a t  t h e  No. 1 genera tor  probably 
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w a s  malfunct ioning f o r  t h e  same reasons t h a t  it malfunctioned t h e  day 
before .  Also, a l though t h e  genera tor  con t ro l  pane l  had been changed, 
t h e  cause of t h e  earlier malfunct ion apparent ly  w a s  i n t e r m i t t e n t  and w a s  
n o t  i n  t h e  c o n t r o l  pane l  as e s t a b l i s h e d  by tes ts  on t h e  panel  t h a t  w a s  
removed. Consequently, had t h e  No. 1 genera tor  d r i v e  been disconnected,  
as i t  had been t h e  day before ,  t h e  No. 1 bus- t ie  probably could have 
been closed and t h e  No. 1 bus could have been,powered by the  Nos. 2 and 
4 genera tors .  The unpa ra l l e l ed  state of t h e  No. 3 genera tor  appears  t o  
have been an  un re l a t ed  malfunct ion which had no bear ing on the  problems 
a s s o c i a t e d  wi th  t h e  No. 1 generator .  

Notwithstanding F l i g h t  2860's electr ical  systems problems, t he  
Sa fe ty  Board concludes t h a t  t h e  f a i l u r e s  a s soc ia t ed  wi th  the  No. 1 
electr ical  system a lone  were n o t  r e spons ib l e  f o r  t h e  acc ident .  Although 
t h e s e  f a i l u r e s  p r e c i p i t a t e d  a series of events  which culminated i n  the  
acc iden t ,  t h e  a i r c r a f t ' s  a l t e r n a t e  e lectr ical  systems and t h e  e s t ab l i shed  
procedures f o r  dea l ing  wi th  electrical  system f a i l u r e s  were, f o r  t h e  
most p a r t ,  adequate t o  permit s a f e  opera t ion  of t h e  a i r c r a f t  wi th  t h e  
No. 1 electrical  system inopera t ive .  Fur ther ,  a l though disconnect ion of 
t h e  No.  1 genera tor  d r i v e  might have permit ted t h e  f l i gh tc rew t o  r e s t o r e  
power t o  t h e  No .  1 electr ical  bus, t h e  f l i gh tc rew should have been a b l e  
t o  s a f e l y  f l y ,  navigate ,  and l and  t h e  a i r c r a f t  wi th  t h e  bus inope ra t ive .  

A n  a n a l y s i s  of t h e  series of events  which followed F l i g h t  2860's 
electrical  system problems d i s c l o s e s  numerous acts of omission and 
commission, t h e  s l i g h t  a l t e r a t i o n  of which probably could have prevented 
t h e  acc ident .  The f i r s t  of these  events  w a s  t h e  holding c learance  t h a t  
w a s  i s sued  by t h e  S a l t  Lake Ci ty  approach c o n t r o l l e r .  The c learance  
c l e a r l y  d i d  not  conform t o  e s t a b l i s h e d  holding c learance  requirements 
because t h e  holding r a d i a l  w a s  omitted.  

The c o n t r o l l e r  was not  a b l e  t o  exp la in  why he omitted t h e  
r a d i a l  from t h e  clearance.  
s l e e p  i n  t h e  19 1/2-hr per iod preceding t h e  acc ident ,  t h e  c o n t r o l l e r  
might have been a f f e c t e d  by f a t i g u e .  
phys io log ica l  r e a c t i o n  s i n c e  i t  a f f e c t s  each ind iv idua l  d i f f e r e n t l y .  
Since t h e  c o n t r o l l e r  denied f e e l i n g  f a t i g u e ,  gene ra l i za t ions  t o  the  
con t r a ry  would be specu la t ive  a t  bes t .  
s i n c e  t h e  c o n t r o l l e r  intended t h a t  t he  f l i g h t  hold northwest on t h e  331' 
r a d i a l  and s i n c e  t h e  331' r a d i a l  w a s  t h e  only r a d i a l  u s e f u l  t o  t h e  
f l i gh tc rew i n  conducting a VOR approach t o  runway 16R, he probably 
thought t h a t  t h e  holding r a d i a l  w a s  obvious and t h a t ,  t he re fo re ,  t h e  
d i r e c t i o n  of holding w a s  s u f f i c i e n t .  The f l i g h t c r e w ' s  response ("Okay") 
t o  t h e  c o n t r o l l e r ' s  c o r r e c t i o n  of t h e  holding d i r e c t i o n  from nor th  t o  
northwest  would have tended t o  r eas su re  him i n  t h i s  r e spec t ,  as would 
t h e  f l i g h t ' s  subsequent r e t u r n  t o  t h e  VOR via  t h e  331' r a d i a l .  
s i n c e  t h e  f l i g h t  w a s  apparent ly  i n  v i s u a l  f l i g h t  condi t ions  and under 
r ada r  c o n t r o l  and since t h e r e  w a s  no o t h e r  t r a f f i c  i n  t h e  area, t h e  
c o n t r o l l e r  probably d i d  n o t  cons ider  t h e  s p e c i f i c  r a d i a l  p a r t i c u l a r l y  

Under t h e  circumstances,  wi th  2 t o  2 1 / 2  h r s  

However, f a t i g u e  is  a sub jec t ive  

It is be l ieved  more l i k e l y  t h a t  

Addi t iona l ly ,  
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important .  
would have been de tec t ed  and co r rec t ed  had communications wi th  t h e  
f l i g h t  no t  been i n t e r r u p t e d .  

As a p r a c t i c a l  matter, t h e  omission of t h e  hold ing  r a d i a l  

Because of t h e  l a c k  of CVR information,  t h e  Sa fe ty  Board i s  
unable  t o  determine why t h e  c a p t a i n  and f irst  o f f i c e r  might have f a i l e d  
t o  r e a l i z e  t h e  omission of a s p e c i f i c  ho ld ing  r a d i a l  from t h e  hold ing  
c learance .  Poss ib ly ,  f a t i g u e  a f f e c t e d  t h e  f l i g h t c r e w  when t h e  clearance 
w a s  i s sued  and throughout t h e  remainder of t h e  f l i g h t ;  b u t ,  t h e r e  w a s  no 
evidence t h a t  they  d i d  n o t  make f u l l  use  of t h e  13-hr rest per iod  i n  San 
Francisco o r  of t h e  rest pe r iods  a f fo rded  them be fo re  they repor ted  f o r  
du ty  i n  Chicago on December 16. I f  t h e  f l i g h t c r e w  made appropr i a t e  use  
of t h e s e  rest pe r iods ,  as t h e  evidence i n d i c a t e s  they  d id ,  f a t i g u e  
should no t  have been a f a c t o r .  Therefore,  we  b e l i e v e  i t  more l i k e l y  
t h a t  they probably f a i l e d  t o  rea l ize  t h e  omission, o r  t h e  importance of 
t h e  omission, because of d i s t r a c t i o n s  a s s o c i a t e d  wi th  t h e  e lectr ical  
system problems and because they  were i n  v i s u a l  f l i g h t  condi t ions  where 
t h e  a i r c r a f t  w a s  j u s t  below t h e  clouds and t h e  v i s i b i l i t y  w a s  good. 

