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EXECUTIVE SUI’MARY

About  0901  c e nt r a l  day l i ght  t i me  on Augus t  31 ,  1988 ,  De l t a  Ai r  Li ne s ,
I nc . , f l i ght  1141 ,  c r as he d  s hor t l y  a f t e r  l i f t i ng  o f f  f r om r unway  18L a t  t he
Da l l a s - For t  Wor t h I nt e r na t i ona l  Ai r por t ,  Te xas . The  a i r p l ane ,  a  Boe i ng
727- 232 ,  U. S.  Re g i s t r y  N4 7 3 DA,  was  a  r e gul ar l y  s c he dul e d  pas s e nge r  f l i ght  and
was  e n r out e  t o  Sa l t  Lake  Ci t y ,  Ut ah,  wi t h 101  pas s e nge r s  and  7  c r e wme mbe r s .

The  f l i ght c r e w r e por t e d  t ha t  t he  t ake o f f  r o l l  appe ar e d  t o  be  nor mal  i n
a l l  r e s pe c t s , wi t h no  war ni ng  l i ght s ,  aud i b l e  war ni ngs ,  o r  unus ua l  e ng i ne
i ns t r ume nt  c o nd i t i o ns . The  c ap t a i n s t a t e d  t ha t  t he  r o t a t i on was  i ni t i a l l y
nor mal , but  a s  t he  ma i n ge ar  whe e l s  l e f t  t he  g r ound  he  he ar d  "t wo
e xp l os i ons . " He  s a i d  i t  f e l t  a s  t hough t he  a i r p l ane  was  e xpe r i e nc i ng
"r e v e r s e  t hr us t . " The  c ap t a i n s t a t e d  t ha t  t he  a i r p l ane  be gan t o  "r o l l
v i o l e nt l y . "

The  a i r p l ane  s t r uc k  t he  i ns t r ume nt  l and i ng  s y s t e m ( I LS)  l oc a l i z e r
ant e nna  ar r ay  appr ox i ma t e l y  1 , 000  f e e t  be y ond  t he  e nd  o f  r unway  1 8 L,  and  c ame
t o  r e s t  about  3 , 200  f e e t  be y ond  t he  de par t ur e  e nd  o f  t he  r unway .  The  f l i ght
was  a i r bor ne  appr ox i ma t e l y  22  s e c onds  f r om l i f t o f f  t o  t he  f i r s t  g r ound  i mpac t
ne ar  t he  I LS l oc a l i z e r  ant e nna . The  a i r p l ane  was  de s t r oy e d  by  i mpac t  f o r c e s
a nd  t he  p o s t c r a s h f i r e .

Of  t he  pe r s ons  on boar d  f l i ght  1141  12  pas s e nge r s  and  2  c r e wme mbe r s
we r e  k i l l e d , 21  pas s e nge r s  and  5  c r e wme mbe r s  we r e  s e r i ous l y  i nj ur e d ,  and  68
p a s s e ng e r s  s us t a i ne d  mi no r  o r  no  i nj ur i e s .

The  Na t i ona l  Tr ans por t a t i on Sa f e t y  Boar d  de t e r mi ne s  t ha t  t he  p r obab l e
c aus e  o f  t hi s  ac c i de nt  t o  be  ( 1 )  t he  Cap t a i n and  Fi r s t  Of f i c e r ' s  i nade qua t e
c oc kp i t  d i s c i p l i ne  whi c h r e s ul t e d  i n t he  f l i ght c r e w' s  a t t e mp t  t o  t ake o f f
wi t hout  t he  wi ng  f l aps  and  s l a t s  p r ope r l y  c onf i gur e d ;  and  ( 2 )  t he  f a i l ur e  o f
t he  t ake o f f  c onf i gur a t i on war ni ng  s y s t e m t o  a l e r t  t he  c r e w t ha t  t he  a i r p l ane
wa s  no t  p r o p e r l y  c o nf i g ur e d  f o r  t he  t a k e o f f .

Cont r i but i ng  t o  t he  ac c i de nt  was  De l t a ' s  s l ow i mp l e me nt a t i on o f
ne c e s s ar y  mod i f i c a t i ons  t o  i t s  ope r a t i ng  p r oc e dur e s ,  manua l s ,  c he c k l i s t s ,
t r a i ni ng , and  c r e w c he c k i ng  pr ogr ams  whi c h was  ne c e s s i t a t e d  by  s i gni f i c ant
c ha ng e s  i n t he  a i r l i ne  f o l l o wi ng  r a p i d  g r o wt h a nd  me r g e r .

Al s o  c ont r i but i ng  t o  t he  ac c i de nt  was  t he  l ac k  o f  s uf f i c i e nt l y
a g r e s s i v e  a c t i o n'  b y  t he  FAA t o  ha v e  k no wn d e f i c i e nc i e s  c o r r e c t e d  b y  De l t a  a nd
t he  l ac k  o f  s uf f i c i e nt  ac c ount ab i l i t y  wi t hi n t he  FAA' s  a i r  c a r r i e r  i ns pe c t i on
p r o c e s s .
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT

DELTA AIR LINES, INC.
BOEING 727-232, N473DA

DALLAS-FORT WORTH INTERNATIONAL AIRPORT, TEXAS
AUGUST 31, 1988

1. FACTUAL INFORMATION

1.1 History o f  the Flight

On Augus t  31 , 1988 ,  De l t a  Ai r  Li ne s ,  I nc . ,  f l i ght  1141 ,  a  Boe i ng
727- 232 ,  N4 7 3 DA,  was  a  r e gul ar l y  s c he dul e d  pas s e nge r  f l i ght  f r om Jac ks on,
Mi s s i s s i pp i  t o  Sa l t  Lake  Ci t y , Ut ah,  wi t h an i nt e r me d i a t e  s t op  a t  t he
Da l l a s - For t  Wor t h I nt e r na t i ona l  Ai r por t  ( DFW) ,  Te xas . The  f l i ght  was
c onduc t e d  s ub j e c t  t o  t he  p r ov i s i ons  o f  Ti t l e  14  Code  o f  Fe de r a l  Re gul a t i ons
( CFR) ,  Par t  121 .

Fl i ght  1141  de par t e d  Jac ks on, Mi s s i s s i pp i  f o r  DFW a t  0630  e as t e r n
d a y l i g ht  t i me . The  onl y  l ogbook  d i s c r e panc y  was  an i nope r a t i v e  No .  , l  ma i n
f ue l  t ank  quant i t y  gauge . The  f i r s t  o f f i c e r  f l e w t he  l e g  t o  DFW and  no t e d
no t hi ng  o ut  o f  t he  o r d i na r y  e n r o ut e . The  l a nd i ng  a nd  t a x i - i n t o  t he  g a t e  a t
DFW we r e  une v e nt f ul . Fl i ght  1141  a r r i v e d  a t  ga t e  15  a t  DFW a t  0738  c e nt r a l
d a y l i g ht  t i me .

The  f i r s t  o f f i c e r  and  c ap t a i n p r oc e e de d  t o  c ompany  ope r a t i ons  upon
a r r i v a l . The  s e c ond  o f f i c e r  r e mai ne d  wi t h t he  a i r p l ane  and  pe r f or me d  hi s
wa l k a r o und  i ns p e c t i o n d ut i e s . The  me c ha ni c  who  ha nd l e d  f l i g ht  1 1 4 1 ,  whi l e  i t
was  par ke d  a t  ga t e  15 ,  s t a t e d  t ha t  he  c he c ke d  t he  l ogbook  and  no t e d  t ha t  t he
No . 1  ma i n f ue l  t ank  quant i t y  gauge  was  i nope r a t i v e . Ope r a t i on o f  t he
a i r p l ane  wi t h t he  f ue l  quant i t y  gage  i nope r a t i v e  was  pe r mi t t e d  by  De l t a ' s
mi ni mum e q ui p me nt  l i s t . He  ha d  no  o t he r  i nv o l v e me nt  wi t h t he  f l i g ht .

The  De l t a  age nt  r e s pons i b l e  f o r  t he  p r ope r  l oad i ng  o f  t he  a i r p l ane
de t e r mi ne d ,  a s  a  r e s ul t  o f  d r i p s t i c k  and  p i t c h and  r o l l  r e ad i ngs  t ake n,  t ha t
t he  a i r p l ane  had  561  ga l l ons  o f  f ue l  r e ma i ni ng  i n t he  No .  1  ma i n f ue l  t ank .
He  c a l c ul a t e d  t ha t  1 , 036  ga l l ons  s houl d  be  adde d  s o  t ha t  a  t o t a l  o f
1 , 597  ga l l ons  woul d  be  c ont a i ne d  i n t he  No .  1  ma i n f ue l  t ank . Thi s  f i gur e
( 1 , 597  ga l l ons )  was  c onv e r t e d  t o  10 , 700  pounds  o f  f ue l .  An e qua l  amount  was
or de r e d  t o  be  t he  f i na l  f ue l  quant i t y  i n t he  No .  3  ma i n f ue l  t ank .  The  No .  2
ma i n f ue l  t a nk  wa s  o r d e r e d  t o  b e  f i l l e d  t o  1 0 , 6 0 0  p o und s  f i na l  we i g ht .

The  a i r p l ane  f ue l e r  pumpe d  t he  r e que s t e d  f ue l  quant i t i e s  i nt o  t he
t hr e e  t anks . Upon c ompl e t i on o f  f ue l i ng , he  we nt  aboar d  t he  a i r p l ane  t o
i nf or m t he  s e c ond  o f f i c e r  o f  how he  had  r e f ue l e d  t he  a i r p l ane .  Whi l e  t a l k i ng
t o  t he  s e c o nd  o f f i c e r ,  he  no t i c e d  t ha t  t he  f ue l  g a ug e  f o r  t he  No .  2  ma i n f ue l
t ank  was  r e ad i ng  500  pounds  hi ghe r  t han t he  f ue l  gauge  a t  hi s  wi ng  r e f ue l i ng
s t a t i on and  he  b r ought  t hi s  t o  t he  a t t e nt i on o f  t he  s e c ond  o f f i c e r . The
airplane was not dripsticked again after the refuel i ng.
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The  s e c ond  o f f i c e r  r e c e i v e d  t he  f ue l  s l i p  ( p r e par e d  by  t he  f ue l i n
age nt ) ,  f i na l  we a t he r  b r i e f i ng ,  aut omat i c  t e r mi na l  i nf or ma t i on s e r v i c e ( ATI S s
i nf o r ma t i o n, and  aut omat i c  we i ght  and  ba l anc e  s y s t e m ( AWABS) da t a  p r i o r  t o
p us hb a c k . The  p us hb a c k oc c ur r e d  a t  0830 ,  a s  s c he d ul p d .  At  0 8 3 7 : 2 0 ,  t he  DFW
e as t  g r ound  c ont r o l l e r  i ns t r uc t e d  De l t a  1141  t o  ". . . j o i n t he  i nne r  f o r
s t andar d  t ax i  t o  r unway  1 8 L. " Al l  t hr e e  e ng i ne s  we r e  s t a r t e d  i ni t i a l l y ,  but
t he  c ap t a i n s ubs e que nt l y  de c i de d  t o  s hut  down t he  No .  3  e ng i ne  t o  c ons e r v e
f ue l  whe n i t  be c ame  appar e nt  t ha t  t he r e  woul d  be  a  de l ay  be f or e  de par t ur e .
Fi g ur e  1  p r o v i d e s  a  d i a g r a m o f  t he  DFW a i r p o r t .

Whe n t he  a i r p l ane  be c ame  numbe r  f our  i n l i ne  f o r  de par t ur e  a t
0 8 5 7 : 0 8 ,  t he  s e c ond  o f f i c e r  made  an announc e me nt  t o  t he  f l i ght  a t t e ndant s  t o
pr e par e  t he  c ab i n f o r  de par t ur e . The  c ap t a i n t he n or de r e d  t ha t  t he  No .  3
e ng i ne  be  r e s t a r t e d . At  0 8 5 8 : 3 8 ,  t he  l oc a l  c ont r o l l e r  i ns t r uc t e d ,  "De l t a
e l e v e n f o r t y - one  t ax i i nt o  pos i t i on r unway  one  e i ght  l e f t  and  ho l d . . . . "
Wi t h t hi s  c l e ar anc e ,  f l i ght  1141  was ,  i n e f f e c t ,  d i r e c t e d  t o  pas s  t he
a i r p l ane s  ahe ad  o f  i t  on t he  t a x i wa y and  t ake  t he  No .  1  pos i t i on.  At
0 8 5 9 : 1 7 ,  t he  l oc a l  c ont r o l l e r  i ns t r uc t e d , "De l t a  e l e v e n f o r t y - o ne  f l y  he a d i ng
one  e i ght  f i v e  r unway  one  e i ght  l e f t  c l e ar e d  f o r  t ake o f f . " The  f i r s t  o f f i c e r
o f  De l t a  f l i g ht  1 1 4 1  a c k no wl e d g e d  b o t h t r a ns mi s s i o ns .

Af t e r  t he  ac c i de nt , t he  s e c ond  o f f i c e r  s t a t e d  t ha t  whe n e ng i ne
powe r  was  adv anc e d  f o r  t ake o f f ,  t he  g r e e n AUTO PACK TRI P ar mi ng  l i ght  d i d  no t
i l l umi na t e . As  ope r a t i on o f  t hi s  s y s t e m was  no t  r e qui r e d  f o r  t hi s  f l i ght ,  he
d i d  no t  adv i s e  t he  c ap t a i n o f  t hi s  s i t ua t i on. He  s t a t e d  t ha t  t he  t ake o f f
r o l l  appe ar e d  t o  be  nor mal  i n a l l  r e s pe c t s ,  wi t h no  unus ua l  l i ght s ,  aud i b l e
war ni ngs , o r  unus ua l  e ng i ne  i ns t r ume nt  c ond i t i ons . Ho we v e r , i mme d i a t e l y
a f t e r  l i f t o f f ,  t he  r i ght  wi ng  dr oppe d  and  he  he ar d  t he  c omme nt  "e ng i ne
f a i l ur e " ma d e  b y  e i t he r  t he  c a p t a i n o r  f i r s t  o f f i c e r .

The  c ap t a i n s t a t e d ,  a f t e r  t he  ac c i de nt ,  t ha t  "a l l  was
nor mal .  . . e v e r y t hi ng  was  r out i ne " up  t o  r o t a t i on. Ro t a t i on was  i ni t i a l l y
nor mal , but  a s  t he  ma i n ge ar  whe e l s  l e f t  t he  g r ound  he  he ar d  "t wo
e xp l os i ons . " He  s a i d  i t  f e l t  a s  t hough t he  a i r p l ane  was  e xpe r i e nc i ng
"r e v e r s e  t hr us t . " The  c ap t a i n s t a t e d  t ha t  t he  a i r p l ane  be gan t o  "r o l l
v i o l e nt l y .  . . i t  wa s  a l l  I  c o ul d  d o  t o  c o nt r o l  t he  a i r p l a ne . "

The  a i r p l ane  s t r uc k  t he  I LS l oc a l i z e r  ant e nna  ar r ay  about
1 , 000  f e e t  be y ond  t he  e nd  o f  r unway  1 8 L, c ame  t o  r e s t  appr ox i mat e l y
3 , 200  f e e t  be y ond  t he  de par t ur e  e nd  o f  t he  r unway  ( s e e  f i gur e  2 )  and  was
de s t r oy e d  by  i mpac t  f o r c e s  and  t he  pos t c r as h f i r e . The  f l i ght  l a s t e d
appr ox i ma t e l y  22  s e c onds  f r om l i f t o f f  t o  t he  f i r s t  g r ound  i mpac t  ne ar  t he  I LS
l o c a l i z e r  a nt e nna .

Wi t ne s s e s  i n t he  c ont r o l  t owe r  and  on t he  g r ound  ge ne r a l l y  agr e e d
t ha t  f l i ght  1141 ' s  t ake o f f  r o l l  appe ar e d  t o  be  nor mal  unt i l  s hor t l y  a f t e r
r o t a t i o n. The y  s t a t e d  t ha t  t he  a i r p l ane  r o t a t e d  i n t he  v i c i ni t y  o f  t a x i wa y s
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29  and  30  t o  a  hi ghe r  t han nor mal  p i t c h ang l e  and  t ha t  f l ame s  o r  s par ks  we r e
e mana t i ng  f r om t he  r e ar  o f  t he -  a i r p l ane . The y  s a i d  t ha t  a s  t he  a i r p l ane
c ont i nue d  down t he  r unway , t he  wi ngs  r oc ke d  f r om s i de  t o  s i de  and  t he
a i r p l ane  appe ar e d  t o  be  out  o f  c ont r o l . The  wi t ne s s e s  l o s t  s i ght  o f  t he
a i r p l ane  a f t e r  i t  s t r uc k  t he  g r ound  and  d i s appe ar e d  i nt o  a  c l oud  o f  dus t .
None  o f  t he  g r ound  wi t ne s s e s  c oul d  r e c a l l  t he  pos i t i on o f  t he  f l aps  dur i ng
t he  t ake o f f  r o l l  o r  p r i o r  t o  i mpac t . One  pas s e nge r  aboar d  t he  a i r p l ane
s t a t e d  t ha t  s hor t l y  a f t e r  l i f t o f f ,  he  no t i c e d  t ha t  t he  t r a i l i ng  e dge  o f  t he
l e f t  wi ng  appe ar e d  no t  t o  be  i n a  s t r a i ght  l i ne . He  i nt e r pr e t e d  t hi s
obs e r v a t i on t o  be  t ha t  t he  f l aps  we r e  down t o  s ome  e x t e nt .

On' boar d  f l i ght  1141  we r e  101 pas s e nge r s ,  3  f l i ght c r e w me mbe r s  and
4  c a b i n c r e w. Two  f l i ght  a t t e ndant s  and  12  pas s e nge r s  we r e  f a t a l l y  i nj ur e d .
Twe nt y - s i x  pe r s ons , i nc l ud i ng  t he  f l i ght c r e w and  c ab i n c r e w,  s us t a i ne d
s e r i o us  i nj ur i e s . Si x t y - e i ght  pas s e nge r s  r e c e i v e d  mi nor  o r  no  i nj ur i e s .

Th' e ac c i de nt  oc c ur r e d  dur i ng '  t he  hour s o f  day l i ght  a t
l a t i t ud e / l o ng i t ud e c oor d i na t e s  o f  3 2 o 5 2 ' N 9 7 o O3 ' W.

1 . 2 I n j u r i e s

Fa t a l
Se r i o us
Mi no r
No ne
To t a l

to Persons

Fl i g ht Ca b i n
Cr e w Cr e w Pa s s e ng e r s Ot he r

0 2 0
: 0 '

: ; *
4 9 0  0

0 0 1 8 0
3 4 101 0

To t a l

*One  pas s e nge r  s uc c e s s f ul l y  e x i t e d  t he  a i r c r a f t ,  but  was
s e v e r e l y  bur ne d  whe n he  attempted t o  r e e nt e r  t he  c ab i n.  He
d i e d  11 day s  l a t e r . It i s  be l i e v e d  t ha t  he  a t t e mp t e d  t o
r e e nt e r  t he  c ab i n i n an e f f o r t  t o  p r ov i de  a s s i s t anc e  t o  hi s
wi f e  and  o t he r  pas s e nge r s  i n e s c ap i ng  f r om t he  a i r c r a f t .

1 . 3 Damage to the Airplane

The  Boe i ng  727 - 232  was  de s t r oy e d  by  g r ound  i mpac t  and  pos t  i mpac t
f i r e . I t s  v a l ue  wa s  e s t i ma t e d  a t  $ 6 - 6 . 5  mi l l i o n.

1.4 Other Damage

Gr ound  damage  was  c onf i ne d  t o  t wo  a i r por t  r unwa y l t a x i wa y mar ke r s ,
t he  I LS l o c a l i z e r  ant e nna  i ns t a l l a t i on,  and  an a i r por t  boundar y  f e nc e .  The r e
a l s o  wa s  g r o und  f i r e  d a ma g e  t o  t e r r a i n v e g e t a t i o n,

1 . 5 Personnel Information

The  f l i ght c r e w and  c ab i n c r e w o f  f l i ght  1141  we r e  qua l i f i e d  i n
ac c or danc e  wi t h app l i c ab l e  Fe de r a l  Av i a t i on Re gul a t i ons  ( FAR)  and  De l t a ' s
pr oc e dur e s .  (See appendix B.) Ex a mi  na t i  on o f  the f 1 i ghtcrew ’ s personal



6

bac kgr ound  and  ac t i ons  dur i ng  t he  2  t o  3  day s  be f or e  t he  ac c i de nt  f l i ght
r e v e a l e d  no t hi ng  r e mar kab l e . The  f l i ght c r e w' s  t r a i ni ng  r e c or ds  a l s o  we r e
unr e ma r k a b l e . FAA r e c or ds  d i d  no t  c ont a i n any  i nc i de nt  o r  v i o l a t i on hi s t o r y
o n a ny  o f  t he  c r e wme mb e r s .

o n  O c t o b e r -
. - - The 48 - y e ar - o l d  c ap t a i n was  hi r e d  by  De l t a  Ai r  Li ne s

s i nc e  hi s  d a t e ' o f  hi r e .
The  c ap t a i n had  be e n e mpl oy e d  c ont i nuous l y  by  De l t a

The  c ap t a i n upgr ade d  t o  c ap t a i n i ni t i a l l y  on t he  DC- 9  on
Ma y  2 2 ,  1 9 7 5 . Howe v e r ,  due  t o  De l t a ' s  r e duc t i on i n f l y i ng  t i me  i n t he  DC- g ,
he  r e t ur ne d  t o  hi s  p r e v i ous  pos i t i on as  an L- 1011  f i r s t  o f f i c e r .  On
Augus t  30 ,  1978 ,  he  was  upgr ade d  aga i n t o  c ap t a i n on t he  DC- 9  and  r e ma i ne d  i n
t hi s  c apac i t y  unt i l  Augus t  1979 . He  c ompl e t e d  Boe i ng  727  t r ans i t i on
t r a i ni ng  i n Augus t  1979 ,  and  he  r e ma i ne d  a s  a  727  c ap t a i n unt i l  t he  t i me  o f
t he  a c c i d e nt .

The  c ap t a i n had  r e c e i v e d  r e c ur r e nt  t r a i ni ng  on Jul y  27 - 28 ,  1988 ,
and  a  p r o f i c i e nc y  c he c k  was  admi ni s t e r e d  on Jul y  29 ,  1988 .  Hi s  mos t  r e c e nt
e n r out e  c he c k  was  c ompl e t e d  on Augus t  9 ,  1988 .  The  s i mul a t o r  i ns t r uc t o r  who
gav e  t he  c ap t a i n' s  l a s t  p r o f i c i e nc y  c he c k  de s c r i be d  t he  c ap t a i n' s  pe r f o r manc e
as  "t e x t  book" wi t h no  p r ob l e ms  e nc ount e r e d . The  c ap t a i n pos s e s s e d  a  f i r s t
c l a s s  me d i c a l  c e r t i f i c a t e  wi t h a  l i mi t a t i on t ha t  c or r e c t i v e  l e ns e s  a r e  t o  be
wo r n t o  c o r r e c t  f o r  ne a r  v i s i o n.

T h e  F i r s t  O f f i c e r . - - The 3 6 - y e a r - o l d f i r s t  o f f i c e r  was  hi r e d  by
De l t a  on Januar y  26 1 9 / 9
s i nc e  t ha t  t i me . i he

He  had  be e n c ont i nuous l y  e mp l oy e d  by  t he  a i r l i ne s
f i ' r s t  o f f i c e r  c ompl e t e d  s e c ond  o f f i c e r  qua l i f i c a t i on

t r a i ni ng  i n Ma r c h 1 9 7 9 . He  r e ma i ne d  a s  a  s e c o nd  o f f i c e r  unt i l  No v e mb e r  1 9 8 7 .

The  f i r s t  o f f i c e r  c ompl e t e d  De l t a ' s  B- 727  f i r s t  o f f i c e r
qua l i f i c a t i on t r a i ni ng  on De c e mbe r  9 ,  1987 . He  r e mai ne d  i n t hi s  pos i t i on
unt i l  t he  t i me  o f  t he  a c c i d e nt .

The  f i r s t  o f f i c e r ' s  l a s t  r e c ur r e nt  t r a i ni ng  was  Nov e mbe r  4 - 5 ,
1987 ,  and  hi s  l a s t  p r o f i c i e nc y  c he c k  was  on Nov e mbe r  20 ,  1987 . Hi s  l a s t  e n
r out e  c he c k  was  ac c ompl i s he d  on De c e mbe r  6 ,  1987 . The s e  c he c ks  we r e
c onduc t e d  dur i ng  hi s  i ni t i a l  f i r s t  o f f i c e r  t r a i ni ng . He  pos s e s s e d  a  s e c ond
c l a s s  me d i c a l  c e r t i f i c a t e  wi t h no  l i mi t a t i ons .

The Second Officer . - - The  30 - y e ar - o l d  s e c ond  o f f i c e r  was  hi r e d  by
De l t a  on Nov e mbe r  20  1987 The  s e c ond  o f f i c e r  a t t e nde d  De l t a ' s  B- 727  s e c ond
of f i c e r  t r a i ni ng  i r ogr a ;  and  was  qua l i f i e d  a s  a  s e c ond  o f f i c e r  on
Januar y  20 ,  1988 . No  add i t i ona l  t r a i ni ng  was  r e qui r e d  f r om t he  t i me  he
c ompl e t e d  i ni t i a l  t r a i ni ng  unt i l  t he  da t e  o f  t he  ac c i de nt . The  s e c ond
of f i c e r  pos s e s s e d  a  s e c ond  c l a s s  me d i c a l  c e r t i f i c a t e  wi t h no  l i mi t a t i ons .

