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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 flightc-rew 
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. The flight requested 
a holding clearance which was given by the approach controller and 
accepted by the flightcrew. The flight then requested and received 
clearance.toltzave the approach control frequency' fora "little minute" 
to communicate with company maintenance. 

Flight 2860 was absent from the approach control frequency for 
about 7 112 minutes. During that time, the flight entered an area near 
hazardous terrain. The approach controller recognized Flight 2860's 
predicament but was unable to contact the flight. When Flight 2860 
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. 

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 habitsof 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 system for unknown reasbns. 



1. FACTUAL INFORMATION 

History of the Fl ight  

On December 17, 1977, United Air l ines ,  Inc. ,  F l igh t  2860, a 
DC-8F-54 (N8047U), was a scheduled cargo f l i g h t  from San Francisco, 
Cal i fornia ,  t o  Chicago, I l l i n o i s .  About 2 112 h r s  before F l igh t  2860's 
scheduled departure from San Francisco, an intermediate stop a t  Sa l t  
Lake City,  Utah, was scheduled. 

According t o  the f l i g h t  dispatcher,  the f l ightcrew reported 
f o r  duty a t  2300. The capta in  and dispatcher discussed the  weather 
s i t u a t i o n  a t  S a l t  Lake City, and t h e  dispatcher informed the  captain 
t h a t  t h e  f l i g h t  would be dispatched with the a i r c r a f t ' s  No. 1 a.c .  
e l e c t r i c a l  generator inoperative. This conformed t o  company minimum- 
equipment-list  procedures, and the  dispatcher l a t e r  s t a t e d  tha t  the  lack 
of the  generator seemed t o  present  no problems t o  the  captain.  However, 
before the f l ightcrew l e f t  the  dispatch o f f i c e ,  the  dispatcher received 
information t h a t  t h e  generator had been repaired,  and he passed t h i s  
information t o  the  captain. 

On December 18, 1977, a t  0017, Flight-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  plan f o r  S a l t  Lake City. The 
f l i g h t ' s  estimated time en route was 1 hr  1 2  min, and i t s  planned c ru i se  
a l t i t u d e  was f l i g h t  l e v e l  (PL) 370. 

F l i g h t  2860's departure and en route  por t ions  of the f l i g h t  
were flown without reported d i f f i c u l t y ,  except t h e  S a l t  Lake a i r  route 
t r a f f i c  control  center  (Sal t  Lake Center) sec to r  43 con t ro l l e r  was 
unable t o  e s t a b l i s h  radio communications with t h e  f l i g h t  between 0105 
and 0109 on frequency 133.45 MHz. A t  0111:41, F l igh t  2860 es tabl ished 
radio  communication with the  S a l t  Lake Center sec to r  41 con t ro l l e r  on 
frequency 132.55 MHz and requested descent clearance fo r  the  approach t o  
S a l t  Lake City Airport .  

A t  0111:52, the S a l t  Lake Center con t ro l l e r  cleared the f l i g h t  
t o  descend t o  15,000 f t  7-1 and gave t h e  a l t imeter  s e t t i n g  a s  29.58 in .  
A t  0115:42,Flight 2860 requested landing and weather information f o r  
S a l t  Lake City Airport .  The con t ro l l e r  repl ied  t h a t  the f l i g h t  would 
soon be t ransferred  t o  Sa l t  Lake City approach control  and the l a t t e r  
would provide theÂ¥informatio requested. Fl ight  2860 sa id ,  "Okay, cause 
we ' re  working wi th  radio  problems too i t  looks l ike . "  

A t  0116:43 t h e  con t ro l l e r  cleared F l igh t  2860 t o  contact Sa l t  
Lake City approach control  on frequency 126.8 MHz, and at 0116:58, 
F l i g h t  2860 es tabl ished radio  communications with t h a t  f a c i l i t y .  The 

11 A l l  times herein a r e  mountain standard, based on the 24-hour clock. - 
21 A l l  a l t i t u d e s  and e levat ions  h e r e i n a r e m e a n  s e a  l e v e l  unless.'. - 

otherwisespec i f i ed .  



S a l t  Lake C i ty  approach c o n t r o l l e r  gave F l i g h t  2860 r ada 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 Ci ty  Ai rpo r t  .3' and c l ea red  the  
f l i g h t  t o  descend t o  8,000 f t .  The c o n t r o l l e r  a l s o  gave - the weather 
information a s :  "...measured 1 ,700  ove rcas t ,  v i s i b i l i t y  15 ,  l i g h t  r a i n ,  
temperature 41, a l t i m e t e r  29.58." 

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 w i th  t h e  VOR approach t o  runway 16R, and a t  0120:38, he c leared  
t h e  f l i g h t  t o  descend t o  6,000 f t .  The f l i g h t  acknowledged the  descent  
c l ea rance  and asked t h e  c o n t r o l l e r ,  "What's t he  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." 

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

A t  0124:18, t he  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 a s  160' a t  1 3  kns. F l i g h t  2860 r e p l i e d ,  "Roger, 
we got  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 n o 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, maintain 6,000, w i l l  vec to r  you back around f o r  a n  approach." 
F l i g h t  2860 s a i d ,  "Okay.. .:'I 

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  ' turn 
r i g h t  t o  a 330Â heading and t o  maintain 6,000 f t .  The f l i g h t  acknowledged, 
and s a i d ,  "Okay, we'd j u s t  a s  soon no t  ge t  back i n  it 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  i s  
6,000, t h a t ' s  t h e  b e s t  I can do f o r  you t o  v e c t o 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  t h a t . "  

A t  0127:31, F l i g h t  2860 asked, "Take u s  out  about 20 mi l e s ,  
can you do t h a 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 we're  gonna have t o  g e t  t h e  gear  down and t r y  t o  
f i n d  o u t  what t he  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 ep l i ed ,  "345, 
twenty e i g h t  s ix ty . ' '  

A t  0129:Ol F l igh t  2860 t ransmi t ted ,  "Ah tower, we 're  gonna 
have t o ,  ah  n u t s ,  j u s t  a second." Fourteen seconds l a t e r ,  F l igh t  2860 
asked,  "You put  us  i n  a holding p a t t e r n  a t  6,000 here  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 ,  at  t he  VOR, maintain 6,000." F l i g h t  2860 
s a i d ,  "Okay, w e ' l l  hold no r th  of t he  VOR, 6,000 ... r i g h t  t u r n s ,  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 t he  VOR a t  6,000, 
r i g h t  t u r n s . "  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 .  - 



A t  0129:51 F l igh t  2860 asked, "Okay, now can we...leave you 
f o r  a  l i t t l e  minute, we wanna c a l l  San Francisco a minute?" The con t ro l l e r  
repl ied ,  "United 2860, frequency change approved," and a t  0129:59 
Fl ight  2860 sa id ,  "Thank you sir,  we ' l l  be  back.". 

After the  above transmission, F l igh t  2860 contacted United 
Ai r l ines '  system l i n e  maintenance control  center  i n  San Francisco. This 
contact was made through Aeronautical Radio, Inc. (ARINC) on frequency 
130.6 MHz. F l igh t  2860 began t h i s  communication l i n k  a t  0130:21 and 
terminated the  l i n k  a t  0137:ll. 

According t o  ARINC communications recordings, F l igh t  2860 
es tabl ished communications with t h e  DC-8 maintenance con t ro l l e r  a t  
0132:37. F l igh t  2860 informed t h e  maintenance con t ro l l e r  tha t  the  No. 1 
e l e c t r i c a l  bus was inoperat ive,  and t h e  No. 3 generator would not p a r a l l e l ;  
a l so ,  t h e  landing gear indica tor  l i g h t s  d id  no t  present a  "down" indicat ion 
when t h e  landing gear extended. The maintenance con t ro l l e r  inquired 
whether t h e  f l ightcrew had attempted to  r e s e t  the No. 1 bus, and the  
crew repl ied  t h a t  they had. The con t ro l l e r  inquired whether the No. 1 
generator was providing normal v o l t s  and frequency, and the crew rep l i ed  
t h a t  i t  was providing "nothing, i t ' s  dead." 

A t  0133:37, t h e  maintenance con t ro l l e r  to ld  the f l ightcrew t o  
standby while he checked t h e  e l e c t r i c a l  power source f o r  the  landing . . . 

gear indicat ing system, and a t  0135:08, t h e  con t ro l l e r  informed the  
flightcrew.-"...the landing gear p o s i t i o n i n d i c a t i n g  system comes off the  
No. 1 bus . . . . I1  He then inquired whether t h e  f l ightcrew could g e t  
another t o  power t h e  No. 1 bus, and the  crew responded, "The 
No. 1 bus i s  dead and t h a t ' s ,  it." A t  0135:30, t h e  maintenance c o n t r o l l e r .  
s a i d ,  "Okay, you can ' t  ge t  any other  generator t o  p i c k  up t h e  dead bus, 
and t h a t ' s  why your l a n d i n g g e a r  warning system does not w o r k ~ b e c a u s e  
you got t o  have power t o  t h e  28-volt d.c. bus, No. I." Fl ight  2860 
repl ied ,  "0kay;I've gonna kind of f i g u r e  who the  28-volt d.c. No. 1--1 
can ' t  f ind  that '  landing gear warning c i r c u i t  breaker on the darn thing. 
Ah, a l so ,  I assume t h e  hydraulic quant i ty  pressure gage is  on the same 
c i r c u i t  breaker:, same g e n e r a t o r . " T h e  con t ro l l e r  s a i d t h a t  he would 
'I check on i t  i f  you like,'" but  F l igh t  2860 sa id ,  "Oh, before you go...one 
th ing,  i f  t h a t %  t h e  only way they can get gear ind ica to r s ,  we're gonna 
go ahead and land then." The con t ro l l e r  confirmed t h a t  t h e  No. 1 28- 
v o l t  d.c.. bus powered the  landing gear warningsystem. . . 

. . 

A t  0136:28 Flight; 2860 terminated communications with the 
maintenance con t ro l l e r .  In response t o  a querie.from ARINC on whether 
t o  keep t h e  l i n e  t o  maintenance control  open, F l igh t  2860 rep l i ed ,  "Well 
no, I guess we're ... only got one radio,  so  we're back t o  the  tower, 
we're going t o  land, we're going t o  c a l l  out  the  equipment." F l igh t  2860 
terminated radio  communications wi th  ARINC a t  0137:l.l. 



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 the  S a l t  Lake City 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 City 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 City approach c o n t r o l l e r  attempted t h r e e  
times t o  e s t a b l i s h  r a d i o  communications with F l igh 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 the  
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 ,  " . . .he l 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 the  r i g h t  s i d e  f o r  a t u r n  back t o  t he  
VOR, make a l e f t  t u r n  back t o  the  VOR." F l i g h t  2860 r ep l i ed ,  "Say 
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 the  r i g h t  s i d e  f o r  t h e  tu rn ,  make a l e f t  tu rn  back t o  t h e  VOR." A t  
0137:44, F l i g h t  2860 s a i d ,  "Okay." 

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 th  t h e  ground?" F l i g h t  2860 r e p l i e d ,  "Negative." 
A t  0138:OO the  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  out  of s i x  f o r  e ight ."  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 id  not  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  l e a s t  seven wi tnesses  i n  Kaysvi l le ,  
Utah, and the  nearby community of F r u i t  Heights heard what they descr ibed 
as a je t  a i r c r a f t  f l y i n g  low overhead. One of t h e  wi tnesses  saw a red  
l i g h t  on t h e  a i r p l a n e  as i t  f lew i n  a n  e a s t e r l y  d i r e c t i o n  over her  
l o c a t i o n  i n  Kaysvi l le .  She could see nothing more of t he  a i r p l a n e  
because i t  was 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  l a t e r ,  she  s a w  a b r i g h t  orange glow 
appear  t o  t h e  east. The glow l a s t e d  3 t o  4 s e e s  and disappeared. 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  
p a s s  overhead. A l l  of t h e  wi tnesses  s a i d  t h a t  i t  was r a i n i n g  at t h e  
t i m e ~ s e v e r a l  descr ibed  t h e  r a i n  as heavy. 

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  41Â°02'41" and longi tude  111Â°52'30"W 

1.2  
. 

I n j u r i e s  t o  Persons ., 

I n j u r i e s  - C r e w  Passengers  

F a t a l  
Ser ious  
Minor/none 

Other 



1 .3  Damage t o  Ai rc ra f t  

1.4 Other Damage 

Numerous t r e e s  and bushes were damaged and destroyed. 