F l igh tcrew vo ice  i d e n t i f i c a t i o n  of ATC and ARINC t apes  i n d i c a t e s  
t h a t  t h e  cap ta in  o r i g i n a l l y  w a s  f l y i n g  t h e  a i r c r a f t  and t h a t  t h e  f i r s t  
o f f i c e r  w a s  managing t h e  r a d i o  communications. 
e s t a b l i s h e d  communications wi th  S a l t  Lake C i t y  approach c o n t r o l ,  t he  
c a p t a i n  began making t h e  r a d i o  t ransmiss ions ,  which i n d i c a t e s  t h a t  t h e  
f i r s t  o f f i c e r  probably w a s  f l y i n g  t h e  a i r c r a f t  when t h e  holding c learance  
w a s  reques ted ,  because t h e  nonf ly ing  p i l o t  u sua l ly  manages t h e  r a d i o  
communications. 
t h e  cap ta in  w a s  active i n  d i scuss ing  t h e  e lectr ical  system problems wi th  
Uni ted ' s  maintenance c o n t r o l l e r .  Therefore ,  before  t h e  f l i g h t  l e f t  t h e  
approach c o n t r o l  frequency, t h e  c a p t a i n  probably w a s  s i g n i f i c a n t l y  
involved i n  t h e  diagnoses  of t h e  electrical problems and, consequently,  
h i s  a t t e n t i o n  probably w a s  d iv ided  between those  problems and f l y i n g  
ac t iv i t ies .  

Shor t ly  a f t e r  t h e  f l i g h t  

Later t ransmiss ions  on t h e  ARINC frequency show t h a t  

Since t h e  p a t t e r n  of ground l i g h t s  i n  t h e  S a l t  Lake City-Ogden 
c o r r i d o r  are o r i en ted  i n  a t r u e  north-south d i r e c t i o n  and s i n c e ,  when 
t h e  holding c learance  w a s  reques ted ,  t h e  a i r c r a f t  w a s  about  7 t o  8 m i  
w e s t  of those  l i g h t s ,  t h e  cap ta in  could have thought t h a t  holding n o r t h  
w a s  more appropr ia te .  
VOR . . . , I 1  tends t o  support  such a t r a i n  of thought.  
d i scussed  t h e  matter i s  n o t  known. However, t h e  evidence i n d i c a t e s  t h a t  
t h e  f i r s t  o f f i c e r  accepted t h e  360" r a d i a l  as t h e  holding r a d i a l  because 
t h e  course  s e l e c t i o n  i n  h i s  h o r i z o n t a l  s i t u a t i o n  i n d i c a t o r  w a s  found a t  
000. ?/ 
a i r c r a f t  passed t h e  VOR i t  f lew t h e  outbound l e g  of t h e  holding p a t t e r n  

- 5/ 

H i s  s ta tement ,  "Okay, w e ' l l  hold n o r t h  of t h e  
Whether t h e  f l i gh tc rew 

Addi t iona l ly ,  t h e  probable ground t r a c k  shows t h a t  a f t e r  t h e  

This s e l e c t i o n  would keep t h e  course  dev ia t ion  i n d i c a t o r  ( C D I )  
d i r e c t i o n a l  wh i l e  t h e  a i r c r a f t  w a s  outbound from t h e  VOR. To 
keep t h e  C D I  d i r e c t i o n a l  af ter  tu rn ing  inbound, a course of 180 
would have t o  be  s e l e c t e d .  
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on about a 358' t r ack .  The c a p t a i n ' s  course s e l e c t i o n  apparent ly  w a s  
l e f t  a t  o r  near  151, t h e  designated course t o  t h e  S a l t  Lake Ci ty  VOR f o r  
t h e  publ ished VOR approach t o  runway 16R. 

The second c r i t i ca l  event i n  t h e  series of events leading  t o  
t h e  acc iden t  w a s  t h e  t r a n s f e r  of r a d i o  communications from approach 
c o n t r o l  frequency t o  ARINC frequency. Under t h e  circumstances,  t he  
c o n t r o l l e r  w a s  no t  aware t h a t  F l i g h t  2860 had r a d i o  communication 
problems and would need s p e c i a l  handl ing because he w a s  not  t o l d  as 
requ i r ed  by r e g u l a t i o n  t h a t  t h e  f l i g h t  had l o s t  a communications r ad io ,  
t h e  degree t o  which t h e  l o s s  impaired t h e  f l i g h t ' s  c a p a b i l i t y  t o  ope ra t e  
IFR i n  t h e  ATC system, o r  t h e  n a t u r e  and extent of assistance des i r ed  
from ATC. 
t h e  c o n t r o l l e r  might have been a b l e  t o  a r r ange  f o r  an a l t e r n a t e  means of 
maintaining communications, such as e s t a b l i s h i n g  a voice  r ece iv ing  
c a p a b i l i t y  f o r  t h e  f l i g h t  through t h e  S a l t  Lake Ci ty  VOR. 
t h a t  t h e  c a p t a i n  arranged both  the  holding c learance  and the  t r a n s f e r  of 
communications somewhat casual ly . '  
be  a t t r i b u t e d  t o  h i s  d iv ided  a t t e n t i o n .  However, whi le  holding a t  
n i g h t  a t  an  a l t i t u d e  w e l l  below t h e  e l e v a t i o n  of surrounding mountains, 
a p ro fes s iona l  p i l o t  would be  c a r e f u l  about l i m i t i n g  h i s  source of 
a i r c r a f t  p o s i t i o n  information,  p a r t i c u l a r l y  wi th  unresolved e lectr ical  
problems t h a t  could have t h e  p o t e n t i a l  of a f f e c t i n g  h i s  nav iga t iona l  
equipment. 

Had t h e  f l i g h t c r e w  given t h i s  information t o  t h e  c o n t r o l l e r ,  

It appears  

Some of t h e  casua lness  probably can 

On t h e  o t h e r  hand, t h e  c o n t r o l l e r  should have r e a l i z e d  t h a t  
t h e  f l i g h t ' s  r eques t  t o  leave t h e  approach c o n t r o l  frequency probably 
would r e s u l t  i n  a l o s s  of ATC communications, and, t he re fo re ,  would i n  
e f f e c t  t e rmina te  r ada r  c o n t r o l  f o r  t h e  du ra t ion  of t he  l o s s .  H e  should 
have f u r t h e r  r e a l i z e d  t h a t  whi le  he w a s  providing r ada r  v e c t o r s  and 
r ada r  nav iga t iona l  guidance t o  an  a i r c r a f t  ope ra t ing  a t  MVA, he w a s  a l s o  
requi red  t o  provide a d v i s o r i e s  i n  t h e  event  t h e  a i r c r a f t  devia ted  from 
i t s  p ro tec t ed  a i r space .  
w i t h  t h e  f l i gh tc rew,  he  could no t  provide the  dev ia t ion  a d v i s o r i e s  t o  
them. Therefore ,  i n  t h e  absence of a r eques t  f o r  emergency handling, he 
should have taken one of t h e  fol lowing a c t i o n s :  (1) Direc ted  t h e  f l i g h t  
t o  a p ro tec t ed  area which would n o t  have requi red  t h e  c o n t r o l l e r ' s  
p rovis ion  of r ada r  nav iga t iona l  guidance, o r  (2) denied t h e  reques t  t o  
leave t h e  frequency. 