1 . 6 Ai rp lane  In format ion

The  Boe i ng  727 - 232 ,  U. S.  r e g i s t r y  N4 7 3 DA,  was  de l i v e r e d  t o  De l t a
Ai r  Li ne s  i n No v e mb e r  1 9 7 3 . The  a i r p l ane  was  s e r i a l  No .  20750 ,  l i ne  No .  992 .
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The  a i r p l ane  was  a  Boe i ng  Comme r c i a l  Ai r p l ane  Company  mode l
727- 232 ,  e qui ppe d  wi t h t hr e e  a f t - mount e d  Pr a t t  L Whi t ne y  JT8D- 15 s e r i e s
t ur bo f an e ng i ne s . I t  was  de l i v e r e d  i n a  pas s e nge r  c onf i gur a t i on. The  ' 1
a i r p l ane  had  a  t o t a l  o f  f our  f l oor  l e v e l  e x i t s  and  f our  ov e r  wi ng  e me r ge nc y  )
e x i t s ,  a nd  a  v e nt r a l  s t a i r wa y  e x i t .

The  c e r t i f i c a t e d  max i mum t ax i  we i ght  o f  N473DA was  185 , 200  pounds .
The  max i mum t ake o f f  we i ght  was  184 , 200  p o ' und s , a nd  i t s  ma x i mum l a nd i ng  we i g ht
wa s  1 5 4 , 5 0 0  p o und s . The  ma x i mum z e r o  f ue l  we i g ht  wa s  1 3 8 , 0 0 0  p o und s .

The  c e r t i f i c a t e d  us a b l e  f ue l  q ua nt i t i e s  we r e  1 , 8 1 8  g a l l o ns  i n f ue l
t anks  Nos .  1  and  3 ,  and  4 , 550  ga l l ons  i n f ue l  t ank  No .  2 .  The  t o t a l  us ab l e
f ue l  quant i t y  was  8 , 186  ga l l ons ;  o r  54 , 845  pounds .  The r e  was  one  f ue l  t ank
i n e ac h wi ng  and  one  f ue l  t ank  i n t he  wi ng  c e nt e r  s e c t i on. The  a i r c r a f t  wa s
c onf i gur e d  wi t h t wo  c ar go  c ompar t me nt s  be ne a t h t he  pas s e nge r  c ab i n:  one
l o c a t e d  f o r wa r d  o f  t he  wi ng ,  a nd  o ne  a f t  o f  t he  wi ng .

1.6 .1  Weight  and Balance

De l t a  ut i l i z e s  an AWABS,  i n whi c h t he  ga t e  age nt  e nt e r s  i nt o  a
c omput e r  t he  de t a i l s  o f  t he  l oad i ng  o f  t he  a i r c r a f t .  The  p i l o t s  a r e  p r ov i de d
wi t h a  f i na l  AWABS r e c or d  p r i o r  t o  pus hbac k .

The  max i mum a l l owab l e  t ake o f f  we i ght  f o r  t he  f l i ght  was
1 7 5 , 4 4 0  p o und s , d i c t a t e d  by  t he  max i mum a l l owab l e  s t r uc t ur a l  l and i ng  we i ght
a t  Sa l t  Lake  Ci t y . Thi s  we i ght  was  be l ow t he  max i mum t ake o f f  we i ght s
a ut ho r i z e d  f o r  r unwa y  1 8 L.

De l t a  p r ov i de s  i t s  f l i ght c r e ws  wi t h pe r f or manc e  da t a  f o r  e ac h
r unwa y , us i ng  t he  mos t  l i mi t i ng  f ac t or ,  i . e . ,  r unway  a l l owab l e  o r  c l i mb
l i mi t . Wi t h f l i ght  1141 ' s  ac t ua l  t ake o f f  we i ght  o f  about  157 , 683  pounds ,  t he
c r e w was  aut hor i z e d  t o  us e  a l t e r na t e  powe r ,  i . e .  r e duc e d  t hr us t ,  and  a  f l ap
s e t t i ng  o f  1 5 0 f o r  r unway  18L.

1 . 6 . 2 L i f t  a n d  R o l l  Systems

Li f t  de v i c e s  o f  t he  Boe i ng  727 - 232 ,  c ons i s t  o f  t hr e e  l e ad i ng  e dge
f l aps  ( Kr ue ge r  f l aps )  l oc a t e d  on t he  i nboar d  l owe r  s ur f ac e  o f  e ac h wi ng ,  f our
l e ad i ng  e dge  s l a t s  on t he  out boar d  por t i on o f  t he  wi ng ,  and  i nboar d  and
out boar d  t r a i l i ng  e dge  f l aps  ( s e e  f i gur e  3 ) . The  t r a i l i ng  e dge  f l aps  a r e
dr i v e n by  t wo  c ompl e t e l y  i nde pe nde nt  s y s t e ms . Eac h dr i v e  s y s t e m nor mal l y  i s
hy d r a ul i c a l l y  p o we r e d ;  e l e c t r i c a l  p o we r  i s  a v a i l a b l e  f o r  a l t e r na t e  o p e r a t i o n.
Eac h t r a i l i ng  e dge  f l ap  i s  ac t ua t e d  by  t wo  f l ap  t r ans mi s s i on a s s e mbl i e s .  The
t r ans mi s s i on as s e mbl i e s  on t he  out boar d  f l aps  a r e  c onne c t e d  t hr ough t o r que
t ub e s  a nd  g e a r b o x e s  t o  a  hy d r a ul i c  mo t o r  whi c h i s  t he  p r i ma r y  d r i v i ng  s o ur c e .
Ano t he r  s e par a t e  s e t  o f  t o r que  t ube s  and  ge ar boxe s  i nt e r c onne c t  t he
t r ans mi s s i on a s s e mbl i e s  on t he  t wo  i nboar d  f l aps .  Thi s  s y s t e m i s  d r i v e n by  a
s i ng l e  hy dr aul i c  mo t or . Powe r  t o  t he  mo t or s  i s  c ont r o l l e d  by  t wo
d i f f e r e nt i a l  c ont r o l  v a l v e s  wi t h f e e dbac k  modul a t i on f r om t he  powe r
t r a ns mi t t i ng  t o r q ue  t ub e s .
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The  l e ad i ng  e dge  f l aps  and  s l a t s  a r e  d r i v e n by  l i ne ar  hy dr aul i c
a c t ua t o r s . The  ac t ua t or s  a r e  c ont r o l l e d  t hr ough a  t hr e e - pos i t i on c ont r o l
v a l v e  ac t i v a t e d  by  t he  out boar d  f l ap  f o l l ow- up  s y s t e m. At  2 o o f  f l ap ,  onl y
t he  mi dd l e  t wo  s l a t s  on e ac h wi ng  a r e  de p l oy e d .  The  r e ma i ni ng  l e ad i ng  e dge
f l aps  and  s l a t s  de p l oy  a f t e r  t he  f l ap  hand l e  i s  s e l e c t e d  pas t  2 O.  An ambe r
l i ght  on t he  c e nt e r  i ns t r ume nt  pane l  i l l umi na t e s  whe n t he  s l a t s  a r e  i n
t r ans i t . A g r e e n l i ght  i l l umi na t e s  whe n t he  s l a t s  a r e  e x t e nde d . ( Se e
f i gur e  4 . )

Fl ap  s e t t i ngs  a r e  c ont r o l l e d  f r om t he  c oc kp i t  by  mov i ng  t he  f l ap
l e v e r  t hr ough a  d e t e nt e d a r c  on t he  r i ght  s i de  o f  t he  c e nt e r  c ont r o l  s t and .
Thi s  l e v e r  has  c ont r o l  c ab l e  l i nkage  t o  t he  d i f f e r e nt i a l  c ont r o l  v a l v e s .  The
f l ap  l e v e r  i s  s p r i ng - l oade d  t o  l oc k  i n e ac h o f  t he  de t e nt s  and  mus t  be
l i f t e d  about  l / 4 i nc h t o  a l l ow mo v e me nt ht o ano t he r  de t e nt .

Al t e r na t e  p r ov i s i ons  f o r  f l ap  e x t e ns i on ar e  i nc or por a t e d  i n t he
s y s t e m i n t he  e v e nt  o f  nor mal  s y s t e m f a i l ur e . Dur i ng  a l t e r na t e  o p e r a t i o ns ,
t he  t r a i l i ng  e dge  f l aps  a r e  e x t e nde d  and  r e t r ac t e d  by  t wo  e l e c t r i c  mo t or s
whi c h a r e  c oup l e d  t o  t he  t o r que  t ube s . The  l e a d i ng  e d g e  f l a p s  a nd  s l a t s  c a n
b e  e x t e nd e d  b y  a  s t a nd b y  hy d r a ul i c  p ump . Pump  o p e r a t i o n i s  c o nt r o l l e d  b y  t he
a l t e r na t e  f l a p  c o nt r o l  s y s t e m.

An e l e c t r o - me c hani c a l  f l ap  pos i t i on t r ans mi t t e r  a s s e mbl y  i s
p r ov i de d  f o r  e ac h t r a i l i ng  e dge  f l ap . The  uni t s  me c hani c a l l y  s e ns e  t he
pos i t i on o f  e ac h f l ap  and  ge ne r a t e  an e l e c t r i c a l  s i gna l  whi c h i s  f e d  t o  t wo
d ua l  ne e d l e  i nd i c a t o r s  i n t he  c o c k p i t . The  i nd i c a t o r s ,  l o c a t e d  o n t he  c e nt e r
o f  t he  i ns t r ume nt  p a ne l , s ho w t he  p o s i t i o n o f  t he  i nb o a r d  a nd  o ut b o a r d  f l a p s ,
r e s p e c t i v e l y .

Two  i de nt i c a l  e l e c t r i c a l l y  ope r a t e d  pr o t e c t i on s y s t e ms  ar e
pr ov i de d  t o  p r e v e nt  a s y mme t r i c a l  ope r a t i on o f  t he  t r a i l i ng  e dge  f l aps .  One
s y s t e m p r e v e nt s  i nb o a r d  f l a p  a s y mme t r y  whi l e  t he  o t he r  p r e v e nt s  o ut b o a r d  f l a p
a s y mme t r y . The  a i r p l ane  i s  no t  e qui ppe d  wi t h a  me c hani c a l  s y s t e m t o  p r e v e nt
t he  i nb o a r d  o r  o ut b o a r d  s e t  o f  f l a p s  f r o m d e p l o y i ng  wi t ho ut  t he  o t he r  s e t .

The  out boar d  f l aps  a r e  me c hani c a l l y  c onne c t e d  t o  t he  out boar d
a i l e r ons  i n s uc h a  way  as  t o  l oc k  t he  out boar d  a i l e r ons  i n t he  f a i r e d
pos i t i on whe n t he  out boar d  f l aps  a r e  i n t he  up  pos i t i on. Thi s  f e a t ur e  i s
i nc or por a t e d  i nt o  t he  s y s t e m be c aus e  de f l e c t i on o f  t he  i nboar d  a i l e r ons  and
f l i ght  s po i l e r s  a r e  s uf f i c i e nt  f o r  hi gh s pe e d  f l i ght  c ont r o l .  Whe n t he  f l aps
ar e  e x t e nde d  down, bo t h t he  i nboar d  and  out boar d  a i l e r ons  a r e  ope r a t e d
t o g e t he r . The  l oc kout  me c hani s m c ons i s t s  o f  an ang l e  ge ar box ,  t o r que  t ube ,
j a c k s c r e w,  a nd  b e l l c r a nk .

The  Boe i ng  727 - 232  has  s e v e n s po i l e r s  on e ac h wi ng . The  f i v e
out boar d  s po i l e r s  a r e  f l i ght  s po i l e r s  and  t he  i nboar d  t wo  ar e  g r ound
s p o i l e r s . The  f l i ght  s po i l e r s  augme nt  t he  a i l e r ons  i n r o l l  c ont r o l  and  a t
t he  s ame  t i me  ar e  av a i l ab l e  t o  ac t  a s  an a i r  d r ag  de v i c e . The  gr ound
s po i l e r s  c an be  e x t e nde d  onl y  whe n t he  a i r p l ane  i s  on t he  g r ound  and  t he y
s e r v e  t oge t he r  wi t h t he  f l i ght  s po i l e r s  a s  s pe e d  br ake s  t o  s hor t e n t he
landing roll. Ea c h s p o i l e r  i s  p o s i t i o ne d  b y  i t s  o wn hy d r a ul i c  a c t ua t o r .
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1.6.3 Jakeof f Warning System

The  Boe i ng  727 - 232  i s  e qui ppe d  wi t h a  t ake o f f  war ni ng  s y s t e m t o
war n t he  c r e w whe n t he  a i r c r a f t  i s  i mpr ope r l y  c onf i gur e d  f o r  t ake o f f . The
war ni ng  s y s t e m i s  ac t i v a t e d  whe n t hr us t  l e v e r  No .  3  i s  adv anc e d  be y ond  a
p r e d e t e r mi ne d  p o s i t i o n. The  t a k e o f f  wa r ni ng  ho r n wi l l  s o und  whe n o ne  o r  mo r e
o f  t he  f o l l owi ng  c ond i t i ons  e x i s t : ( 1 )  t he  s t ab i l i z e r  t r i m i s  out s i de  t he
t ake o f f  r ange ; ( 2 )  out boar d  t r a i l i ng  e dge  f l aps  a r e  l e s s  t han 5 0 ;  ( 3 )  t he
No .  4  and  No .  5  l e ad i ng  e dge  s l a t s  a r e  no t  e x t e nde d;  o r  1 4 )  s pe e dbr ake
ha nd l e  i s  no t  i n t he  d o wn d e t e nt  p o s i t i o n.

1 . 6 . 4 Sta l l  Protect ion System

The  a i r c r a f t  i s  e qui ppe d  wi t h a  s t a l l  war ni ng  s y s t e m.  Thi s  s y s t e m
i s  ac t ua t e d  by  an ang l e - o f - a t t ac k  s e ns or  and  us e s  t he  i nboar d  f l ap  pos i t i on
as  par t  o f  i t s  ac t ua t i on l og i c . I n t he  e v e nt  o f  ac t i v a t i on,  a  s t i c k s hake r
v i b r a t e s  t he  p i l o t ' s  c ont r o l  c o l umns  and  c r e a t e s  a  uni que  s ound . The  s y s t e m
i s  a c t i v e  o nl y  whe n a i r b o r ne .

Pr i o r  t o  t he  a c c i d e nt ,  De l t a ' s  ma i nt e na nc e  p r o g r a m r e q ui r e d  t ha t  a
t ake o f f  war ni ng  s y s t e m c he c k  be  ac c ompl i s he d  a t  e v e r y  ma j or  i ns pe c t i on
i nt e r v a l  and  a t  e v e r y  f our t h s e r v i c e  c he c k . On Augus t  11 , 1988 ,  dur i ng  an
i ns pe c t i on o f  t he  ac c i de nt  a i r p l ane  ( an A- 2  c he c k ) ,  a  d i s c r e panc y  was  no t e d
dur i ng  t he  t ake o f f  war ni ng  hor n t e s t . Thi s  d i s c r e panc y  was  e nt e r e d  a s :
"aur a l  war ni ng  hor n we ak  and  i nt e r mi t t e nt  whe n t hr o t t l e s  pus he d  f o r war d . "
The  a ur a l  wa r ni ng  uni t  wa s  r e p l a c e d  a nd  t he  a i r p l a ne  wa s  r e t ur ne d  t o  s e r v i c e .
The  c ont ac t  po i nt s  on t he  r e mov e d  uni t  we r e  c l e ane d  and  t he  uni t  f unc t i one d
p r o p e r l y  d ur i ng  a  b e nc h t e s t  a t  De l t a ' s  ma i nt e na nc e  f a c i l i t i e s .

1 . 6 . 5 Auto Pack Trip Sy s t e m

The  Boe i ng  727- 232  a i r c r a f t  i s  e qui ppe d  wi t h a  s y s t e m t ha t
aut omat i c a l l y  s hut s  down t he  a i r - c ond i t i oni ng  pac ks  i n t he  e v e nt  o f  l o s s  o f
e ng i ne  t hr us t  dur i ng  t ake o f f  o r  i ni t i a l  c l i mb . Tur ni ng  o f f  t he  pac ks
c ons e r v e s  e ng i ne  b l e e d  a i r  t o  p r ov i de  max i mum av a i l ab l e  e ng i ne  t hr us t .
Thr e e  i nd i c a t o r  l i ght s  a r e  p r ov i de d  on t he  a i r - c ond i t i oni ng  c ont r o l  pane l ,
whi c h a r e  l abe l e d  AUTO PACK TRI P ARMED,  LEFT A/ C PACK TRI P OFF,  and  RI GHT A/ C
PACK TRI P OFF. Eng i ne  f a i l  l i ght s  a r e  p r ov i de d  on t he  c a p t a i n' s / f i r s t
o f f i c e r ' s  g l a r e  s hi e l d .

The  Aut o  Pac k  Tr i p  s wi t c h on t he  f l i ght  e ng i ne e r ' s  pane l  i s
s e l e c t e d  t o  NORMAL pr i o r  t o  f l i ght . The  s y s t e m wi l l  t he n ar m i f  t he  ma i n
l a nd i ng  g e a r  s t r ut s  a r e  c o mp r e s s e d , t he  i nb o a r d  f l a p s  a r e  e x t e nd e d  o ut  o f  t he
UP p o s i t i o n, and  a l l  e ng i ne s  a r e  s e t  abov e  appr ox i ma t e l y  1 . 5  EPR. A gr e e n
l i ght  on t he  f l i ght  e ng i ne e r ' s  uppe r  pane l i l l umi na t e s  whe n t he  s y s t e m i s
a r me d . Thr us t  l o s s  on any  one  e ng i ne  wi l l  t he n t r i p  o f f  bo t h pac ks ,  s hut
d o wn b o t h p a c k  c o o l i ng  f a ns , a nd  i l l umi na t e  t he  ENG FAI L l i g ht s .
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1 . 7 Meteor01 ogical Information

The  DFW ATI S pr i o r  t o  t he  ac c i de nt  i nd i c a t e d : "DFW a i r por t
de par t ur e  i nf or ma t i on Go l f , one  t wo  f i v e  t wo  z ul u we a t he r ,  s ky  c l e ar ;
v i s i b i l i t y  o ne  z e r o ;  t e mp e r a t ur e , s i x  s i x ;  d e w p o i nt ,  f i v e  ni ne r ;  wi nd ,  c a l m;
a l t i me t e r ,  t wo  ni ne r  ni ne r  ni ne r ;  r unway s  one  t hr e e ,  one  s e v e n,  one  e i ght
d e p a r t ur e s  i n p r o g r e s s , us e  c aut i on f o r  b i r d  ac t i v i t y  on and  i n t he  v i c i ni t y
o f  t he  a i r p o r t , a d v i s e  c l e a r a nc e  d e l i v e r y  t ha t  y o u ha v e  Go l f . "

Obs e r v a t i ons  r e c or de d  by  t he  Na t i ona l  We a t he r  Se r v i c e  i mme d i a t e l y
p r i o r  t o  a nd  a f t e r  t he  a c c i d e nt  i nd i c a t e d  t he  f o l l o wi ng  we a t he r  c o nd i t i o ns :

0851  -  c l e ar ,  v i s i b i l i t y ,  t e n mi l e s ;  t e mpe r a t ur e ,  s e v e n
t hr e e ;  de w po i nt ,  f i v e  one ;  wi nd ,  one  z e r o  z e r o  a t  e i ght ;
a l t i me t e r ,  t wo  ni ne  ni ne  ni ne .

0906  - c l e a r ,  v i s i b i l i t y ,  t e n mi l e s ;  t e mp e r a t ur e ,  s e v e n f o ur ,
de w po i nt , f i v e  s e v e n,  wi nd , z e r o  ni ne  z e r o  a t  ni ne ,
a l t i me t e r ,  t wo  ni ne  ni ne  ni ne .

The r e  was  no  ac t i v a t i on o f  t he  l ow l e v e l  wi nds he ar  a l e r t  s y s t e m
( LLWAS)  p r i o r  t o ,  o r  a f t e r  t he  ac c i de nt .

1.8 Navigat ional  A ids

The r e  we r e  no  k no wn d i f f i c ul t i e s  wi t h na v i g a t i o na l  a i d s .

1.9 Comunications

The r e  we r e  no  known d i f f i c ul t i e s  wi t h c ommuni c a t i on e qui pme nt  o r
f a c i l i t i e s .

1.10 Aerodrome Infomation

The  DFW a i r por t  i s  l oc a t e d  appr ox i ma t e l y  mi dway  be t we e n t he  c i t i e s
o f  Da l l a s  a nd  Fo r t  Wo r t h,  Te x a s . I t  i s  o wne d  b y  t he s e  c i t i e s  a nd  g o v e r ne d  b y
an e l e v e n- me mbe r  boar d  o f  d i r e c t o r s . Ai r por t  e l e v a t i on i s  603  f e e t . The
c e nt r a l  t e r mi na l  a r e a  i s  l oc a t e d  be t we e n nor t h/ s out h par a l l e l  r unway s  l oc a t e d
on t he  e as t  and  we s t  s i de  o f  t he  t e r mi na l  a r e a . The  a i r por t  has  t hr e e  s e t s
o f  p a r a l l e l  r unwa y s . Runway  1 8 L on whi c h f l i ght  1141  de par t e d  i s  11 , 387  f e e t
l ong  and  2 0 0 f e e t  wi de ; r unway  1 8 L has  e l e v a t i ons  o f  596  f e e t  me an s e a  l e v e l
( ms l )  a t  t h e  nor t h e nd  and  576  f e e t  ms l  a t , t he s out h e nd . I t  i s  e qui ppe d
wi t h hi gh i nt e ns i t y  e dge  l i ght s , c e nt e r l i ne  and  t ouc hdown z one  l i ght s . The
r unway  i s  an I LS CAT I  e qui ppe d ,  i ns t r ume nt  r unway ;  r unway  18L I LS l o c a l i z e r
ant e nna  ar r ay  i s  s i t ua t e d  appr ox i ma t e l y  1 , 000  f e e t  s out h o f  t he  de par t ur e
e nd ,  a nd  i t s  up p e r - mo s t  e l e v a t i o n i s  5 7 9  f e e t  ms l .

Se v e nt e e n l oc a l  no t i c e  t o  a i r me n ( NOTAMS) we r e  i n e f f e c t  a t  t he
t i me  o f  t he  de par t ur e  o f  f l i ght  1141 . The s e  NOTAMS c onc e r ne d  ar e as  o f
c o ns t r uc t i o n, c l o s e d  t a x i wa y s and  f l oc ks  o f  b i r ds  s i ght e d  on,  and  i n t he
v i c i ni t y  o f ,  t he  a i r p o r t .
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The  DFW a i r  t r a f f i c  c ont r o l  ( ATC)  f ac i l i t y  i s  a  Le v e l  V FAA
f ac i l i t y  whi c h ope r a t e s  24 - hour s  pe r  day . The  t owe r  and  t e r mi na l  r adar
appr oac h c ont r o l  ( TRACON)  ar e  s p l i t ;  i . e . ,  t he  c ont r o l l e r s  a r e  a s s i gne d
e xc l us i v e l y  t o  e i t he r  t he  t owe r  o r  t he  TRACON. Admi ni s t r a t i on o f  bo t h t he
t owe r  and  t he  TRACON i s  unde r  t he  c ont r o l  o f  t he  f ac i l i t y  manage r  and  hi s
s t a f f .

The  DFW c ont r o l  t owe r  ope r a t i ons  e xc e e d  670 , 000  annua l l y  and  was
t he  t hi r d  bus i e s t  a i r por t  i n t he  c ount r y  a t  t he  t i me  o f  t he  ac c i de nt . T h e
f ac i l i t y  ut i l i z e s  t wo  a i r por t  s ur v e i l l anc e  r adar s  ( ASR- 7 & ASR- 8 )  whi c h i s
augme nt e d  wi t h aut omat e d  r adar  t r ac k i ng  s y s t e m ( ARTS)  I I I A c omput e r
t r a c k i ng . The  c ont r o l  t owe r  has  10  pos i t i ons  o f  ope r a t i on. The s e  may  be
c o mb i ne d  o r  d e - c o mb i ne d  t o  me e t  d a i l y  a nd  ho ur l y  t r a f f i c  d e ma nd .

1.11 Fl ight  Recorders

The  a i r p l ane  was  e qui ppe d  wi t h a  Fa i r c hi l d  mode l  A- 1 0 0 A c oc kp i t
v o i c e  r e c or de r  ( CVR) ,  s e r i a l  No . 51362 ,  and  a  Loc khe e d  Mode l  109 - D f l i ght
da t a  r e c or de r  ( FDR) ,  s e r i a l  No .  654 . The  r e c or de r s  we r e  t ake n t o  t he  Sa f e t y
Boar d ' s  f l i ght  and  v o i c e  da t a  r e c or de r  l abor a t o r i e s  i n Was hi ng t on,  D. C. ,  f o r
e x a mi na t i o n a nd  r e a d o ut .

1.11.1 The Cockpit Voice Recorder

The  CVR s t a r t s  a t  0 8 2 8 : 3 8 c e nt r a l  day l i ght  t i me  ( s e e  appe nd i x  C)
j us t  p r i o r  t o  p us hb a c k f r om t he  ga t e  a t  DFW,  and  c ont i nue s  unt i l  0 9 0 0 : 3 9 . 4 .
Se v e n mi nut e s  and  42  s e c onds  o f  nonpe r t i ne nt  c onv e r s a t i ons ,  be g i nni ng  a t
0 8 3 9 : 4 2 ,  we r e  e d i t e d  f r om t he  t r ans c r i p t . The s e  c onv e r s a t i ons  c ons i s t e d  o f
c as ua l , nondut y r e l a t e d  t op i c s  among  t he  f l i ght c r e w and  i nc l ude d  a
c onv e r s a t i on wi t h a  f l i ght  a t t e ndant  who  was  i n t he  c oc kp i t  on t wo  oc c as i ons
d ur i ng  t he  g r o und  o p e r a t i o n. The  t r ans c r i p t  s t a r t s  aga i n a t  0 8 4 7 : 2 8 ,  j us t  a s
t he  f l i ght  c hange d  f r om t he  DFW e as t  g r ound  c ont r o l l e r  t o  t he  we s t  g r ound
c ont r o l l e r . At  0 8 4 8 : 1 4 ,  1  mi nut e  and  18  s e c onds  and  aga i n a t  0 8 5 0 : 0 1 ,
1  mi nut e  and  22  s e c onds  o f  t he  t r ans c r i p t  we r e  e d i t e d .  The s e  c onv e r s a t i ons
c ons i s t e d  o f  c as ua l , no nd ut y r e l a t e d  t op i c s . At  0 8 5 3 : 1 2 ,  t he  t r ans c r i p t
s t a r t s  a g a i n a nd  c o nt i nue s  une d i t e d  unt i l  t he  e nd  o f  t he  r e c o r d i ng .