1 .5  Personnel Information 

The t h r e e  crewmembers on Flight  2860 were qual i f ied  and 
c e r t i f i c a t e d  f o r  the  f l i g h t  and had received t h e  t r a in ing  required by 
cur ren t  regulat ions.  (See Appendix B.) 

According t o  United Air l ines '  records, the cap ta in ' s  most 
recent  t r i p s  i n t o  S a l t  Lake City were on January 7 and January 9, 1977. 
In  t h e  6-month period 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 City i n  United ~ i r l i n e s '  equipment. The f i r s t  o f f i c e r ' s  
most recent  t r i p  i n t o  S a l t  Lake City was on November 28, 1976. During 
1976, he had made th ree  other t r i p s  in to  S a l t  Lake City, a l l  i n  the  
month of November. During 1976 and 1977, the second o f f i ce r  had made 
one t r i p  in to  S a l t  Lake City; t h a t  t r i p  was on February 26, 1977. 

Before repor t ing f o r  duty i n  Chicago about 2340 on December 16, 
the  capta in  had been off duty f o r  44 hrs  15 min; the  f i r s t  o f f i ce r  had 
been off  duty f o r  28 h r s  36 min; and the  second o f f i c e r  had been off  
duty f o r  19 h r s  14 min. On December 17, the crew flew F l igh t  2892 t o  
Detroi t ,  Michigan, a r r iv ing  t h e r e  a t  0330. The crew then flew Fl ight  2827 
t o  San Francisco, a r r iv ing  the re  a t  0925. They were released from duty 
a t  0955 on December 17, and they returned t o  duty a t  2300 t o  prepare f o r  
F l igh t  2860. During t h e  26 hours preceding t h e  accident ,  the  f l ightcrew 
had been on duty 12 h r s  55 min and had received an intervening off-duty 
period of 1 3  h r s  5 min. During t h e i r  duty period, they had flown 7 h r s  
34 min. 

A postaccident  check of the f l ightcrew's  a c t i v i t i e s  during 
t h e i r  off-duty period i n  San Francisco disclosed no evidence of anything 
unusual. The a s s i s t a n t  manager of the h o t e l  where the  f l ightcrew stayed 
s t a t e d  t h a t  a l l  th ree  crewnembers appeared normal when they l e f t  the  
h o t e l  about 2245 f o r  the  a i r p o r t .  

Two air t r a f f i c  control  s p e c i a l i s t s  were on duty i n  the S a l t  
Lake City control  tower when F l igh t  2860 crashed. Both were working 
con t ro l  pos i t ions  and both were f u l l  performance l eve l  control lers .  
(See Appendix B. ) 

The approach control  and l o c a l  control  functions were consolidated 
i n  the  tower cab a f t e r  0030 on December 18, and the approach con t ro l l e r  
was functioning a l s o  a s  the l o c a l  con t ro l l e r .  The other con t ro l l e r ,  t h e  



controller-in-charge, was the ground con t ro l l e r  and a l s o  w a s  handling the  
f l i g h t  da ta  posi t ion.  These functions were consolidated during the  2400 t o  
0800 duty period because t r a f f i c  conditions were l i g h t  and two con t ro l l e r s  
could provide the  necessary se rv ices .  

On December 1 7 ,  the approach/local c o n t r o l l e r  had worked the  
0700 t o  1500 s h i f t .  He was then off duty u n t i l  repor t ing f o r  duty a t  
2400. During the 9 h r s  he was off  duty, he s l e p t  about 2 t o  2 1/2 h r s .  
He denied fee l ing  any fa t igue  during duty on the  2400 s h i f t .  

1 .6  Ai rc ra f t  Information 

N8047U was owned and operated by United Ai r l ines ,  Inc. It was 
c e r t i f i c a t e d ,  maintained, and equipped i n  accordance with current  
regula 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 acciden":. 

N8047U was configured a s  a cargo t ranspor t .  Its maximum 
authorized takeoff gross weight and landing weight were 315,000 l b s  and 
240,000 Ibs ,  respectively.  Its gross weight on departure from San 
Francisco was 214,064 Ibs ,  including t h e  38,800 I b s  of f u e l  and 43,902 
Ibs  of cargo aboard. A t  takeoff ,  N8047U1s center  of g rav i ty  was within 
prescribed l i m i t s  a t  27.5 percent mean aerodynamic chord. The a i r c r a f t ' s  
planned landing weight a t  S a l t  Lake City was 198,504 Ibs .  

On December 1 7 ,  1977, N8047U arrived i n  San Francisco about 
1638 a f t e r  completing a s e r i e s  of f l i g h t s  which began i n  New York t h a t  
morning. According t o  the second o f f i c e r  on those f l i g h t s ,  a f t e r  the  
engines were s t a r t e d  i n  New York the No. 1 generator  indicated no voltage 
o r  frequency, so he l e f t  the generator control  switch o f f .  While en 
route  t o  Cleveland, Ohio, the No. 3 generator unpara l le l  l i g h t  i l luminated.  
He ac t ivated  the generator p a r a l l e l  switch and t h e  No. 3 generator 
returned to  normal operation. During the stop i n  Cleveland, i n  response 
t o  the second o f f i c e r ' s  ent ry  i n  the  maintenance log,  "No. 1 gen inop-- 
no v o l t s ,  no f req ,  CSD appears normal," maintenance personnel disconnected 
t h e  No. 1 generator d r ive  and deferred fu r the r  maintenance on the generator. 
The f l ightcrew flew t h e  a i r c r a f t  from Cleveland t o  Denver, Colorado, and 
then t o  San Francisco with the  No 1 generator d r i v e  disconnected. 
According t o  the  second o f f i c e r  on those f l i g h t s ,  a l l  e l e c t r i c a l  systems 
were powered by the th ree  remaining generators and no f u r t h e r  d i f f i c u l t i e s  
were encountered during those f l i g h t s .  

According t o  maintenance personnel i n  San Francisco, on 
December 17,-1-977, they removed the No. 1 generator control  panel on 
N8047U and replaced i t  with a panel from serviceable  supplies.  They 
connected the  No. 1 generator dr ive ,  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 i n d i c a t e d t h a t  the  
No. 1 generator and theNo.  1 e l e c t r i c a l  system were functioning properly. 
Subsequent t e s t s  on the generator control  panel which had been removed 
indicated  tha t  no discrepancies exis ted  i n  the panel which would j u s t i f y  
i ts  removal i n  response t o  the  discrepancy, "no v o l t s ,  no frequency." 



The maintenance h i s to ry  of t h e  generator control  panel which 
was i n s t a l l e d  on N8047U on December 17, 1977, indicated t h a t  t h i s  panel 
( s e r i a l  No. 105) was removed from a i r c r a f t  N8007U i n  l a t e  October 1977 
a s  t h e  correc t ive  ac t ion  f o r  a s e r i e s  of e l e c t r i c a l  problems involving 
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 with the  No. 1 system u n t i l  wiring de fec t s  i n  the  No. 1 generator 
were repaired severa l  days a f t e r  panel No. 105 was removed. Generator 
control  panel No. 105 was returned t o  the  San Francisco maintenance shop 
where it was tes ted ,  found sa t i s fac to ry ,  and returned t o  serviceable 
supplies;  i t  remained there  u n t i l  i t  was i n s t a l l e d  on N8047U. 

N8047Ufs maintenance records indicated that  no other per t inent  
discrepancies existed during t h e  200 f l ight-hours which preceded the 
accident;  except on December 13, 1977, the  No. 3 generator unparal leled 
l i g h t  came on i n  f l i g h t ,  and a f t e r  about 1 hr  of f l i g h t  the generator 
was r e s e t  and returned t o  normal operation. 

Meteorological Information 

Synoptic S i tua t ion  

The area  fo recas t ,  issued a t  1740 on December 17, 1977, by the 
NWS Forecast Office a t  Sa l t  Lake City and v a l i d  from 1800 on December 17 
t o  1200 on December 18, was, i n  pa r t  a s  follows: 

Southern Idaho, Nevada, Utah~mounta ins  general ly obscured 
by clouds and p rec ip i t a t ion .  Clouds general ly 6,000 f t  
t o  8,000 f t  broken t o  overcast with merging l ayers  above 
t o  18,000 f t  t o  20,000 f t  except i n  eas tern  Utah and 
southern Nevada. The surface  wind i n  southeast  Idaho, 
western Utah, and Nevada, l o c a l l y ,  180' t o  220' a t  18 kns 
with gus ts  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 the western 
border of Idaho southwestward i n t o  c e n t r a l  Cal i fornia ,  
with occasional 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 ce i l ings  and v i s i -  
b i l i t i e s  along and west of the  f r o n t  a t  o r  about 800 f t  
and 1 m i .  Freezing l e v e l s  a t  5,000 f t  t o  6,000 f t  i n  
northern Utah, lowering l o c a l l y  t o  the surface  during the  
night .  Occasional moderate i c i n g  i n  clouds and p rec ip i t a t ion .  

The terminal forecas t ,  issued by the  NWS Forecast Office a t  
S a l t  Lake City a t  1540 on December 1 7  and v a l i d  from 1600 on December 17 
t o  1600 on December 18,  was, i n  par t ,  a s  follows: 

S a l t  Lake C i t y ~ C l o u d s  2,500 f t  sca t tered ,  c e i l i n g  4,000 
f t  broken, 8,000 f t  overcas t ,  winds 180" a t  20 kns with 
gus ts  t o  30 kns, occasionally,  c e i l i n g  a t  2,500 f t  broken, 



- 4,000 f t  overcast with v i s i b i l i t y  5 m i  i n  l i g h t  r a i n  and 
snow. After  2300, clouds 1,000 f t  sca t t e red ,  c e i l i n g  
2,000 f t  overcast ,  v i s i b i l i t y  3 m i  i n  l i g h t  snow. 
Occasionally, c e i l i n g  800 f t  obscured, v i s i b i l i t y  112 m i  
i n  moderate snow showers. 

A t  2318, United ~ i r l i n e s  dispatch personnel i n  ~ a n ~ r a n c i s c o  
provided the f l ightcrew of F l igh t  2860 with a weather. b r i e f ing  message 
f o r  the  f l i g h t ' s  intended route which included the  following information: 
"Valid 2131 December 17 t o  1100 December 18; shallow low over southwestern 
Idaho a t  2000 moving eastward i n t o  Wyoming ,by 1100. A cold f ron t  extending 
southwestward from t h e  low through c e n t r a l  Nevada and southern Cal i fornia  
movingsoutheast a t  20 kns. Light r a in ,  occasional moderate r a i n  ahead 
of f r o n t  except l i g h t  snow showers and gusty southerly surface  winds 
eas te rn  Nevada and Utah." The message a l s o  contained the NWS's terminal 
fo recas t  f o r  S a l t  Lake City. 

The surface  weather observations a t  the following times and 
locat ions  were, i n  pa r t :  

S a l t  Lake City 

0054 - Clouds--ceiling measured 1,700 f t  broken, 2,000 - 
f t  overcast ;  v i s i b i l i t y ~ 1 5  m i ,  l i g h t  r a i n ;  
temperature--41Â°F dewpoint~36 'F;  wind--180Â 
a t  12 kns; a l t i m e t e r ~ 2 9 . 5 8  ins . ;  remarks-- 
winds occasionally gusting t o  24 kns. 

0155 -. Clouds--ceiling measured 1,600 f t  broken, 2,800 - 
f t  overcast ;  v i s i b i l i t y ~ 1 2  m i ,  l i g h t  r a i n ;  
temperature--41O~; dewpoint~37OF; wind--220' 
a t  11 kns; a l t i m e t e r ~ 2 9 . 5 8  i n s . ;  r e r n a r k s ~ r a i n  
ended a t  0108 and  r a i n  began 0132. 

H i l l  A i r  Force Base, Utah 

0057  - Clouds--700ft sca t t e red ,  estimated 2,700 f t  
.. . overcast ;  v i s i b i l i t y ~ 6  m i ,  l i g h t  r a i n ;  temperature-- 

38OF; dewpoint--31Â°F wind--170 a t  2 0 k n s ;  
. . . . a l t i m e t e r ~ 2 9 . 5 6  ins .  . . 

. .  . 
. . 0158 - C l o u d s ~ 6 0 0  f t s c a t t e r e d ,  est imated 1,500 

f t  overcast ;  visibi l i ty--314 m i ,  l i g h t  snow; 
temperature~35OF; d e w p o i n t ~ 2 8 0 ~ ;  wind--190'. . ' 

a t  12 kns; a l t i m e t e r ~ 2 9 . 5 8  ins .  