I f  t h e  c o n t r o l l e r  w a s  unable t o  communicate 

Notwithstanding t h e  c o n t r o l l e r ' s  a l t e r n a t i v e s ,  he undoubtedly 
w a s  misled by t h e  c a p t a i n ' s  sugges t ion  t h a t  t h e  f l i g h t  would only be o f f  
frequency " fo r  a l i t t l e  minute." Given t h e  a i r c r a f t ' s  pos i t i on ,  a l t i t u d e ,  
and groundspeed a t  t h a t  t i m e  (0129:51) and t h e  f l i g h t ' s  c learance  t o  
" turn  r i g h t  and proceed d i r e c t  t o  t h e  S a l t  Lake VOR ... 'I, t h e  c o n t r o l l e r  
knew t h a t  t h e  f l i g h t  w a s  s a f e  from obs t ruc t ing  t e r r a i n  f o r  w e l l  over a 
minute. A s  t h e  f l i g h t  progressed, t h e  a i r c r a f t  passed over t he  VOR 
about 0132, o r  more than 2 min a f t e r  t h e  cap ta in  implied t h a t  t h e  
f l i g h t  would be  o f f  t h e  frequency f o r  a s h o r t  time. 
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In  f a c t ,  t h e  f l i g h t  w a s  absent  from t h e  c o n t r o l l e r ' s  frequency 
f o r  about  7 1 / 2  min. 
t h e  7 1/2-min per iod  were consumed i n  e s t a b l i s h i n g  communications wi th  
t h e  mafntenance c o n t r o l l e r .  Consequently, t h e  Board cannot exp la in  why 
t h e  c a p t a i n  thought t h e  f l i g h t ' s  absence from t h e  frequency would be 
only  "a l i t t l e  minute." However, f l i g h t c r e w  probably w a s  n o t  concerned 
w i t h  t h e  passage of t i m e  because they  be l ieved  themselves i n  a s a f e  
area, and they  were i n t e n t  on so lv ing  t h e  landing  gear  problem and a 
d i f f i c u l t  e l e c t r i c a l  system problem. I n  any event ,  t h e  whole p a t t e r n  of 
imprec ise  communications w i t h  approach c o n t r o l  sugges ts  a somewhat 
c a s u a l  and complacent a t t i t u d e  toward management of t h e  f l i g h t .  

The ARINC t r a n s c r i p t s  show t h a t  2 min 16  s e c  of 

During t h e  7 1/2-min per iod ,  (about 0136), it became obvious 
t o  t h e  c o n t r o l l e r s  t h a t  t h e  f l i g h t  would c r o s s  t h e  331" r a d i a l  on a 
n o r t h e r l y  t r a c k  i n s t e a d  of t u r n i n g  r i g h t  t o  i n t e r c e p t  t h e  r a d i a l  and 
f l y i n g  inbound on t h e  331" r a d i a l  t o  t h e  VOR. 
at tempted t o  con tac t  t h e  f l i g h t  through t h e  S a l t  Lake C i ty  and Ogden 
VOR's b u t  were n o t  success fu l  because t h e  f l i g h t  w a s  no t  monitor ing t h e  
VOR's f o r  vo ice  t ransmiss ions  even though both  VOR receivers were tuned 
t o  t h e  S a l t  Lake C i t y  VOR frequency. This  is  v e r i f i e d  because,  according 
t o  t h e  message t r ansmi t t ed ,  t h e  f l i g h t  w a s  reques ted  t o  con tac t  approach 
c o n t r o l  on frequency 124.3 MHz, b u t  t h e  a i r c r a f t ' s  No. 2 t ransceiver-- the 
only communications r a d i o  o p e r a t i v e  w i t h  t h e  No.  1 e l e c t r i c a l  bus inoperative-- 
w a s  found a t  126.8 MHz, t h e  o r i g i n a l l y  ass igned  frequency. k/ Addi t iona l ly ,  
t h e  f l i g h t  terminated communications wi th  ARINC a t  0137:11, on ly  1 5  
secs be fo re  they  r epor t ed  back on approach c o n t r o l  frequency. 

Consequently, t h e  c o n t r o l l e r s  

The t h i r d  c r i t i ca l  event  w a s  t h e  manner i n  which t h e  hold ing  
p a t t e r n  w a s  flown. According t o  F l i g h t  2860's probable  ground t r a c k ,  
t h e  s tandard  t i m e  of 1 min on t h e  outbound l e g  of t h e  hold ing  p a t t e r n  
w a s  exceeded by about  1 min 30 sec. Addi t iona l ly ,  according t o  FDR 
information,  t h e  f l i g h t ' s  i nd ica t ed  a i r speed  on t h e  outbound l e g  averaged 
about  240 kns as opposed t o  t h e  au thor ized  200 kns. 
t h e  probable  ground t r a c k  map t h a t ,  had t h e  f l i g h t  adhered t o  t h e  1 min 
l i m i t a t i o n  and had i t  in t e rcep ted  t h e  360" r a d i a l  back t o  t h e  VOR, it 
would have remained w e l l  clear of obs t ruc t ing  t e r r a i n .  Also, c a l c u l a t i o n s  
show t h a t  i f  t h e  maximum author ized  a i r speed  of 200 kns had been flown, 
t h e  f l i g h t ' s  r i g h t  t u r n  toward t h e  360" r a d i a l  might have begun about 
2.6 m i  earlier, which would have kep t  t h e  f l i g h t  much f a r t h e r  from 
o b s t r u c t i n g  t e r r a i n .  F i n a l l y ,  i f  bo th  t h e  200-KIAS and 1-min l i m i t a t i o n s  
had been observed, t h e  f l i g h t ' s  outbound l e g  would have been about 4 m i  
long and t h e  f l i g h t  would have remained w e l l  clear of t h e  hazardous 
t e r r a i n .  

It is  apparent from 

However, i t  i s  n o t  c e r t a i n  what a i d ,  i f  any, t h e  f l i g h t c r e w  
used t o  determine t h e  l e n g t h  of t h e  outbound l eg .  