The  f l i ght  s t a r t e d  moni t o r i ng  l oc a l  c ont r o l ,  i . e . ,  t he  c ont r o l
t owe r ,  f r e que nc y  a t  0 8 5 7 : 2 2 . The  f l i ght  a t t e ndant  l e f t  t he  c oc kp i t  and  t he
door  was  c l o s e d  a t  0 8 5 7 : 3 5 a f t e r  t he  s e c ond  o f f i c e r  c a l l e d  f o r  t he  f l i ght
a t t e ndant s  t o  p r e par e  t he  a i r p l ane  f o r  de par t ur e . The  No .  3  e ng i ne  was
r e s t a r t e d  a t  0857: 42 and  t he  l a s t  par t  o f  t he  t ax i  c he c k l i s t  was
a c c o mp l i s he d . Dur i ng  t hi s  por t i on o f  t he  t ax i  c he c k l i s t ,  i n r e s pons e  t o  t he
s e c ond  o f f i c e r ' s  p r ompt  o f  "FLAPS",  t he  f i r s t  o f f i c e r  s t a t e d  "FI FTEEN,
FI FTEEN,  GREEN LI GHT. " The  f l i ght  was  c l e ar e d  ont o  t he  r unway  a t  0 8 5 8 : 3 8 and
was  c l e ar e d  f o r  t ake o f f  a t  0 8 5 9 : 1 7 .

The  s ound  o f  i nc r e as i ng  e ng i ne  no i s e  c an be  he ar d  a t  0 8 5 9 : 3 5
f o l l owe d  by  t he  f i r s t  o f f i c e r  c a l l o ut s  o f  "Powe r  s e t " and  "Eng i ne  i ns t r ume nt s
l o o k  g o o d . " A c a l l o ut  o f  VR was  made  a t  0 9 0 0 : 0 5 . 5 and  V2 a t  0 9 0 0 : 1 0 . 7 .  The
t ake o f f  appe ar e d  nor mal  unt i l  0 9 0 0 : 1 5 . 1 whe n t he  a i r p l ane  s t a l l  war ni ng
s t i c ks hake r  i s  he ar d . St ar t i n

3
a t  0900: 17 . 6 ,  f i v e  s ounds  t ha t  we r e

i de nt i f i e d  a s  e ng i ne  compressor sta l/surge sounds can be heard. A momentary
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( l e s s  t han . 2 s e c onds )  e l e c t r i c a l  powe r  i nt e r r up t i on i s  e xpe r i e nc e d  by  t he
CVR r e c or de r  a t  0 9 0 0 : 2 2 . 9 j us t  a f t e r  t he  c a l l o ut  o f  an "Eng i ne  f a i l ur e " by
one  o f  t he  c r e wme mbe r s . A c a l l o ut  by  t he  c ap t a i n o f  "FULL POWER" was
r e c or de d  0 . 6  s e c onds  p r i o r  t o  t he  s ound  o f  t he  f i r s t  i mpac t . The  s ound  o f
t he  f i r s t  i mpac t  was  r e c or de d  a t  0 9 0 0 : 3 5 . 3 ,  f o l l owe d  by  t hr e e  mor e  d i s t i nc t
i mp a c t  s o und s  o v e r  t he  f i na l  4  s e c o nd s  o f  t he  r e c o r d i ng .

A "s na p " s ound  i s  he ar d  on t he  CVR a t  0 9 0 0 : 1 2 . 5 whi c h was  be l i e v e d
t o  hav e  be e n pr oduc e d  by  t he  l and i ng  ge ar  down- l oc k  s o l e no i d  mov i ng  t o  t he
r e t r a c t e d  p o s i t i o n. A s t udy  was  unde r t ake n t o  c ompar e  t he  s ound  s i gna t ur e  o f
t he " s  na p  " wi t h s e v e r a l  o t he r  r e c or d i ngs  o f  t he  l and i ng  ge ar  s o l e no i d
r e t r ac t i ng  on s i mi l a r  mode l  Boe i ng  727  a i r p l ane s . Two  o f  t he  c ompar i s on
r e c or d i ngs  we r e  made  on r e gul ar l y  s c he dul e d  r e v e nue  De l t a  f l i ght s .  The  t hi r d
c ompar i s on was  a  r e c or d i ng  o f  t he  s o l e no i d  be i ng  manua l l y  ac t ua t e d  by  g r ound
p e r s o nne l . The  r e s ul t s  o f  t he  s t udy  i nd i c a t e d  t ha t  t he r e  was  an i nc onc l us i v e
e ne r gy  v e r s us  f r e que nc y  ma t c h be t we e n t he  t e s t  r e c or d i ngs  and  t he  ac c i de nt
a i r p l ane ' s  "s nap" s ound  t o  pos i t i v e l y  s t a t e  t ha t  t he  s our c e  o f  t he  s nap  was
t he  r e t r a c t i o n o f  t he  l a nd i ng  g e a r  s o l e no i d .

The  s t udy  o f  t he  CVR d i d  no t  d i s c l o s e  a  s ound  whi c h c oul d  be
as s oc i a t e d  wi t h t he  mov e me nt  o f  t he  f l ap  c ont r o l  l e v e r  t o  e i t he r  extend or
r e t r a c t  t he  f l a p s .

1 . 1 1 . 2 The Flight Data Recorder

The  f o i l  t y pe  r e c or de r  r e c or de d  t he  a i r p l ane ' s  a l t i t ude ,  i nd i c a t e d
a i r s pe e d ,  magne t i c  he ad i ng ,  nor mal  ac c e l e r a t i on ( i . e . ,  p e r pe nd i c ul ar  t o  t he
a i r p l ane  l ong i t ud i na l  ax i s ) ,  a s  we l l  a s mi c r ophone  ke y i ng ,  and  t i me . The
a l umi num f o i l  r e c or d i ng  me d i um was  r e mov e d  wi t h a l l  par ame t e r  and  anc i l l a r y
t r ac e s  p r e s e nt . The r e  was  a  s l i ght  j ump  i n t he  a l t i t ude  r e c or d i ng  dur i ng
t ake o f f  whi c h was  c ons i de r e d  t o  be  due  t o  a  s t i c k i ng  ne e d l e . The r e  we r e  no
i nd i c a t i ons  o f  r e c or de r  ma l f unc t i on or  r e c or d i ng  abnor mal i t i e s  dur i ng  t he
p r e v i o us  t a k e o f f  a t  J a c k s o n,  Mi s s i s s i p p i .

1 . 1 2 Wreckage and Impact Information

1.12.1 Impact Marks and Ground Damage

The  f i r s t  i mpac t  mar k  was  made  by t he  t a i l  s k i d  c ont ac t i ng  t he
r unway  c e nt e r l i ne  and  a  r unway  c e nt e r l i ne  l i ght  be t we e n t a x i wa y s  27  and  29 ,
a t  a  d i s t anc e  o f  appr ox i mat e l y  4 , 990  f e e t  prior to the departure end of
r unway  18L ( s e e  f i gur e  5 ) . About  650  f e e t  f r om t hi s  po i nt ,  t he  r i ght  wi ng
t i p  s t r uc k  t he  r i ght  s i de  o f  t he  r unway  ne ar  t a x i wa y 29 ,  appr ox i mat e l y
4 , 340  f e e t  p r i o r  t o  t he  de par t ur e  e nd  o f  r unway  1 8 L.  The  t a x i wa y mar ke r s  f o r
taxiways  31 and 32 were found knocked over,
i mp a c t  d a ma g e .

but  t he y  d i d  no t  e xhi b i t  any
Add i t i ona l l y ,  t he  g r as s  was  f ound  t o  be  s c or c he d  be t we e n t he

e nd  o f  t he  r unway  and  t he  I LS ant e nna . Appr ox i ma t e l y  5 , 300  f e e t  f r om t he
po i nt  o f  t he  r i ght  wi ng  t i p  r unway  c ont ac t ,  and  appr ox i ma t e l y  900  f e e t  be y ond
t he  de par t ur e  e nd  o f  r unway  1 8 L,  t he  a i r p l ane  i mpac t e d  and  de s t r oy e d  t he  I LS
l o c a l i z e r  ant e nna . Fr om t hi s  po i nt  and  be y ond ,  a i r p l ane  c ompone nt s  s uc h a s
t he  r i ght  wi ng  t i p  and  por t i ons  o f  t he  r i ght  i nboar d  and  out boar d  a i l e r ons
b e g a n s e p a r a t i ng  f r o m t he  a i r p l a ne .
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Af t e r  f i r s t  i mpac t i ng  t he  ant e nna  i ns t a l l a t i on,  t he  a i r p l ane
r e mai ne d  a i r bor ne  f o r  an add i t i ona l  400  f e e t ,  t he n s t r uc k  t he  g r ound  wi t h t he
mai n l and i ng  ge ar  whe e l s  whi c h p r oduc e d  a  350 - f oo t  l i ne ar  g r ound  de pr e s s i on.
The  a i r p l ane  t he n t r av e r s e d  a  g r ound  de pr e s s i on t ha t  was  appr ox i mat e l y
150  f e e t  wi de  and  16  f e e t  de e p . As  t he  a i r p l ane  c r os s e d  t he  de pr e s s i on,  i t
i mpac t e d  t he  g r ound  on t he  f a r  s i de . The  a i r p l ane  t r ac k  t he n be gan t o
gr adua l l y  s we r v e  t o  t he  r i ght  o f  t he  e x t e nde d  r unway  c e nt e r l i ne .  Thi s  por t i on
o f  t he  wr e c k a g e  t r a c k  wa s  a p p r o x i ma t e l y  8 0 0  f e e t  l o ng .

The  l a s t  600  f e e t  o f  t he  wr e c kage  t r ac k  i nd i c a t e d  t ha t  t he
r e mai ni ng  a i r p l ane  s t r uc t ur e  s l i d  s i de way s ; mos t  o f  t he  r i ght  wi ng  s t r uc t ur e
out boar d  o f  t he  c e nt e r  f ue l  t ank  had  d i s i nt e gr a t e d ,  unt i l  i t  c ame  t o  r e s t
ne ar  t he  a i r por t  boundar y  f e nc e  l oc a t e d  appr ox i ma t e l y  3 , 200  f e e t  f r om t he
de par t ur e  e nd  o f  r unway  18L.  ( Se e  f i gur e  1 . )

1 . 1 2 . 2 Airplane Damage

The  r e s pe c t i v e  ac t ua t or s  f o r  t he  nos e  and  ma i n l and i ng  ge ar s  we r e
i n t he  e x t e nde d  pos i t i ons . The  t a i l  s k i d  s hoe  was  i nt ac t  and  e xhi b i t e d
e v i de nc e  o f  g r ound  c ont ac t  wi t h a  r unway  l i ght . Al t hough t he  t a i l  s k i d
c ar t r i dge  s us t a i ne d  s ome  damage  a t  t he  e nd  on one  s i de ,  t he  c ar t r i dge  was
i nt ac t  and  s howe d  no  e v i de nc e  o f  be i ng  c ompr e s s e d ,  whi c h woul d  i nd i c a t e  l i ght
c ont ac t  be t we e n t he  s k i d  and  t he  r unway . A r unway  c e nt e r l i ne  l i ght  had  a
s e r i e s  o f  gouge s  and  r i dge s  t ha t  ma t c he d  t he  r i dge s  and  gouge s  on t he  t a i l
s k i d  s ho e .

The  Nos .  1  and  2  e ng i ne s  r e mai ne d  wi t h t he  e mpe nnage .  The  No .  3
e ng i ne  Se p a Fa t e d f r om t he  e mpe nnage . Mos t  o f  t he  e x t e r na l  har dwar e  and
ac c e s s or i e s  s e par a t e d  f r om t he  No . 3  e ng i ne  dur i ng  t he  CFa Sh s e que nc e  and
we r e  f r a g me nt e d . On s c e ne  i ns pe c t i on o f  t he  Nos .  1  and  2  e ng i ne s  f ound  t ha t
t he  NI  r o t o r s  r o t a t e d  f r e e l y  wi t h no  e ng i ne  c as e  pe ne t r a t i ons .  The r e  was  no
damage  t o  t he  i nl e t  gui de  v ane s  and  no  e v i de nc e  o f  b i r d  i nge s t i on.

The  No .  3  e ng i ne  c or e  was  appr ox i ma t e l y  500  f e e t  nor t h o f  t he  ma i n
wr e c k a g e . The r e  was  no  e v i de nc e  o f  b i r d  i nge s t i on.  Al l  1 s t  s t age  f an b l ade s
had  l e ad i ng  and  t r a i l i ng  e dge  damage . The  2nd  s t age  f an b l ade s  had  s e v e r e
damage  t o  t he  l e ad i ng  and  t r a i l i ng  e dge s  and  we r e  be nt  oppos i t e  t o  t he
d i r e c t i on o f  r o t a t i on. No  t he r mal  damage  or  d i s t r e s s  was  obs e r v e d  i n t he
t ur b i ne  a r e a .

The  t hr us t  r e v e r s e r s  f o r  a l l  t hr e e  e ng i ne s  we r e  i n t he  s t owe d
p o s i t i o n. The  r e v e r s e r s  f o r  t he  Nos .  1  and  2  e ng i ne s  we r e  f ound  a t t ac he d  t o
t he i r  r e s pe c t i v e  e ng i ne s . The  No .  2  e ng i ne  l owe r  t hr us t  r e v e r s e r  ac t ua t or
f a i r i ng  was  c r us he d  i nwar ds . I t  c ont a i ne d  p i e c e s  o f  t he  I LS e l e c t r i c a l
j unc t i on box  and  o t he r  e v i de nc e  o f  g r ound  c ont ac t .

Shor t l y  a f t e r  t he  ac c i de nt ,  t he  t hr e e  e ng i ne s  we r e  d i s a s s e mbl e d  a t
t he  f ac i l i t y  o f  t he  e ng i ne  manuf ac t ur e r . The  No .  3  e ng i ne ' s  2nd  t hr ough
6 t h,  8 t h,  9 t h and  11 t h c ompr e s s or  s t age s  had  b l ade s  whi c h we r e  be nt  oppos i t e
t o  t he  d i r e c t i on o f  r o t a t i on. The  i ns pe c t i on o f  t he  e ng i ne s  d i s c l o s e d  no
me c hani c a l  p r ob l e ms  t ha t  woul d  hav e  p r e c l ude d  nor mal  ope r a t i on pr i o r  t o
i mp a c t .
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Fuselage and Empennage.--The f us e l age  had  s e par a t e d  i nt o  t hr e e
ma j o r  s e c t i o ns : ( 1 )  t he  f o r war d  s e c t i on c ons i s t e d  o f  t he  nos e  f o r war d  o f
f us e l age  s t a t i on ( FS) - 420  ( s e e  f i gur e  6 ) ; ( 2 )  t he  c e nt e r  f us e l age  s e c t i on
i nc l ude d  t he  body  s t r uc t ur e  be t we e n FS- 420  and  FS- 95Oc ;  and  ( 3 )  t he  a f t
f us e l age  s e c t i on e x t e nde d  f r om FS- 95Oc  a f t  t o  t he  e nd  o f  t he  No .  2  e ng i ne
t a i l p i p e .

The  f o r war d  f us e l age  s e c t i on had  r o t a t e d  t o  t he  l e f t  about  4 5 O.
The  e nt i r e  l owe r  f us e l age  s t r uc t ur e  s us t a i ne d  v ar i ous  de gr e e s  o f  t e ar i ng ,
buc k l i ng  and  ge ne r a l  ov e r a l l  d i s t o r t i on. Some  s oo t i ng  was  no t e d  i n t he  a r e a
b e t we e n t he  f i r s t  o f f i c e r ' s  s i d e  wi nd o w a nd  t he  s e p a r a t i o n.

The  c e nt e r  f us e l age  s e c t i on c ame  t o  r e s t  r i ght  s i de  up  and  was
s uppor t e d  by  t he  l e f t  wi ng  and  r i ght  wi ng  c e nt e r  s e c t i on. The  l e f t  s i de
f or war d  o f  FS7 2 0 e s howe d  no  e v i de nc e  o f  f i r e  damage  and  a l l  pas s e nge r  wi ndows
we r e  i nt ac t . Howe v e r ,  t he  l e f t  s i de  be t we e n FS- 720e  and  FS- 95Oc  had
s us t a i ne d  v ar y i ng  de gr e e s  o f  f i r e  damage . I n t he  ge ne r a l  a r e a  o f  FS- 9 5 Oc ,
s o me  f us e l a g e  s t r uc t ur e  ha d  b e e n c o ns ume d  b y  f i r e .

The  r i ght  s i de  o f  t he  c e nt e r  f us e l age  s e c t i on be t we e n FS- 420  and
FS- 95Oc  a l s o  c ont a i ne d  f i r e  damage  wi t h s ome  f us e l age  a r e as  t o t a l l y  c ons ume d
b y  f i r e . Al l  p a s s e ng e r  wi nd o ws  o n t he  r i g ht  s i d e  we r e  mi s s i ng  o r  me l t e d .

The  f us e l age  c r own be t we e n FS- 450  and  FS- 680  f r om t he  t op  o f  t he
pas s e nge r  wi ndow l i ne  on t he  r i ght  s i de  t o  t he  t op  o f  t he  De l t a  l ogo  on t he
l e f t  s i de  was  c ons ume d  by  f i r e . Ano t he r  a r e a  o f  t he  t op  f us e l age ,  be t we e n
FS- 7 2 0 ~ and  FS- 840 ,  was  c ons ume d  by  f i r e  f r om t he  t op  o f  t he  r i ght  f o r war d
o v e r wi ng e me r ge nc y  e x i t  door  t o  t he  f us e l age  c e nt e r l i ne .

The  a f t  f us e l age  s e c t i on had  r o l l e d  t o  t he  l e f t  and  r o t a t e d
c ount e r c l oc kwi s e  about  4 5 0 . The  a f t  f us e l age  s k i n s t r uc t ur e  be t we e n FS- 950c
and  FS- 950e  on t he  l e f t  s i de  was  c ons ume d  by  f i r e . The  a f t  f us e l age  s k i n
s t r uc t ur e  on t he  r i ght  s i de  be t we e n FS- 950e  and  FS- 1030  was  f ound  l ay i ng  on
t he  g r ound  a l ongs i de  t he  f us e l age . The  e nt i r e  a f t  f us e l age  s e c t i on
g e ne r a l l y  s us t a i ne d  v a r i o us  d e g r e e s  o f  b r e a k up  a nd  f i r e  d a ma g e .

V e r t i c a l / H o r i z o n t a l  StabSlizer . - - The  v e r t i c a l / hor i z ont a l
s t ab i l i z e r  a s s e mb l y  had  f o l de d  downwar d  t o  t he  l e f t .  I t  was  ne ar l y  i nv e r t e d
but  s t i l l  par t i a l l y  a t t ac he d  t o  t he  l owe r  por t i on o f  t he  v e r t i c a l  s t ab i l i z e r
b y  s e v e r a l  s t r i ng e r s .

L e f t  W i n g . - - The l e f t  wi ng  was  c ompl e t e  and  a t t ac he d  t o  t he
f us e l age  wi t h v ar y i ng  de gr e e s  o f  g r ound  i mpac t ,  he a t ,  and  f i r e  damage
t hr o ug ho ut . Al l  f l i ght  c ont r o l  s ur f ac e s  e xc e p t  f o r  t he  out boar d  t r a i l i ng
e dge  f l ap  a s s e mbl y  r e mai ne d  a t t ac he d- t o  t he  wi ng . The  l e f t  wi ng  l owe r
s ur f ac e  was  i nt ac t  but  c ont a i ne d  s p a nwi s e s c r a t c h and  s c uf f  mar ks .

Right Ying. - - The  e nt i r e  r i g ht  wi ng  a s s e mb l y  wa s  f r a g me nt e d  a nd  t he
p i e c e s  we r e  Fe COVWe d a l ong  t he  e nt i r e  wr e c kage  pa t h.  Mos t  o f  t he  f r agme nt e d
wi ng  p i e c e s  s us t a i ne d  f i r e  damage . The  wi ng  t i p  l e ad i ng  e dge  l owe r  s ur f ac e
e xhi b i t e d  a  de e p  l a t e r a l  c ompr e s s i on buc k l e . The  o ut b o a r d  t r a i l i ng  e d g e  t i p ,
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a nd  s t a t i c  wi c k  we r e  p a r t i a l l y  g r o und  a wa y . The  p o s i t i o n l i g ht  b o o m,  l o c a t e d
i nboar d  o f  t he  t i p  out boar d  e nd , had  a l s o  be e n par t i a l l y  g r ound  away  on i t s
l owe r  s ur f ac e ,  wi t hi n 8  i nc he s  f r om i t s  a f t  e nd . The  d i s t anc e  be t we e n t he
l i ght  boom and  t he  t r a i l i ng  e dge  t i p  was  e qua l  t o  t he  d i s t anc e  be t we e n t he
ma r k s  f o und  o n t he  r unwa y .

wing - Center Section . - - The l e f t  s i de  o f  t he  wi ng  c e nt e r  s e c t i on
up p e r  s ur f a c e , abov e  t he  ma i n l and i ng  ge ar  s t r ut  we l l ,  appr ox i ma t e l y  5  f e e t
out boar d  o f  t he  f us e l age , e xhi b i t e d  a  1 5 - i nc h bur nt hr ough t r i angul ar  ho l e .
The  uppe r  wi ng  s ur f ac e  a t  t he  l e f t  wi ng  r oo t  f i l l e t  pane l  e xhi b i t e d  a  4 -  by
3 - f oo t  bur n- t hr ough ho l e  t ha t  pe ne t r a t e d  i nt o  t he  whe e l  we l l .  The  l e f t  ma i n
l and i ng  ge ar  a s s e mbl y  was  a t t ac he d  t o  t he  l e f t  s i de  o f  t he  wi ng  c e nt e r
s e c t i o n. The r e  was  no  e v l ' d e nc e  o f  p r e i mpac t  f a i l ur e  o f  t he  wi ng  c e nt e r
s e c t i o n.

S p o i l e r  S y s t e a . - - The  ar e a  i n t he  r i ght  whe e l  we l l  whe r e  t he
s po i l e r  mi xe r  i s  l oc a t e d  had  s us t a i ne d  s e v e r e  f i r e  damage ,  but  t he  mi xe r
c o ul d  b e  mo v e d . The  s pr i ng  c ar t r i dge  r od  f r om t he  a i l e r on powe r  c ont r o l - uni t
and  t he  mi xe r  c ont r o l  r od  f r om t he  s po i l e r  r a t i o  c hange r  we r e  s e v e r e d  by
f i r e . The  s po i l e r  c ont r o l  c ab l e s  t o  t he  l e f t  wi ng  we r e  i nt ac t ,  and  t he
c ab l e s  t o  t he  r i ght  wi ng  we r e  a t t ac he d  but  s l ac k .  The  s pe e dbr ake  c ab l e  was
a t t a c he d  b ut  wa s  f o und  s l a c k .

The  i nboar d  s po i l e r  s hut - o f f  v a l v e  l e v e r  i n t he  r i ght  whe e l  we l l
was  i n t he  No .  1 ,  o r  nor mal ,  pos i t i on. The  out boar d  s po i l e r  s hut - o f f  v a l v e
i n t he  l e f t  whe e l  we l l  was  c ons ume d  by  f i r e . The  g r ound  s po i l e r  c ont r o l
v a l v e  c r ank  r i g  p i n ho l e  was  a l i gne d . The  g r ound  s po i l e r  by - pas s  v a l v e  i n
t he  l e f t  whe e l  we l l  wa s  d a ma g e d  b y  t he  g e a r  c o l l a p s e  b ut  mo v e d  f r e e l y .

Al l  t he  s po i l e r  pane l s  on t he  l e f t  wi ng ,  e xc e p t  g r ound  s po i l e r
No .  6 ,  we r e  i n t he  s t owe d  pos i t i on and  l oc ke d . Al l  s po i l e r  i ns t a l l a t i ons
a p p e a r e d  no r ma l  e x c e p t  f o r  b e i ng  s mo k e  c o v e r e d .

The  No .  6  s po i l e r  c oul d  be  r a i s e d  manua l l y . The  ac t ua t or  was
s ubs e que nt l y  r e mov e d  and  t e s t e d  a t  t he  a i r l i ne ' s  f ac i l i t y . The  ac t ua t or  was
f ound  t o  be  f unc t i ona l , but  t he  ad j us t me nt  o f  t he  ov e r c e nt e r  me c hani s m
p r e v e nt e d  d o wnl o c k i ng .

On t he  r i ght  wi ng , t he  f our  out boar d  f l i ght  s po i l e r  pane l s  wi t h
t he i r  r e s pe c t i v e  ac t ua t or s  and  r e ar  wi ng  s par  a t t ac hme nt s  s e par a t e d  f r om t he
wi ng . Al l  we r e  f ound  t o  be  i n t he  s t owe d  pos i t i on and  l oc ke d .  The  r e ma i ni ng
f l i ght  s po i l e r  was  l oc a t e d  i n t he  f us e l age / r i ght  wi ng  ar e a  o f  t he  wr e c kage
j us t  out boar d  o f  t he  l and i ng  ge ar  s uppor t  be am. Af t e r  t he  ac c i de nt ,  t he
as s e mbl y  was  f ound  a t t ac he d  t o  t he  s po i l e r  be am,  and  t he  ac t ua t or  was  f ound
i n t he  e x t e nd e d  p o s i t i o n. The  g r o und  s p o i l e r s  we r e  mo s t l y  c o ns ume d  b y  f i r e .