.The NWS's winds a l o f t  observations a t  S a l t  Lake City a t  the , 
times and a l t i t u d e s  indicated were a s  follows:. 



December 17, 1700 

Height (Ft m.s.1.) Direct ion ("True) Speed (Kn) 

December 18, 0500 

1 .8  Aids t o  Navigation 

The S a l t  Lake City VOR, which operates on 116.8 MHz, is located 
2.9 m i  north-northwest of the  S a l t  Lake City Airport.  No discrepancies 
i n  t h e  operat ion of t h e  VOR were reported before the  accident ,  and 
postaccident ground and f l i g h t  checks d isc losed normal operation. 

The S a l t  Lake City VOR i s  the  i n i t i a l  approach f i x  fo r  the  VOR 
instrument approach t o  runway 16R a t  S a l t  Lake City Airport.  (See 
Appendix C.) Also, t h e  VOR i s  t h e  navigational  a id  associated with 
numerous low-altitude airways t h a t  t r averse  the  S a l t  Lake C i t y a r e a ,  
including V-21-101 formed by t h e  331' r a d i a l  of t h e  VOR. According to  
Jeppesen and National Ocean Survey low-altitude navigation char t s  and 
t h e  VOR instrument approach char t  fo r  runway 16R current  a t  the time of 
t h e  accident ,  the re  were no published holding pa t t e rns  i n  the v i c i n i t y  
of the  Sa l t  Lake City VOR. 

The Sa l t  Lake City tower was equipped with an ASR 4 (modified 5) 
radar ,  ARTS III automation, a  minimum s a f e  a l t i t u d e  warning (MSAW) 
system, 'and an ATC BI-4 radar beacon system. The r a d a r ' s a n t e n n a  i s  
located on t h e  S a l t  Lake City Airport.  T h e r a d a r  d isplays  i n  the  tower 
cab a r e  closed c i r c u i t  t e l e v i s i o n  p ic tu res  of t h e  d isplay  i n  the 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 
opera t ional  before the  accident, and postaccident  checks of the equipment 
disclosed normal operation. 

The MSAW system provides the a i r  t r a f f i c  con t ro l l e r  with a 
warning whenever t h e  projected f l igh tpa th  and reported a l t i t u d e  of an 
appropriately equipped a i r c r a f t  under h i s  con t ro l  w i l l  put the a i r c r a f t  
i n  danger of c o l l i s i o n  with t e r r a i n  o r  obs t ruct ions  i n  h i s  control  area.  
The con t ro l l e r  can then convey t h i s  warning t o  t h e  p i l o t  of the  a i r c r a f t  
so  t h a t  the l a t t e r  can take correc t ive  ac t ion.  



The ARTS I11 computer compares the a i r c r a f t ' s  a l t i t u d e ,  a s  
reported by i t s  transponder, t o  terminal area t e r r a i n  o r  obs t ruct ion 
e levat ion (m.s.1.) da ta  which a r e  stored i n  the  computer. These data  
a r e  es tabl ished f o r  a  g r i d  system composed of 2-mi squares, each with a 
2,000-ft buffer  zone. Based on computed groundspeed and r a t e  of turn ,  
t h e  computer p ro jec t s  the  a i r c r a f t ' s  f l i g h t p a t h  30 seconds in to  the 
fu tu re .  I f  the  a i r c r a f t ' s  projected f l i g h t p a t h  w i l l  take i t  i n t o  a 
square where the  highest t e r r a i n  or obstruction e levat ion is  within 300 
f t  o r  l e s s  of the  a i r c r a f t ' s  reported a l t i t u d e ,  the  MSAW w i l l  f l a s h  an 
alarm. Additionally, 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. I f  
t h e ' a i r c r a f t ' s  projected f l i g h t p a t h  and climb p r o f i l e  w i l l  place i t  
wi th in  a square where the highest  t e r r a i n  o r  obs t ruct ion e levat ion is  
wi th in  300 f t  o r  l e s s  of t h e  a i r c r a f t ' s  reported a l t i t u d e ,  the MSAW w i l l  
alarm. 

According t o  t h e  S a l t  Lake City approach/local con t ro l l e r ,  the 
MSAW flashed a low-alt i tudewarning on the tower cab radar display about 
the t i m e  (0137:31) o r ,  s h o r t l y  the rea f te r ,  t h a t  he made h i s  f i r s t  
transmission t o  F l igh t  2860 a f t e r  the  f l i g h t  had returned t o  the 
approach control  frequency. 

1 .9  Communications 

According t o  a i r  t r a f f i c  control  t r a n s c r i p t s ,  F l igh t  2860 
reported a radio  problem t o  t h e  Sa l t  Lake center  R41 con t ro l l e r  but did 
not  speci fy  the  c h a r a c t e r i s t i c s  of the  problem. Additionally, the  
f l i g h t  to ld  t h e  ARINC con t ro l l e r ,  "...only got one radio. ..." 

The tower con t ro l l e r  t e s t i f i e d  tha t  they were not aware t h a t  
F l igh t  2860 had any radio  problems. The approach/local con t ro l l e r  
s t a t e d  tha t  he believed the  f l i g h t  had two communications rad ios  aboard 
t h e  a i r c r a f t ,  but t h a t  t h e  f l i g h t ' s  request t o  leave  approach control  
frequency did  not alert him t o  poss ib le  communication problems. Also, 
he was not  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  was i n  the holding pat tern .  

ARINC and a i r  t r a f f i c  control  (ATC) tape recordings were 
reviewed by Safety Board and United Air l ines  personnel t o  determine 
which of the  th ree  members of t h e  f l ightcrew made the  radio transmissions 
from t h e  a i r c r a f t .  

With severa l  exceptions, the  f i r s t  o f f i c e r  made a l l  of the  
transmissions t o  .ATC u n t i l 0 1 1 0 :  11. After  t h a t  time, the  captain made 
the  transmissions t o  S a l t  Lake Center except f o r  transmissions 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,the f i r s t  off icer .made the  transmissions t o  Sa l t  Lake City 
approach control .  From 0122:33 t o  the end of the  transmissions, the 
capta in  made a l l  of t h e  transmissions t o  S a l t  Lake City approach control  
except f o r  transmissions t h e  f i rs t  o f f i c e r  made a t  0125:31, 0128:15,and 
0138: 11. 



With regard t o  the ARINC communications, the captain made most 
of the transmissions u n t i l  0133:48. From t h a t  time u n t i l  0136:06, the  
second o f f i c e r  made a l l  the transmissions but one which the captain 
probably made. From 0136:07 t o  the  end of t h e  communications, the  
capta in  made t h e  transmissions. 

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

S a l t  Lake City In ternat ional  Airport i s  located about 3 m i  
west of downtown S a l t  Lake City. The a i r p o r t  has three  hard-surfaced 
runways, 16R-34L, 16L-34R, and 14-32. Runway 16R is  9,902 f t  long and 
150 f t  wide. It i s  not equipped with approach l i g h t s  but is  equipped 
with high 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 lope  indicator .  The a i r p o r t  elevation i s  4,226 f t .  

1.11 F l i g h t  Recorders 

N8047U was equipped with a Fai rchi ld  Indust r ies  Model 5424 
f l i g h t  da ta  recorder (FDR), s e r i a l  No. 6084. The recorder case was 
damaged mechanically, but  the  f o i l  recording medium was not damaged. 
A l l  recording t r a c e s  were c l e a r  and ac t ive .  

The PDR readout included 27 min of f l i g h t  a n d  indicated tha t  
before N8074U descended through 23,200 f t  radio communication transmissions 
were made f r o m t h e  No. 1 VHF' radio. After  t h a t '  time, a l l  radio transmissions 
were made from the  No. 2 VHF radio.  The FDR a l t i t u d e  information was 
based on an a l t ime te r  s e t t i n g  of 29.58 in.Hg t o  convert pressure 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 .  Noother  correc t ionswere  made t o  
any parameters. The f i n a l  1 7  min of f l i g h t  w e r e  p lo t ted  on a graph, and 
t h e  l a s t  5 min of the  graph i s  pa r t  of t h i s  repor t ;  (See Appendix D.) 

N8047U was equipped with a Sundstrand Data Control Model V-557 
cockpit voice recorder(CVR), s e r i a l  No. 1638'. The recorder case was 
damaged s l i g h t l y .  However, t h e  recording tape  had bound and it contained 
none of t h e  c o c k p i t  conversations r e l a t e d  t o  F l igh t  2860. The por t ion 
of the t ape  t h a t  w a s  recorded before the  CVR malfunctioned was recorded 
on December 6, 1977. 

< 

A p l b t - o f  F l igh t  2860's probable ground t rack  i n  the  S a l t  Lake 
Ci ty  a rea  was derived from NAS Stage-A D-log dataLfrom Sa l t  Lake Center - 

and FOR data .  . ( S e e  Appendix E . )  The NAS Stage-A data  were used fo r  t h e .  
f i r s t p o r t i o n s  of t h e  track.  However, s ince  the  recording of these d a t a  
ended a t  0136:&6 (probablybecause t h e a i r c r a f t  was t o o  c lose  t o  and 
wel l  below the; radar  beacon antenna), FDR da ta  and p e r t i n e n t  meteorological 
da ta  were used, t o  complete the  track.  

. . . . . .  . . . 
. . 

Addit ionally,  F l igh t  2860's a l t i t u d e  p r o f i l e  f o r  i t s  l a s t . 2 2 :  
s e c  of f l i g h t  w a s  established.  '(See Appendix F.)   his p r o f i l e '  shows 
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  the  t e r r a i n  beneath i t s  probable 
ground t rack.  ' .  . . 



1.12 Wreckage Information . . 

N8047U crashed on the  southwest s lope of Ed's Peak i n  the 
Wasatch Mountains about 2.85 nmi northeast  of Kaysville, Utah. The 
c r e s t  of Ed's Peak i s a t  7,665 f t .  Ground impact marks a t  an e levat ion 
of 7,200 f t  ind ica te  tha t  the a i r c r a f t  was i n  a  near wings-level climb 
and on a  magnetic heading of 040' a t  t h e  time of impact. Most of the  
wreckage was sca t t e red  up the  southwest s lope  but the cockpit sec t ion,  
p a r t s  of engines, some cargo containers,  and other heavy p a r t s  were 
sca t t e red  down t h e  northeast  slope. 

The wreckage area  was about 1,300 f  t long, hor izonta l ly ,  a n d  
500 f t  wide. From the  7,:200-f t l e v e l  t o  the  7,500-ft l e v e l ,  the  s lope  
of the  mountain was 32' 'and from t h e  7,500-ft l e v e l  t o  the c r e s t  of the  
peak, the  slope was about 26'. Muchof the wreckage was covered with o r  
buried i n  snow t h a t  ranged from 1 t o  4  f t  deep. 

. . 

The hor izonta l  s t a b i l i z e r  was the  f i r s t  l a r g e  sec t ion  of the 
a i r c r a f t  above the  i n i t i a l  impact l e v e l ~ i t  was a t  an e levat ion of about 
7,300 f t .  From there ,  numerous pieces and sect ions  of the a i r c r a f t  were 
sca t t e red  up the  mountain, including fuselage s t r u c t u r e ,  f l i g h t  control  
surfaces ,  engine components, cargo containers,  cargo, main landing gear, 
and wing s t ruc tu re .  There was 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 the landing gear were re t rac ted .  
The horizontal  s t a b i l i z e r  was a t  4.2 un i t s  noseup. There w a s  no evidence 
of preexis t ing  s t r u c t u r a l  damage o r  of f l i g h t  control  malfunction.. 

Both wings were separated from t h e  fuselage and a l l  four 
engines were separated from t h e i r  wing attachments. The i n t a c t  assemblies, 
consis t ing  of high pressure compressors, combustion sect ions ,  and high 
pressure turbine  modules of t h e  Nos. 1, 2, and 3  engines, were i n  the  
main wreckage area.  The fan sect ions ,  low pressure compressors, and low 
pressure turbine sec t ions  of these  engines had separated from the above 
assemblies. The blades of the high pressure compressors and turbines  of 
these  engines were bent i n  t h e  d i r e c t i o n  opposite tocompressor / turbine  
r o t a t i o n ,  were broken near the  blade root  platforms, o r  were missing 
from the root  platform s l o t s .  