- 6 /  

The inbound t u r n  

S a l t  Lake C i ty  approach c o n t r o l  could receive and t r ansmi t  s imultaneously 
on both 124.3 MHz and 126.8 MHz. 
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began about 10  nmi from t h e  VOR which i n d i c a t e s  t h a t  t h e  f i r s t  o f f i c e r  
might have used 10  nmi on h i s  DME as t h e  measure of l e g  l eng th  even 
though t h e  use  of DME w a s  no t  s p e c i f i e d  i n  t h e  holding clearance.  Since 
t h e  c o n t r o l l e r  had t o l d  t h e  f l i g h t  earlier t h a t  he could t ake  i t  out  20 
m i  (north-northwest) ,  t h e  use  of 10  nmi on t h e  DME as t h e  measure of l e g  
l eng th  probably would have seemed reasonable  t o  t h e  f i r s t  o f f i c e r .  On 
t h e  o the r  hand, t h e  inbound t u r n  w a s  begun s h o r t l y  a f t e r  t h e  d iscuss ion  
wi th  United 's  maintenance c o n t r o l l e r  ended, during t h e  las t  po r t ion  of 
which t h e  cap ta in  expressed h i s  i n t e n t i o n  t o  "go ahead and land then." 
Consequently, i t  i s  p o s s i b l e  t h a t  t h e  f i r s t  o f f i c e r  w a s  monitoring the  
d i scuss ion  and t h a t  he began t h e  inbound t u r n  s h o r t l y  a f t e r  t h e  cap ta in  
expressed h i s  dec i s ion  t o  land.  Also, i f  t h e  f i r s t  o f f i c e r ' s  a t t e n t i o n  
w a s  p a r t i a l l y  d i r e c t e d  toward t h e  diagnoses  of t h e  e lectr ical  system 
problems, he might have l o s t  t r a c k  of t h e  t iming on t h e  outbound l e g .  
In  any event ,  t h e  hold ing  p a t t e r n  w a s  no t  flown i n  conformity wi th  
prescr ibed  procedures and, as a r e s u l t ,  t h e  a i r c r a f t  was  flown i n t o  an 
unsafe  area when t h e  a i r  t r a f f i c  c o n t r o l l e r s  could not  provide any 
a s s i s t a n c e .  

The f i n a l  c r i t i c a l  event  which, i f  managed d i f f e r e n t l y ,  might 
have prevented t h e  acc ident  w a s  t h e  exchange of communications between 
t h e  c o n t r o l l e r  and t h e  f l i gh tc rew a f t e r  t h e  f l i g h t  had re turned  t o  t h e  
approach c o n t r o l  frequency. 
f l i g h t  repor ted  back on t h e  frequency and t h e  t i m e  t h e  a i r c r a f t  s t r u c k  
t h e  mountain. 
as demonstrated by t h e  FDR traces, i n  about 30 secs o r  less t h e  a i r c r a f t  
could have been flown s a f e l y  above t h e  mountains. Addi t iona l ly ,  i t  is 
apparent  from t h e  probable  ground t r a c k  t h a t  had F l i g h t  2860 continued 
i t s  r i g h t  t u rn ,  without  climbing, and had it in t e rcep ted  the  360' r a d i a l  
inbound, without  overshoot,  i t  would n o t  have s t r u c k  t h e  mountains. 
t h e  o the r  hand, had F l i g h t  2860 begun t h e  l e f t  t u r n  immediately o r  had 
i t  begun t h e  climb immediately a f t e r  r e c e i p t  of t h e  c o n t r o l l e r ' s  f i r s t  
i n s t r u c t i o n s  t o  t u r n  and climb, i t  i s  l i k e l y  t h a t  t h e  a i r c r a f t  would not  
have crashed. 

About 1 min e lapsed  between t h e  t i m e  t h e  

Considering t h e  a i r c r a f t ' s  speed and performance c a p a b i l i t y  

On 

Considering t h e  a l t e r n a t i v e s  which were poss ib ly  a v a i l a b l e  t o  
t h e  c o n t r o l l e r ,  i n s t r u c t i o n s  f o r  an  immediate t u r n  and climb wi th  stress 
on t h e  immediacy of t h e  a c t i o n  would have been most appropr ia te .  
However, t h e  c o n t r o l l e r ' s  r ada r  d i s p l a y  d i d  no t ,  and cannot,  po r t r ay  
s u f f i c i e n t  d e t a i l s  of t h e  t e r r a i n  o r  t h e  a i r c r a f t ' s  f l i g h t  t r a c k  t o  
permit  t h e  c o n t r o l l e r  t o  make f i n e  d i s t i n c t i o n s  about t h e  a i r c r a f t ' s  
proximity t o  o b s t r u c t i n g  t e r r a i n .  Addi t iona l ly ,  t h e  r ada r  d i s p l a y  t h a t  
t h e  c o n t r o l l e r  w a s  us ing  i n  t h e  tower cab d id  n o t  po r t r ay  these  f e a t u r e s  
w i t h  as h igh  f i d e l i t y  as t h e  p l an  p o s i t i o n  i n d i c a t o r  d i s p l a y s  i n  t h e  
r a d a r  room. Ll 
i n s t r u c t i o n s  t o  t h e  f l i g h t  must be considered a judgmental matter on h i s  

Consequently, under t h e  circumstances , t h e  c o n t r o l l e r ' s  

- 7 /  After  t h e  acc ident ,  t h e  Flu4 discont inued t h e  p r a c t i c e  of us ing  t h e  
r ada r  d i s p l a y  i n  t h e  S a l t  Lake C i ty  c o n t r o l  tower cab f o r  approach 
c o n t r o l  func t ions  during weather condi t ions  where t h e  c e i l i n g  is , 
below 5,000 f t  o r  t h e  v i s i b i l i t y  i s  less than 4 m i .  
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p a r t .  However, s i n c e  t h e  MSAW aler t  w a s  f l a s h i n g  and s i n c e  t h e  a i r c r a f t  
w a s  headed toward areas where t h e  MVA's were 9,000 f t  and h igher ,  t h e  
c o n t r o l l e r  should have placed more emphasis on t h e  urgency of t h e  a c t i o n  
he  t o l d  F l i g h t  2860 t o  take, and he should have given t h e  f l i g h t  i n s t r u c t i o n s  
t o  immediately t u r n  and immediately climb. 

The cond i t ions  i n  t h e  cockpi t  of F l i g h t  2860 a f t e r  t h e  f l i g h t  

However, based on weather r e p o r t s  and wi tness  
r epor t ed  back on approach c o n t r o l  frequency are not  known because of t h e  
l a c k  o f  CVR information.  
r e p o r t s ,  t h e  f l i g h t  appa ren t ly  en te red  instrument  f l i g h t  cond i t ions  
dur ing  t h e  inbound turn ,  i f  n o t  before ,  and t h e  f l i g h t c r e w  w a s  no t  aware 
t h a t  a dangerous s i t u a t i o n  w a s  developing. Consequently, t h e  c o n t r o l l e r ' s  
i n s t r u c t i o n s  probably s u r p r i s e d  them s u f f i c i e n t l y  t o  cause de lays  i n  
t h e i r  responses .  Addi t iona l ly ,  s imu la t ion  tests i n d i c a t e  t h a t  the  GPWS 
would no t  have provided a warning u n t i l  7.7 t o  10.2 secs be fo re  impact, 
which because of t h e  r a p i d l y  r i s i n g  t e r r a i n  w a s  too late.  8/ 

Clea r ly ,  i t  w a s  a preventab le  acc iden t  because so  many independent 
even t s  had t o  combine s e q u e n t i a l l y  t o  produce t h e  acc iden t ,  and s l i g h t  
a l t e r a t i o n s  i n  any of t h e s e  even t s  could have prevented it. 
conclude t h a t  t h e  most c r i t i c a l  of t h e  even t s  w a s  t h e  manner i n  which 
understanding w a s  reached on t h e  hold ing  c learance ,  because i f  t h e  
hold ing  c l ea rance  had been p rope r ly  given and proper ly  understood t h e  
even t s  t h a t  followed e i t h e r  would no t  have a f f e c t e d  t h e  s a f e t y  of t h e  
a i r c r a f t  o r  would not  have occurred. 
t h e  holding c l ea rance  w a s  t h e  l a c k  of p r e c i s i o n  i n  t h e  communications 
between t h e  p a r t i e s  involved. 