T r a i l i n g  E d g e  F l a p  S y s t e m . - - The  f l ap  c ont r o l  me c hani s m i n t he
c oc kp i t  a r e a  was  f ound  i n t he  f l ap  up  pos i t i on. The
me c hani s m was  i nt ac t  and  f unc t i o na l .  .

( Se e  f i gur e  7 . )
The  f l ap  hand l e  s p r i ng  t e ns i on was

nor mal . Th e  f lap control  cables were attached,  and continuity was
established to the forward fuselage break. From the fuselage break, fu;$;,r
c ont i nui t y  o f  t he  c ab l e s  was  e s t ab l i s he d  t o  t he  out boar d  f l ap  c ont r o l
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l oc a t e d  a t  t he  f o r war d  wa l l  o f  t he  r i ght  whe e l  we l l .  Mov e me nt  o f  t he  c ab l e s
a t  t he  f us e l age  b r e ak  p r oduc e d  a  c or r e s pond i ng  mov e me nt  o f  t he  out boar d  f l ap
c o nt r o l  v a l v e  i np ut  l i nk a g e .

El e c t r i c a l  c o nt i nui t y  o f  wi r i ng  f r o m t he  P6  c i r c ui t  b r e a k e r  p a ne l ,
whi c h c ont r o l s  t he  f l i ght  c ont r o l  war ni ng  s y s t e m t o  t he  a l t e r na t e  f l aps
ma s t e r  s wi t c h,  wa s  v e r i f i e d .

The  out boar d  f l ap  powe r  d r i v e  uni t ,  l oc a t e d  i n t he  r i ght  whe e l
we l l ,  s us t a i ne d  s ubs t ant i a l  f i r e  damage . The  f o l l ow- up  c ab l e  f r om t he  d r i v e
t o  t he  c ab l e  d r um was  i nt ac t , and  t he  r i g  p i n ho l e  o f  t he  d r um was
pos i t i one d  a t  l / 3 t o  l / 2 ho l e - d i ame t e r  f r om t he  f ul l  up  pos i t i on. The  l e f t
wi ng  out boar d  f l ap  t o r que  t ube  was  i nt ac t  t hr oughout  t he  l e f t  wi ng . The
r i ght  wi ng  out boar d  f l ap  t o r que  t ube  was  s e v e r e d  by  f i r e  a t  t he  r i ght  s i de
o f  t he  r i g ht  whe e l  we l l .

The  o ut b o a r d  f l a p  a l t e r na t e  d r i v e  me c ha ni s m i n t he  l e f t  whe e l  we l l
s us t a i ne d  s e v e r e  f i r e  d a ma g e . Al l  e l e c t r i c a l  wi r e s  we r e  a t t ac he d  wi t h t he i r
i ns ul a t i o n b ur ne d  o f f . The  ge ar box  c oul d  be  t ur ne d  by  hand ,  and  no  e x t e r na l
d a ma g e  o t he r  t ha n f i r e  d a ma g e  wa s  e v i d e nt .

The  l e f t  wi ng ' s  out boar d  f l ap  pos i t i on t r ans mi t t e r  was  f ound
i nt a c t  i n t he  l e f t  wi ng . The  r i ght  wi ng ' s  out boar d  f l ap  pos i t i on t r ans mi t t e r
was  a t t ac he d  t o  a  por t i on o f  t he  s po i l e r  be am t ha t  was  f ound  i n t he  mo l t e d
a r e a  o f  t he  r i g ht  wi ng  a t  t he  f us e l a g e .

The  c ab l e s  f r om t he  out boar d  f l ap  c ont r o l  v a l v e  t o  t he  quadr ant  on
t he  a f t  wa l l  o f  t he  r i ght  whe e l  we l l  we r e  i nt ac t .  The  c ab l e s  we r e  i n t he i r
r e s pe c t i v e  pul l e y  g r oov e s . The  quadr ant  had  mov e d  f o r war d  and  t he  c ab l e s
we r e  s l a c k . The  c ont r o l  r od  f r om t he  quadr ant  t o  t he  i nboar d  f l ap  c ont r o l
v a l v e ,  l oc a t e d  a t  t he  a f t  wa l l  o f  t he  l e f t  whe e l  we l l ,  had  s e par a t e d  f r om t he
q ua d r a nt . The  out boar d  f l ap  by - pas s  v a l v e  was  i n t he  No .  1 ,  o r  nor mal
pos i t i on,  t he  i nboar d  f l ap  by - pas s  v a l v e  was  i n t he  No .  2 ,  by - pas s ,  pos i t i on.

The  a r e a  o f  t he  l e f t  whe e l  we l l  whi c h c ont a i ne d  t he  i nboar d  f l ap
c ont r o l  v a l v e  was  bur ne d  and  t he  f o l l ow- up  me c hani s m,  f r om t he  i nboar d  f l ap
powe r  d r i v e  uni t  t o  t he  i nboar d  f l ap  c ont r o l  v a l v e ,  had  be e n c ons ume d  by
f i r e . The  c ont r o l  r od  a t t ac he d  t o  t he  i nboar d  f l ap  c ont r o l  v a l v e  was  i n a
f l ap  up  pos i t i on. The  f o l l ow- up  c ha i n/ c ab l e  was  f ound  l ay i ng  on t he  powe r
d r i v e  uni t  a nd  wa s  no t  b r o k e n.

The  i nboar d  f l ap  powe r  d r i v e  uni t  was  j amme d . The  r i ght  wi ng ' s
i nboar d  f l ap  t o r que  t ube  l e ad i ng  t o  t he  a l t e r na t e  d r i v e  ge ar box  l oc a t e d  i n
t he  r i ght  whe e l  we l l  was  i nt ac t . The  r i ght  wi ng  i nboar d  f l ap  t o r que  t ube ,
f r om t he  ge ar  box  t o  t he  r i ght  wi ng , was  bur ne d  o f f  j us t  out boar d  o f  t he
g e a r b o x .

The  i nb o a r d  f l a p  a l t e r na t e  d r i v e  me c ha ni s m i n t he  r i g ht  whe e l  we l l
s us t a i ne d  s e v e r e  f i r e  d a ma g e . Al l  e l e c t r i c a l  wi r e s  we r e  a t t ac he d  wi t h t he i r
i ns ul a t i on bur ne d  o f f . The  ge ar box  c oul d  no t  be  t ur ne d  by  hand  due  t o  t he
j amme d  i nboar d  f l ap  powe r  d r i v e  uni t . Sl i ght  mov e me nt  o f  t he  t o r que  t ube
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c onne c t i ng  t he  ge ar box  t o  t he  powe r  d r i v e  uni t  i nd i c a t e d  t ha t  t he  ge ar box
wo ul d  t ur n.

The  l e f t  wi ng ' s  i nboar d  f l ap  pos i t i on t r ans mi t t e r  was  i nt ac t  but
s l i ght l y  damage d  by  i mpac t . The  r i ght  wi ng ' s  i nboar d  f l ap  pos i t i on
t r ans mi t t e r  was  f ound  s e par a t e d  i nt o  t wo  p i e c e s  a l ong  t he  wr e c kage  de br i s
p a t h.

The  l e f t  wi ng ' s  out boar d  f l ap  had  s e par a t e d  f r om t he  wi ng  wi t h t he
f l ap  t r ac ks  and  c ar r i age s  a t t ac he d . Bo t h ac t ua t or s  we r e  de t ac he d . The
out boar d  ac t ua t or  a s s e mbl y  r e mai ne d  a t t ac he d  t o  t he  wi ng ,  and  t he  i nboar d
ac t ua t or  a s s e mbl y  had  p i e r c e d  t he  f us e l age  j us t  a f t  o f  t he  No .  1  e ng i ne  c owl .
The  b a l l nut s  on bo t h j ac ks c r e ws  we r e  wi t hi n one  t ur n o f  t he  up s t o p ,  and  bo t h
b a l l nut s  c oul d  be  r o t a t e d  f r e e l y .

The  l e f t  wi ng ' s  i nboar d  f l ap  was  a t t ac he d  t o  t he  wi ng  and  was  i n
t he  r e t r a c t e d  p o s i t i o n.

Por t i ons  o f  t he  r i ght  wi ng  i nboar d  f l ap  we r e  f ound  t hr oughout  t he
wr e c kage  de br i s  pa t h. The  ma j or  por t i on o f  t he  i nboar d  f l ap  was  f ound  wi t h
t he  f o r e  f l ap  a t t ac he d  by  i t s  i nboar d  t r ac k  but  o t he r wi s e  s e par a t e d  f r om t he
a s s e mb l y . The  mi d - f l ap  and  a f t  f l ap  we r e  i nt ac t ,  e xc e p t  f o r  a  s ma l l  a r e a  o f
t he  i nboar d  e nd  o f  t he  mi d  f l ap  and  t he  a r e a  whe r e  t he  a f t  f l ap  a t t ac he d  t o
i t s  i nboar d  t r ac k . The  out boar d  t r ac k  c ar r i age  was  a l s o  a t t ac he d . The
i nb o a r d  t r a c k  c a r r i a g e , t he  i nboar d  and  out boar d  t r ac ks ,  and  t he  i nboar d  and
o ut b o a r d  a c t ua t o r  a s s e mb l i e s  we r e  no t  a t t a c he d .

The  r i ght  wi ng ' s  i nboar d  ac t ua t or  a s s e mbl y  t r ans mi s s i on ge ar box
and  j ac ks c r e w we r e  f ound  s e par a t e l y  i n t he  wr e c kage  de br i s  pa t h. The
t r ans mi s s i on ge ar box  was  c r us he d  and  c oul d  no t  be  t ur ne d  by  hand . The
b a l l nut  on t he  j ac ks c r e w was  aga i ns t  t he  up s t o p , was  j amme d ,  and  c oul d  no t
b e  t ur ne d  b y  ha nd .

The  r i ght  wi ng ' s  out boar d  ac t ua t or  a s s e mbl y  was  a l s o  f ound  i n t he
wr e c k a g e  d e b r i s  p a t h. The  b a l l nut  was  1  l / 2 t ur ns  f r om t he  up s t o p ,  and  bo t h
t he  b a l l nut  and  t r ans mi s s i on we r e  f r e e  t o  r o t a t e .

Por t i ons  o f  t he  r i ght  wi ng  out boar d  f l ap  we r e  f ound  t hr oughout  t he
wr e c kage  de br i s  pa t h. The  out boar d  j ac ks c r e w c ov e r  s howe d  e v i de nc e  o f
c ont ac t  wi t h g r av e l . Gr av e l  was  p r e s e nt  a t  t he  I LS ant e nna  i ns t a l l a t i on
mo und . The  out boar d  t r ac k  was  f ound  a t t ac he d  t o  a  p i e c e  o f  t he  l owe r  s k i n.
The  f o r e  f l ap  s e que nc e  c ar r i age  was  f ound  i n p l ac e  on i t s  t r ac k ,  c apab l e  o f
s l i d i ng  a l o ng  t he  t r a c k . The  out boar d  e nd  o f  t he  mi d  f l ap  was  f ound  wi t h t he
c ar r i age  and  ac t ua t or  a s s e mbl y  a t t ac he d . The  b a l l nut  on t he  j ac ks c r e w was
2 - t ur ns  f r om t he  up s t o p , and  bo t h t he  b a l l nut  and  t r ans mi s s i on c oul d  r o t a t e
f r e e l y .

The  i nboar d  e nd  o f  t he  r i ght  wi ng ' s  out boar d  f l ap  was  f ound  wi t h
t he  f o r e  f l ap ,  a f t  f l ap ,  c ar r i age , and  ac t ua t or  a s s e mbl y  a t t ac he d . The
b a l l nut  on t he  j ac ks c r e w was  l e s s  t han l - t ur n f r om t he  up s t o p .  The  ge ar box
~I I J J ; ;

i !
was  f r ac t ur e d  i n t he  p l ane  o f  t he  d r i v e  t o r que  t ube .
and  t r ans mi s s i on c oul d  be  r o t a t e d  f r e e l y .

Howe v e r ,  t he
The  i nboar d  t r ac k  had
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s e par a t e d  and  had  be e n s t r i ppe d  o f  a l l  c ompone nt s  e xc e p t  f o r  t he  f o r e  f l ap
s e q ue nc e  c a r r i a g e  whi c h c o ul d  b e  s l i d  a l o ng  t he  t r a c k .

Leading Edge  Flap and Slat Sy s t e m. - - At  t he  f o r war d  wa l l  o f  t he
r i ght  whe e l  we l l  t he  i nput  r od  f r om t he  f l ap  s y s t e m f o l l ow- up  dr um t o  t he
l e ad i ng  e dge  f l a b and  s l a t  c ont r o l  v a l v e  was  a t t ac he d  t o  bo t h de v i c e s  and
b e nt . The  r i g  p i n ho l e  i n t he  c ont r o l  v a l v e  c r ank  was  pos i t i one d  a t  l / 3 t o
l / 2 ho l e - d i ame t e r  f r om t he  f ul l  up  pos i t i on.  The  c ont r o l  v a l v e  c oul d  no t  be
mo v e d  b y  ha nd .

The  A hy d r a ul i c  s y s t e m l e a d i ng  e d g e  b y p a s s  v a l v e  wa s  i n t he  No .  1 ,
o r  no r ma l ,  p o s i t i o n.

The  l e f t  wi ng  No . 1  s l a t  was  e x t e nde d  f r om t he  r e t r ac t e d  pos i t i on
and  r e s t i ng  on t he  g r ound . The  uppe r  f a i r i ng  was  e x t e nde d  appr ox i ma t e l y
2  i nc he s  f r om t he  f ul l y  r e t r ac t e d  pos i t i on,  and  t he  ac t ua t or  r od  was  out  o f
t he  up l o c k pos i t i on. Whe n t he  wi ng  was  r a i s e d , t he  s l a t  c oul d  no t  be  mov e d
b y  ha nd  d ue  t o  f i r e  a nd  i mp a c t  d a ma g e .

The  l e f t  wi ng ' s  No . 2  s l a t  was  e x t e nde d  f r om t he  r e t r ac t e d
pos i t i on and  r e s t i ng  on t he  g r ound . The  uppe r  f a i r i ng  was  e x t e nde d
appr ox i ma t e l y  4  3 / 4 t o  5  i nc he s  f r om t he  f ul l y  r e t r ac t e d  pos i t i on,  and  t he
ac t ua t or  r od  was  out  o f  t he  up l o c k pos i t i on. Whe n t he  wi ng  was  l i f t e d ,  t he
s l a t  mov e d  down s l i ght l y , but  no t  t o  t he  f ul l y  e x t e nde d  pos i t i on. I t  wa s
de t e r mi ne d  f r om s moke  s t a i ns  t ha t  t he  s l a t  ac t ua t or  r od  had  be e n e x t e nde d
6  l / 2 i nc he s  p r i o r  t o  t he  wi ng  be i ng  r a i s e d .

The  l e f t  wi ng ' s  No . 3  s l a t  was  e x t e nde d  f r om t he  r e t r ac t e d
pos i t i on and  r e s t i ng  on t he  g r ound . The  uppe r  f a i r i ng  was  e x t e nde d
appr ox i ma t e l y  4  3 / 4 t o  5  i nc he s  f r om t he  f ul l y  r e t r ac t e d  pos i t i on,  and  t he
ac t ua t or  r od  was  out  o f  t he  up l o c k pos i t i on. Whe n t he  wi ng  was  r a i s e d ,  t he
s l a t  mov e d  down s l i ght l y , but  no t  t o  t he  f ul l y  e x t e nde d  pos i t i on. I t  wa s
de t e r mi ne d  f r om s moke  s t a i ns  t ha t  t he  s l a t  ac t ua t or  r od  was  e x t e nde d
7  i nc he s  p r i o r  t o  t he  wi ng  b e i ng  l i f t e d .

The  l e f t  wi ng ' s  No . 4  s l a t  was  i n t he  r e t r ac t e d  and  up l o c k
p o s i t i o n. Whe n t he  wi ng  was  l i f t e d ,  t he  s l a t  c oul d  no t  be  mov e d  by  hand  due
t o  i mp a c t  d a ma g e .

The  l e f t  wi ng ' s  No . 1  l e ad i ng  e dge  ( Kr ue ge r )  f l ap  was  e x t e nde d
f r om t he  r e t r ac t e d  pos i t i on and  r e s t i ng  on t he  g r ound .  The  uppe r  f a i r i ng  was
e x t e nd e d  a p p r o x i ma t e l y  2  i nc he s  f r o m t he  f ul l y  r e t r a c t e d  p o s i t i o n.

The  l e f t  wi ng ' s  No . 2  l e ad i ng  e dge  f l ap  was  e x t e nde d  f r om t he
r e t r ac t e d  pos i t i on and  r e s t i ng  on t he  g r ound . The  uppe r  f a i r i ng  was
e x t e nde d  appr ox i ma t e l y  3 / 4 i nc h o f  t he  f ul l y  r e t r ac t e d  pos i t i on. Whe n t he
wi ng  wa s  r a i s e d , t he  f l ap  mov e d  down s l i ght l y ,  but  no t  t o  t he  f ul l y  e x t e nde d
p o s i t i o n. I t  wa s  d e t e r mi ne d  f r o m t he  s mo k e  s t a i ns  t ha t  t he  s l a t  a c t ua t o r  r o d
had  be e n e x t e nde d  6  l / 2 i nc he s  p r i o r  t o  t he  wi ng  be i ng  r a i s e d . Ful l
e x t e ns i on on t he  f l ap  ac t ua t or  r od  i s  17 . 98  i nc he s ,  and  f ul l y  r e t r ac t e d  t he
rod measures 5.5 inches.
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The  l e f t  wi ng ' s  No . 3  l e ad i ng  e dge  f l ap  was  i n t he  f ul l y  e x t e nde d
and  d o wnl o c k pos i t i on. I t  was  de t e r mi ne d  f r om t he  s moke  s t a i ns  t ha t  t he
ac ua t or  r od  was  ne ar  t he  f ul l y  e x t e nde d  and  d o wnl o c k pos i t i on a f t e r  t he
a c c i d e nt .

The  r i ght  wi ng ' s  No .  4  l e ad i ng  e dge  f l ap ,  wi t h i t s  ac t ua t or
a t t ac he d ,  was  f ound  i n t he  me l t e d  a r e a  o f  t he  r i ght  wi ng  ad j ac e nt  t o  t he
f us e l a g e . I t  was  de t e r mi ne d  f r om s moke  s t a i ns  t ha t  t he  ac t ua t or  r od  was  i n
t he  ne ar l y  r e t r ac t e d  pos i t i on dur i ng  t he  pos t c r as h f i r e . The  r i ght  wi ng ' s
No .  5  a nd  No .  6  l e a d i ng  e d g e  f l a p s  we r e  f o und  a l o ng  t he  wr e c k a g e  p a t h.

The  r i ght  wi ng ' s  No . 5  s l a t  was  i n one  p i e c e  i n t he  wr e c kage
de br i s  pa t h wi t h i t s  out boar d  t r ac k / r o l l e r  r i b  a s s e mbl y  a t t ac he d . The
out boar d  s l a t  hook  had  be e n s he ar e d  o f f ,  and  t he  i nboar d  s l a t  hook  a f t
f a s t e ne r  was  s he ar e d .  The  f r ont  o f  t he  s l a t ,  a t  t he  i nboar d  t r ac k
a t t a c hme nt ,  ha d  b e e n r i p p e d  o ut . The  s l a t  was  v i r t ua l l y  undamage d  i nboar d  o f
t hi s  a t t ac hme nt . The r e  was  a  de pr e s s i on on t he  l owe r  s ur f ac e  o f  t he  s l a t
whi c h c or r e l a t e d  wi t h t he  r o l l e r  i nduc e d  de f or mat i on o f  t he  s l a t  t r ac k
s ur f a c e .

The  out boar d  s l a t  t r ac k  f o r  t he  No .  5  s l a t  was  a l s o  i n t he
wr e c kage  de br i s  pa t h wi t h a  l a r ge  por t i on o f  t he  wi ng  s par  and  ac t ua t or
a t t a c he d . The  pos i t i on o f  t he  ac t ua t or  was  no t  r e c or de d  a t  t he  wr e c kage
s i t e . Howe v e r ,  t he  ac t ua t or  was  s ubs e que nt l y  r e mov e d  f r om t he  wr e c kage ,  and
t he  c ond i t i on o f  t he  ac t ua t or  was  doc ume nt e d . The  r od  e nd  o f  t he  ac t ua t or
r od  was  mi s s i ng , and  t he  r od  was  be nt . The  e xpos e d  por t i on o f  t he  r od
me as ur e d  4  I / 2 i nc he s  f r om t he  c y l i nde r  t o  t he  r od  e nd  s e par a t i on,  and  t he
ac t ua t or  was  i n t he  f ul l y  r e t r ac t e d  and  up l o c k pos i t i on.

The  r i ght  wi ng ' s  No .  6  s l a t  was  t o r n f r e e  o f  a l l  a t t ac hme nt s .  The
i nboar d  l e ad i ng  e dge  o f  t he  s l a t  a t  t he  i nboar d  t r ac k  a t t ac hme nt  was  c r e as e d ,
f o l de d ,  and  be nt  up  appr ox i ma t e l y  9 0 ° . For  s ome  d i s t anc e  out boar d  o f  t he
i nboar d  t r ac k  a t t ac hme nt ,  t he  l e ad i ng  e dge  o f  t he  s l a t  was  buc k l e d ,  but  t he r e
was  no  e v i de nc e  o f  i mpac t  damage : The  ac t ua t or  was  f ound  de t ac he d  f r om t he
s l a t . The  e nd  o f  t he  ac t ua t or  r od  had  s e par a t e d ,  and  t he  r od  was  be nt .  The
e xpos e d  por t i on o f  t he  r od  me as ur e d  4  l / 2 i nc he s  f r om t he  c y l i nde r  t o  t he  r od
e nd  s e par a t i on, and  t he  ac t ua t or  was  i n t he  f ul l y  r e t r ac t e d  and  up l oc k
p o s i t i o n.

The  r i ght  wi ng ' s  No . 7  s l a t  was  s e par a t e d  j us t  out boar d  o f  t he
i nb o a r d  t r a c k  a t t a c hme nt . The  i nboar d  s l a t  t r ac k  and  r o l l e r  r i b  a s s e mbl y  was
a t t ac he d .  The  i nboar d  l e ad i ng  e dge  o f  t he  s l a t  e xhi b i t e d  e x t e ns i v e  i mpac t
d a ma g e . The  out boar d  por t i on o f  t he  s l a t  was  f ound  i n t he  wr e c kage  de br i s
pa t h, and  t he  l e ad i ng  e dge  a l s o  e xhi b i t e d  e x t e ns i v e  i mpac t  damage . The
ac t ua t or  was  f ound  s e par a t e d  f r om t he  s l a t  wi t h a  por t i on o f  t he  s l a t
a t t ac hme nt  s t r uc t ur e  a t t ac he d  t o  t he  r od  e nd . The  r od  was  e x t e nde d
5  l / 2 i nc he s  f r om t he  c y l i nde r  t o  t he  c e nt e r  o f  t he  r od  e nd ,  and  t he  ac t ua t or
was  i n a  f ul l y  r e t r ac t e d  and  up l o c k pos i t i on. Tha t  por t i on o f  t he  r od  whi c h
i s  nor mal l y  e x t e r na l  t o  t he  c y l i nde r  whe n t he  ac t ua t or  i s  i n t he  f ul l y
r e t r ac t e d  pos i t i on was  be nt  upwar d  appr ox i ma t e l y  2 0 0 and  out war d  s l i ght l y .
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The  r i g ht  wi ng ' s  No .  8  s l a t  wa s  s e p a r a t e d  i n t wo  a nd  b o t h s e c t i o ns
we r e  f ound  i n t he  wr e c kage  de br i s  pa t h. The  i nboar d  32 - i nc h s e c t i on had  t he
i nboar d  s l a t  t r ac k  and  r o l l e r  r i b  a s s e mbl y  a t t ac he d . The r e  was  no  i mpac t
damage  a l ong  t he  l e ad i ng  e dge  o f  t hi s  s e c t i on o f  t he  s l a t . The  out boar d
s e c t i on o f  t he  s l a t  had  t he  ac t ua t or  a t t ac he d ,  and  t he  ac t ua t or  had  pul l e d
f r e e  o f  i t s  t r unni o n a t t a c hme nt s . The  a c t ua t o r  r o d  wa s  e x t e nd e d  1 7 . 5  i nc he s ,
and  t he r e  was  no  no t i c e ab l e  be nd i ng  o f  t he  r od . The  out boar d  s l a t  hook  was
mi s s i ng ,  and  t he  t wo  f a s t e ne r s  on t he  i nboar d  s l a t  hook  we r e  s he ar e d . Thi s
s e c t i on o f  t he  s l a t  e xhi b i t e d  s ome  i mpac t  damage  a l ong  t he  l e ad i ng  e dge ,  but
t he  s l a t  t o  wi ng  ma t i ng  s ur f a c e  ha d  o nl y  mi ni ma l  d a ma g e .

Aileron System. - - The  a i l e r o n c a b l e s  f r o m t he  c a p t a i n' s  y o k e  s y s t e m
pul l e y  we r e  c or r e c t l y  a t t ac he d  and  r out e d  wi t h no  e v i de nc e  o f  f r ay i ng .  The
bus  c ab l e s  be t we e n t he  c ap t a i n' s  y oke  s y s t e m and  f i r s t  o f f i c e r ' s  y oke  s y s t e m
p ul l e y s  we r e  i nt a c t  a nd  i n g o o d  c o nd i t i o n.

The  a i l e r on t r i m as s e mbl y  was  i n good  c ond i t i on,  and  t he  c ab l e s
we r e  c or r e c t l y  r out e d  wi t h no  e v i de nc e  o f  f r ay i ng . The  a i l e r on t r i m knob
c o ul d  b e  t ur ne d  f r e e l y .