A por t ion of the  fan, fan i n l e t  case, and low pressure compressor 
of the No. 4 engine was i n  the wreckage area  on the northeast  s lope of 
t h e  mountain. The remainder of the engine was not located.  The at tached 
blades of the  low pressure compressor were a l l  bent i n  the  d i rec t ion  
opposite  t o  compressor r o t a t i o n  and were f l a t t ened  agains t  t h e i r  respect ive  
d i s c s .  

The snow i n  the a rea  of the cockpit sec t ion was searched 
extensively f o r  cockpit components of the a i r c r a f t .  The readings o r  
pos i t ions  of the  pe r t inen t  components recovered were a s  follows: I 

4-- 



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--On 
Transmitter selector--No. 2 
Frequency selector switches--Both -switches on VHT 
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--040' 
Attitude situation indicator--15' climb, wings level 

' Instantaneous vertical speed indicator--5,500 ftlmin climb 
No. 2 transceiver--126.8 MHz 
No. 2 navigation receiver--116.8 MHz 

Cockpit Overhead Panel 

GFWS Switch--Normal, cover guard broken 

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

relative position 
Generator bus-tie circuit breakers 

No. I~broken No. 2--broken 
No. 3--open No. 4--closed 

Generator circuit breakers 
No. I~broken No. 2--broken 
No. 3--broken No. 4--closed 

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. The positions 
of the field relays and auxiliary field relays were as follows: 



Panel No. Fie ld  Relay Aux Field Relay 

closed 
closed 
damaged 
open 

open 
damaged 
open 
open 

The' cockpit s e c t i o n  of the  a i r c r a f t  was demolished; the l a rges t  
piece consisted of t h e  l e f t  s i d e  and roof of the  cockpit,  including s i x  
of t h e  cockpit windows. The f l ightcrew's  s e a t s  were separated from 
t h e i r  supporting s t r u c t u r e  and were heavily damaged. Both the cap ta in ' 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  l a t t e r ' s  r i g h t  s e a t b e l t  anchorage was torn  from the  seat .  Each of 
t h e  t h r e e  crewmembers was separated from h i s  sea t .  

1.13 Medical and Pathological  Information 

A l l  t h r e e  members of t h e  f l ightcrew died of extreme and extensive 
trauma. All suffered extensive craniocerebral  trauma, mult iple f r a c t u r e s  
of t h e  ext remit ies ,  and trauma t o  the  chest  and abdomen. None of the  
f l ightcrew displayed 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 was no evidence of preexis t ing  disease  o r  hea r t  d i so rders  
i n  t h e  capta in  and second o f f i c e r .  The f i r s t  o f f i c e r  had some symptoms 
of s l i g h t  preexis t ing  h e a r t  damage, but medical a u t h o r i t i e s  considered 
t h e  damage ins ign i f i can t .  

Two labora to r ies ,  each using d i f f e r e n t  specimens, performed 
toxicological  examinations of t h e  crewmembers. These t e s t s  disclosed no 
drugs o r  carbon monoxide i n  any of the crewmembers and no alcohol i n  the 
capta in  and f i r s t  o f f i c e r .  

One labora tory ' s  t e s t s  of t i s s u e  specimens from organs of the 
second o f f i c e r  disclosed e t h y l  alcohol i n  amounts which var ied  from 
0.042 percent t o  0.007 percent. Further c u l t u r e  t e s t s  of these specimens 
produced alcohol and a growth of mixed organisms. Therefore, lacking 
any corroborat ive evidence of alcohol inges t ion,  the  laboratory considered 
the  t i s s u e  specimens, contaminated. 

The o the r  labora tory ' s  t e s t s  disclosed t h a t  samples of the 
second o f f i c e r ' s  urine and b i l e  contained 0.08 percent and 0.03 percent 
e t h y l  alcohol,  respect ively .  Additionally, t r a c e  quan t i t i e s  of alcohol 
were found i n  the  g a s t r i c  contents  of t h e  stomach. The toxicologis t  who 
conducted these  t e s t s  considered the  t e s t s  v a l i d  and believed that  the  
most l i k e l y  source of a lcohol  was ingest ion.  He fu r the r  s t a t e d  t h a t  
throughout t h e  inges t ionprocess ,  the re  is no established re la t ionsh ip  
between l e v e l s  of alcohol i n  t h e  ur ine  and blood. However, i n  h i s  
opinion, s ince  the  g a s t r i c  contents  of the  stomach contained only a 



t r a c e  of alcohol,  absorption had ceased, equilibrium had been a t t a ined ,  
and the  alcohol was being metabolized a t  a  r a t e  of 0.012 t o  0.015 percent 
per hour j u s t  before the  second o f f i c e r ' s  death. A t  equilibrium, the 
0.08 percent alcohol i n  the u r ine  would equate t o  about 0.06 percent 
alcohol i n  t h e  blood. Considering metabolization r a t e s  and assuming 
t h a t  no alcohol was ingested during the  3 hours before h i s  death, the 
second o f f i c e r  would have t o  have had t h e  equivalent of of 7 t o  8 
ounces of 80 proof alcohol i n  h i s  body when he l e f t  t h e  ho te l  t o  report  
f o r  duty a t  2300.. The toxicologis t  thought it possible t h a t ,  considering 
h i s  weight of 200 Ibs ,  the  second o f f i c e r  might not have appeared intoxicated 
with tha t  amount of alcohol i n  h i s  body. 

The r e s u l t s  of the two toxicological  t e s t s  were submitted t o  
t h e  Armed Forces I n s t i t u t e  of Pathology (AFIP) f o r  an addi t ional  opinion. 
AFIP considered both t e s t s  v a l i d  and considered the r e s u l t s  of the  ur ine  
t e s t s  more r e l i a b l e  because b a c t e r i a l  contamination of bladder u r ine  
would have been delayed under the  low ambient temperatures to  which the 
crewmembers were exposed a f t e r  t h e i r  deaths. Additionally, AFIP believed 
t h a t  s i g n i f i c a n t  weight must be given t o  the presence of e thy l  alcohol 
i n  the  t i s s u e s  and f l u i d s  of only one-of the th ree  crewmembers even 
though a l l  t h r e e  were exposed t o  e s s e n t i a l l y  the  same postmortem conditions. 

1.14 F i r e  

The evidence ind ica tes  t h a t  a  f l a s h  f i r e  occurred immediately 
a f t e r  t h e  crash  but  t h a t  the f i r e  was of shor t  duration. , 

1.15 Survival Aspects 

A t  0142 t h e  Davis County S h e r i f f ' s  Department a t  Farmington, 
Utah, was n o t i f i e d  of the accident .  The sher i f f  ac t iva ted  the county 
emergency plan,  search p a r t i e s  were organized, and shor t ly  a f t e r  0200 
search a c t i v i t i e s  were i n i t i a t e d .  Rain, snow, darkness, and rugged 
t e r r a i n  hampered the search. About 0755, a  U.S. A i r  Force hel icopter  
from H i l l  A i r  Force Base joined the search. Following improvement i n  
t h e  weather condit ions,  the  wreckage was located about 0955 and para- 
medics were lowered from the hel icopter .  The paramedics searched the  
wreckage area  but could not f i n d  the  crewmembers. About 1245, members 
of the search p a r t i e s  ar r ived a t  the  scene and secured t h e  area. The 
remains of t h e  f l ightcrew were found t h e  afternoon of t h e  following day. 

'The accident  was not  survivable because extreme impact forces  
destroyed t h e  a i r c r a f t  and caused severe traumatic in ju ry  to  the f l ightcrew. 

1 .16  ~ e s t s  and Research 

N8047U w a s  equipped with a Rockwell In te rna t iona l ,  Col l ins  
Radio Group, FPC-75 ground proximity warning system (GPWS), which was 
powered by t h e  No. 2 e l e c t r i c a l  system. This system was designed t o  
provide f l ightcrews with both v i s u a l  and aura l  warnings i f  the a i r c r a f t ' s  



f l igh tpa th  between 50 f t and. 2,450 f t above t h e  ground places it i n  
hazardous proximity t o  t e r r a i n .  Because CVR 'information was not ava i l ab le ,  
t e s t s  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  operat ive,  could have provided the  f l ightcrew with a 
timely warning about the a i r c r a f t ' s  hazardous proximity t o  the-  t e r r a i n  
which i t  struck.  . . 

These t e s t s  were computerized simulat ions based on probable 
ground t racks  of t h e  l a s t  10,000 f t  of f l i g h t ,  FDR data,  pe r t inen t  
meteorological 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  configurat ion 
(landing gear and f l a p s  up). Five probable ground t racks  were se lec ted  
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 levat ions  over a shor t  d is tance  
and because of s l i g h t  v a r i a t i o n s  i n  th ree  independently computed t racks .  
The t r ack  shown i n  Appendix E was one of t h e  t racks .  Additionally, t h e  
f i v e  t racks  chosen insured radio  a l t ime te r  i l luminat ion of a l l  pe r t inen t  
' t e r r a i n  fea tures .  

The simulations f o r  a l l  f i v e  t r acks  ended with radio a l t ime te r  
a l t i t u d e ' s  ( a i r c r a f t ' s  a l t i t u d e  minus t e r r a i n  e levat ion)  reaching zero 
before t h e  known impact point  was reached. This could ind ica te  one of 
t h r e e  things: (1) An e r r o r  i n  t h e  barometric altimeter a l t i t u d e s ,  
(2) an  e r r o r  i n  topographical information, o r  (3) t h a t  F l igh t  2860 
contacted the  ground, o r  came very c lose  t o  contact ing t h e  ground,. 
before  reaching the  point  where the  evidence ind ica tes  tha t  i n i t i a l  
contact  occurred. Since F l igh t  2860's a l t i t u d e  p r o f i l e  a l s o a p p e a r s  t o  
contact  t h e  ground before t h e  es tabl ished impact point ,  the  FDR a l t i t u d e  
t r a c e  i s  probably s l i g h t l y  i n  e r r o r  but wi th in  recorder tolerances of 
+ 160 f t  a t  6,000 f t .  Consequently, t o  determine more accurately what .- 
the  warning time might have been, t h e  times determined by the t e s t s  were 
increased by t h e  amount of time required t o  t r averse  the d is tance ,  a t  
t h e  l a s t s i m u l a t e d  groundspeed, between the  points  where simulations 
terminated and t h e  ac tua l  impact point .  

The test r e s u l t s  a r e  shown i n  Table 1. I f  the  GPWS was operable, 
i t  would have provided a mode 4 warning (unsafe landing configuration) 
from 7.7 sec  t o  10.2 sec  before  impact. Addit ionally,  a mode 2 warning 
( t e r r a i n  closure r a t e )  would have been generated on th ree  of the  f i v e  
probable t racks .  However, on those th ree  t r acks ,  t h e  mode 2 warnings 
were preceded by mode 4 warnings. The Coll ins FPC-75 system uses f i l t e r  
time constants  and gains t o  e l iminate  nuisance warnings produced by high 
c losure  r a t e s  of shor t  durat ion.  Consequently, t h e  mode 2 warning 
de lays ,a re  a t t r i b u t e d  t o  F l igh t  2860's high groundspeed and low i n i t i a l  
a l t i t u d e ,  and t h e  precipi tous  nature  of t h e  t e r r a i n .  

Tes ts  were a l s o  conducted on the  MSAW system i n  the S a l t  Lake 
City control  tower t o  determine more precise ly  when the  MSAW system 
a l e r t  was tr iggered.  The ARTS I11 expanded t a r g e t  generator was used t o  
simulate t h e  probable radar  r e tu rns  generated during t h e  l a s t  minutes of 
N8047U's f l i g h t .  Data from N8047U's probable ground track,  the  FDR, and 



Track L 
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Before Simulation 
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Mode 2 Mode 4 

Warning Time 
Before Impact 

TABLE 1. -- 
Simulation Result Summary 

per t inent  meteorological f a c t o r s  were entered i n t o  the generator computer 
and two simulated f l i g h t s  were monitored on a standard plan posi t ion  
indicator  d isplay  i n  t h e  radar room. A l l  generated data  were recorded 
on magnetic tape  and l a t e r  reduced t o  p r i n t s ,  which were used t o p l o t  
the  generated f l i g h t  t racks .  