However, w e  

We b e l i e v e  t h e  major problem wi th  

The c a p t a i n  knew t h a t  he had only  one r a d i o  and t h a t  he would 
have t o  t e rmina te  ATC communications, and r a d a r  c o n t r o l ,  i n  o rde r  t o  
communicate wi th  United 's  maintenance c o n t r o l l e r .  Fur ther ,  from informat ion  
a v a i l a b l e  t o  him on t h e  instrument  approach c h a r t  and from h i s  prev ious  
experience i n  t h e  S a l t  Lake C i ty  area, he should have known t h a t  6,000 
f t  w a s  w e l l  below t h e  e l e v a t i o n s  of surrounding mountains. Therefore ,  
h e  should have i n s i s t e d  on a b s o l u t e  c e r t a i n t y  about where the  f l i g h t  w a s  
t o  hold. 
h e  w a s  no t  aware t h a t  communications and, t he re fo re ,  r a d a r  c o n t r o l ,  
later would be i n t e r r u p t e d .  Consequently, t h e  holding i n s t r u c t i o n s  w e r e  
imprec i se  and contained an  ambiguity which t h e  f l i g h t c r e w  f a i l e d  t o  
d e t e c t .  

When t h e  approach c o n t r o l l e r  i s sued  t h e  holding i n s t r u c t i o n s ,  

- 8/ The GPWS probably func t ioned  because t h e  GPWS swi tch  w a s  found i n  
t h e  normal pos i t i on .  Add i t iona l ly ,  t h e  r a p i d  i n c r e a s e  i n  t h e  FDR 
a l t i t u d e  trace and corresponding decrease  i n  t h e  a i r speed  trace 
dur ing  t h e  f i n a l  4 t o  5 s e c s  of f l i g h t ,  and t h e  impact a t t i t u d e  
of about 15", i n d i c a t e  t h a t  t h e  p i l o t  r e a c t e d  sha rp ly  t o  such a 
s t imulus  . 
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The Board has  noted t h i s  l a c k  of p r e c i s i o n  i n  communication i n  
o t h e r  acc iden t s  21, and w e  b e l i e v e  t h a t  some of i t  is  a t t r i b u t a b l e  t o  
complacency whi le  opera t ing  i n  t h e  r a d a r  environment. 
c o n t r o l ,  f l i gh tc rew communications and adherence t o  prescr ibed  procedures 
may tend toward imprecis ion because they  know t h a t  t h e  c o n t r o l l e r  has  
t h e  means t o  d e t e c t  and c o r r e c t  mistakes.  
may b e  less p r e c i s e  i n  h i s  communications and adherence t o  prescr ibed  
procedures  because he has  t h e  means t o  c o r r e c t  any mistakes o r  misunder- 
s t and ings  t h a t  might occur. Consequently, a f t e r  lengthy  exposure t o  t h e  
pure  r ada r  environment, both f l i gh tc rews  and a i r  t r a f f i c  c o n t r o l l e r s  develop 
h a b i t s  of imprecis ion i n  t h e i r  communications wi th  each o ther  and i n  
t h e i r  adherence t o  prescr ibed  procedures.  Fur ther ,  t h e  exposure can 
l e a d  t o  a l o s s  of knowledge of procedures which, gene ra l ly ,  w e r e  developed 
f o r  use i n  t h e  nonradar environment o r  f o r  use i n  t h e  event of l o s t  
communications and which may be used r a r e l y  wi th  p r e c i s i o n  i n  the  pure 
r a d a r  environment. 

When under r ada r  

On t h e  o the r  hand, t he  c o n t r o l l e r  

F l igh tcrews  and c o n t r o l l e r s  a l i k e  should consciously s t r i v e  
f o r  p r e c i s i o n  i n  t h e i r  communications wi th  each o ther  and i n  t h e i r  
adherence t o  prescr ibed  procedures,  n o t  only t o  avoid events  similar t o  
t h o s e  which l e d  t o  t h i s  acc ident ,  b u t  a l s o  because t h e  loss of communications 
between t h e  f l i gh tc rew and c o n t r o l l e r  always te rmina tes  r ada r  con t ro l  
and prevents  both p a r t i e s  from c o r r e c t i n g  mistakes o r  c l a r i f y i n g  ambigui t ies .  

Another problem inhe ren t  i n  s i t u a t i o n s  involving malfunct ions 
of a i r c r a f t  systems i n  f l i g h t  i s  t h e  d i v i s i o n  of r e s p o n s i b i l i t i e s  among 
members of t h e  f l i gh tc rew whi l e  t h e  malfunct ion is being resolved.  The 
Safe ty  Board has  addressed t h e s e  r e s p o n s i b i l i t i e s  i n  a number of acc ident  
r epor t s .  E/ I n  t h i s  i n s t ance ,  because of t h e  l a c k  of CVR information,  
t h e  manner i n  which t h e  c a p t a i n  coordinated and managed t h e  ac t iv i t i e s  
of t h e  f i r s t  o f f i c e r  and t h e  second o f f i c e r  is no t  e x p l i c i t l y  known. 
However, i t  i s  known from t h e  ATC and ARINC communications record ings  
t h a t  t h e  cap ta in  w a s  a c t i v e l y  involved i n  r e s o l u t i o n  of t h e  electrical  

- 91 NTSB-AAR-73-15, North Cen t ra l  A i r l i n e s ,  Inc . ,  and Delta A i r  Lines ,  Inc . ,  
O'Hare I n t e r n a t i o n a l  Ai rpor t ,  Chicago, I l l i n o i s ,  December 20,  1972. 

NTSB-AAR-75-16, Trans World A i r l i n e s ,  Inc . ,  Be r ryv i l l e ,  V i rg in i a ,  
December 1, 1974. 

NTSB-AAR-77-8, Jet Avia, Ltd . ,  Palm Springs,  Ca l i fo rn ia ,  January 6 ,  1977. 

- l o /  NTSB-AAR-70-14, Scandinavian A i r l i n e s  System, near  Los Angeles, 
C a l i f o r n i a ,  January 13,  1969. 

NTSB-AAR-73-8, Mohawk A i r l i n e s ,  Inc . ,  Albany, New York, March 3 ,  1972. 