The  a i l e r on c ont r o l  me c hani s m i n t he  l e f t  whe e l  we l l  had  s us t a i ne d
s ubs t ant i a l  f i r e  damage . The  bus  c ab l e s  we r e  a t t ac he d  t o  t he  d r um. The
c ab l e s  t o  t he  l e f t  wi ng  we r e  unde r  t e ns i on, and  t he  c ab l e s  t o  t he  r i ght  wi ng
we r e  s l a c k . The  a i l e r on c ont r o l  quadr ant  i nc l ud i ng  t he  c e nt e r i ng  s p r i ng  and
t r i m me c hani s m was  i nt ac t , and  a l l  l i nkage s  we r e  a t t ac he d . The  c ont r o l
me c hani s m was  s e i z e d . The  i nput  l i nkage  be t we e n t he  a i l e r on quadr ant  and
t he  a i l e r on powe r  pac k  was  i nt ac t , but  t he  t r i m l i nkage  and  t i e r o d had
b ur ne d  a nd  s e p a r a t e d .

Al l  hy dr aul i c  l i ne s  t o  t he  A- hy dr aul i c  s y s t e m c ont r o l  modul ar  uni t
i n t he  l e f t  whe e l  we l l  we r e  i nt ac t . The  uni t ' s  s hut o f f  v a l v e  l e v e r  was  i n
t he  No .  1 ,  o r  nor mal ,  pos i t i on. The  s hut o f f  v a l v e  l e v e r  o f  t he  B hy dr aul i c
s y s t e m c o nt r o l  mo d ul a r  uni t , l o c a t e d  i n t he  r i g ht  whe e l  we l l ,  wa s  a l s o  i n t he
No .  1 ,  o r  no r ma l ,  p o s i t i o n.

The  l e f t  wi ng ' s  i nboar d  a i l e r on had  s us t a i ne d  f i r e  damage . The
ac c e s s  pane l  was  r e mov e d , and  t he  c ab l e s  we r e  unde r  t e ns i on and  i n t he i r
r e s p e c t i v e  c a b l e  g ui d e s . The r e  wa s  no  e v i d e nc e  o f  p r e i mp a c t  d a ma g e .

The  l e f t  wi ng ' s  out boar d  a i l e r on had  a l s o  s us t a i ne d  f i r e  damage .
The  a i l e r on c oul d  no t  be  mov e d . Af t e r  t he  wi ng  was  s ubs e que nt l y  r a i s e d ,  t he
l oc kout  ac t ua t or  was  f ound  f ul l y  e x t e nde d  wi t h t he  c r ank  aga i ns t  t he  s t op ,
i nd i c a t i ng  t ha t  t he  a i l e r ons  we r e  l oc ke d  i n t he  Oo  pos i t i on. The  a i l e r on
c a b l e s  we r e  i nt a c t  a nd  und e r  t e ns i o n. The  s he a r  r i v e t s  we r e  no t  s he a r e d .

The  out boar d  e nd  o f  t he  r i ght  wi ng ' s  i nboar d  a i l e r on had
s e par a t e d ,  and  t he  r e ma i nde r  o f  t he  i nboar d  a i l e r on r e ma i ne d  a t t ac he d  t o  t he
t o p  wi ng  p l a nk .
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The  r i ght  wi ng ' s  out boar d  a i l e r on had  s e par a t e d  i nt o  t hr e e
s e c t i ons  t ha t  we r e  l oc a t e d  a l ong  t he  wr e c kage  pa t h. The  l oc kout  me c hani s m
be l l c r ank  had  s e par a t e d  f r om t he  l oc kout  ac t ua t or  and  i nt o  a t t ac hi ng
s t r uc t ur e , and  was  f r e e  t o  r o t a t e . The  l oc kout  ac t ua t or  and  i t s  a t t ac hi ng
s t r uc t ur e  had  s e par a t e d  f r om t he  wi ng  a s  an a s s e mbl y ,  and  t he  ac t ua t or  was
appr ox i ma t e l y  l - t ur n f r om t he  f ul l y  e x t e nde d  pos i t i on wi t h t he  c r ank  i nt ac t
a nd  a g a i ns t  t he  s t o p .

Cabin Fire Damage. -- The a f t  c a b i n f l o o r  wa s  c o mp l e t e l y  c o ns ume d  b y
f i r e  f r om appr ox i ma t e l y  s t a t i on 950D t o  s t a t i on 1130  wi t h t he  e xc e p t i on o f
t he  pas s age way  t ha t  l e d  t o  t he  l e f t - r e ar  door  a t  t he  ga l l e y . Fi r e  damage  t o
o t he r  c ompone nt s  was  a l s o  e x t e ns i v e  i n t hi s  a r e a  wi t h mos t  ma j or  i nt e r i o r
c o mp o ne nt s  d e s t r o y e d .

The  a r e a  f o r war d  o f  s t a t i on 950D had  l e s s  s e v e r e  f i r e  damage  t o
t he  f l oor  and  s i de wa l l  a r e as  ( c ont i nui ng  t hr ough s t a t i on 7 4 0 ) . As  no t e d
p r e v i o us l y , t he r e  was  a  l a r ge  a r e a  o f  bur nt hr ough on t he  c ab i n f l oor  f r om
appr ox i ma t e l y  s t a t i on 740  t o  appr ox i ma t e l y  s t a t i on 720D on t he  r i ght  s i de .
Fr om t hi s  po i nt  f o r war d  t o  appr ox i ma t e l y  s t a t i on 400 ,  f i r e  damage  t o  t he
r i ght  s i de  o f  t he  i nt e r i o r  was  s i gni f i c ant l y  mor e  e x t e ns i v e  t han t ha t  o f  t he
l e f t  s i d e . Fr o m s t a t i o n 4 0 0  f o r wa r d ,  t he  c a b i n wa s  f r e e  o f  f i r e  d a ma g e .

Damage  t o  c e i l i ngs ,  s i de wa l l s , ov e r he ad  s t owage  c ompar t me nt s ,
c l o s e t s ,  e t c . , was  c l o s e l y  c or r e l a t e d  t o  a r e as  o f  f l oor  and  f us e l age
b ur nt hr o ug h. Fr om s t a t i on 400  a f t ,  no  c e i l i ng  pane l s  we r e  i n p l ac e  i nc l ud i ng
ar e as  whe r e  t he  f us e l age  c r own was  p r e s e nt  a s  we l l  a s  t he  a r e as  t ha t  we r e
b ur ne d  t hr o ug h.

Al l  f l oor  e x i t  l e v e l  door  l i ne r s  we r e  f ound .  The  a f t  r i ght  e x i t
had  onl y  t he  l owe r  por t i on o f  t he  l i ne r  p r e s e nt  f r om appr ox i ma t e l y  t he  t op  o f
t he  e s c ape  s l i de  c ont a i ne r  downwar d . I t  was  he av i l y  s oo t e d  and  s howe d  s ome
s i g ns  o f  me l t i ng . The  a f t  l e f t  door  l i ne r  was  e s s e nt i a l l y  i nt ac t  wi t h he av y
c har r i ng  and  me l t i ng  ov e r  t he  uppe r  t hi r d  o f  t he  s ur f ac e . Bo t h o f  t he  l e f t
and  r i ght  f o r war d  door  l i ne r s  we r e  f r e e  o f  f i r e  damage . The  l i ne r  on t he
v e nt r a l  d o o r  wa s  d e s t r o y e d  b y  f i r e .

Si d e wc l l s  we r e  i nt ac t  on t he  l e f t  s i de  o f  t he  f o r war d  c ab i n f r om
s t a t i on 381  t o  t he  a r e a  o f  t he  o v e r wi ng e x i t . Many  o f  t he s e  pane l s  we r e
me l t e d  a t  t he  up p e r  p o r t i o n a b o v e  t he  wi nd o w, b ut  we r e  i n p l a c e  a nd  o t he r wi s e
i nt a c t . Si de wa l l  pane l s  on t he  r i ght  s i de  o f  t he  c ab i n i n t hi s  z one  we r e
c ompl e t e l y  de s t r oy e d . Smal l  por t i ons  o f  o t he r  r i ght  s i de  wa l l  pane l s  we r e
pr e s e nt  ne ar  t he  f l oor  t owar d  t he  a f t  par t  o f  t he  c ab i n.  Two  s i de wa l l  pane l s
on t he  l e f t  s i de  a t  appr ox i ma t e l y  s t a t i ons  950B and  C ( i nune d i a t e l y f o r war d  o f
t he  s e par a t i on i n t he  a f t  f us e l age )  we r e  r e l a t i v e l y  f r e e  o f  f i r e  damage  but
we r e  he a v i l y  s o o t e d .

Fr om s t a t i on 380  t o  s t a t i on 760  on t he  l e f t  s i de ,  t he r e  we r e  s ome
l ar ge  r e mnant s  o f  ov e r he ad  s t owage  uni t s  hang i ng  f r om t he  s t r uc t ur e .  The s e
we r e  e x t e ns i v e l y  bur ne d  and  me l t e d ,  howe v e r ,  t he y  we r e  r e c ogni z ab l e  a s
o v e r he a d  s t o wa g e  uni t s . No  o t he r  o v e r he a d  s t o wa g e  uni t s  we r e  p r e s e nt .
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I n mos t  a r e as  o f  t he  c ab i n whe r e v e r  t he  s i de wa l l  and / or  c e i l i ng
pane l s  we r e  de s t r oy e d , t he  t he r mal  i ns ul a t i on was  a l s o  de s t r oy e d . The
f o l l o wi ng  e x c e p t i o ns  we r e  no t e d :

I n t he  a f t  r i ght  c or ne r  o f  t he  c ab i n i n t he  s i de wa l l  a r e a
j us t  f o r wa r d  o f  a nd  a d j a c e nt  t o  t he  l a s t  r o w o f  s e a t s .

So me  s ma l l  a r e a s  o v e r  t he  o v e r he a d  s t o wa g e  b i n a r e a  a l o ng  t he
l e f t  s i d e  o f  t he  c a b i n b e t we e n s t a t i o n 3 8 0  a nd  9 5 0 .

A f e w s i de wa l l  a r e as  on t he  r i ght  s i de  o f  t he  c ab i n ne ar
s t a t i o n 7 2 0 .

ii====
. - - The l a s t  r ow t r i p l e  s e a t s  ( r i ght  s i de )  s howe d  f r ame

bur n t hr oug and  r e s i dua l  c us hi on f i r e  b l oc k i ng  l ay e r . Up  t o  and  i nc l ud i ng
r ow 28 ,  a l l  s e a t s  we r e  mi s s i ng ,  wi t h t he  e xc e p t i on o f  t he  t r i p l e  s e a t  i n r ow
30  l e f t  s i de ,  whi c h had  s ome  c us hi on f i r e  b l oc k i ng  l ay e r  r e mai ni ng ,  a l ong
wi t h s ome  s e a t  f r ame  s t r uc t ur e  bur nt hr ough on t he  s e a t  bac k  c us hi ons . Ro ws
23  t hr ough 26  ( r i ght  s i de )  we r e  he av i l y  f i r e  damage d ,  but  s ome  c us hi on f i r e
b l oc k i ng  l ay e r  r e ma i ne d . The  s e a t  bac k  c - us hi o ns  on 2 3 E,  2 4 E,  and  26D we r e
bur ne d  t hr ough. Se a t s  2 7 D,  E,  and  F we r e  s e v e r e l y  damage d  and  i t s  c o nnno n
f r ame  was  t wi s t e d  and  d i s p l ac e d  s e v e r a l  f e e t  r e ar war d  f r om t he  p r ope r
p o s i t i o n. Rows  26  and  27  ( l e f t  s i de )  had  f i r e  b l oc k i ng  l ay e r  p r e s e nt  ( f r ame
i nt ac t ) ,  wi t h t he  e xc e p t i on o f  s e a t  bac k  26C whi c h was  t o t a l l y  de s t r oy e d  by
f i r e . Row 25  ( l e f t  s i de )  was  mi s s i ng  ( pos s i b l y  f a l l i ng  down i nt o  t he  ho l e
o f  t he  f l oor  a r e a ) . Rows  23  and  24  ( l e f t  s i de )  had  f i r e  b l oc k i ng  l ay e r
r e mai ni ng ,  e xc e p t  f o r  r ow 2 4 A,  B,  and  C, i n whi c h t he  s e a t  bac k  f r a nm we r e
t o t a l l y  de s t r oy e d  by  f i r e . Se a t s  2 2 8 and  C s us t a i ne d  s e v e r e  damage  t o  t he
s e a t  bo t t oms . The  r e mai ni ng  s e a t s  i n r ows  20  t hr ough 22  ( l e f t  s i de )
s us t a i ne d  f i r e  damage  t o  t he  s e a t  bac ks , bur ni ng  t hr ough t he  s e a t  bac k
f r a me , but  t he  s e a t  bo t t om c us hi ons  i n t hi s  a r e a  had  s ome  f i r e  b l oc k i ng
r e ma i ni ng . Rows  20  t hr ough 22  ( r i ght  s i de )  s us t a i ne d  f i r e  damage  t o  t he  s e a t
bac k  f r ame  wi t h s ome  f i r e  b l oc k i ng  l ay e r  r e ma i ni ng ,  e xc e p t  f o r  r ow 20 ,  whi c h
wa s  p i t c he d  f o r wa r d  a nd  b e nt  up  o n t he  f r a me  b o t t o m.

Ro ws  1 5  t hr o ug h 1 9  ( r i g ht  s i d e )  s us t a i ne d  s e v e r e  f i r e  d a ma g e ,  wi t h
no  f i r e  b l oc k i ng  l ay e r  r e mai ni ng . Rows  10  t hr ough 14  ( r i ght  s i de )  we r e
de s t r oy e d  by  f i r e . Rows  10  t hr ough 19  ( l e f t  s i de )  had  s ome  f i r e  b l oc k i ng
l ay e r  r e ma i ni ng  on t he  s e a t  bac k  and  bo t t om c us hi ons ,  wi t h t he  e xc e p t i on o f
r o ws  1 5  a nd  1 7 ,  whi c h s us t a i ne d  l e s s e r  a mo unt s  o f  f i r e  d a ma g e .

I n t he  f i r s t  c l a s s  s e c t i on,  s e a t  r ow 1  ( l e f t  and  r i ght  s i de s )  was
i nt ac t  wi t h l i t t l e  f i r e  damage . Row 2  ( l e f t  s i de )  had  s ome  f i r e  damage  t o
t he  s e a t  bac k  and  bo t t om c us hi ons  wi t h s ome  f i r e  b l oc k i ng  l ay e r  r e ma i ni ng .
Se a t s  3A and  B we r e  t wi s t e d  wi t h s ome  f i r e  damage .  Se a t s  4A and  B we r e  f i r e
damage d  wi t h s ome  c us hi on f i r e  b l oc k i ng  l ay e r  r e . ma i ni ng on t he  s e a t  bo t t om.
Row 3  ( r i ght  s i de )  was  t o t a l l y  de s t r oy e d  by  f i r e . Row 4  ( r i ght  s i de )  was
mi s s i ng .
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Cabin Do o r s  and Over-wing Exits . - - The  ma i n e nt r y  door  s e par a t e d
f r om i t s  hi nge s  and  was  r e c ov e r e d  ne x t  t o  t he  f o r war d  f us e l aqe .  The  f o r war d
ga l l e y  s e r v i c e  door  f r ame  was  e x t e ns i v e l y  damage d  and  t he  d o o r  was  l odge d  i n
t he  wr e c k a g e .

The  r i ght  f l oor  l e v e l  e x i t  door  s i de  was  f ound  unope ne d . The
s l i de  and  s l i de  c ov e r  we r e  s t i l l  i n p l ac e  and  r e l a t i v e l y  undamage d ,  and  t he
g i r t  a nd  g i r t  b a r  we r e  mi s s i ng . The  s t e e l  c a b l e  i nt e nd e d  t o  c o nne c t  t he  g i r t
bar  wi t h t he  s l i de  was  s e par a t e d  j us t  be l ow t he  s wa g e d f i t t i ng  on t he  c ab l e .
The  f l oor  g i r t  bar  f i t t i ngs  we r e  i n p l ac e  and  appar e nt l y  i n good  c ond i t i on
and  we r e  c oa t e d  wi t h s oo t . The  g i r t  bar  and  a  por t i on , o f  t he  a t t ac hme nt
c ab l e  we r e  l a t e r  f ound  bur i e d  i n t he  de br i s  unde r  t he  e x i t  i n t he  ge ne r a l
a r e a  o f  t he  r e a r  c a r g o  c o mp a r t me nt . The  s t e e l  c ab l e  was  c l e anl y  b r oke n wi t h
a  s l i ght  f l a r e  o f  t he  b r oke n s t r ands ; i t  was  l a t e r  r e por t e d  t ha t  t hi s  c ab l e
had  be e n c ut , and  t he  g i r t  bar  had  be e n r e mov e d  by  De l t a  pe r s onne l  a t  t he
r e q ue s t  o f  CFR p e r s o nne l .

The  l e f t  s i de  f l oor  l e v e l  e x i t  door  o f  t he  a i r p l ane  was  f ound
c l o s e d , a l t hough t he r e  was  e v i de nc e  o f  a t t e mpt s  t o  ope n t he  door . The
e v a c ua t i o n s l i d e  wa s  i n p l a c e , t he  a i r  c y l i nd e r  wa s  p r e s s ur i z e d ,  a nd  t he  g i r t
bar  was  s t owe d  on t he  s l i de  c ov e r . The  g i r t  bar  f i t t i ngs  on t he  f l oor  we r e
c l e a n a nd  i n g o o d  c o nd i t i o n.

As  par t  o f  t he  i nv e s t i ga t i on,
e x i t  d o o r  f r o m o ut s i d e  t he  a i r p l a ne .

an a t t e mp t  was  made  t o  ope n t hi s
The  door  woul d  no t  ope n on t he  i ni t i a l

a t t e mp t . De br i s  on t he  f l oor  i ns i de  t he  c ab i n ad j ac e nt  t o  t he  e x i t  door
pr e v e nt e d  t he  door  f r om mov i ng  i nwar d  and  f o r war d  a s  was  r e qui r e d  t o  pos i t i on
t he  door  s o  i t  c oul d  s wi ng  out war d .
a l umi num s o f t  d r i nk  c a ns .

The  de br i s  c ons i s t e d  p r i mar i l y  o f
The  de br i s  was  c l e ar e d  away ,  and  a  s e c ond  a t t e mp t

wa s  ma d e  t o  o p e n t he  d o o r  f r o m i ns i d e  t he  a i r p l a ne . I t  wa s  d i f f i c ul t  t o  mo v e
t he  mas s  o f  t he  door  i nwar d  and  upwar d , due  t o  t he  appr ox i mat e l y  3 0 0
downs l ope  o f  t he  f l oor . Wi t h add i t i ona l  a s s i s t anc e  f r om pe r s ons  who  we r e
o ut s i d e ,  t he  d o o r  wa s  s uc c e s s f ul l y  o p e ne d . Sub s e q ue nt l y ,  a n a t t e mp t  wa s  ma d e
t o  c l o s e  a nd  t he n r e - o p e n t hi s  d o o r . The  f l oor  and  door  f r ame  we r e  e xami ne d
and  c l e ane d  f o r  t hi s  a t t e mp t . The  door  woul d  c l o s e ,  but  i t  woul d  no t  l oc k
i nt o  p o s i t i o n, and  t he  door  hand l e  r e ma i ne d  about  1 5 0 f r om t he  f ul l y  l oc ke d
pos i t i on c aus i ng  t he  door  t o  r e ma i n s l i ght l y  a j a r .  One  pe r s on,  wi t h max i mum
e f f or t ,  was  t he n ab l e  t o  ope n t he  door  f r om i ns i de  t he  a i r p l ane . The  g i r t
bar  was  l owe r e d  f r om t he  s l i de  c ov e r ,  and  f i r e  de br i s  was  on t he  s l i de  c ov e r
unde r  t he  g i r t . The  door  o f  t he  ga l l e y  c ompar t me nt  door  t ha t  c ont a i ne d  a
dr awe r  o f  s o f t  d r i nk  c ans  was  f ound  ope n and  t he  d r awe r  was f ound  among  t he
de br i s  i n t he  r e ar  c ab i n. ( Dur i ng  t he  i nv e s t i ga t i on,  t he  ga l l e y  c ompar t me nt
door  was  c l o s e d  and  was  l a t c he d  wi t hout  d i f f i c ul t y . ) The  l a t c h r e mai ne d
s e c ur e  aga i ns t  he av y  f o r c e  app l i e d  by  t he  f i nge r s  t o  t he  e dge  t r i m o f  t he
d o o r .

Bo t h l e f t  s i de  o v e r wi ng e x i t  ha t c he s  we r e  f ound  r e mov e d . The
ha t c h f r om t he  f o r war d  e x i t  was  f ound  be t we e n s e a t  r ow 1 8 A,  B,  C and  r ow
1 9 A,  B,  C. The  ha t c h f r om t he  r e ar  o v e r wi ng e x i t  was  f ound  out s i de  t he
a i r p l a ne ,  i n f r o nt  o f  t he  l e f t  wi ng . The  r i ght  s i de  r e ar  o v e r wi ng e x i t  ha t c h



2 9

was  f ound  i n p l ac e  and  was  e x t e ns i v e l y  damage d  by  f i r e ;  i t  was  unl oc ke d  and
ope ne d  wi t hout  undue  e f f o r t . The  ha t c h f r om t he  f o r war d  r i ght  s i de  wi ndow
e x i t  was  f ound  be t we e n s e a t  r ows  1 9 D,  E,  F and  2 0 D,  E,  F.

=@?=k. - - The  No .  1  f o r wa r d  f us e l a g e  c a r g o  d o o r  wa s  i nt a c t  a nd
i n t he  c l o s e d  and  oc  e d  pos i t i on. The  No .  2  c ar go  door  was  s e par a t e d  f r om
t he  f us e l age  and  r e c ov e r e d  appr ox i mat e l y  250  f e e t  nor t h o f  t he  f us e l age
l oc a t i on. The  door  was  buc k l e d  and  f r ac t ur e d  hor i z ont a l l y  i n t he  a r e a
be t we e n t he  t o r que  t ube  and  t he  door  hand l e . The  out s i de  s k i n on t he
f or war d  s i de  o f  t he  l owe r  ha l f  o f  t he  door  was  c r us he d  i nboar d  wi t h t he  mos t
de f or mat i on oc c ur r i ng  a l ong  t he  f o r war d  e dge . Exami na t i on o f  t he  ma t i ng
f us e l age  door  j am ar e a  d i s c l o s e d  a  he av y  i nboar d  c r us h i n t he  f us e l age
f or war d  and  ad j ac e nt  t o  t he  l owe r  f o r war d  por t i on o f  t he  door  j am.  Wi t h t he
l owe r  por t i on o f  t he  No . 2  c ar go  door  pos i t i one d  i n p l ac e  wi t h t he  ma t i ng
f us e l a g e  s e c t i o n, t he  i nboar d  c r us hi ng  was . c ont i nuous  and  c ons i s t e nt  wi t h t he
c ar go  door  be i ng  c l o s e d  whi l e  t he  f us e l age  and  door  we r e  c r us he d  a l ong  t he
f us e l a g e  a nd  a d j a c e nt  l o we r  f o r wa r d  a r e a  o f  t he  d o o r .

The  No .  3  a f t  c a r go  door  was  s e par a t e d  f r om t he  f us e l age  and  was
r e c o v e r e d  i ns i d e  t he  f us e l a g e .

T h r o t t l e  C o n t r o l s . - - The  t hr o t t l e  c ab l e s  we r e  i nt ac t  and  ope r ab l e
f r om t he  c oc kp i t  t o  t he  f o r war d  f us e l age  b r e ak .  The r e  was  no  b i nd i ng  e xc e p t
i n t he  a r e a  o f  t he  f us e l a g e  b r e a k . Fur t he r  c ont i nui t y  o f  t he  t hr o t t l e  c ab l e s
was  e s t ab l i s he d  t o  t he  a f t  f us e l age  b r e ak .

The  t hr o t t l e  c ab l e s  i n t he  a f t  f us e l age  we r e  i nt ac t  f r om t he  a f t
f us e l age  b r e ak  t o  t he  e ng i ne  c ont r o l  quadr ant  f o r  No .  1  and  2  e ng i ne s .
The r e  was  no  e v i de nc e  o f  f r ay i ng  o r  o t he r  damage . A s e c t i on o f  one  No .  3
e ng i ne  c a b l e , whi c h was  r out e d  t hr ough t he  a f t  i nboar d  pul l e y  on t he  r i ght
s i de  o f  f us e l age  s e c t i on 48  be s i de  t he  v e nt r a l  s t a i r s ,  was  mi s s i ng . The
o t he r  s e c t i ons  o f  t hi s  c ab l e ,  and  t he  o t he r  No .  3  e ng i ne  c ab l e ,  had  s e par a t e d
a t  t he  a f t  f us e l age  b r e ak  and  a t  t he  pod  s e par a t i on. Shor t  p i e c e s  o f  t he s e
c ab l e s  r e ma i ne d  a t t ac he d  t o  t he  No .  3  e ng i ne  pod  whi c h had  s e par a t e d  f r om t he
e ng i ne .

The  e ng i ne  c ont r o l  quadr ant s  we r e  i nt ac t  and  c apab l e  o f  nor mal
o p e r a t i o n.

Air -Condi t ion ing System. - - The r i ght  pac k  c oo l i ng  f an ' and  r i ght
pac k  a i r  c y c l e  mac hi ne  we r e  f ound  i n t he  wr e c kage  de br i s  pa t h.  The  f an had
s us t a i ne d  s ubs t ant i a l  i mpac t  damage , and  t hr e e  b l ade s  we r e  mi s s i ng  f r om t he
r o t o r . Howe v e r ,  no  r o t a t i ona l  damage  was  e v i de nt . Bo t h f o r war d  pac k  v a l v e s
we r e  f o und  i n t he  o p e n p o s i t i o n. The  f l ow mul t i p l i e r  by pas s  v a l v e  was  i n t he
o p e n p o s i t i o n. The  APU l oad  c ont r o l  v a l v e  was i n t he  c l o s e d  pos i t i on.