These simulat ions,  although not  exact reproductions of F l igh t  2860's 
probable ground t rack,  were s u f f i c i e n t l y  representa t ive  to  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 a c t i v a t e  as t h e  a i r c r a f t ' s  magnetic 

' 

heading approached about 073O i n  i t s  r i g h t  turn toward Kaysville. (See 
Appendix I?. ) , 

1.17 Additional Information 

1.17.1 Operational Information 

United Ai r l ines '  F l igh t  Operations Manual provided operat ional  
guidance t o  United's p i l o t s .  This manual speci f ied  tha t  i n  accordance 
with Federal Aviation Administration (FAA) procedures the maximum holding 
airspeed from t h e  su r face  through 6,000 f t  i s  200 KIAS, and from above 
6,000 f t  through 14,000 f t ,  210 KIAS. Also, the p i l o t  must advise ATC 
i f  any increased a i rpseed i s  necessary. 

With regard t o  holding pa t t e rn  l i m i t s ,  t h e  manual spec i f i ed  
t h a t  inbound l egs  of t h e  holding pa t t e rn  a r e  of 1 min durat ion ( a t  o r  



below 14,000 ft); the initial outbound leg should be flown for 1 min; 
and timing for subsequent outbound legs should be adjusted as necessary 
to achieve proper inbound leg time. Also, outbound timing begins over 
or abeam the holding fix, whichever occurs later. 

With regard to communications procedures, the manual included 
the provisions of 14 CFR 91.129, which requires that the pilot report 
'immediately to Air Traffic Control any in-flight malfunction of navigation 
or airlground communications equipment." The pilot must include in the 
report the "degree to which capability to operate IFR in ATC system is 
impairedv, and the "nature and extent of assistance desired from ATC." 

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

'a. General Holding Instructions. 

(1) The direction to hold from holding point; (The 
directionto hold with relation to the holding 
fix will be specified as one of eight general 
points of the compass; i.e., north, northeast, 
east, etc.). 

(2) Holding fix; 

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

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

(5) Left turns, if nonstandard pattern is to be 
used; 

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

"b. Detailed holding instructions: Same as a. (l), (2), 
and (3) above with following additions to (4) and (5): 

(4), or minutels if DME is not to be used. 

(5),.or right turns if standard pattern is to be 
used. " 

United Airlines' Flight Handbook for DC-8 aircraft contained, 
in part, the following information'pertinent to electrical system malfunctions: 



'"INOPERATIVE EQUIPMENT RESULTING FROM ELECTRICAL BUS FAILURE 
( C r i t i c a l  items only. Some items which display a f l a g  or 
evidence of power l o s s  a r e  not  l i s t ed . ) ' '  

I t  I f  power cannot be res tored t o  one o r  more buses, r e f e r  t o  the  following 
l i s t  of systems important t o  the  approach and landing phases of f l i g h t  
t h a t  w i l l  - NOT be  avai lable .  This l i s t  does not include a l l  e l e c t r i c a l l y .  . 
control led  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 t h e  af fec ted  systems." 

'BUS SYSTEM NO. 1 

Spoi ler  pump (and control  on l a t e r  a i rp lanes) .  
Antiskid (Also main gear s p o i l e r  control  with Mark I1 brakes). 
Standby rudder pump. 
JT4 outboard e jec to r s .  
-62  reversing on No. 2 and No. 3 engines. 

"BUS SYSTEM NO'. " 2 

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

"BUS SYSTEM NO. 3 , 

No. 2 Corn and Nav Radios. 
-62  standby reverser  pump (reversing ava i l ab le  i f  buses 1 
and 4 a r e  powered) . 

"BUS SYSTEM NO. 4 

Spoi ler  pump control  (some e a r l y  a i rp lanes ) .  
Spoi ler  s e l e c t o r  valve (some l a t e r  a i rp lanes  which a l s o  require  r i g h t  

ground control  r e l a y  power f o r  spo i l e r  operat ion).  
Aux hydraulic pump. 
Main gear s p o i l e r  control  (with Mark I1 brakes) .  
JT4 inboard e jec to r s .  
-62  reversing on No. 1 and No. 4 engines (no reversing on 
Nos. 1, 2,  3, o r  4 i f  bus No. 3 i s  a l s o  l o s t ) .  

"LEFT EMERGENCY BUS 

Captain: horizon, compass, and p i t o t  heat .  
Spoi ler  se lec to r  valve (some e a r l y  a i rp lanes  which a l s o  requ i re  

r i g h t  ground control  r e lay  power f o r  s p o i l e r  operat ion).  

"RIGHT EMERG BUS 

F/0: horizon, compass, and p i t o t  heat ."  



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) generator unparal leled light--On. The 
procedure f o r  (1) above speci f ied  t h a t  i f  the  v o l t s  and frequency were 
not normal and a c t i v a t i o n  of t h e  bus f a u l t  r e s e t  switch did not  extinguish 
t h e  f a i l u r e  l i g h t ,  the  bus should be l e f t  unpowered (generator control  
switch--Off), and t h e  inoperat ive equipment l i s t  consulted. I f  a  generator 
unparal leled l i g h t  could not be extinguished but generator operat ion was 
otherwise normal, the  generator could be operated i n  an i so la ted  condition; 
t h a t  is, with the generator powering only i ts  own bus. 

The Handbook did  not contain a procedure tha t  was sometimes 
recommended by maintenance c o n t r o l l e r s  i n  circumstances where a generator 
was not producing any power and i t s  associated bus could not be powered 
by the  other generators. This procedure speci f ied  tha t  the generator be 
disconnected from i t s  constant  speed dr ive  (CSD) u n i t  and was based on 
t h e  theory t h a t  generator f a u l t s  sensed by the  genera tor ' s  i n t e r n a l  
sensing c i r c u i t  can prevent its associated bus-tie from closing,  thereby 
preventing t h e  o ther  generators from powering the  f a u l t y  genera tor ' s  
bus. 41 

The above procedure w a s  u s e d o n  N8047U's No. 1 generator on 
December 17, 1977, f o r  f l i g h t s  from Cleveland t o  Denver and Denver t o  
San Francisco before t h e  No 1 generator control  panel was replaced. The 
maintenance con t ro l l e r  who communicated with t h e  f l ightcrew of F l igh t  2860 
through ARINC s t a t e d  t h a t  he was not aware of N8047U's previous e l e c t r i c a l  
problems but t h a t  he was aware of the  disconnect procedure. He did not 
recommend the  procedure t o  the f l ightcrew because they seemed t o  be 
concerned mainly with why the  landing gear indica tor  system was inoperat ive 
and no t  with why theNo.  1 bus could not be powered. 

Most of the  c i r c u i t  breaker panels i n  N8047U were located 
on t h e  a f t  wall of the cockpit.  Some of the  generator control  c i r c u i t  
breakers were located  i n  the  f l ightcrew coatroom. 

Numerous e l e c t r i c a l  components i n  N8047U were powered by t h e  
No. 1 e l e c t r i c a l  bus; per t inent  components were: 

Â¥No 1 engine o i l  quant i ty  indicator  
No. 1 engine pressure r a t i o  gage 
No. 1 engine f u e l  flow indicator  
Spoi ler  hydraulic pump control  
Lef t  wing landing l i g h t  and l i g h t  control  
Lef t  nose gear landing and t a x i  l i g h t  
Captain's instrument l i g h t s  (red) 
No. 1 generator d r ive  and engine o i l  temperature 
No. 2 generator d r ive  and engine oil- temperature 
Landing gear warning and in te r lock  

4/ Af ter  t h e  accident ,  United Ai r l ines '  included the  procedure i n  t h e  - 
DC-8 Fl ight  Handbook. 



Hydraulic o i l  temperature 
Hydraulic o i l  quanti ty 
Main landing gear s p o i l e r  lockout 
No. 1 VHF communication radio  
No. 1 transponder 

1.17.2 A i r  T r a f f i c  Control Information 

The FAA's A i r  T ra f f i c  Control Handbook 7110.65 @rovided guidance 
f o r  a i r  t r a f f i c  con t ro l l e r s .  The Handbook, current  a t  the time of the  
accident ,  speci f ied  t h a t ,  with respect  t o  holding a i r c r a f t ,  i f  the  
holding pa t t e rn  i s  not  charted, t h e  con t ro l l e r  i s sue  both of the following: 

'*(I) General holding ins t ruc t ions  o r ,  i f  the  p i l o t  requests  
o r  you consider i t  necessary, de ta i l ed  holding 
ins t ruc t ions . . . .  

' ( 2 )  The time a t  which t h e  p i l o t  can expect t o  receive 
approach clearance.. .or fu r the r  clearance..  . . ' I  

According t o  paragraph 320 of the  Handbook, general holding 
ins t ruc t ions  consisted o f :  

"a. Direct ion of holding from the f i x .  
b .  ~ o l d i n g  f i x  
c. Radial,  course, bearing, airway, o r  jet route on 

which the a i r c r a f t  i s  t o  hold. 
d. Outbound l e g  length i n  miles, i f  D M .  o r  RMAV is 

used. 
e. Direct ion of holding pa t t e rn  turns  i f  l e f t  turns  a re  

t o  be made." 

Paragraph 324 provided t h a t  f o r  de ta i l ed  holding ins t ruc t ions  
t h e  con t ro l l e r  "issue the  same items a s  f o r  general holding, but always 
speci fy  l e g  length i n  minutes, miles RNAV, o r  miles Dm, and d i r e c t i o n  
of holding pa t t e rn  turns."  

The approach/local con t ro l l e r  t e s t i f i e d  t h a t  according t o  the 
above provisions he should have issued general holding ins t ruc t ions  t o  
F l igh t  2860. H e  s t a t e d  t h a t  he intended t h a t  the  f l i g h t  hold on the  
331' r a d i a l ,  but  he could not explain why he did not speci fy  the  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 con t ro l  f a c i l i t y ,  and 
during h i s  career  a t  t h e  S a l t  Lake City control  tower f a c i l i t y  he had 
few occasions t o  i s sue  holding clearances t o  f l ightcrews of l a rge  a i r c r a f t  

The required obstac le  clearance c r i t e r i a ,  a s  speci f ied  i n  FAA 
TERPS Handbook8260.38, could be met f o r  an a i r c r a f t  holding a t  6,000 f t  
on the  331' r a d i a l  of t h e  S a l t  Lake City VOR i f  the  a i r c r a f t  was held i n  
a  righthand pat tern ,  1 min legs,  at  200 KIAS or  less. 



According t o  video maps i n  the  S a l t  Lake City control  tower 
radar  displays,  t h e  minimum vectoring a l t i t u d e s  (MVA) varied considerably 
wi th in  the f a c i l i t y ' s  control  area .  The MVA f o r  t h e  area  about 3 m i  
e a s t  of V-21 (331Â r a d i a l )  t o  5 m i  west of V-21 between the Sa l t  Lake 
City and Ogden VOR's was 6,000 f t .  The MVA's on both s ides  of t h i s  area 
were higher. On the  e a s t  s ide ,  the  MVA's extended t o  9,000 f t  and 
10,500 f t .  

2. ANALYSIS ANCONCLUSIONS 

2.1 Analysis 

The f l ightcrew was c e r t i f i c a t e d  properly, and a l l  members were 
qua l i f i ed  f o r  the  f l i g h t .  They had received the off-duty time required 
by regula t ion,  and t h e r e  was no evidence of medical f a c t o r s  t h a t  might 
have af fec ted  t h e i r  performance. 

There was evidence of e t h y l  alcohol i n  the second o f f i c e r ' s  
body which according t o  the weight of medical opinion most l i k e l y  occurred 
from h i s  inges t ion of alcohol wi th in  the  8-hr period preceding the  f l i g h t .  
Since inves t iga t ion  of the  second o f f i c e r ' s  a c t i v i t i e s  before  he departed 
San Francisco disc losed no evidence e i t h e r  of a lcohol  consumption o r  of 
t h e  not iceable  e f f e c t s  of consumption, t h e  Safety Board is  unable t o  
determine t h e  ex ten t ,  i f  any, t o  which t h e  second o f f i c e r ' s  physiological  
and mental f a c u l t i e s  might have been impaired by a l c o h o l n o r  could t h e  
Board determine whether the blood alcohol l e v e l  of t h e  second o f f i c e r  
contributed t o  t h e  accident .  However, t h e  consumption of alcohol by 
members of a f l igh tc rew within 8 h r s  of f l i g h t  is  prohibited by regula t ion 
f o r  good reason and should not be to le ra ted  by anyone responsible f o r  
t h e  operat ion of a i r c r a f t .  