NTSB-AAR-73-14, Eas te rn  A i r  Lines ,  Inc. ,  M i a m i ,  F lo r ida ,  December 29, 
1972. 
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problem and i n  ob ta in ing  a hold ing  c learance .  Consequently, t h e  c a p t a i n  
probably was d i s t r a c t e d  by t h e  electrical  problem from supe rv i s ion  of 
t h e  f l y i n g  ac t iv i t ies ,  inc luding  ob ta in ing  t h e  holding c l ea rance  and t h e  
manner i n  which t h e  f i rs t  o f f i c e r  f lew t h e  hold ing  p a t t e r n .  
i t  i s  p o s s i b l e  t h a t  t h e  f i rs t  o f f i c e r  w a s  monitor ing t h e  r e s o l u t i o n  of 
t h e  electrical problem and, t he re fo re ,  w a s  paying less than  f u l l  a t t e n t i o n  
t o  ATC communications and t o  f l y i n g  t h e  aircraft. 

S imi l a r ly ,  

Since t h i s  type  of s i t u a t i o n  is dynamic because t h e  aircraft  
must be  f l own  whi le  t h e  malfunct ion i s  resolved,  i t  fo l lows  t h a t  t h e  
c a p t a i n  must manage t h e  f l i g h t c r e w  i n  a manner which w i l l  i n s u r e  abso lu te  
s a f e  opera t ion  of t h e  aircraft  dur ing  t h e  in te r im.  Therefore ,  a l though 
each s i t u a t i o n  w i l l  va ry  depending on t h e  type  of a i r c r a f t  involved, t h e  
complexity and c r i t i c a l i t y  of t h e  malfunct ion,  t h e  composition of t h e  
f l i gh tc rew,  and many o t h e r  f a c t o r s ,  i t  remains t h a t  t h e  c a p t a i n ' s  f i r s t  
and foremost r e s p o n s i b i l i t y  i s  t o  i n s u r e  safe ope ra t ion  of t h e  a i r c r a f t .  
To achieve  t h i s  ob jec t ive ,  he must r e l e g a t e  o t h e r  ac t iv i t i e s  accordingly.  

3. CONCLUSIONS 

3.1 Findings 

1. The f l i g h t c r e w  were proper ly  c e r t i f i c a t e d  and were q u a l i f i e d .  
€ o r  t h e  f l i g h t .  

2 .  There w a s  t o x i c o l o g i c a l  evidence of a l coho l  i n  t h e  second 
o f f i c e r ' s  body which according t o  t h e  weight of medical 
opinion most l i k e l y  r e s u l t e d  from h i s  i n g e s t i o n  of a l coho l  
during t h e  8-hr per iod preceding t h e  f l i g h t ;  however, 
s i n c e  t h e r e  w a s  no co r robora t ive  evidence of a l coho l  
consumption o r  t h e  e f f e c t s  t he reo f ,  t h e  degree of impairment, 
i f  any, of t h e  second o f f i c e r ' s  phys io log ica l  and mental  
f a c u l t i e s  could no t  be determined. 

3.  When i n i t i a l l y  d ispa tched ,  t h e  a i r c r a f t ' s  No. 1 a.c. 
e lectr ical  genera tor  w a s  inopera t ive ,  bu t  r e p a i r s  were 
completed and t h e  d i spa tch  release w a s  r ev i sed  accord ingly  
be fo re  t h e  f l i g h t  depar ted  San Francisco.  

4 .  The a i r c r a f t ' s  No. 1 electrical system malfunctioned 
dur ing  t h e  f l i g h t ' s  descent  f o r  t h e  approach t o  S a l t  Lake 
C i ty  a i r p o r t ;  t h e  No. 1 electr ical  bus w a s  i nope ra t ive  
and a l l  of i t s  as soc ia t ed  e lectr ical  components were 
i n o  p er a t ive . 
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5. 

6. 

7. 

8. 

9. 

10.  

11. 

12. 

13.  

14. 

Other t han  components t h a t  were powered through t h e  No. 1 
electr ical  bus, t h e r e  w a s  no evidence of malfunct ion o r  
f a i l u r e  of t h e  a i r c r a f t ' s  o the r  systems, inc luding  f l i g h t  
instrument  and nav iga t iona l  systems, o r  i t s  s t r u c t u r e ,  
powerplants,  o r  f l i g h t  con t ro l s .  

Contrary t o  United 's  DC-8 F l i g h t  Handbook, t h e  No. 1 
communications r a d i o  w a s  powered through t h e  No. 1 electrical 
bus; t h e  r a d i o  was inope ra t ive  a f t e r  t h e  l o s s  of the  
No. 1 bus. 

The f l i gh tc rew w a s  unable  t o  v e r i f y  landing  gear  ex tens ion  
because t h e  landing gear  i n d i c a t o r  system w a s  powered 
through t h e  No. 1 e l e c t r i c a l  bus. 

Shor t ly  a f t e r  t h e  f l i g h t  e s t ab l i shed  communications wi th  
S a l t  Lake C i ty  approach con t ro l ,  t h e  f i r s t  o f f i c e r  began 
f l y i n g  t h e  a i r c r a f t  and t h e  c a p t a i n  managed t h e  r a d i o  
communications. 

Contrary t o  r egu la t ions ,  t h e  f l i gh tc rew d i d  no t  inform 
ATC of t h e  l o s s  of a communications r ad io ,  t he  ex ten t  t o  
which t h e  l o s s  impaired t h e  f l i g h t ' s  c a p a b i l i t y  t o  ope ra t e  
IFR i n  t h e  ATC system, o r  t h e  assistance des i r ed  from 
ATC. 

Because t h e  cap ta in  wanted t o  communicate wi th  United 's  
system l i n e  maintenance c o n t r o l  i n  San Francisco,  he 
reques ted  a holding clearance from t h e  S a l t  Lake Ci ty  
approach c o n t r o l l e r .  

The holding c l ea rance  i ssued  by t h e  approach c o n t r o l l e r  
w a s  incomplete and a t tempts  t o  c l a r i f y  t h e  c learance  
r e s u l t e d  i n  an  ambiguity. 

The approach c o n t r o l l e r  intended t h a t  F l i g h t  2860 hold 
northwest  on t h e  331" r a d i a l  of t h e  S a l t  Lake C i ty  VOR, 
b u t  he d i d  n o t  s p e c i f y  t h e  r a d i a l .  

The c a p t a i n  apparent ly  intended t o  hold n o r t h  of t h e  
S a l t  Lake C i ty  VOR b u t  d id  no t  reques t  a complete hold ing  
c learance ,  inc luding  a holding r a d i a l .  

Because t h e  approach c o n t r o l l e r  d id  no t  i s s u e  a holding 
radia1,and because t h e  c a p t a i n  d i d  not  reques t  a holding 
r a d i a l ,  t h e  f i r s t  o f f i c e r  assumed t h e  360" r a d i a l  t o  be  
hold ing  r a d i a l .  
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15. The approach c o n t r o l l e r  w a s  misled by t h e  c a p t a i n ' s  
r eques t  t o  leave t h e  frequency f o r  a " l i t t l e  minute"; t h e  
f l i g h t  w a s  absent  from t h e  frequency f o r  about 7 1 / 2  min. 