The  l e f t  pac k  f an i nl e t  door  ac t ua t or  was  i n t he  c l o s e d  pos i t i on.

C o c k p i t  D o c u m e n t a t i o n . - - The  pos i t i on o f  a l l  c oc kp i t  c ont r o l s ,
i ns t r ume nt a t i on,  and  s wi t c he s  we r e  nor mal  f o r  t ake o f f ,  e xc e p t  f o r  t he  f l ap
hand l e  whi c h was  i n t he  "up" pos i t i on. The  out boar d  f l ap  i nd i c a t or  was  '
i nd i c a t i ng  be y ond  t he  f ul l  up  pos i t i on on t he  l e f t  s i de  and  be y ond  t he  f ul l



3 0

down pos i t i on on t he  r i ght  s i de . The  i nboar d  f l ap  i nd i c a t or  was  on t he  2 o
r ange  on t he  l e f t  s i de  and  be t we e n t he  2 O r ange  and  t he  f ul l  up  pos i t i on on
t he  r i g ht .

The  l and i ng  ge ar  hand l e  was  i n t he  down pos i t i on.  The  s pe e d  b r ake
hand l e  was  f ul l  f o r war d  and  i n t he  down de t e nt .  The  s t ab i l i z e r  t r i m was  s e t
t o  5 . 7 O no s e up .

1 . 1 3 Medical and Pathological Infomati o n

The  c aus e  o f  de a t h o f  t he  11  pas s e nge r s  and  t he  t wo  f l i ght
a t t e nd a nt s  wa s  d e t e r mi ne d  t o  b e  s mo k e  i nha l a t i o n.  Le v e l s - o f
c ar boxy he mog l ob i n ( COHg )  r ange d  f r om 15  t o  81  pe r c e nt . Te s t s  f o r  d r ugs  and
e t ha no l  we r e  ne g a t i v e  i n a l l  1 3  p e r s o ns . A 14 t h f a t a l i t y  was  a  pas s e nge r  who
had  s uc c e s s f ul l y  e v ac ua t e d  but  l a t e r  a t t e mpt e d  t o  r e e nt e r  t he  bur ni ng
a i r p l a ne . Thi s  pas s e nge r  d i e d  o f  s e v e r e  bur ns ,  11  day s  a f t e r  t he  ac c i de nt .

The  c ap t a i n s uf f e r e d  s e v e r a l  s ke l e t a l  s y s t e m f r ac t ur e s .  The  f i r s t
o f f i c e r  s us t a i ne d  a  c onc us s i on wi t h pos s i b l e  i nt e r c r ani a l  he mor r hage  and
l a c e r a t i o ns c ont us i ons  and  abr as i ons .
l i mi t e d  t o  i nt r a - a b d o mi na l

The  s e c ond  o f f i c e r ' s  i nj ur i e s  we r e
t r a uma .

Tox i c o l og i c a l  s pe c i me ns  o f  t he  t hr e e  f l i ght c r e w me mbe r s  we r e  t ake n
s e v e r a l  ho ur s  a f t e r  t he  a c c i d e nt . The y  we r e  ne ga t i v e  f o r  a l c oho l  and  d r ugs ,
e xc e p t  f o r  t hos e  d r ugs  t ha t  had  be e n pr e s c r i be d  by  t he  phy s i c i ans  who
t r e a t e d  t he  c r e w a f t e r  t he  a c c i d e nt .

1 . 1 4 F i r e

A f i r e  e ns ue d  a f t e r  t he  r i ght  wi ng  c ont ac t e d  t he  g r ound  and
qui c k l y  s p r e ad  t o  e ngul f  t he  r e ar , r i ght  s i de  o f  t he  a i r p l ane  a f t e r  i t  c ame
t o  r e s t . The  f i r e  s ubs e que nt l y  pe ne t r a t e d  t he  f us e l age .

1.15 Survival Aspects

The  B- 727- 232  was  c onf i gur e d  f o r  a  t hr e e  pe r s on f l i ght c r e w and
149  pas s e nge r s  ( s e e  f i gur e  8 ) . The  pas s e nge r  c ab i n was  c onf i gur e d  wi t h 12
f i r s t - c l a s s  pas s e nge r  s e a t s  and  137  t our i s t  c l a s s  s e a t s .  A doub l e  oc c upanc y
a f t  f ac i ng  f l i ght  a t t e ndant  s e a t  was  on t he  a f t  l e f t  s i de  o f  t he  c oc kp i t  r e ar
bul khe ad; a  doub l e - oc c upanc y  f o r war d  f ac i ng  f l i ght  a t t e ndant  s e a t  was
l o c a t e d  o n t he  v e nt r a l  a i r s t a i r s  d o o r . A s i ng l e  f l i ght  a t t e ndant  s e a t  was  i n
r o w 3 2 .

The  i nv e s t i ga t i on f ound  t ha t  a l t hough t he  f us e l age  had  s e par a t e d
i n s e v e r a l  p l a c e s , t he  oc c up i ab l e  v o l ume  o f  t he  c ab i n was  no t  s ubs t ant i a l l y
c o mp r o mi s e d . Pas s e nge r s  ge ne r a l l y  s t a t e d  t ha t  i mpac t  f o r c e s  we r e  no t  s e v e r e .
Fur t he r ,  t he  c aus e  o f  de a t hs  o f  t he  pas s e nge r s  i n t he  a f t  s e c t i on o f  t he
c ab i n we r e  a t t r i but e d  t o  s moke  i nha l a t i on and  f i r e  r a t he r  t han i mpac t
i nj ur i e s . Ex i t  f r om t he  a f t  c ab i n was  hampe r e d  by  t he  f i r e  t ha t  i mp i nge d  on
t he  r i ght  s i de  o f  t he  a i r p l ane . Ex i t  f r om t he  mi d  and  f o r war d  c ab i n was
t hr ough br e aks  i n t he  f us e l age  and  t hr ough t he  l e f t  s i de  e x i t s ,  e xc e p t  f o r
t he  l e f t  a f t  s e r v i c e  d o o r  whi c h wa s  no t  o p e ne d .
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1.15.1 Aircraf t  Rescue and Ffre F ight ing

About  0901 ,  t he  DFW c ont r o l  t owe r  no t i f i e d  t he  a i r por t ' s
De par t me nt  o f  Pub l i c  Sa f e t y  ( DPS)  by  me ans  o f  t he  c r as h phone  o f  an ac c i de nt
a t  t he  s out h e nd  o f  r unway  18L. The  DPS c ommuni c a t i ons  i mme d i a t e l y  no t i f i e d
a l l  DPS uni t s  and  o t he r  a i r por t  pe r s onne l  ( v i a  aut omat e d  a l e r t ) . Eme r g e nc y
t e l e phone  no t i f i c a t i ons  we r e  i ni t i a t e d  v i a  an aut omat e d  v o i c e  s y s t e m.
Fo l l ow- up  hos p i t a l  no t i f i c a t i ons  we r e  made  manua l l y  by  DPS pe r s onne l  v i a
t e l e p ho ne  f o r  r e d und a nc y . No t i f i c a t i o ns  we r e  c o mp l e t e d  i n 2 1  mi nut e s .

F i r e f i g h t i n g  R e s p o n s e . - - I mme d i a t e l y f o l l owi ng  t he  i ni t i a l
no t i f i c a t i on,  a l l  uni t s  r e s ponde d  f r om f our  a i r por t  f i r e  s t a t i ons . The  f i r s t
uni t s  a r r i v e d  on s c e ne  about  4  mi nut e s  and  20  s e c onds  a f t e r  no t i f i c a t i on.
Add i t i ona l  DPS pe r s onne l  r e s ponde d  f r om v ar i ous  l oc a t i ons  a r ound  t he  a i r por t

. ' i n p o l i c e . p a t r o l  c a r s .

Thr e e  t r uc ks  a r r i v e d  wi t hi n 5  mi nut e s  o f  no t i f i c a t i on;  t hr e e  mor e
t r uc ks  wi t hi n 6  mi nut e s ;  and  f i v e  mor e  wi t hi n 11  mi nut e s . The  a i r p l ane  was
r e por t e d  t o  be  e ngul f e d  i n f l ame s  whe n t he  f i r s t  f i r e  t r uc ks  a r r i v e d . The
on- s c e ne  i nc i de nt  c ommande r  e s t i ma t e d  t ha t  t he  ma j or i t y  o f  t he  f i r e  was
"knoc ke d  down" wi t hi n 5  mi nut e s  o f  t he  t i me  o f  t he  a l a r m. The  f i r e  was
e x t i ngui s he d  ( i nc l ud i ng  s ma l l  s po t  f i r e s )  i n about  40  mi nut e s . The  t o t a l
amount s  o f  e x t i ngui s hi ng  age nt s  us e d  t o  s uppr e s s ,  c ont a i n and  e x t i ngui s h t he
f i r e  we r e  15 , 800  ga l l ons  o f  wa t e r  and  650  ga l l ons  o f  aque ous  f i l m f o r mi ng
f oam ( AFFF) . Appr ox i ma t e l y  60  f i r e f i ght e r s  r e s ponde d  t o  t he  ac c i de nt .

Police Response . - - The i ni t i a l  po l i c e  r e s pons e  i nv o l v e d  s e ar c hi ng
t he  a r e a  f o r  s ur v i v or s  and  a s s i s t i ng  f i r e f i ght e r s .  A s e c ur i t y  pe r i me t e r  and
t r a f f i c  c ont r o l  po i nt s  we r e  e s t ab l i s he d  a t  s ur r ound i ng  ma j or  r oadway s .
Appr ox i ma t e l y  80  DFW po l i c e  pe r s onne l  we r e  i nv o l v e d  i n t he  r e s pons e .

Uedical  Response . - - The  DPS e me r g e , nc y me d i c a l  s e r v i c e  r e s ponde d
i mme d i a t e l y  wi t h t wo  mob i l e  i nt e ns i v e  c ar e  uni t s  and  one  mob i l e  r ap i d
r e s pons e  v e hi c l e . The  DFW par ame d i c s  ope r a t i ng  t he  r ap i d  r e s pons e  v e hi c l e
c a l l e d  f o r  d i s pa t c h o f  t he  me d i c a l  t r i age  s uppor t  t r a i l e r s  whi l e  e n r out e  t o
t he  s i t e . Ce l l ul a r  t e l e phone s  we r e  ut i l i z e d  by  DFW par ame d i c s  t o  c oor d i na t e
wi t h l oc a l  a r e a  hos p i t a l s .

A t e am o f  phy s i c i ans  f r om a  ne ar by  hos p i t a l  a r r i v e d  by  he l i c op t e r
a t  0947 . Fi v e  a r e a  hos p i t a l s  we r e  no t i f i e d  o f  t he  ac c i de nt  by  DFW DPS
pe r s onne l  wi t hi n 6  mi nut e s  o f  t he  a l a r m,  one  hos p i t a l  s e nt  pe r s onne l  t o  t he
s c e ne . A t o t a l  o f  1 3  he l i c o p t e r s  r e s p o nd e d .

DFW DPS Training.--The St a t e  o f  Te x a s  r e q ui r e s  a l l  DFW
pol i c e / f i r e / r e s c ue  pe r s onne l  t o  c ompl e t e  c e r t i f i c a t i on r e qui r e me nt s  f o r
s t r uc t ur a l  and  a i r c r a f t  f i r e f i ght i ng  as  we l l  a s  c e r t i f i c a t i on as  po l i c e
o f f i c e r s . Al t hough mos t  o f f i c e r s  a r e  us ua l l y  a s s i gne d  f unc t i ona l l y  t o  one
d i s c i p l i ne  i n e i t he r  po l i c e  o r  f i r e f i ght i ng ,  pe r s onne l  who  ar e  a s s i gne d  t o
t he  pa t r o l - r e s c ue  d i v i s i on p r ov i de  ha nd l i ne and  f i r e f i ght i ng  s uppor t  f o r  CFR
v e hi c l e  o p e r a t o r s ,
o f f i c e r s .

e v e n t hough t he i r  nor mal  da i l y  ac t i v i t i e s  a r e  a s  po l i c e
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1 . 1 5 . 2 Di s as t e r  Plans

DFW had  a  c ur r e nt  e me r ge nc y  p l an i n ac c or danc e  wi t h 14  CFR
1 3 9 . 3 2 5 .

On Augus t  2 ,  1985 ,  a  De l t a  Ai r  Li ne s ,  I nc .  L-1011 was  i nv o l v e d  i n
an ac c i de nt  a t  DFW. ' The r e  was  a  f ul l  e me r ge nc y  r e s pons e  f r om DFW Ai r por t
and  t he  s ur r ound i ng  c ommuni t i e s . Thi s  was  c ons i de r e d  t o  be  e qui v a l e nt  t o  a
f ul l  s c a l e  e me r ge nc y  d r i l l . At  t he  t i me  o f  t he  ac c i de nt  i nv o l v i ng  f l i ght
1 1 4 1 ,  a  f ul l  s c a l e  e me r g e nc y  d r i l l  wa s  b e i ng  p l a nne d .

1 . 1 6 Te s t s  and  Research

1 . 1 6 . 1 St a l l  War ni ng  Sy s t e m

The  B- 727  s t a l l  war ni ng  s y s t e m i s  de s i gne d  t o  ac t i v a t e  whe n t he
a i r p l a ne a p p r o a c he s a  s t a l l  angl e  of  a t t a c k ( AOA)  bas e d  upon t he
c onf i gur a t i on o f  t he  wi ng . The  s y s t e m i s  ac t i v a t e d  by  an AOA s e ns or  and
r e f e r e nc e s  t he  i nboar d  f l ap  pos i t i on. The  s y s t e m i s  ac t i v e  onl y  whe n t he
l e f t  ma i n ge ar  i s  f ul l y  e x t e nde d ,  and  t he r e  i s  no  me as ur ab l e  e l e c t r i c a l  o r
me c hani c a l  de l ay  be f or e  ac t i v a t i on. The  a i r p l ane  body  AOA r e qui r e d  f o r
s t i c ks hake r  ac t i v a t i on ar e  110 f o r  f l ap  s e t t i ngs  o f  O" t hr u 2 O,  and  1 4 O f o r
f l ap  s e t t i ngs  o f  5 O t hr u 1 5 O. The  s t i c k s hake r  woul d  no t  nor mal l y  ac t i v a t e
a t  any  AOA be l ow ll”.

I ns pe c t i on o f  f l i ght  1141 ' s  s t a l l  war ni ng  modul e  ( ov e r he ad  pane l )
and  l e f t  wi ng  f l ap  pos i t i on t r ans mi t t e r  s howe d  t he m t o  be  f unc t i ona l . The
AOA s e ns or  c oul d  no t  be  c he c ke d  due  t o  damage .

1 . 1 6 . 2 Take o f f  War ni ng  System

The  aur a l  war ni ng  uni t  was  r e mov e d  f r om t he  c oc kp i t  and  t e s t e d  a t
De l t a ' s  f ac i l i t i e s  i n Da l l a s . The  uni t  was  powe r e d  by  a  B- 727  ba t t e r y
t hr o ug h a  3- amp c i r c ui t  b r e ake r  t o  r e pr e s e nt  t he  ac t ua l  a i r p l ane
i ns t a l l a t i on,  and  t he  hor n ope r a t e d  nor mal l y  wi t h t he  3 - a mp c i r c ui t  b r e ake r
r e ma i ni ng  c l o s e d .

Cont i nui t y  o f  t he  wi r i ng  f r om t he  t e r mi na l  b l oc k  t o  t he  aur a l
war ni ng  uni t  ( t hr ough t he  bus  bar  and  t he  aur a l  war ni ng  c i r c ui t  b r e ake r )  was
v e r i f i e d . Cont i nui t y  o f  wi r i ng  f r om t he  f l i ght  c ont r o l  war ni ng  t e s t  s wi t c h
pane l  t o  and  t hr ough t he  t ake o f f  t hr o t t l e  r e l ay  and  l e ad i ng  e dge  war ni ng
i nhi b i t  r e l a y  wa s  a l s o  v e r i f i e d .

The  s p e e d  b r a k e  wa r ni ng  s wi t c h wa s  no t  r e c o v e r e d .

'Aircraft Accident Report--*Delta  Air Lines Inc., Lockheed  L-1011-385-1,
N7266A Dallas/Fart U&rth International Airport, texas, August 2, 1985"
(NTSB/AAR-86/05).
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The  uppe r  and  l owe r  s t ab i l i z e r  t ake o f f  war ni ng  s wi t c he s  we r e  i n
t he i r  p r ope r  pos i t i on, and  bo t h s wi t c he s  c he c ke d  nor mal  f o r  c ont i nui t y  and
a c t i v a t i o n. The  f l i ght  c ont r o l  war ni ng  t e s t  s wi t c h,  l and i ng  ge ar  ac c e s s or y
mo d ul e ,  a nd  t he  a s s o c i a t e d  r e l a y s  t e s t e d  s a t i s f a c t o r i l y .

The  No .  3  a ut o t hr o t t l e  c l ut c h p a c k  a s s e mb l y  c o nt a i ni ng  t he  t a k e o f f
war ni ng  s y s t e m t hr o t t l e  s wi t c h was  r e mov e d  i n i t s  i ns t a l l e d  c ond i t i on f r om
unde r  t he  c oc kp i t . I t  had  be e n t o r n l oos e  and  was  s andwi c he d  be t we e n t he
f l oor i ng  and  t he  e l e c t r i c a l  e qui pme nt  c ompar t me nt .  I t  e xhi b i t e d  s ome  i mpac t
d a ma g e . Cont i nui t y  t e s t s  we r e  c onduc t e d  on t he  s wi t c h a s  i ns t a l l e d  i n t he
c l ut c h p a c k  ' a s s e mb l y . Cont i nui t y  be t we e n t he  c ommon and  nor mal l y  c l o s e d
t e r mi na l s  c oul d  no t  be  e s t ab l i s he d . Dur i ng  t he  f i r s t  t wo  f i nge r  ac t i v a t i ons
o f  t he  s wi t c h a s s e mbl y , t he r e  was  no  c ont i nui t y  be t we e n t he  c ommon and
nor mal l y  ope n t e r mi na l s  o f  t he  s wi t c h. Dur i ng  t he  s ubs e que nt  ac t i v a t i on,
ho we v e r , c ont i nui t y  was  e s t ab l i s he d . The  s wi t c h e xhi b i t e d  a  b l ue - gr e e n
c o r r o s i o n- t y p e  s ub s t a nc e  a r o und  t he  no r ma l l y  o p e n t e r mi na l s .

The  s wi t c h was  t e s t e d  f o r  c ont i nui t y  and  r e s i s t anc e  whi l e
i ns t a l l e d  i n t he  No .  3  aut o t hr o t t l e  c l ut c h pac k  a s s e mbl y  us i ng  a  6  v o l t s
d i r e c t  c ur r e nt  ( VDC)  powe r  s upp l y  s e t  a t  100  mi l l i ampe r e  ( ma) . Upon
ac t i v a t i on, t he  nor mal l y  ope n s wi t c h mov e d  t o  t he  c l o s e d  pos i t i on and
r e s i s t a nc e  i n t he  s wi t c h wa s  me a s ur e d  t o  b e  1 . 4 7  o hms .

The  par t  numbe r  o f  t he  ac t ua t or  i ns t a l l e d  on t he  s wi t c h was  ADH
3 7 2 1 R2 ,  whi c h i s  t he  c or r e c t  par t  pe r  Boe i ng  dr awi ng  No .  65 - 42356 .  Howe v e r ,
t he  s wi t c h manuf ac t ur e r  r e c omme nds  ac t ua t or  par t  numbe r  ADD 3721R f or  t hi s
a p p l i c a t i o n. The  de p t h o f  t he  c i r c ul ar - c y l i nde r - s hape d  but t on on t he  ADD
3721R ac t ua t or  i s  0 . 044  i nc he s  l e s s  t han t he  but t on on t he  ADH 3 7 2 1 R2
a c t ua t o r . ( Se e  f i gur e  9 . )

The  ad j us t me nt  t ab  on t he  ac t ua t or ,  whi c h i s  p r ov i de d  f o r  s l i ght
ad j us t me nt s  t o  s wi t c h ope r a t i on,  was  be nt  upwar d  i 5 o t o  2 0 0 . The  Boe i ng
mai nt e nanc e  manua l  r e c omme nds  be nd i ng  t he  t ab  no t  mor e  t han +1 / 4 o . ( Se e
f i gur e  9 . )

Swi t c h ac t i v a t i on mov e me nt , wi t h t he  s wi t c h as s e mbl y  s t i l l
i ns t a l l e d  i n t he , c l ut c h pac k  a s s e mb l y ,  was  obs e r v e d  t hr ough a  mi c r os c op i c  TV
c ame r a  and  r e c or de d . The  out e r  bo t t om e dge  o f  t he  ac t ua t or  but t on woul d
i ni t i a l l y  c ont ac t  t he  t op  c e nt e r  o f  t he  s wi t c h p l unge r  and  woul d  r e mai n i n
t hi s  pos i t i on a s  t he  p l unge r  was  be i ng  de pr e s s e d  and  t he  s wi t c h t r i ppe d .  As
t he  s wi t c h t r i ppe d , t he  e xpos e d  por t i on o f  t he  s wi t c h p l unge r  woul d  s l i de
s l i ght l y  i nwar d  t owar d  t he  bo t t om o f  t he  ac t ua t or  but t on and  be c ome
p e r p e nd i c ul a r  t o  t he  s wi t c h c a s i ng . Appr ox i ma t e l y  10  s wi t c h ac t i v a t i ons  we r e
o b s e r v e d ,  a nd  e a c h t i me  t he  s wi t c h p r o p e r l y  t r i p p e d .

The  c ab l e s  t ha t  we r e  s t i l l  a t t ac he d  t o  t he  c l ut c h pac k  a s s e mbl y
c ont a i ni ng  t he  s wi t c h a s s e mbl y  we r e  t he n r e mov e d  t o  f r e e  t he  j amme d  c am whi c h
mov e s  t he  s wi t c h ac t ua t or  mount e d  on t he  c l ut c h pac k  a s s e mbl y  s t r uc t ur e .
Pr ope r  o r i e nt a t i on o f  t he  c am t o  t he  s wi t c h,  a s  i t  woul d  r e l a t e  t o  t hr us t
l e v e r  pos i t i on,  was  t he n e s t ab l i s he d .  Dur i ng  t hi s  p r oc e dur e ,  nume r ous  s wi t c h
a c t i v a t i o n s o und s  we r e  he a r d . Ot he r  s wi t c he s  a r e  i ns t a l l e d  i n t he  c l ut c h
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Fi g ur e  9 . - - Pho t o  o f  t hr o t t l e  s wi t c h.
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p a c k  a s s e mb l y . I t  i s  no t  known i f  t he  t ake o f f  war ni ng  s wi t c h ac t i v a t e d  e ac h
t i me  t he  o ut e r mo s t  s ur f a c e  o f  t he  c a m ma d e  c o nt a c t  wi t h t he  s wi t c h a c t ua t o r .

Dur i ng  one  o f  t he  c am mov e me nt s , t he  out e r  bo t t om e dge  o f  t he
ac t ua t or  but t on was  obs e r v e d  s l i d i ng  o f f  t he  t op  o f  t he  s wi t c h p l unge r  and
mak i ng  c ont ac t  wi t h t he  s wi t c h hous i ng  wi t hout  de pr e s s i ng  t he  p l unge r .
Dur i ng  s ubs e que nt  s wi t c h ac t i v a t i ons , t he  ac t ua t or  but t on woul d  s ome t i me s
f ul l y  de pr e s s  t he  s wi t c h p l unge r  and  t r i p  t he  s wi t c h,  and  a t  o t he r  t i me s
woul d  s l i de  o f f  t he  t op  o f  t he  s wi t c h p l unge r  and  no t  de pr e s s  t he  ac t ua t or .
In add i t i on,  t he  ac t ua t or  but t on oc c as i ona l l y  de pr e s s e d  t he  s wi t c h p l unge r
but  t he r e  was  no t  s uf f i c i e nt  t r av e l  o f  t he  p l unge r  t o  t r i p  t he  s wi t c h.  The
ac t ua t or  but t on i s  mount e d  on t he  ad j us t me nt  t ang  as  a  nonr i g i d  a s s e mbl y
c ont a i ni ng  a "f r e e - f l o a t i ng " s p r i ng . It was f ound  t ha t  by  e i t he r  app l y i ng
f i nge r  p r e s s ur e  t o  t he  but t on as s e mbl y  o r  r o t a t i ng  t he  s pr i ng ,  t he  but t on
c oul d  be  pos i t i one d  t o : ( 1 )  f ul l y  de pr e s s  t he  s wi t c h p l unge r  and  t r i p  t he
s wi t c h,  ( 2 )  par t i a l l y  de pr e s s  t he  s wi t c h p l unge r  and  no t  t r i p  t he  s wi t c h,  o r
( 3 )  s l i de  o f f  t he  p l unge r  wi t hout  de pr e s s i ng  i t .

Swi t c h ac t i v a t i on mov e me nt  was  agai n obs e r v e d  t hr ough a
mi c r os c op i c  TV c ame r a  and  r e c or de d . We a r  pa t t e r ns  we r e  obs e r v e d  a l ong  t he
c y l i nde r  s i de  o f  t he  but t on. The  but t on was  r o t a t e d  t o  c r e a t e  a  ne w we ar
p a t t e r n f o r  a  l a t e r  c o mp a r a t i v e  s t ud y .

The  s wi t c h e xhi b i t e d  a  b l ue - gr e e n c or r os i on- t y pe  s ubs t anc e  a r ound
t he  nor mal l y  ope n t e r mi na l s  on t he  e x t e r i o r  o f  t he  hous i ng .  I n add i t i on,  t he
p l unge r  ho l e  had  e nl ar ge d  due  t o  s i de  l oads  hav i ng  be e n e xe r t e d  on t he
p l ung e r .

The  s wi t c h was  l a t e r  i ns t a l l e d  on a  t e s t  j i g  p r ov i de d  by  t he
ma nuf a c t ur e r , and  a l l  p l unge r  t r av e l  me as ur e me nt s  me t  t he  manuf ac t ur e r ' s
s p e c i f i c a t i o ns .