The a i r c r a f t  was c e r t i f i c a t e d ,  equipped, and maintained i n  
accordance wi th  regula t ions  and approved procedures. Except f o r  the  
e l e c t r i c a l  malfunction associa ted  with t h e  No. 1 e l e c t r i c a l  bus and the 
reported unparal leled s t a t e  of t h e  No. 3 generator, t h e r e  was no evidence 
of a  f a i l u r e  o r  malfunction 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  controls ,  o r  systems, including f l i g h t  instrument and navigational  
systems. The postaccident condit ion of t h e  engine components ind ica te  
t h a t  a l l  four engines were running a t  h igh t h r u s t  se lec t ions  when t h e  
a i r c r a f t  crashed. 

Based on t h e  f l ightcrew's  recorded conversation with United's 
system l i n e  maintenance c o n t r o l l e r ,  following t h e  f l i g h t ' s  descent f o r  
landing a t  S a l t  Lake City,  the No. 1 e l e c t r i c a l  bus was not 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 inoperat ive.  
The Safety Board w a s  not ab le  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 c o u l d n o t  
be recovered and because those recovered were too badly damaged t o  

/ 

provide clues.  However, we bel ieve  t h a t  t h e  No. 1 generator probably 



was malfunctioning f o r  the same reasons t h a t  it malfunctioned the  day 
before.  Also, although the generator control  panel had been changed, 
t h e  cause of the e a r l i e r  malfunction apparently was in termit tent  and was 
not  i n  t h e  control  panel a s  established by t e s t s  on the panel t h a t  was 
removed. Consequently, had the  No. 1 generator dr ive  been disconnected, 
a s  i t  had been the day before, the  No. 1 bus-t ie  probably could have 
been closed and the No. 1 bus could have been-powered by the Nos. 2 and 
4 generators.  The unparal leled s t a t e  of the  No. 3 generator appears t o  
have been an unrelated malfunction which had no bearing on the problems 
associated with the  No. 1 generator. 

Notwithstanding F l igh t  2860's e l e c t r i c a l  systems problems, the 
Safety Board concludes t h a t  t h e  f a i l u r e s  associated with the No. 1 
e l e c t r i c a l  system alone were not  responsible f o r  the  accident. Although 
these  f a i l u r e s  p rec ip i t a ted  a s e r i e s  of events which culminated i n  the  
accident ,  t h e  a i r c r a f t ' s  a l t e r n a t e  e l e c t r i c a l  systems and the established 
procedures f o r  deal ing with e l e c t r i c a l  system f a i l u r e s  were, fo r  the  
most p a r t ,  adequate t o  permit sa fe  operat ion of the  a i r c r a f t  with the 
No. 1 e l e c t r i c a l  system inoperative. Further,  although disconnection of 
t h e  No. 1 generator d r i v e  might have permitted the  flightcrew t o  r e s t o r e  
power-to the  No. 1 e l e c t r i c a l  bus, the  f l ightcrew should have been ab le  
t o  sa fe ly  f l y ,  navigate,  and land the  a i r c r a f t  with the  bus inoperat ive.  

An ana lys i s  of the  s e r i e s  of events which followed Fl ight  2860's 
e l e c t r i c a l  system problems disc loses  numerous a c t s  of omission and 
commission, the s l i g h t  a l t e r a t i o n  o f  which probably could have prevented 
t h e  accident .  The f i r s t  of these events was the  holding clearance t h a t  
was issued by the  S a l t  Lake City approach control ler .  The clearance 
c l e a r l y  d id  not conform t o  es tabl ished holding clearance requirements 
because the  holding r a d i a l  was omitted. 

The con t ro l l e r  was not ab le  t o  explain why he omitted the  
r a d i a l  from the clearance. Under t h e  circumstances, with 2 t o  2 112 h r s  
s l eep  i n  t h e  19 112-hr period preceding the  accident ,  the  con t ro l l e r  
might have been a f fec ted  by fa t igue .  However, f a t igue  is a subject ive  
physiological  r eac t ion  s ince  i t  a f f e c t s  each individual  d i f fe ren t ly .  
Since t h e  con t ro l l e r  denied fee l ing  fa t igue ,  genera l iza t ions  t o  the 
contrary would be specula t ive  a t  best .  It is  believed more l i k e l y  t h a t  
s ince  t h e  con t ro l l e r  intended t h a t  the  f l i g h t  hold northwest on t h e  331Â 
r a d i a l  and s ince  t h e  331' r a d i a l  was t h e  only r a d i a l  useful  t o  t h e  
f l ightcrew i n  conducting a VOR approach t o  runway 16R, he probably 
thought t h a t  the  holding r a d i a l  was obvious and tha t ,  therefore,  the  
d i r e c t i o n  of holding was sufficient . .  The f l ightcrew's  response ("Okay") 
t o  the  c o n t r o l l e r ' s  co r rec t ion  of t h e  holding d i r e c t i o n  from nor th  to  
northwest would have tended t o  reassure  him i n  t h i s  respect ,  a s  would 
t h e  f l i g h t ' s  subsequent r e t u r n  t o  t h e  VOR v i a  t h e  331" r a d i a l .  Addit ionally,  
s i n c e  t h e  f l i g h t  was apparently i n  v i s u a l  f l i g h t  conditions and under 
radar  control  and s i n c e  the re  was no other t r a f f i c  i n  t h e  area,  the  
con t ro l l e r  probably d id  not consider 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  



important. A s  a  p r a c t i c a l  mat ter , .  t h e  omission o f t h e  holding rad ia l  
would have been detected and correctecI had communications with t h e  
f l i g h t  not  been in ter rupted.  

Because of the  l ack  of CVR information, the  Safety Board i s  
unable t o  determine why the  captain and f i r s t  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  holding r a d i a l  from the holding 
clearance. Possibly,  f a t i g u e  affected the  f l ightcrew when the  clearance 
was issued and throughout the  remainder of the  f l i g h t ;  but ,  the re  was no 
evidence t h a t  they did not make f u l l  use of t h e  13-hr r e s t  period i n  San 
Francisco o r  of the  r e s t  periods afforded them before they reported f o r  
duty i n  Chicago on December 16. If  the  f l ightcrew made appropriate use 
of these r e s t  periods,  a s  the  evidence ind ica tes  they did ,  f a t i g u e  
should not have been a  f a c t o r .  Therefore, we bel ieve  i t  more l i k e l y  
t h a t  they probably f a i l e d  t o  r e a l i z e  the  omission, o r  the  importance of 
the omission, because of d i s t r a c t i o n s  associated with the e l e c t r i c a l  
system problems and because they were i n  v i s u a l  f l i g h t  condit ions where 
the a i r c r a f t  was j u s t  below the  clouds and the  v i s i b i l i t y  was good. 

Flightcrew voice i d e n t i f i c a t i o n  of ATC and ARINC tapes ind ica tes  
t h a t  the captain o r i g i n a l l y  was f l y i n g  the  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  was managing the  radio  communications. Short ly a f t e r  the  f l i g h t  
es tabl ished communications with Sa l t  Lake City approach control ,  the 
captain began making the  radio  transmissions, which indicates  t h a t  the 
f i r s t  o f f i c e r  probably was f ly ing  t h e  a i r c r a f t  when the holding clearance 
was requested, because the nonflying p i l o t  usual ly  manages the radio 
communications. Later  transmissions on the  ARINC frequency show t h a t  
the  captain was a c t i v e  i n  discussing t h e  e l e c t r i c a l  system problems with 
United's maintenance con t ro l l e r .  Therefore, before the f l i g h t  l e f t  the 
approach control  frequency, the captain probably was s i g n i f i c a n t l y  
involved i n  the diagnoses of the  e l e c t r i c a l  problems and, consequently, 
h i s  a t t e n t i o n  probably was divided between those problems and f l y i n g  
a c t i v i t i e s .  

Since t h e  pa t t e rn  of ground l i g h t s  i n  the  Sa l t  Lake City-Ogden 
corr idor  a r e  or iented  i n  a  t r u e  north-south d i rec t ion  and s ince ,  when 
t h e  holding clearance was requested, the a i r c r a f t  was about 7 t o  8 m i  
west of those l i g h t s ,  the  captain could have thought tha t  holding north 
was more appropriate.  H i s  statement, "Okay, we ' l l  hold north-of the 
VOR . . . , I t  tends t o  support such a  t r a i n  of thought. Whether the  f l ightcrew 
discussed the  matter  i s  not known. However, t h e  evidence ind ica tes  tha t  
the f i r s t  o f f i c e r  accepted the  360" r a d i a l  a s  the  holding r a d i a l  because 
t h e  course se lec t ion  i n  h i s  horizontal  s i t u a t i o n  indicator  was found a t  
000. 51 Additionally, t h e  probable ground t rack  shows tha t  a f t e r  the  
a i r c r a f t  passed the  VOR i t  flew the  outbound l e g  of the holding pa t t e rn  

51 This se lec t ion  would keep the  course deviat ion indicator  (CDI) - 
d i r e c t i o n a l  while the  a i r c r a f t  was outbound from the  VOR. To 
keep t h e  C D I  d i r e c t i o n a l  a f t e r  turning inbound, a  course of 180 
would have t o  be se lec ted .  



on about a 358O track.  The capta in ' s  course s e l e c t i o n  apparently was 
l e f t  at  o r  near 151, the  designated course t o  the S a l t  Lake City VOR f o r  
the published VOR approach t o  runway 16R. 

The second c r i t i c a l  event i n  the  s e r i e s  of events leading t o  
t h e  accident  was the  t r ans fe r  of radio communications from approach 
control  frequency t o  ARINC frequency. Under the  circumstances, the 
con t ro l l e r  was not aware t h a t  F l i g h t  2860 had radio  communication 
problems and would need spec ia l  handling because he was not to ld  a s  
required by regula t ion t h a t  the  f l i g h t  had l o s t  a communications radio ,  
the  degree t o  which t h e  l o s s  impaired t h e  f l i g h t ' s  capabi l i ty  t o  opera te  
IFR i n  t h e  ATC system, o r  the nature  and extent  of a s s i s t ance  des i red  
from ATC. Had t h e  f l ightcrew given t h i s  information t o  t h e  con t ro l l e r ,  
t h e  con t ro l l e r  might have been ab le  t o  arrange f o r  an a l t e r n a t e  means of 
maintaining communications, such as es tabl ishing a voice receiving 
capab i l i ty  f o r  the  f l i g h t  through t h e  S a l t  Lake C i t y  VOR. It appears 
tha t  the  capta in  arranged both the  holding clearance and the t r a n s f e r  of 
communications somewhat casua l ly .  Some of the  casualness probably can 
be a t t r i b u t e d  t o  h i s  divided a t t e n t i o n .  However, while holding a t  
night  a t  an a l t i t u d e  wel l  below t h e  e levat ion of surrounding mountains, 
a profess ional  p i l o t  would be ca re fu l  about l imi t ing  h i s  source of 
a i r c r a f t  pos i t ion  information, p a r t i c u l a r l y  with unresolved e l e c t r i c a l  
problems t h a t  could have t h e  po ten t i a l  of a f f e c t i n g  h i s  navigat ional  
equipment. 

On t h e  other hand, t h e  con t ro l l e r  should have rea l i zed  t h a t  
t h e  f l i g h t ' s  request  t o  leave the  approach control  frequency probably 
would r e s u l t  i n ! a  l o s s  of ATC communications, and, therefore ,  would i n  
e f f e c t  terminate radar control  f o r  the  durat ion of the  loss .  He should 
have f u r t h e r  r ea l i zed  t h a t  while he was providing radar  vectors  and 
radar navigat ional  guidance t o  an a i r c r a f t  operat ing a t  MVA, he was a l s o  
required t o  provide advisor ies  i n  t h e  event t h e  a i r c r a f t  deviated from 
i t s  protected airspace.  I f  the con t ro l l e r  was unable t o  communicate 
with the  f l ightcrew,  he could not provide the  devia t ion advisor ies  t o  
them. Therefore,. i n  the  absence of a request  f o r  emergency handling, he 
should have taken one of t h e  following ac t ions :  (1) Directed the  f l i g h t  
t o  a protec ted  a rea  which would not  have required t h e  c o n t r o l l e r ' s  
provision of radar navigational  guidance, o r  (2) denied the request  t o  
leave t h e  frequency. 