16  During t h e  f l i g h t ' s  absence from t h e  approach c o n t r o l  
frequency, t h e  c o n t r o l l e r s  recognized t h a t  t h e  a i r c r a f t  
w a s  e n t e r i n g  a hazardous area b u t  they  were unable t o  
communicate w i t h  t h e  f l i g h t .  

17 .  F l i g h t  2860 w a s  n o t  monitoring t h e  S a l t  Lake C i ty  VOR f o r  
vo ice  t ransmiss ions  even though both VOR receivers were 
tuned t o  t h e  S a l t  Lake C i ty  VOR frequency. 

18. The f i r s t  o f f i c e r  d i d  no t  f l y  t h e  holding p a t t e r n  i n  
accordance w i t h  e s t a b l i s h e d  procedures;  as a r e s u l t ,  t h e  
a i r c r a f t  w a s  unknowingly flown i n t o  an area near  hazardous 
t e r r a i n .  

19. When t h e  f l i g h t  re turned  t o  approach c o n t r o l  frequency, 
t h e  approach c o n t r o l l e r  had determined t h a t  a l e f t  t u r n  
was requ i r ed  t o  prevent  a c o l l i s i o n  wi th  hazardous t e r r a i n .  

20. The approach c o n t r o l l e r  t o l d  F l i g h t  2860 t o  t u r n  l e f t  t o  
avoid  hazardous t e r r a i n  on i t s  r i g h t ,  bu t  he d i d  no t  
stress t h e  need f o r  immediate a c t i o n .  

21. Because ATC r a d a r  d i s p l a y s  cannot po r t r ay  t e r r a i n  f e a t u r e s  
o r  a n  a i r c r a f t ' s  t r a c k  i n  f i n e  d e t a i l ,  and because t h e  
d i s p l a y  used by t h e  c o n t r o l l e r  had less f i d e l i t y  than  t h e  
u s u a l  approach c o n t r o l  r ada r  d i s p l a y s ,  t h e  c o n t r o l l e r ' s  
i n s t r u c t i o n s  t o  F l i g h t  2860 t o  t u r n  and climb w e r e  judgmental ,  

22. When F l i g h t  2860 rece ived  t u r n  and climb i n s t r u c t i o n s  
from t h e  approach c o n t r o l l e r ,  i t  w a s  i n  instrument f l i g h t  
condi t ions  and t h e  f l i gh tc rew w a s  no t  a b l e  t o  make an 
independent assessment of t h e i r  predicament. 

23. The aircraf t ' s  GPWS probably funct ioned from 7.7 t o  10.2 
sec be fo re  impact bu t  no t  i n  t i m e  f o r  t h e  f l i gh tc rew t o  
prevent  t h e  aircraft 's c o l l i s i o n  w i t h  t e r r a i n  which rose  
a t  a 32' ang le  from t h e  ho r i zon ta l .  

24. The acc iden t  w a s  n o t  su rv ivab le  because severe impact 
f o r c e s  destroyed t h e  a i r c r a f t  and subjec ted  t h e  f l i gh tc rew 
t o  extreme t raumat ic  i n ju ry .  
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Probable  Cause 

The Nat ional  Transpor ta t ion  Safe ty  Board determines t h a t  t h e  
probable  cause of t h i s  acc ident  was t h e  approach c o n t r o l l e r ' s  issuance 
and t h e  f l i g h t c r e w ' s  acceptance of an  incomplete and ambiguous holding 
c l ea rance  i n  combination wi th  t h e  f l i g h t c r e w ' s  f a i l u r e  t o  adhere t o  
p re sc r ibed  impairment-of-communications procedures and prescr ibed  holding 
procedures.  The c o n t r o l l e r ' s  and f l i g h t c r e w ' s  a c t i o n s  are a t t r i b u t e d  t o  
probable  h a b i t s  of imprecise  communication and of imprecise  adherence t o  
procedures  developed through yea r s  of exposure t o  ope ra t ions  i n  a r ada r  
environment . 

Contr ibut ing  t o  t h e  acc iden t  w a s  t h e  f a i l u r e  of t h e  a i r c r a f t ' s  
No. 1 electr ical  system f o r  unknown reasons ,  

4 .  RECOMMENDATIONS 

On A p r i l  3, 1978, t h e  Sa fe ty  Board i ssued  Sa fe ty  Recommendations 
A-78-21 and A-78-22 t o  t h e  Federa l  Aviat ion Adminis t ra t ion as fol lows:  

"Review t h e  adequacy of cu r ren t  cockpi t  vo ice  recorder  
p r e f l i g h t  t e s t i n g  procedures  t o  a s s u r e  s a t i s f a c t o r y  
system ope ra t  ion. (A-78-21) 

"Rev iew t h e  r e l i a b i l i t y  of cockpi t  vo ice  recorder  u n i t s  
t o  a s s u r e  t h a t  t h e  mean t i m e  between f a i l u r e  i s  no t  
excessive.  (A-78-22) '' 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

I s 1  

I s 1  

/ S I  

I s  I 

JAMES B. K I N G  
Chairman 

FRANCIS H. McADAMS 
Member 

PHILIP A. HOGUE 
Member 

ELWOOD T. DRIVER 
Member 

J u l y  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. 
dispatched an investigative team to the scene. 
established for operations/witnesses, air traffic control, weather, 
human factors, structures, powerplants, systems, flight data recorder, 
maintenance records, and cockpit voice recorder. 

The Safety Board immediately 
Investigative group were 

Parties to the investigation were: The Federal Aviation 
Administration, United Airlines, Inc., Air Line Pilots Association, 
Professional Air Traffic Controllers Organization, Douglas Aircraft 
Company, International Association of Machinists, Pratt & Whitney 
Division of United Technologies Corporation. 

2. Hearings 

There was no public hearing. Depositions of material witnesses 
were taken in Salt Lake City, Utah, February 28, 1978, and San Francisco, 
California, March 2, 1978. Parties to the depositional proceedings 
were: The Federal Aviation Administration, United Airlines, Inc., 
Professional Air Traffic Controllers Organization, Douglas Aircraft 
Company, and International Association of Machinists. 
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APPENDIX B 

PERSONNEL INFORMATION 

Captain John R. Fender 

Captain Fender, aged 49, w a s  employed by United A i r l i n e s ,  
Inc., December 10, 1954. 
No. 1240691 w i t h  an  a i r p l a n e  mul t iengine  land r a t i n g  and type  r a t i n g  f o r  
CV-240, CV-340, CV-440, DC-6, DC-7, DC-8, S-210, and B-737 a i r c r a f t ;  he 
a l s o  had commercial p r i v i l e g e s  wi th  a n  a i r p l a n e  s i n g l e  engine land 
r a t i n g .  
1977, w i th  t h e  l i m i t a t i o n  t h a t  he  w e a r  c o r r e c t i v e  l enses  whi le  f l y i n g .  