The  s wi t c h was  d i s mant l e d ,  and  t he  i nt e r na l  s ur f ac e  o f  t he  s wi t c h
hous i ng  a l s o  e xhf b i t e d  t he  b l ue - gr e e n c or r os i on- t y pe  s ubs t anc e .  Howe v e r ,  t he
s wi t c h c ont ac t s  we r e  f r e e  o f  t hi s  s ubs t anc e . The r e  was  no  v i s i b l e  i mpac t
d a ma g e  t o  t he  i nt e r na l  c o mp o ne nt s  o f  t he  s wi t c h.

The  c am i ns t a l l e d  on t he  No .  3  aut o t hr o t t l e  c l ut c h a s s e mbl y  whi c h
ope r a t e s  t he  t ake o f f  war ni ng  s wi t c h was  de s i gne d  t o  p r ov i de  f o r  s wi t c h
ac t i v a t i on be t we e n 11.50 and  1 3 . 5 0 t hr o t t l e  l e v e r  ang l e . Howe v e r ,  t he  c am
had  be e n mod i f i e d  by  mac hi ni ng  t he  c am bac k  appr ox i ma t e l y  0 . 55  i nc he s  t o
pr ov i de  f o r  s wi t c h ac t i v a t i on be t we e n 18.50 and 20 . 50  t hr o t t l e  l e v e r  ang l e .
The  c am had  be e n mod i f i e d ,  pe r  Boe i ng  i ns t r uc t i ons ,  t o  p r e v e nt  nui s anc e
a c t i v a t f o ns  o f  t he  t ake o f f  war ni ng  s y s t e m whe n app l y i ng  powe r  t o  t ax i  i n
p e r i o d s  o f  hi g h d e ns i t y  a l t i t ud e s .

The  c am has  t wo  ad j us t me nt  s l o t s  t o  a l l ow t he  c am t o  be  ad j us t e d
t o  c ompe ns a t e  f o r  manuf ac t ur i ng  t o l e r e nc e s .  The  mod i f i e d  c am was  f ound  t o  be
i ns t a l l e d  wi t hi n l i mi t s ,  b ut  0.10 i nc he s  f r o m t he  f ul l  t r a v e l  a d j us t me nt .
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1 . 1 6 . 3 Flap Warning Switch

The  f l ap  war ni ng  s wi t c h, l oc a t e d  a t  t he  out boar d  f l ap  f o l l ow- up
dr i v e  i n t he  r i ght  whe e l  we l l , had  s us t a i ne d  s ubs t ant i a l  f i r e  damage  but  was
i nt ac t . The  s wi t c h was  be nc h t e s t e d  a s  i ns t a l l e d  i n t he  out boar d .  f l ap
f o l l o w- up  d r i v e . Ei ght  ohms  r e s i s t anc e  was  me as ur e d  f r om t he  c ommon t e r mi , na l ~
t o  t he  nor mal l y  c l o s e d  ( NC)  t e r mi na l , and  7  ohms  r e s i s t anc e  was  me as ur e d
f r om t he  c ommon t e r mi na l .  t o  t he  , no r ma l l y  ope n ( NO)  t e r mi na l  upon s wi t c h
a c t i v a t i o n,  whi c h a r e  no r ma l  v a l ue s .

1 . 1 6 . 4 Tra i l ing  Edge  F lap  S&em

The  i nboar d  and  out boar d  f l ap  pos i t i on i nd i c a t o r s  we r e  t e s t e d  and
t he  r e s ul t s  we r e  wi t hi n manuf ac t ur e r ' s  s pe c i f i c a t i ons . The  i nboar d  and
out boar d  f l ap  a s y mme t r y - s hut - o f f  r e l ay s  r e s i s t anc e  and  c ont i nui t y  c he c ks  we r e
s a t i s f a c t o r y .

The  out boar d  f l ap  by pas s  v a l v e  was  f ound  t o  hav e  be e n i n t he
No .  1 ,  o r  no r ma l ,  p o s i t i o n. The  i nboar d  f l ap  by pas s  v a l v e  was  i n t he  No .  2 ,
o r  b y p a s s ,  p o s i t i o n. The  i nb o a r d  a nd  o ut b o a r d  f l a p  c o nt r o l  v a l v e s  we r e ,  f l o w
c he c k e d ,  a nd  b o t h v a l v e s  s ho we d  f l o w t o  p o r t - A.

1.16.5 Leading Edge Flap and Slat System

The  e i ght  l e ad i ng  e dge  s l a t  ac t ua t or s  we r e  f unc t i ona l l y  t e s t e d  and
d i s a s s e mb l e d . Wi t h t he  e xc e p t i on o f  t he  No .  7  ac t ua t or ,  t he  ac t ua t or s  c oul d
be  hy dr aul i c a l l y  unl oc ke d  f r om bo t h t he  up l o c k and  d o wnl o c k pos i t i ons ,  and
t he y  ope r a t e d  nor mal l y . An a t t e mp t  t o  unl oc k  t he  No .  7  ac t ua t or  f r om t he
up l o c k pos i t i on was  s t oppe d  a t  2 , 1 0 0 p s i  due  t o  s a f e t y  c onc e r ns .

Al l  l e ad i ng  e dge  s l a t  ac t ua t or s ,  e xc e p t  f o r  t he  No .  7  ac t ua t or ,
we r e  d i s as s e mbl e d  f o l l owi ng  t he  manuf ac t ur e r ' s  p r oc e dur e s  f o r  nor mal
d i s a s s e mb l y . The r e  was  no e v i de nc e  o f  i nt e r na l  i mpac t  damage  o f  ac t ua t or s
No .  1  t hr ough No . 6 ,  and  t he i r  l oc k i ng  r i ngs  we r e  i nt ac t .  One  l and  o f  t he
No .  8  ac t ua t or ' s  l oc k i ng  r i ng ,  whi c h was  i nt ac t ,  d i s p l ay e d  a  s ma l l  s me ar  on
one  s i de  unde r  a  mi c r os c ope , and  t he r e  we r e  t wo  v e r y  s ma l l  i nde nt a t i ons  on
t he  p i s t o n f l a ng e . The  ac t ua t or  ope r a t e d  nor mal l y  a f t e r  r e as s e mbl y .

The  No .  7  ac t ua t or  had  t o  be  s awe d  ope n.  The  i nt e r na l  s houl de r  o f
t he  a c t ua t o r  c y l i nd e r , l oc a t e d  appr ox i ma t e l y  2  l / 2 i nc he s  f r om t he  e nd  o f  t he
c y l i nde r ,  had  c ompl e t e l y  b r oke n o f f ,  t he ~c y l i nd e r  body  c i r c umf e r e nt i a l l y .  The
s houl de r  was  d i s p l ac e d  t o  t he  r e ar  o f  t he  ac t ua t or  whi c h pr e v e nt e d  t he
l oc k i ng  s l i de  mov e me nt  me c hani s m f r om mov i ng  f o r war d  t o  t he  unl oc k  pos i t i on.
The  l o c k r i ng was  i nt ac t  wi t h no  v i s i b l e  damage .

The  l e ad i ng  e dge  f l ap  and  s l a t  c ont r o l  v a l v e  was  p l ac e d  i n a  t e s t
f i x t ur e ,  and  t he  r i g  p i n ho l e  i n t he  c ont r o l  v a l v e  c r ank  was  0 . 132  i nc he s  out
f r om t he  f ul l  up  pos i t i on. The  c r ank  c oul d  no t  be  mov e d . The  v a l v e  was
f l us he d  wi t h a l c oho l , and  a  s pe c t r um ana l y s i s  wa s  made  on t he  . r e s i d ue .
Dur i ng  t he  f l us hi ng , i t  was  no t e d  t ha t  t he  v a l v e  was  i nt e r na l l y  por t e d  t o  an
a l l  l e a d i ng  e d g e  f l a p s  a nd  s l a t s  r e t r a c t e d  p o s i t i o n.
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1 . 1 6 . 6 Auto Pack Trip System

The  t e s t  r e s ul t s  o f  a l l  t he  c ompone nt s  o f  t he  aut o  pac k  t r i p
s y s t e m t ha t  c oul d  be  t e s t e d ,  e xc e p t  f o r  t he  e ng i ne  No .  3  p r e s s ur e  s wi t c h,
we r e  s a t i s f ac t o r y . Dur i ng  one  o f  t he  t hr e e  t e s t s  on t he  No .  3  s wi t c h,  t he
s wi t c h ac t i v a t e d  a t  128 . 5  p s i . The  t e s t  s pe c i f i c a t i ons  r e qui r e  a  s wi t c h
ac t i v a t i on a t  120  p l us  o r  mi nus  5  p s i . The  e x t e r na l  s ur f ac e  o f  t he  s wi t c h
e xhi b i t e d  mi nor  he a t  damage . The  r e s ul t s  o f  t he  r e ma i ni ng  t wo  t e s t s  on t he
No .  3  s wi t c h we r e  s a t i s f a c t o r y .

1 . 1 6 . 7 A i r p l a n e  Perfarkce

The  Sa f e t y  Boar d ' s  pe r f o r manc e  s t udy  was  bas e d  upon da t a  de r i v e d
f r om t he  a i r p l ane ' s  FDR and  CVR,  r adar ,  g r ound  c ont ac t  da t a ,  and  t i me -
c o r r e l a t e d  FDR a nd  CVR i nf o r ma t i o n.

Bas e d  upon t he  a i r p l ane ' s  f i na l  we i ght  t abul a t i on and  t he
i nf or mat i on c ont a i ne d  i n t he  c ompany ' s  d i s pa t c h pape r s ,  t he  a i r p l ane ' s
t ake o f f  we i ght  was  de t e r mi ne d  t o  be  157 , 683  pounds ,  a t  b r ake  r e l e as e ,  and  t he
r e qui r e d  f l ap  s e t t i ng  f o r  t ake o f f  was  t o  be  15  de gr e e s . The  t ake o f f  s pe e ds
on t he  De l t a  t ake o f f  c a r d  f o r  t ha t  we i ght  and  c onf i gur a t i on we r e  a s  f o l l ows :

Cr i t i c a l  e ng i ne  f a i l ur e  s pe e d  ( V1 )  was  131  kno t s ,  r o t a t i on
s pe e d  ( Vr )  was  131  kno t s , and  t he  s a f e  c l i mb  s pe e d  wi t h t he
c r i t i c a l  e ng i ne  i nope r a t i v e  ( V2 )  was  145  kno t s .

The  pe r f o r manc e  s t udy ' s  c omput a t i ons  we r e  bas e d  on t he s e  f o l l owi ng
da t a :  t ake o f f  we i ght - - 157 , 683  pounds ;  c e nt e r  o f  g r av i t y - - 22 . 5  pe r c e nt  me an
ae r ody nami c  c hor d  ( MAC) ;  r unway  e l e v a t i on
l i f t o f f - - no mi na l ;

- - 596  f e e t  ms l ;  r unway  g r ad i e nt  t o
a l t i me t e r  s e t t i ng - - 2 9 . 9 9

a t  9  kno t s ;  and  t he  t e mp e r a t ur e - - 7 4 0 F.
i nHg ;  s ur f ac e  wi nds - - 090  de gr e e s

The  r e s ul t s  o f  t he  c omput a t i ons  we r e  c ompar e d  t o  t he  a i r p l ane ' s
a c t ua l  t a k e o f f  p e r f o r ma nc e . The  a i r p l ane ' s  ac c e l e r a t i on up  t o  and  t hr ough V2
was  i n ac c or danc e  wi t h p r e d i c t e d  r a t e s .
V2 3

The  f i r s t  o f f i c e r  c a l l e d  bo t h Vr  and
and  t he  t i mi ng  o f  t he  c a l l o ut s  we r e  c ons i s t e nt  wi t h t he  c omput e d  v a l ue s

c i t e d  abov e . The  a i r p l ane  be gan t o  r o t a t e  a t  Vr . Wi t h p r ope r  t ake o f f
c o nf i g ur a t i o n, t he  pe r f o r manc e  s t udy  de t e r mi ne d  t ha t  a  nor mal  l i f t o f f  p i t c h
a t t i t ude  woul d  hav e  be e n 8 . 6 0 no s e up p i t c h a t  an a i r s pe e d  o f  144  kno t s .  The
l i f t o f f  po i nt  woul d  hav e  be e n 5 , 210  f e e t  down t he  r unway . The  i ni t i a l  r a t e
o f  c l i mb  a f t e r  t ake o f f  woul d  hav e  be e n about  2 , 500  f e e t  pe r  mi nut e ,  a t  a
c l i mb  ang l e  o f  9 . 60 , wi t h t he  f l aps  s e t  a t  1 5 0 . Fl i ght  1141 ' s  body  p i t c h
a t t i t ude  was  c a l c ul a t e d  t o  be  appr ox i ma t e l y  l o o a t  t he  e s t i ma t e d  l i f t o f f ,
wi t h a n a i r s p e e d  o f  1 5 8  k no t s .

Bas e d  upon FDR da t a ,
6 , 017  f e e t  down t he  r unway ,

l i f t o f f  oc c ur r e d  a t  9 : 0 0 : 1 3 . 4 a t  a  po i nt
807  f e e t  be y ond  t he  nor mal  l i f t o f f  po i nt . The

e l aps e d  t i me  f r om t he  s t a r t  o f  t ake o f f  t o  t he  e s t i ma t e d  l i f t o f f  was
4 0 . 7  s e c o nd s . Bas e d  on t he  pe r f or manc e  s t udy ,  t he  nor mal  e l aps e d  t i me  t o
mai n ge ar  l i f t o f f  i s  appr ox i ma t e l y  37  s e c onds . The  t a i l  s k i d  c ont ac t e d  t he
r unway  1 . 4  s e c onds  a f t e r  t he  e s t i ma t e d  l i f t o f f ,  appr ox i ma t e l y  383  f e e t  be y ond
t he  e s t i ma t e d  l i f t o f f  po i nt . A t a i l  s t r i ke  on t he  Boe i ng  727 - 232  r e qui r e s  a



3 9

body  ang l e  o f  appr ox i ma t e l y  l o o wi t h t he  ma i n l and i ng  ge ar  on t he  r unway .  At
t ha t  p o i nt ,  t he  a i r p l a ne ' s  a i r s p e e d  ha d  i nc r e a s e d  t o  1 6 0  k no t s .

Gi v e n t he  a i r p l ane ' s  we i ght  and  ba l anc e ,  ac t ua l  t ake o f f  t hr us t ,
and  c ompe ns a t i ng  f o r  g r ound  e f f e c t , t he  c a l i b r a t e d  s t a l l  a i r s pe e ds  o f  t he
a i r p l ane  we r e  de t e r mi ne d  t o  be  154  kno t s  wi t h no  f l aps ;  147  kno t s  wi t h 2 o o f
f l ap ;  127  kno t s  wi t h 5 0 o f  f l ap ;  and  120  kno t s  wi t h 1 5 0 o f  f l ap .  The  s t a l l
war ni ng ,  i . e . ,  s t i c k s hake r , oc c ur r e d  appr ox i ma t e l y  1 . 7  s e c onds  a f t e r  t he
e s t i ma t e d  l i f t o f f  po i nt  a t  161  kno t s  and  c ont i nue d  f o r  20 . 2 s e c onds  unt i l  t he
s ound  o f  t he  f i r s t  i mpac t . The  r i ght  wi ng  t i p  s t r uc k  t he  g r ound
a p p r o x i ma t e l y  3 . 7  s e c o nd s  a f t e r  t he  e s t i ma t e d  l i f t o f f .

At  no r ma l  t a k e o f f  s p e e d s , a t  a  body  ang l e  o f  1 0 0 wi t h 1 5 0 o f  f l ap ,
t he  ac c i de nt  a i r p l ane  woul d  hav e  53 , 105  pounds  o f  l i f t  av a i l ab l e  i n e xc e s s  o f
t he  we i ght  o f  t he  a i r p l ane . Wi t h t he  f l aps  up  ( 0 0 o f  f l ap ) ,  t he  a i r p l ane
woul d  we i gh 984  pounds  mor e  t han t he  l i f t  p r oduc e d . Ho we v e r , , a  1  kno t
i nc r e as e  i n s pe e d  woul d  hav e  r e s ul t e d  i n t he  l i f t  be i ng  g r e a t e r  t han t he
we i ght  e v e n wi t h no  f l aps . At  2 o o f  f l aps ,  t he  l i f t  woul d  hav e  e xc e e de d  t he
we i g ht  b y  1 0 , 1 2 5  p o und s .

The  a i r p l ane  ac c e l e r a t e d  t o  Vr i n 32 . 8  s e c onds  a f t e r  t he  s t a r t  o f
t ake o f f . For  a  nor mal  t ake o f f ,  t he  t i me  t o  ac c e l e r a t e  t o  Vr  i s  about
3 4  s e c o nd s . Boe i ng  has  de t e r mi ne d  t ha t  d i f f e r e nt  f l ap / s l a t  pos i t i ons  hav e
ne g l i g i b l e  e f f e c t s  o n t a k e o f f  g r o und  r o l l  a c c e l e r a t i o n.

At  t he  pub l i c  he ar i ng , a  Boe i ng  B- 727  t e s t  p i l o t  no t e d  t ha t  t he
wi ng ' s  l e ad i ng  e dge  de v i c e s  we r e  v e r y  powe r f ul  i n i mpr ov i ng  l a t e r a l
s t a b i l i t y . He  no t e d  t ha t  wi t h t he  f l aps  up  t he  a i r p l ane  i s  l e s s  t o l e r ant  o f
s i de  s l i p  and  wi l l  t e nd  t o  d r op  a  wi ng  as  t he  AOA appr oac he s  s t a l l .  He
s t a t e d  t ha t  a l t hough. t he a i r c r a f t  i s  s t i l l  c ont r o l l ab l e ,  l a t e r a l  c ont r o l  i s
de gr ade d  an add i t i ona l  amount  wi t h t he  f l aps  up  s i nc e  t he  out boar d  a i l e r ons
ar e  l oc ke d  i n a  t r a i l i ng  pos i t i on. Fur t he r , t he  s t i c k  f o r c e  g r ad i e nt
r e qui r e d  t o  e nt e r  a  f l aps  up  s t a l l  i s  r e l a t i v e l y  f l a t ,  t hus ,  t he r e  i s  v e r y
l i t t l e  d i s c e r ni b l e  i nc r e as e  i n s t i c k  f o r c e  a s  t he  AOA i nc r e as e s . Ho we v e r ,
onc e  t he  f l aps  a r e  s e t  a t  5 o and  abov e ,  he  t e s t i f i e d  t ha t  t he r e  i s  a
no t i c e ab l e  i nc r e as e  i n s t i c k  f o r c e  g r ad i e nt  a s  t he  a i r p l ane  i s  r o t a t e d  f r om
i ni t i a l  s t a l l  wa r ni ng  a l l  t he  wa y  t o  a  f ul l  s t a l l .

The  UP or  2 o f l ap  pos i t i ons  woul d  nor mal l y  ac t i v a t e  s t i c ks hake r
i f  t he  a i r p l ane  i s  a t  o r  abov e  1 1 0 AOA.  For  f l aps  a t  5 o o r  1 5 0 ,  s t i c ks hake r
woul d  nor mal l y  ac t i v a t e  i f  t he  a i r p l ane  i s  a t  o r  abov e  1 4 0 AOA. Ai r p l a ne
dr ag  i nc r e as e s  wi t h i nc r e as i ng  AOA whi c h wi l l  r e duc e  t he  ac c e l e r a t i on
pos s i b l e  f o r  a  g i v e n t hr us t  s e t t i ng . FDR i nd i c a t e d  a i r s pe e d  da t a  i nc r e as e s
f r om appr ox i ma t e l y  156  KI AS a t  t he  s t a r t  o f  s t i c k s hake r  t o  164  KI AS whe n t he
f i r s t  i mpac t  oc c ur r e d .  For  f l aps  up  o r  2 0 ,  t he  s t a l l  AOA i s  about  1 4 0 .  For
f l aps  5  o r 1 5 o , t he  s t a l l  AOA i s  17  t o  1 8 0 . Ty p i c a l l y ,  t he r e  i s  a  5 o mar g i n
b e t we e n s t a l l  wa r ni ng  a nd  s t a l l .

Boe i ng ‘ s  c a l c ul a t i ons  and  wi nd  t unne l  t e s t i ng  o f  t he  l i f t
av a i l ab l e  wi t h t he  out boar d  f l aps  a t  1 5 0 and  t he  i nboar d  f l aps  up ,  i . e .
“split flaps,” indicated that t he  s t a l l  war ni ng  i s  a t  1 1 0 and  s t a l l  AOA i s
1 8 . 5 “ . For  "s p l i t  f l aps , " t he  av a i l ab l e  l i f t  woul d  be  s l i ght l y  l e s s  t han
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wi t h a  nor mal  f l ap  s e t t i ng  o f  5 O. The  s t a l l  AOA f or  "s p l i t
g o hi ghe r  t han t he  s t a l l  AOA f or  f l aps  a t  1 5 O or  5 O.

f l aps " i s  about
( Se e  f i gur e s  10  and

11,) The  "s p l i t  f l aps " s c e nar i o  wi l l  be  d i s c us s e d  l a t e r  i n t hi s  r e por t .

1 . 1 6 . 8 Take of f  Har ni ng System Inspections

As  a  r e s ul t  o f  t he  Nor t hwe s t  Ai r l i ne s  DC- g - 82  t ake o f f  ac c i de nt  a t
De t r o i t , Mi c hi g a n, 2 t he  FAA i s s ue d  Ai r  Car r i e r  Ope r a t i ons  Bul l e t i n
No .  8 - 8 8 - 4 . Thi s  bul l e t i n s pe c i f i e d  ac t i on t ha t  was  t o  be  t ake n by  p r i nc i pa l
i ns pe c t o r s  t o  r e v i e w ov e r a l l  t ake o f f  war ni ng  s y s t e m pe r f o r manc e ;  i . e . ,  t e s t
t he  s y s t e ms , e ns ur e  t ha t  e ac h c ar r i e r s ' p r oc e dur e s  a r e  c ons i s t e nt  wi t h
a i r p l a ne ma nuf a c t ur e r s ' c ur r e nt  r e c o mme nd a t i o ns , and  e ns ur e  t ha t  t he
c he c k l i s t s  appr opr i a t e l y  s uppor t  r e qui r e d  c r e w ac t i ons  f o r  e ac h o f  t he i r
as s i gne d  c ar r i e r s . The  bul l e t i n was  appr ov e d  by  FAA he adquar t e r s  i n June
1988. The  f l i ght  s t andar ds  d i s t r i c t  o f f i c e  ( FSDO)  r e s pons i b l e  f o r  De l t a
r e c e i v e d  t he  bul l e t i n on Augus t  30 ,  1988. FAA o f f i c i a l s  t e s t i f i e d  t ha t  t he
d e l a y  f r o m t he  a p p r o v a l .  o f  t he  b ul l e t i n t o  i t s  a r r i v a l  a t  t he  d i s t r i c t  o f f i c e
was  a t t r i but e d  t o  nor mal  p r oc e s s i ng  and  pub l i c a t i on t i me . The  p r i nc i pa l
ope r a t i ons  i ns pe c t o r  (POI) f o r  De l t a  t e s t i f i e d  t ha t  t he  bul l e t i n r e ac he d  hi s
de s k  on Se pt e mbe r  5 ,  1988, and was  put  i n t he  mai l  t o  De l t a  on
Se p t e mb e r  1 4 ,  1988.

On Se p t e mbe r  16 , 1988, t he  FAA i s s ue d  Ac t i on No t i c e  A8000 . 30 ,
whi c h addr e s s e d  t he  ne e d  t o  c he c k  t he  t ake o f f  war ni ng  s y s t e m o f  Boe i ng  Mode l
727  s e r i e s  a i r p l ane s . The  r e s ul t  o f  t ha t  i ns pe c t i on f ound  t ha t  a l l  c ur r e nt
t ake o f f  war ni ng  s y s t e ms  we r e  ac c e p t ab l e  f r om a  r e l i ab i l i t y  s t andpo i nt ,
i nc l ud i ng  t hos e  s y s t e ms  wi t h s i ng l e  po i nt  s e ns or s .  The  FAA' s  i ns pe c t i on o f
t he  Boe i ng  727  t ake o f f  war ni ng  s y s t e ms  f ound  35  anomal i e s  i n t he  1,190
a i r p l ane s  t ha t  we r e  s ur v e y e d .
a s  s y s t e m ad j us t me nt  p r ob l e ms .

Anomal i e s  i nc l ude d  c ompone nt  f a i l ur e s  a s  we l l
Twe l v e  o f  t he  f unc t i ona l  p r ob l e ms  f ound  we r e

a t t r i but e d  t o  t he  t hr o t t l e  l e v e r  s wi t c h.
t hi s  c o nd i t i o n,

It wa s  t he  FAA t e a m' s  o p i ni o n t ha t
i f  no t  c or r e c t e d ,  c oul d  r e s ul t  i n an a t t e mp t e d  t ake o f f  whe n

t he  a i r p l ane  was  no t  i n t he  p r ope r  t ake o f f  c onf i gur a t i on. The  FAA t e am
r e c omme nde d  t ha t  t he  Boe i ng  727  t ake o f f  war ni ng  s y s t e m be  c hange d  f r om a
t hr o t t l e  ac t i v a t e d  s y s t e m t o  an e ng i ne  p r e s s ur e  r a t i o  ( EPR)  ac t i v a t e d  s y s t e m
whi c h had  be e n t he  s ub j e c t  o f  a  Boe i ng  s e r v i c e  bul l e t i n i n 1979 .  The  De l t a
B- 727  f l e e t  c ont a i ne d  a i r p l ane s  t ha t  had  t he  t ake o f f  war ni ng  s y s t e m ac t i v a t e d
by  t he  t hr o t t l e  s wi t c h and  o t he r s  t ha t  we r e - ac t i v a t e d  by  EPR.  Thi s  mi xe d
f l e e t  r e s ul t e d  f r om t he  ac qui s i t i on o f  8 - 7 2 7 s  t hr ough De l t a ' s  me r ge r  wi t h
We s t e r n Ai r l i ne s .
a c t i v a t e d  s y s t e ms .