Notwithstanding the  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 
was misled by t h e  cap ta in ' s  suggestion tha t  the f l i g h t  would only be off  
frequency "for a l i t t l e  minute." Given t h e  a i r c r a f t ' s  pos i t ion ,  a l t i t u d e ,  
and groundspeed a t  t h a t  time (0129:51) and the  f l i g h t ' s  clearance t o  
"turn r i g h t  and proceed d i r e c t  t o  the  S a l t  Lake VOR..,.", 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  was s a f e  from obst ruct ing t e r r a i n  for  wel l  over a 
minute. As  t h e  f l i g h t  progressed, the a i r c r a f t  passed over t h e  VOR 
about 0132, or 'more than 2 m i n a f t e r  the  capta in  implied tha t  t h e  
f l i g h t  would be off  t h e  frequency f o r  a shor t  time. 



In f a c t ,  t h e  f l i g h t  was 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. 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 
t h e  7 112-min period were consumed i n  e s t a b l i s h i n g  communications wi th  
t h e  maintenance c o n t r o l l e r .  Consequently, t h e  Board cannot expla 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 was no t  concerned 
wi th  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. In any event ,  t h e  whole p a t t e r n  of 
imprecise  communications wi th  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 ,  

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  in s t ead  of t u rn ing  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. Consequently, t h e  c o n t r o l l e r s  
attempted t o  contac t  t h e  f l i g h t  through t h e  S a l t  Lake Ci ty  and Ogden 
V O R ' s  b u t  were not  s u c c e s s f u l  because t h e  f l i g h t  w a s  no t  monitoring t h e  
VOR's  f o r  vo ice  t ransmiss ions  even though both  VOR r e c e i v e r s  were tuned 
t o  t h e  S a l t  Lake Ci ty  VOR frequency. This  i s  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  was requested t o  con tac t  approach 
c o n t r o l  on frequency 124.3 MHz, b u t  t he  a i r c r a f t ' s  No. 2  t r a n s c e i v e r ~ t h e  
only communications r a d i o  ope ra t ive  with t h e  No. 1 e l e c t r i c a l  bus inoperative-- 
was found a t  126.8 MHz, t h e  o r i g i n a l l y  assigned frequency. 6.1 Addi t iona l ly ,  
t h e  f l i g h t  terminated communications with ARINC a t  0137:11, only 15 
s e e s  be fo re  they  r epor t ed  back on approach c o n t r o l  frequency. 

The t h i r d  cr i t ical  event  was t h e  manner i n  which the  holding 
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  time of 1 min on t h e  outbound l e g  of t he  holding 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 the  outbound l e g  averaged 
about 240 kns as opposed t o  t he  au thor ized  200 h s .  It is  apparent from 
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  the  1 min 
l i m i t a t i o n  and had i t  i n t e r c e p t e d  the  360' r a d i a l  back t o  t h e  VOR, i t  
would have remained w e l l  c l e a r  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 kept t he  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  c l e a r  of t he  hazardous 
t e r r a i n .  

However, i t  i s  no t  c e r t a i n  what a i d ,  i f  any, t he  f l i gh tc rew 
used t o  determine t h e  l e n g t h  of t h e  outbound leg .  The inbound turn  

6/  S a l t  Lake City approach c o n t r o l  could r ece ive  and t ransmi t  s imultaneously - 
on both 124.3 MHz and 126.8 MHz. 



began about 1 0  nmi from the  VOR which ind ica tes  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 a s  t h e  measure of l e g  length even 
though the  use  of DME was no t  speci f ied  i n  t h e  holding clearance. Since 
the  con t ro l l e r  had t o l d  t h e  f l i g h t  e a r l i e r  t h a t  he could take i t  out 20 
m i  (north-northwest), t h e  use of 10 nmi on t h e  DME a s  the measure of l e g  
length probably would have seemed reasonable t o  the f i r s t  o f f i c e r .  On 
t h e  other hand, the  inbound turn  was begun shor t ly  a f t e r  the discussion 
with United's maintenance con t ro l l e r  ended, during t h e  l a s t  por t ion  of 
which the  captain expressed h i s  in ten t ion  t o  "go ahead and land then." 
Consequently, i t  i s  poss ib le  tha t  t h e  f i r s t  o f f i c e r  was monitoring the 
discussion and t h a t  he began the  inbound t u r n  shor t ly  a f t e r  the  captain 
expressed h i s  decis 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  
was p a r t i a l l y  d i rec ted  toward the  diagnoses of the e l e c t r i c a l  system 
problems, he might have l o s t  t r ack  of t h e  timing on the  outbound leg .  
I n  any event, the  holding p a t t e r n  was not flown i n  conformity with 
prescribed procedures and, a s  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 
ass is tance .  

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  accident  was the  exchange of communications between 
t h e  con t ro l l e r  and t h e  f l ightcrew a f t e r  the  f l i g h t  had returned t o  the 
approach control  frequency. About 1 min elapsed between the time the 
f l i g h t  reported back on the  frequency and t h e  time t h e  a i r c r a f t  s t ruck  
t h e  mountain. Considering t h e  a i r c r a f t ' s  speed and performance capab i l i ty  
a s  demonstrated by t h e  FDR t races ,  i n  about 30 sees o r  less the  a i r c r a f t  
could have been flown sa fe ly  above t h e  mountains. Addit ionally,  it is 
apparent from the  probable ground t r a c k  t h a t  had F l igh t  2860 continued 
i t s  r i g h t  turn ,  without climbing, and had i t  in tercepted the 360' r a d i a l  
inbound, without overshoot, i t  would not have s t ruck  the  mountains. On 
t h e  other hand, had F l igh t  2860 begun the  l e f t  turn immediately o r  had 
i t  begun the  climb immediately a f t e r  r e c e i p t  of the 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  is l i k e l y  t h a t  the  a i r c r a f t  would not 
have crashed. 

Considering t h e  a l t e r n a t i v e s  which were.possibly ava i l ab le  to. 
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 turn  and climb with s t r e s s  
on t h e  immediacy of the  a c t i o n  would have been.most appropriate.  
However, the  c o n t r o l l e r ' s  radar  d isplay  did  not ,  and cannot, por t ray  
s u f f i c i e n t  d e t a i l s  of the 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 ack  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 the  a i r c r a f t ' s  
proximity t o  obs t ruct ing t e r r a i n .  Addit ionally,  the  radar d isplay  t h a t  
t h e  con t ro l l e r  was using i n  the  tower cab d id  not por t ray  these fea tu res  
wi th  a s  high f i d e l i t y  a s  the  plan posi t ion  ind ica to r  d isplays  i n  the  
radar  room. a Consequently, under the  circumstances, the  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  t h e  f l i g h t  must be considered'a  judgmental matter  on h i s  

7/  ' A f t e r  t h e  accident ,  t h e  FAA discontinued t h e p r a c t i c e  of using t h e  ..' - .  
radar d i s p l a y i n  the  S a l t  Lake City con t ro l  towercab  f o r  approach ..: 

control  functions 'during weather! condit ions where, the  c e i l i n g  is  , [ 
below 5,000 f t  o r  the  v i s i b i l i t y '  is  l e s s  than 4 m i .  . . .  



part. However, since the MSAW alert was flashing and since the aircraft 
was headed toward areas where the MVA'S were 9,000 ft and higher, the 
controller should have placed more emphasis on the urgency of the action 
he told Flight 2860 to take, and he shouldhave given the flight instructions 
to immediately turn and immediately climb. . . . 

The conditions in the cockpit of Flight 2860 after the flight 
reported back on approach control frequency are not known because of the 
lack of CVR information. However, based on weather reports and witness 
reports, the flight apparently entered instrument flight conditions 
during the inbound turn, if not before, and the flightcrew was not aware 
that a dangerous situation was developing. Consequently, the controller's 
instructions probably surprised them sufficiently to cause delays in 
their responses. Additionally, simulation tests indicate that the GPWS 
would not have provided a warning until 7.7 to 10.2 sees before impact, 
which because of the rapidly rising terrain was too late. 

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

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

. . 

81 The GPWS probably functioned because the GPWS switch was found in - 
the normal position. Additionally, the rapid increase in the FDR 
altitude trace and corresponding decrease in the airspeed trace 

' during the final 4 to 5 sees of flight, and the impact attitude 
of about 15'; indicate that the pilot reacted sharply to such a 
stimulus. 



The Board has noted t h i s  l ack  of p rec i s ion  i n  communication i n  
o ther  accidents  21, and we bel ieve  tha t  some of it  i s  a t t r i b u t a b l e  t o  
complacency while operating i n  t h e  radar environment. When under radar  
control ,  f l ightcrew communications and adherence t o  prescribed procedures 
may tend toward imprecision because they know t h a t  the  control ler  has 
t h e  means t o  de tec t  and correc t  mistakes. On t h e  o ther  hand, the con t ro l l e r  
may be l e s s  p rec i se  i n  h i s  communications and adherence t o  prescribed 
procedures because he has t h e  means t o  correc t  any mistakes or misunder- 
s tandings t h a t  might occur. Consequently, a f t e r  lengthy exposure t o  the  
pure radar environment, both f l ightcrews and a i r  t r a f f i c  con t ro l l e r s  develop 
h a b i t s  of imprecision i n  t h e i r  communications wi th  each other and i n  
t h e i r  adherence t o  prescribed procedures. Further,  t h e  exposure can 
lead t o  a l o s s  of knowledge of procedures which, general ly,  were 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 ra re ly  with precis ion i n  the  pure 
radar environment. 

Flightcrews 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  precis ion i n  t h e i r  communications with each other, and i n  t h e i r  
adherence t o  prescribed procedures, not  only t o  avoid events s imi lar  t o  
those which l e d  t o  t h i s  accident, but a l s o  because the  l o s s  of communications 
between the  f l ightcrew and con t ro l l e r  always terminates radar control  
and prevents both p a r t i e s  from correct ing mistakes o r  c la r i fy ing  ambiguities. 

Another problem inherent  i n  s i t u a t i o n s  involving malfunctions 
of a i r c r a f t  systems i n  f l i g h t  is  t h e  d ivis ion 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 ightcrew while the  malfunction i s  being resolved. The 
Safety Board has addressed these  r e s p o n s i b i l i t i e s  i n  a number of accident  
repor ts .  .IS/ I n  t h i s  instance,  because of the  l ack  of CVR information, 
t h e  manner i n  which the  capta in  coordinated and managed the a c t i v i t i e s  
of t h e  f i r s t  o f f i c e r  and the  second o f f i c e r  i s  no t  e x p l i c i t l y  known. 
However, it  is  known from t h e  ATC and ARINC communications recordings 
t h a t  the  capta in  was ac t ive ly  involved i n  reso lu t ion  of the e l e c t r i c a l  

91 NTSB-AAR-73-15, North Central  Ai r l ines ,  Inc. ,  and Delta A i r  Lines, Inc. ,  - 
O'Hare In te rna t iona l  Airport,  Chicago, I l l i n o i s ,  December 20, 1972. 

NTSB-AAR-75-16, Trans World Air l ines ,  Inc. ,  Berryvi l le ,  Virginia ,  
December 1, 1974. 

NTSB-AAR-77-8, Jet Avia, Ltd.,  Palm Springs, Cal i fornia ,  January 6, 1977. 

101 NTSB-AAR-70-14, Scandinavian Air l ines  System, near Los Angeles, - 
Cal i fornia ,  January 13, 1969. 

NTSB-AAR-73-8, Mohawk Air l ines ,  Inc.,  Albany, New York, March 3, 1972. 

NTSB-AAR-73-14, Eastern A i r  Lines, Inc.,  Miami, Florida,  December 29, 
1972. 



problem and i n  obtaining a holding clearance. Consequently, the  captain 
probably was d i s t rac ted  by the  e l e c t r i c a l  problem from supervision of 
t h e  f l y i n g  a c t i v i t i e s ,  including obtaining the  holding clearance and the 
manner i n  which the f i r s t  o f f i c e r  flew t h e  holding pa t t e rn .  Similarly,  
i t  is poss ib le  tha t  t h e  f i r s t  o f f i c e r  was monitoring the resolut ion of 
t h e  e l e c t r i c a l  problem and, therefore ,  was paying l e s s  than f u l l  a t t e n t i o n  
t o  ATC communications and t o  f ly ing  the  a i r c r a f t .  