H e  he ld  A i r l i n e  Transport  P i l o t  C e r t i f i c a t e  

H i s  f i r s t - c l a s s  medical c e r t i f i c a t e  was i ssued  November 30, 

Captain Fender advanced t o  c a p t a i n  J u l y  27, 1967, and he 
q u a l i f i e d  i n  DC-8 a i r c r a f t  A p r i l  4, 1973. 
check October 9,  1977. 
14,954 f l igh t -hours ,  of which 4,148 w e r e  on DC-8 a i r c r a f t .  
-/-day, and 24-hour per iods  preceding t h e  acc ident ,  he  f lew 43.1, 17.4, 
and 7.7 hours,  r e spec t ive ly ,  i n  DC-8 a i r c r a f t .  

He  passed h i s  last prof ic iency  
During , h i s  f l y i n g  career, Captain Fender accumulated 

I n  t h e  30-day, 

F i r s t  Of f i ce r  P h i l l i p  E. Modesit t  

F i r s t  O f f i c e r  Modesit t ,  aged 46, w a s  employed by United A i r l i n e s ,  
Inc. ,  June 13,  1966. 
w i t h  an a i r p l a n e  mult iengine land ( c e n t e r l i n e  t h r u s t )  r a t i n g  and B-727 
type  r a t i n g ;  he also had commercial p r i v i l e g e s  wi th  a i r p l a n e  s i n g l e  
engine land and mult iengine land r a t i n g s .  
c e r t i f i c a t e  w a s  i s sued  January 10, 1977, wi th  no l i m i t a t i o n s ,  and had 
r eve r t ed  t o  a second-class c e r t i f i c a t e .  

H e  he ld  Airl ine Transport  P i l o t  C e r t i f i c a t e  No. 1447203 

H i s  f i r s t - c l a s s  medical 

F i r s t  O f f i c e r  Modesit t  q u a l i f i e d  i n  DC-8 a i r c r a f t  Apr i l  5, 
1977. He  passed h i s  last prof ic iency  check November 1, 1977. During 
h i s  f l y i n g  career, F i r s t  O f f i c e r  Modesit t  accumulated 9,905 f l igh t -hours  
of which 366 were i n  DC-8 a i r c r a f t .  I n  t h e  30-day, 7-day, and 24-hour 
per iods  preceding t h e  acc iden t ,  he f l ew  42.4, 14.3, and 7.7 hours,  
r e spec t ive ly ,  i n  DC-8 a i r c r a f t .  

Second O f f i c e r  S teve  H. Simpson 

Second O f f i c e r  Simpson, aged 34, w a s  employed by United A i r l i n e s ,  
Inc . ,  A p r i l  7,  1969. H e  he ld  F l i g h t  Engineer Certif icate No.  2114963 
wi th  turbo j e t  r a t i n g  and A i r l i n e  Transport  P i l o t  C e r t i f i c a t e  No. 1582275 
w i t h  a i r p l a n e  mult iengine land  r a t i n g  and a type r a t i n g  i n  Learjet 
a i r c r a f t ;  he a l s o  had commercial p r i v i l e g e s  wi th  an  a i r p l a n e  s i n g l e  
engine land  r a t i n g .  H i s  f i r s t - c l a s s  medical c e r t i f i c a t e  w a s  i s sued  
August 12, 1977, wi th  no l i m i t a t i o n s .  
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Second O f f i c e r  Simpson q u a l i f i e d  i n  DC-8 a i r c r a f t  March 5, 1977. 
H e  passed h i s  last  p ro f i c i ency  check September 30, 1977. During h i s  
f l y i n g  career, Second O f f i c e r  Simpson accumulated 5,692 f l i gh t -hour s  of 
which 419 were i n  DC-8 a i r c r a f t .  I n  t h e  30-day, 7-day, and 24-hour 
pe r iods  preceding t h e  acc iden t ,  he f l e w  63.8, 15.1, and 7.7 hours ,  
r e spec t ive ly ,  i n  DC-8 a i r c r a f t .  

A i r  T r a f f i c  Control  S p e c i a l i s t  Murray D. Hess 

M r .  Hess served as a n  air  t r a f f i c  c o n t r o l l e r  i n  t h e  U.S. 
m i l i t a r y  f o r c e s  from 1964 t o  1968. H e  was employed by t h e  FAA i n  1968. 
S ince  then,  he has  served i n  t h e  Oakland and San Francisco,  C a l i f o r n i a ,  
a i r  t r a f f i c  c o n t r o l  towers f o r  1 1 / 2  yea r s  each, t h e  Bay Area t e rmina l  
r a d a r  c o n t r o l  f a c i l i t y  f o r  about  3 years ,  t h e  H i l l  A i r  Force Base r a d a r  
approach c o n t r o l  f a c i l i t y  f o r  1 1 / 2  years ,  and t h e  S a l t  Lake C i ty  a i r  
traffic c o n t r o l  tower f o r  1 1 / 2  years .  

M r .  Hess holds  a n  a i r  t r a f f i c  c o n t r o l  tower ope ra t ing  c e r t i f i c a t e  
wi th  q u a l i f i c a t i o n s  i n  ARTS I11 equipment and air  s u r v e i l l a n c e  radar .  
A t  t h e  t i m e  of t h e  acc iden t ,  he  he ld  a c u r r e n t  second-class medical 
c e r t i f i c a t e .  

A i r  T r a f f i c  Control  S p e c i a l i s t  Boyd R. Beazer 

M r .  Beazer served as an  a i r  t r a f f i c  c o n t r o l l e r  i n  t h e  U.S. A i r  
Force from 1955 t o  1959. 
se rved  i n  t h e  Tucson, Arizona, a i r  t r a f f i c  c o n t r o l  tower and r a d a r  
approach c o n t r o l  f a c i l i t y  f o r  about 3 years .  
Casper, Wyoming, a i r  t r a f f i c  c o n t r o l  tower f o r  about 1 year  followed by 
11 year s  of service a t  t h e  H i l l  A i r  Force Base rada r  approach c o n t r o l  
f a c i l i t y .  A t  t h e  t i m e  of t h e  acc iden t ,  he had served i n  t h e  S a l t  Lake 
C i ty  a i r  t r a f f i c  c o n t r o l  tower about  4 years .  

H e  w a s  employed by t h e  FAA i n  1959 and subsequently 

H e  then  served i n  t h e  

M r .  Beazer ho lds  an  a i r  t r a f f i c  c o n t r o l  tower ope ra to r s  c e r t i f i c a t e  
w i t h  q u a l i f i c a t i o n s  i n  ARTS I11 equipment and air  s u r v e i l l a n c e  radar .  
A t  t h e  t i m e  of t h e  acc iden t ,  he he ld  a cu r ren t  second-class medical 
c e r t i f i c a t e  w i th  no l i m i t a t i o n s .  
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APPENDIX C 

a p p e s e n  Approach Chart (United) AUG 5-77 SALT LAKE CITY UTAH 
SALT LAKE CITY INT'L 

VOR 116.8 SLC %:. 
Class ABVORTAC 

SLC VOR Apt. Elev 4226 

VOR Rwy 16R ATIS 125.6 
SALT LAKC Appioach (It) So0 apt. chart for 'le'+ 

SALT LAKE lower 1 18.3 12,500' 

~ Ground 121.9 . .  
2 

4781' 
(4 

IJ. s. GOVERNMENT PRINTING OFFICE : 1978 0 - 271-271 
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