Since t h i s  type of s i t u a t i o n  is dynamic because the a i r c r a f t  
must be flown while t h e  malfunction is resolved, i t  follows t h a t  the  
capta in  must manage t h e  f l ightcrew i n  a manner which w i l l  insure absolute 
s a f e  operat ion of t h e  a i r c r a f t  during the  interim. Therefore, although 
each s i t u a t i o n  w i l l  vary depending on the  type of a i r c r a f t  involved, the 
complexity and c r i t i c a l i t y  of the  malfunction, the composition of the  
f l ightcrew,  and many other f ac to r s ,  it remains t h a t  the capta in ' s  f i r s t  
and foremost r espons ib i l i ty  i s  t o  insure  safe  operat ion of the a i r c r a f t .  
To achieve t h i s  object ive ,  he must r e lega te  o ther  a c t i v i t i e s  accordingly. 

3. CONCLUSIONS 

Findings 

The f l ightcrew were properly c e r t i f i c a t e d  and were qua l i f i ed  
f o r  t h e  f l i g h t .  

There was toxicological  evidence of alcohol i n  the  second 
o f f i c e r ' s  body which according t o  the weight of medical 
opinion most l i k e l y  resu l t ed  from h i s  inges t ion of alcohol 
during t h e  8-hr period preceding the f l i g h t ;  however, 
s ince  the re  was no corroborat ive evidence of alcohol 
consumption o r  the  e f f e c t s  thereof ,  the  degree of impairment, 
i f  any, of the second o f f i c e r ' s  physiological  and mental 
f a c u l t i e s  could not be determined. 

When i n i t i a l l y  dispatched, the  a i r c r a f t ' s  No. 1 a .c .  
e l e c t r i c a l  generator was inoperat ive,  but r e p a i r s  were 
completed and the  dispatch re lease  was revised accordingly 
before t h e  f l i g h t  departed San Francisco. 

The a i r c r a f t ' s  No. 1 e l e c t r i c a l  system malfunctioned 
during t h e  f l i g h t ' s  descent f o r  the approach t o  S a l t  Lake 
City a i r p o r t ;  t h e  No. 1 e l e c t r i c a l  bus was inoperat ive 
a n d . a l l  of i t s  associated e l e c t r i c a l  components were 
inoperative. 



Other than components t h a t  were powered through the  No. 1 
e l e c t r i c a l  bus, there  was no evidence of malfunction o r  
f a i l u r e  of the  a i r c r a f t ' s  o ther  systems, including f l i g h t  
instrument and navigational  systems, o r  i ts  s t r u c t u r e ,  
powerplants, o r  f l i g h t  controls .  

Contrary t o  United's DC-8 F l igh t  Handbook, the  No. 1 
communications radio  was powered through the No. 1 e l e c t r i c a l  
bus; t h e  radio  was inoperat ive a f t e r  the  l o s s  of the  
No. 1 bus. 

The f l ightcrew was unable t o  v e r i f y  landing gear extension 
because t h e  landing gear indica tor  system was powered 
through the  No. 1 e l e c t r i c a l  bus. 

Short ly a f t e r  t h e  f l i g h t  es tabl ished communications with 
S a l t  Lake City approach control ,  the  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 the  captain managed the radio  
communications. 

Contrary t o  regulat ions,  t h e  f l ightcrew did not inform 
ATC of the  l o s s  of a  communications radio,  the extent  t o  
which t h e  l o s s  impaired t h e  f l i g h t ' s  capabi l i ty  t o  operate 
IFR i n  the  ATC system, o r  the ass i s t ance  desired from 
ATC. 

Because the  capta inwanted t o  communicate with Uni ted ' s  
system l i n e  maintenance control  i n  San Francisco, he 
requested a holding clearance from the  S a l t  Lake City 
approach c o n t r o l l e r .  

The holding clearance issued by the  approach c o n t r o l l e r  
was incomplete and at tempts t o  c l a r i f y  the  clearance 
resulted '  i n  an ambiguity. 

The approach con t ro l l e r  intended t h a t  Flight  2860 hold 
northwest on t h e  331Â r a d i a l  of the  S a l t  Lake City VOR, 
bu t  he d id  not specify t h e  r a d i a l .  

The capta in  apparently intended t o  hold north of the 
S a l t  Lake CityVOR but d id  no t  request a  complete holding 
clearance,. including a holding r a d i a l .  

Because t h e  approach con t ro l l e r  did not i ssue  a holding 
radia1,and because the  cap ta in  d id  not request a  holding 
r a d i a l ,  the  f i r s t  o f f i c e r  assumed the  360' r a d i a l  to  be 
holding r a d i a l .  



The approach con t ro l l e r  was misled by t h e  cap ta in ' s  
request  t o  leave the  frequency f o r  a " l i t t l e  minute"; the  
f l i g h t  was absent from the frequency f o r  about 7 1 1 2  min. 

During t h e  f l i g h t ' s  absence from the approach control  
frequency, t h e  con t ro l l e r s  recognized tha t  the a i r c r a f t  
was enter ing a hazardous area but theywere  unable t o  
communicate with the f l i g h t .  . . 

~ l i g h t 2 8 6 0  w a s  not monitoring t h e  4 a i t L a k e  City VOR f o r  
voice  transmissions even though both VOR receivers  were. 
tuned t o  t h e  S a l t  Lake City VOR frequency. 

The f i r s t  o f f i c e r  did not f l y  t h e  holding p a t t e r n  i n .  
accordance with established procedures; a s  a r e s u l t ,  the  
a i r c r a f t  was unknowingly flown i n t o a n  a rea  near hazardous 
t e r ra in .  

When the  f l i g h t  -returned t o  approach control  frequency, 
t h e  approach con t ro l l e r  had determined t h a t  a l e f t  turn  
w a s  required t o  prevent a c o l l i s i o n  with hazardous t e r r a i n .  

The approach con t ro l l e r  to ld  F l igh t  2860 t o  turn l e f t  t o  
avoid hazardous t e r r a i n  on its r i g h t ,  but  he did not 
stress the  need f o r  immediate ac t ion.  

Because ATC radar d isplays  cannot portray t e r r a i n  fea tu res  
o r  an a i r c r a f t ' s  t r ack  i n  f i n e  d e t a i l ,  and because the  
d isplay  used by the  con t ro l l e r  had less f i d e l i t y  than the 
usual  approach control  radar d isplays ,  the  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 igh t  2860 t o  turn  and climb were judgmental. 

When F l igh t  2860 received tu rn  and climb ins t ruc t ions  
from t h e  approach con t ro l l e r ,  i t  was i n  instrument f l i g h t  
conditions and t h e f l i g h t c r e w  w a s  not ab le  t o  make an 
independent assessment of t h e i r  predicament. 

The a i r c r a f t ' s  GPWS probably functioned from 7.7 t o  10.2 
sec  before impact but not i n  time f o r  the f l ightcrew t o  
prevent t h e  a i r c r a f t ' s  c o l l i s i o n  with t e r r a i n  which rose 
a t  a 32" angle from the  horizontal .  

The accident  was not survivable because severe impact 
fo rces  destroyed the a i r c r a f t  and subjected the f l ightcrew 
t o  extreme traumatic in jury .  



3.2 Probable Cause 

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 system for unknown reasons. 

On April 3, 1978, the Safety Board issued Safety Recommendations 
A-78-21 and A-78-22 to the Federal Aviation Administration as follows: 

( I  Review the adequacy of current cockpit voice recorder 
preflight testing procedures to assure satisfactory 
system operation. (A-78-21) 

"Review the reliability of cockoit voice recorder units 
to assure that the mean time 
excessive. (A-78-22) " 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

between failure is not 

JAMES B. KING 
Chairman 

FRANCIS H. McADAMS 
Member . 

PHILIP A. HOGUE 
Member 

ELWOOD T. DRIVER 
Member 

July 27, 1978 



5. APPENDIXES 

INVESTIGATION AND HEARING 

1. Investigation 

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

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. Depositionsof 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 In te rna t iona ' lAssoc ia t ion  of Machinists. 



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. He he ld  A i r l i n e  T r a n s p o r t P i l o t  C e r t i f i c a t e  
No. 1240691 wi th  an  a i r p l a n e  mult iengine land r a t i n g  and type r a t i n g  f o r  i 

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  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  was, i ssued  November' 30, 
1977, with t h e  l i m i t a t i o n  t h a t  he wear c o r r e c t i v e  l enses  while f l y i n g .  

Captain Fender advanced t o  cap ta in  J u l y  27, 1967, and he 
q u a l i f i e d  i n  DCL8 a i r c r a f t  A p r i l  4, 1973. He passed h i s  l a s t  p ro f i c i ency  
check October 9,  1977. During h i s  f l y i n g  ca ree r ,  Captain Fender accumulated 
14,954 f l igh t -hours ,  of which 4,148 were on 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 the  acc iden t ,  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 .  

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

F i r s t  Of f i ce r  Modesi t t ,  aged 46, w a s  employed by United A i r l i n e s ,  
Inc. ,  June 13 ,  1966. He 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  No. 1447203 
wi th  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 ;  h e ' a l s o  had commercial p r i v i l e g e s  with 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 .  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  January 10, 1977, with no l i m i t a t i o n s ,  and had 
rever ted  t o  a second-class c e r t i f i c a t e .  

F i r s t  O f f i c e r  Modesitt  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  l a s t  p ro f i c i ency  check November 1, 1977. During 
h i s  f l y i n g  c a r e e r ,  F i r s t  O f f i c e r  Modesitt  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 he  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  Steve H. Simpson 

Second Of f i ce r  Simpson, aged 34, was employed by United A i r l i n e s ,  
I n c . ,  Apr i l  7, 1969. He held F l i g h t  Engineer C e r t i f i c a t e  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  L e a r j e t  
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  was i ssued  
August 12, 1977. w i th  no l i m i t a t i o n s .  



Second Off icer  Simpson qual i f ied  i n  DC-8 a i r c r a f t  March 5, 1977. 
H e  passed h i s  l a s t  proficiency check September 30, 1977. During h i s  
f l y i n g  career ,  Second Off icer  Simpson accumulated 5,692 f l ight-hours of 
which 419 were i n  DC-8 a i r c r a f t .  In the 30-day, 7-day, and 24-hour 
periods preceding the  accident ,  he flew 63.8, 15.1, and 7.7 hours, 
respect ively ,  i n  DC-8 a i r c r a f t .  

A i r  T ra f f i c  Control Spec ia l i s t  Murray D. Hess 

M r .  Hess served a s  an a i r  t r a f f i c  con t ro l l e r  i n  the U.S. 
m i l i t a r y  forces  from 1964 t o  1968. He was employed by t h e  FAA i n  1968. 
Since then, he has served i n  the  Oakland and San Francisco, Cal i fornia ,  
air t r a f f i c  control  towers f o r  1 112 years each, the Bay Area terminal 
radar control  f a c i l i t y  f o r  about 3  years,  the  H i l l  A i r  Force Base radar 
approach control  f a c i l i t y  f o r  1 112 years,  and the Sa l t  Lake City a i r  
t r a f f i c  control  tower f o r  1 112 years. 

M r .  Hess holds an a i r  t r a f f i c  control  tower operat ing c e r t i f i c a t e  
with qua l i f i ca t ions  i n  ARTS 111 equipment and a i r  survei l lance  radar. 
A t  the  time of t h e  accident, he held a  current  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 a s  an a i r  t r a f f i c  con t ro l l e r  i n  t h e  U.S. A i r  
Force from 1955 t o  1959. He was employed by the FAA i n  1959 and subsequently 
served i n  the  Tucson, Arizona, a i r  t r a f f i c  control  tower and radar 
approach control  f a c i l i t y  f o r  about 3 years. He then served i n  the 
Casper, Wyoming, a i r  t r a f f i c  control  tower f o r  about 1 year followed by 
11 years of se rv ice  a t  the H i l l  A i r  Force Base radar approach control  
f a c i l i t y .  A t  t h e  time of the  accident ,  he had served i n  the S a l t  Lake 
City a i r  t r a f f i c  control  tower about I* years. 

M r .  Beazer holds an a i r  t r a f f i c  control  tower opera tors  c e r t i f i c a t e  
with qua l i f i ca t ions  i n  ARTS 111 equipment and a i r  survei l lance  radar. 
A t  the  time of the  accident, he held a  current  second-class medical 
c e r t i f i c a t e  with no l imi ta t ions .  



Illustration not Available

Fss.aero was unable to obtain permission from Jeppesen-Sanderson, Inc. to reproduce this copyrighted chart.  

Please see the FAQ for easy work-arounds.

Jeppesen-Sanderson can be reached at:

www.jeppesen.com

55 Inverness Drive East
Englewood, CO  80112-5498
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