We s t e r n Ai r l i ne s  had  p r e v i ous l y  mod i f i e d  i t s  B- 727s  t o  EPR
De l t a  had  e v a l ua t e d  t he  s e r v i c e  bul l e t i n and  de t e r mi ne d

t ha t  t he  mod i f i c a t i on was  no t  ne e de d  f o r  i t s  ope r a t i on,  t he r e f or e ,  t he  De l t a
B- 727s  r e t a i ne d  t he  t hr o t t l e  ac t i v a t e d  s y s t e ms . As  a  r e s ul t  o f  t hi s
i nv e s t i g a t i o n, t he  FAA i s s ue d  a i r wor t hi ne s s  d i r e c t i v e  ( AD)  88 - 22 - 09 ,  whi c h
r e qui r e d  r e pe t i t i v e  and  f unc t i ona l  c he c k  o f  t he  t ake o f f  war ni ng  s y s t e m a t

‘Aircraft Accident  Report --‘Northwest Airlines, Inc., McDonne\-Dougles
Dc-9-82, N312RC, Detroit Metropolitan Uayne County Airport, Romulus,
Michigan, August 16, 1987”  (NTSg/AAR-88/05).  i
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200- f l i ght - hour  i nt e r v a l s , and  r e pa i r  o r  r e p l ac e me nt  o f  any  i nope r a t i v e
c ompone nt ,  i f  ne c e s s ar y ,  p r i o r  t o  f ur t he r  f l i ght .  The  AD be c ame  e f f e c t i v e  on
No v e mb e r  1 0 ,  1 9 8 8 .

1.16.9 Flight Demonstration

On Mar c h 21 ,  1989 ,  a  f l i ght  de mons t r a t i on was  c onduc t e d  ut i l i z i ng
a  De l t a  Boe i ng  727 - 200 . The  pur pos e  o f  t he  f l i ght  de mons t r a t i on was  t o
v a l i da t e  t he  wi nd  t unne l  da t a  on t he  Boe i ng  727  c oe f f i c i e nt  o f  l i f t  and
c oe f f i c i e nt  o f  d r ag  v e r s us  AOA t o  ac t ua l  f l i ght  da t a . The  f l i ght
de mons t r a t i on f ound  v e r y  good  c or r e l a t i on o f  t he  ac t ua l  c oe f f i c i e nt s  o f  l i f t
a nd  d r a g  t o  t he  wi nd  t unne l  d e r i v e d  d a t a .

Dur i ng  t he  i nv e s t i ga t i on o f  t he  ac c i de nt ,  par t i e s  had  s ugge s t e d
t ha t  f l i ght  1141  had  de par t e d  i n a  s p l i t  f l ap  c ond i t i on,  and  t ha t  t he  c r e w
had  r a i s e d  t he  f l aps  p r i o r  t o  i mpac t  i n a  a t t e mp t  t o  p r e v e nt  t he  ac c i de nt .
The  s p l i t  f l ap  c ond i t i on was  de f i ne d  a s  t he  i nboar d  f l aps  r e t r ac t e d  and  t he
out boar d  f l aps  a t  1 5 0 . Fl i ght  de mons t r a t i on da t a  d i s c l o s e d  t ha t  t he  l i f t
c ur v e  f o r  t he  s p l i t  f l ap  c ond i t i on was  s l i ght l y  be l ow t he  c ur v e  f o r  a  f l ap
s e t t i ng  o f  5 O, whi c h c l o s e l y  a g r e e d  wi t h t he  c a l c ul a t e d  d a t a .

1.17 Other Information
l

1.17.1 Del ta 's  F l ight  Standards  Organizat ion

As  a  r e s ul t  o f  a  FAA Na t i ona l  I ns pe c t i on Te am Re por t  on t he  s a f e t y
aud i t  o f  De l t a  c onduc t e d  i n Jul y  o f  1987 ,  De l t a  c r e a t e d  t he  pos i t i on o f
Sy s t e m Manage r , Fl i ght  St andar ds . The  pe r s on i n t hi s  pos i t i on r e por t s
d i r e c t l y  t o  t he  Vi c e  Pr e s i de nt ,  Ope r a t i ons . Thi s  pos i t i on ov e r s e e s  t he  l i ne
c he c k  a i r man pr ogr am, and  p l ac e s  t he  l i ne  c he c k  a i r man unde r  c e nt r a l i z e d
c o nt r o l . Fl e e t  ma na g e r s  a nd  s t a nd a r d s  ma na g e r s  f o r  e a c h a i r c r a f t  t y p e  i n t he
De l t a  f l e e t  r e p o r t  d i r e c t l y  t o  t he  s y s t e m ma na g e r .

Fl e e t  manage r s  a r e  r e s pons i b l e  f o r  t he  t e c hni c a l  s uppor t  t o  t he
p i l o t s  f o r  t he  ope r a t i on o f  t he i r  par t i c ul ar  a i r p l ane  t y pe ;  t he y  hav e ,  i n
p a r t ,  r e s p o ns i b i l i t y  f o r  a i r p l a ne  ma nua l s , c he c k l i s t s  a nd  d o c ume nt  r e v i s i o ns .
The y  a l s o  pub l i s h and  d i s t r i but e  quar t e r l y  i nf or mat i on pac kage s  r e l a t e d  t o
t he i r  a i r p l ane s  and  t he  ope r a t i on o f  t he  a i r p l ane s . Fur t he r , t he y  a r e
c ha r g e d  wi t h s t a nd a r d i z a t i o n ma t t e r s .

The  l i ne  c he c k  a i r me n pr ogr am i s  unde r  t he  s t andar ds  manage r
f unc t i o n. Li ne  c he c k  a i r ma n a t  e a c h b a s e  r e p o r t  t o  a  l e a d  c he c k  a i r ma n,  who ,
i n t ur n, r e por t s  d i r e c t l y  t o  t he  s t andar d ' s  manage r  f o r  hi s  par t i c ul ar
a i r p l a ne  t y p e . The  f unc t i on o f  t he  s t andar ds  manage r ' s  o f f i c e  i s ,  i n par t ,
t o  e ns ur e  t ha t  t he  c he c k  a i r man pr ogr am i s  e xe c ut e d  i n a  s t andar d i z e d
ma nne r , t o  s t andar d i z e  f l e e t  ope r a t i ons , and to monitor and analyze all
o p e r a t i o na l  a s p e c t s  o f  f l e e t  o p e r a t i o ns .

De l t a ' s  t r a i ni ng  de par t me nt  a l s o  was  r e or gani z e d  i n 1987  and  i s
he ade d  by  a  s y s t e m manage r  o f  t r a i ni ng , who  r e por t s  d i r e c t l y  t o  ~t he  Vi c e
President , Operations. The training department is responsible f o r  t he
i ni t i a l  and recurrent training of all pilot and instructor personnel.
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The  i nv e s t i ga t i on r e v e a l e d  t ha t  De l t a  d i d  no t  i ns i s t  on a
s t andar d i z e d  appr oac h t owar ds  c oc kp i t  manage me nt .  Te s t i mony  f r om manage me nt
and  t r a i ni ng  pe r s onne l  i nd i c a t e d  t ha t  c ap t a i ns  we r e  a l l owe d  wi de  l a t i t ude  i n
t he i r  c onduc t  o f  c oc kp i t  ope r a t i ons .  Ov e r  t he  l a s t  f e w y e ar s ,  De l t a  has  be e n
de v e l op i ng  a  p r ogr am t o  i nc or por a t e  c oc kp i t  r e s our c e  manage me nt  ( CRM)
t r a i ni ng  i n De l t a ' s  p i l o t  t r a i ni ng  p r ogr ams . A CRM s t e e r i ng  c ommi t t e e ;  wi t h
as s i s t anc e  f r om c ons ul t ant s ,  has  de v e l ope d  a  CRM pr ogr am and  a  me t hod  o f
i nt e r gr a t i ng  t hi s  p r ogr am i nt o  t he  e x i s t i ng  t r a i ni ng  s y s t e m. Ad d i t i o na l l y ,
De l t a  has  de v e l ope d  an as s oc i a t e d  l i ne  o r i e nt e d  f l i ght  t r a i ni ng  ( LOFT)
s y l l abus  whi c h i nc or por a t e s  t he  p r e s e nt  6 - mont h t r a i ni ng  c y c l e .
I mp l e me nt a t i o n o f  t he  CRM p r o g r a m i s  s c he d ul e d  t o  b e g i n i n l a t e  1 9 8 9  a nd  e a c h
c r e wme mb e r  s ha l l  ha v e  r e c e i v e d  CRM t r a i ni ng  b y  mi d - 1 9 9 0 .

1 . 1 7 . 2 Checklist Procedures

De l t a ' s  e xpande d  c he c k l i s t s  a r e  c ont a i ne d  i n t he  Nor mal  Pr oc e dur e s
s e c t i on o f  t he  Boe i ng  727  Pi l o t  Ope r a t i ng  Manua l . The  c he c k l i s t  c ont a i ns
c ap t a i n,  f i r s t  o f f i c e r ,  and  s e c ond  o f f i c e r  ac t i ons  i n whi c h a  “c ha l l e nge  and
r e s p o ns e " f o r ma t  i s  us e d . The  c ap t a i n i s  r e qui r e d  t o  v e r ba l l y  i ni t i a t e  t he
c he c k l i s t  p r o c e d ur e . The  s e c ond  o f f i c e r  r e ads  a l oud  t he  c ha l l e nge ,  and  t he
appr opr i a t e  c r e wme mbe r  make s  t he  p r ope r  r e s pons e . No t  a l l  i t e ms  on t he
c he c k l i s t  a r e  r e qui r e d  t o  be r e ad  a l oud  s uc h as  t a s ks  pe r f or me d  by  t he
s e c o nd  o f f i c e r  o r  p i l o t  a c t i o ns  whi c h t he  s e c o nd  o f f i c e r  v e r i f i e s . *

De l t a  p r oc e dur e s  r e qui r e  t ha t  whe n t he  a i r p l ane  i s  on t he  g r ound
t he  c ap t a i n s houl d  c a l l  f o r  a l l  c he c k l i s t s . The  c ap t a i n wi l l  r e s pond  t o  t he
"Be f or e  St a r t  c he c k l i s t " o r  de l e ga t e  t he  f i r s t  o f f i c e r  t o  r e s pond .  The  f i r s t
o f f i c e r  nor mal l y  r e s ponds  t o  a l l  o t he r  c he c k l i s t s  dur i ng  g r ound  ope r a t i ons .

I n f l i ght , t he  p i l o t  who  i s  f l y i ng  t he  a i r p l ane  c a l l s  f o r  t he
appr opr i a t e  c he c k l i s t  and  t he  p i l o t  no t  f l y i ng  make s  t he  r e s pons e .  The  p i l o t
f l y i ng  t he  a i r c r a f t  c a l l s  f o r  any  l and i ng  ge ar  o r  f l aps  c hange  and  t he  p i l o t
no t  f l y i ng  ac c ompl i s he s  t he  c hange . Whe n e ac h c he c k l i s t  i s  c ompl e t e ,  t he
s e c o nd  o f f i c e r  ma k e s  t he  a p p r o p r i a t e  a nno unc e me nt .

T a x i  C h e c k l i s t . - - The  Ta x i  c he c k l i s t  s e c t i o n o f  t he  Pi l o t  Op e r a t i ng
Ma nua l  c o nt a i ns  t he  i t e m “ Fl a p s ",  a s  f o l l o ws :

FLAPS .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . , ,  GREEN LI GHT

Ens ur e  I NBD and  OUTBD FLAP pos i t i on
i nd i c a t o r s  d i s p l a y  t a k e o f f  s e t t i ng
En s u r e  g r e e n
i l l umi na t e d

LE FLAPS l i g ht

Fl aps  may  be  e x t e nde d  any t i me  a f t e r  de par t i ng
r a mp  a r e a



4 5

T h e"Ope r a t i ng  Te c hni que s " page  as s oc i a t e d  wi t h t he  t ax i
c he c k l i s t  s t a t e s :

The  f l aps  s houl d  no t  be  e x t e nde d  unt i l  we l l  c l e ar  o f
c o ng e s t e d  a r e a s . No r ma l l y  f l a p s  s ho ul d  no t  b e  e x t e nd e d  unt i l
a l l  e ng i ne s  hav e  be e n s t a r t e d . The  FLAP l e v e r  may  be  mov e d
d i r e c t l y - t o  t he  t ake o f f  pos i t i on. Onc e  f l aps  a r e  e x t e nde d ,
ope r a t e  - a l l  f l i ght  c ont r o l s  t hr ough t he i r  f ul l  r ange  o f
t r a v e l . Ho l d  nos e  whe e l  s t e e r i ng  f i r ml y  dur i ng  t he  r udde r
c he c k .

Ac c or d i ng  t o  De l t a  t r a i ni ng  pe r s onne l  and  o t he r  De l t a  f l i ght c r e ws ,
De l t a ' s  p r o c e d ur e  p r i o r  t o  Ma r c h 1 9 8 8  ha d  b e e n t o  e x t e nd  f l a p s  o nl y  a f t e r  a l l
t hr e e  e ng i ne s  had  be e n s t a r t e d . Thi s  p r oc e dur e  was  c hange d  i n Mar c h 1988  t o
a l l ow f l ap  e x t e ns i on any t i me  a f t e r  de par t i ng  t he  r amp  ar e a . One  c , a p t a i  n
s t a t e d  t ha t ,  whi l e  t he r e  was  no  s pe c i f i c  p r oc e dur e ,  s i mul a t or  i ns t r uc t or s
t aught  c ap t a i ns  "by  i nf e r e nc e " t o  c he c k  t he  f l ap  pos i t i on whe n c he c k i ng  t he
r udde r s  a s  par t  o f  t he  f l i ght  c ont r o l s  c he c k  on t he  t ax i  c he c k l i s t . One
p i l o t  i ns t r uc t o r  s t a t e d  t ha t  t he  c ap t a i n, ul t i ma t e l y ,  i s  r e s pons i b l e  f o r  t he
c ompl e t i on o f  a l l  c he c k l i s t  i t e ms ; howe v e r ,  ac t ua l  p i l o t  r e s pons i b i l i t y  i s
no t  s pe c i f i e d  i n t he  Pi l o t  Ope r a t i ng  Manua l . Ano t he r  p i l o t  s t a t e d  t ha t  t he
as s ur anc e  t ha t  a  c he c k l i s t  had  be e n c ompl e t e d  was  t he  s e c ond  o f f i c e r ' s  r e por t
o f  c he c k l i s t  c ompl e t i on a s  we l l  a s  t he  c ap t a i n' s  me nt a l  i nv o l v e me nt  i n a l l
c o c k p i t  a c t i v i t i e s .

Before  Takeof f ,  Checkl is t . - - The  Pi l o t  Ope r a t i ng  Manua l  no t e s  t ha t
o r i o r  t o  t ake o f f ,  a  b r i e f i nq  i s  t o  be  made  i n mi ni mum but  ade qua t e  de t a i l
out l i ni ng  t he  p l an o f  ac t i on- f o r  t ake o f f . Howe v e r ,  i t  a l s o  s t a t e s  t ha t  t hi s
b r i e f i ng  may  be  g i v e n as  par t  o f  t he  BEFORE START CHECK. The  c ap t a i n i s
r e qui r e d  t o  b r i e f  hi s  c r e w on t he i r  r e s p o ns i b i l i t f e s  dur i ng  t he  t ake o f f .  The
br i e f i ng  p r e s ume s  t he  us e  o f  s t andar d  p r oc e dur e s  but  i nc l ude s  add i t i ona l
e mphas i s  on i t e ms  ne c e s s ar y  f o r  t ha t  par t i c ul a r  t ake o f f ,  i . e . ,  s pe c i a l  no i s e
aba t e me nt  p r oc e dur e s ,  pos s i b l e  wi nds he ar ,  2 5 0 f l ap  t ake o f f  p r oc e dur e s ,
pos s i b l e  add i t i ona l  r e qui r e me nt s . The  be f or e  t ake o f f  b r i e f i ng  was  no t  he ar d
o n t he  CVR o f  f l i g ht  1 1 4 1 . The  c a p t a i n s t a t e d  d ur i ng  t he  Sa f e t y  Bo a r d  p ub l i c
he ar i ng  t ha t  he  ac c ompl i s he d  t he  b r i e f i ng  p r i o r  t o  p us hb a c k f r om t he  ga t e ,
whi c h was  be f or e  powe r  was app l i e d  t o  t he  CVR.

T a k e o f f  ' P r o c e d u r e s . - - De l t a  r e qui r e s  t he  c ap t a i n t o  make  t he
de c i s i on t o  r e j e c t  o r  c ont i nue  t he  t ake o f f . The r e f or e ,  a f t e r  t he  i ni t i a l
p o we r  a p p l i c a t i o n, t he  c ap t a i n mus t  ke e p  l i i s  hand  on t he  t hr o t t l e s  unt i l  VI ,
t o  e nab l e  hi m t o  r e s pond  r ap i d l y  t o  a  r e j e c t e d  t ake o f f  s i t ua t i on.  At  Vr ,  t he
p i l o t  f l y i ng  i s  t r a i ne d  t o  r o t a t e  t he  a i r c r a f t  s moo t hl y  and  c ont i nuous l y
unt i l  a  s t ab i l i z e d  c l i mb  s pe e d  o f  V2  + 10  kno t s  i s  ac hi e v e d . Ro t a t i o n r a t e
s houl d  be  appr ox i ma t e l y  2 o t o  3 o pe r  s e c ond . I ni t i a l  p i t c h a t t i t ude  wi l l
v ar y  f r om appr ox i mat e l y 1 3 o t o  1 8 0 de pe nd i ng  on gr os s  we i ght  and  f l ap
s e t t i ng . For  a  1 5 0 f l ap  t ake o f f , t he  p i l o t  f l y i ng  i s  t o  ma i nt a i n V2  +
10  kno t s  and  f l aps  1 5 0 unt i l  c l e an- up  a l t i t ude .
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The  ope r a t i ng  md nua l  s t a t e s  t ha t  on e v e r y  t ake o f f ,  t he  c ap t a i n
mus t  be  p r e par e d  t o  r e j e c t  t he  t ake o f f . I f  a  s e r i ous  ma l f unc t i on i s
r e c ogni z e d  p r i o r  t o  Vi , t he  t ake o f f  s houl d  be  abor t e d . I f  p r i o r  t o  Vi ,  a
ma l f unc t i on oc c ur s  whi c h doe s  no t  a f f e c t  t he  s a f e t y  o f  f l i ght ,  t he  c ap t a i n
s houl d  e v a l ua t e  a l l  f ac t o r s  and  e i t he r  abor t  o r  c ont i nue  t he  t ake o f f . Whe n
t he  c ap t a i n de c i de s  e i t he r  t o  r e j e c t  o r  c ont i nue ,  he  i s  r e qui r e d  t o  announc e
hi s  i nt e nt i ons  c l e ar l y  t o  t he  o t he r  c r e wme mbe r s .  I f  an e ng i ne  ma l f unc t i on i s
r e c ogni z e d  a t  o r  a f t e r Vi ,  t he  t ake o f f  s houl d  be  c ont i nue d  and  t he  p i l o t  i s
e xpe c t e d  t o  c ont i nue  t he  nor mal  r o t a t i on t o  t he  i ni t i a l  c l i mb  a t t i t ude .

Af t e r  t ake o f f ,  t he  i ni t i a l  c l i mb  a t t i t ude  i s  i mme d i a t e l y  ad j us t e d
t o  ma i nt a i n a  mi ni mum o f  V2 . I f  c l i mb  a i r s pe e d  e xc e e ds  V2 ,  t he  p i l o t  i s  t o
i nc r e as e  p i t c h a t t i t ude  t o  s t op  ac c e l e r a t i on but  no t  t o  r e duc e  c l i mb  s pe e d
bac k  t o  V2 . I f  an e ng i ne  f a i l ur e  oc c ur s  abov e  V2  s pe e d ,  t he  p i l o t  wi l l
a t t e mp t  t o  ma i nt a i n t he  s pe e d  a t  whi c h t he  e ng i ne  f a i l ur e  oc c ur r e d .

I f  a l t e r na t e  ( d e r a t e d )  powe r  was  us e d  f o r  t ake o f f ,  t he  p i l o t  wi l l
i nc r e as e  t hr us t  t o  nor mal  powe r  on t he  ope r a t i ng  e ng i ne s  a s  t he  s i t ua t i on and
a i r c r a f t  c ont r o l  pe r mi t . The  f l i ght  d i r e c t o r  may  be  us e d  t o  a s s i s t  i n
he a d i ng  c o nt r o l  wi t h a n e ng i ne  i no p e r a t i v e .

1 . 1 7 . 3 S t e r i l e  C o c k p i t

De l t a ' s  s t e r i l e  c oc kp i t  p r oc e dur e  c or r e s ponds  t o  FAR Par t  121 . 542 ,
whi c h p r ohi b i t s  c oc kp i t  ac t i v i t i e s  no t  r e l a t e d  t o  t he  s a f e  ope r a t i on o f  t he
a i r p l ane  dur i ng  c r i t i c a l  phas e s  o f  f l i ght . Cr i t i c a l  phas e s  o f  f l i , g ht  a r e
i de nt i f i e d  i n t he  FAR as : a l l  g r ound  ope r a t i ons  i nv o l v i ng  t ax i ,  t ake o f f ,
l a nd i ng , and  a l l  o t he r  f l i ght  ope r a t i ons  be l ow 10 , 000  f e e t  e xc e p t  c r ui s e
f l i g ht . Tax i  i s  de f i ne d  a s  mov e me nt  o f  t he  a i r c r a f t  unde r  i t s  own powe r  on
t he  s ur f ac e  o f  t he  a i r por t . Whe n t he  a i r p l ane  has  be e n s t oppe d  dur i ng  t he
t ax i  phas e ,  De l t a  p r oc e dur e s  s t a t e  t ha t  PA announc e me nt s  p r omot i ng  De l t a ,
de s c r i b i ng  t he  r out e  o f  f l i ght ,  g i v i ng  we a t he r ,  e t c . ,  a r e  pe r mi s s i b l e .
Exampl e s  o f  ac t i v i t i e s  no t  pe r mi t t e d  by  De l t a  p r oc e dur e s  dur i ng  c r i t i c a l
phas e s  o f  f l i ght  a r e  c ompl e t i ng  pay s he e t s ,  e a t i ng  me a l s ,  and  e ngag i ng  i n
none s s e nt i a l  c ommuni c a t i ons  be t we e n t he  c oc kp i t  c r e w or  any one  e l s e  i n t he
c o c k p i t . The  De l t a  f l i ght  a t t e ndant  manua l  p r ov i de s  gui danc e  on t he  s t e r i l e
c oc kp i t  p r oc e dur e  and  none s s e nt i a l  c ommuni c a t i ons  wi t h t he  f l i ght c r e w.

1 . 1 7 . 4 Human Performance Research Projects

Dur i ng  t he  Sa f e t y  Boar d ' s  pub l i c  he ar i ng  on t he  Nor t hwe s t
Ai r l i ne s ,  Fl i ght  255  ac c i de nt  a t  Romul us ,  Mi c hi gan,  on Augus t  16 ,  1987  ( op .
c i t . ) ,  t he  Boar d  s ought  and  r e c e i v e d  t e s t i mony  f r om ps y c ho l og i s t s  c onc e r ni ng *
p r o j e c t s  whi c h e i t he r  hav e  e v a l ua t e d  or  a r e  e v a l ua t i ng  man/ mac hi ne
i nt e r ac t i ons  and  how i nt e r pe r s ona l  r e l a t i ons hi ps  among  f l i ght c r e w pe r s onne l
a f f e c t  t he i r  pe r f o r manc e  o f  c oc kp i t  dut i e s .

A pr o f e s s or  o f  manage me nt  s c i e nc e s  and  c omput e r  i nf or mat i on
t e s t i f i e d  t ha t ,  i f  f o r c e d  t o  de s c r i be  t he  t e r m "c ompl ac e nc y " he  woul d  s t a t e
t ha t  i t  was  a "r e l ax i ng  o f  one ' s  guar d . " He  t e s t i f i e d , "t ha t  t he  no t i on i n
aut omat i on i s  t ha t  i f  t he  e qui pme nt  i s  r e l i ab l e ,  and  mos t  o f  i t  i s  e x t r e me l y
r e l i ab l e ,  t hi s  wi l l  ge ne r a t e  c ompl ac e nc y ,  a  r e l ax i ng  o f  one ' s  guar d . "
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The  manage me nt  s c i e nc e s  p r o f e s s or  de s c r i be d  wha t  he  t hought  o f  a s
s i x  l i ne s  o f  de f e ns e  aga i ns t  an unt owar d  c ons e que nc e  r e s ul t i ng  f r om human
e r r o r . The  f i r s t  l i ne  o f  de f e ns e  was  human v i g i l anc e ;  t he  s e c ond ,  ano t he r
c r e wme mbe r  de t e c t i ng  e r r or ;  t he  t hi r d ,  s e c ondar y  i nd i c a t i ons ,  s uc h as
c oc kp i t  d i s p l ay s  and  i ns t r ume nt a t i on; t he  f our t h,  war ni ng  and  a l e r t i ng
de v i c e s ;  t he  f i f t h,  pe r s ons  o t he r  t han c r e wme mbe r s  de t e c t i ng  t he  e r r or ,  i . e . ,
ATC pe r s onne l  o r  g r ound  pe r s onne l ; and  t he  s i x t h,  mac hi ne s  t ha t  t ake  ac t i on
on t he i r  own t o  r e c t i f y  t he  e r r or ,  i . e . ,  t he  DC- g - 8 2 ' s  a ut o s l a t  and  s t i c k
pus he r  s y s t e ms . Wi t h r e gar d  t o  t he  f i r s t  l i ne  o f  de f e ns e ,  t he  p r o f e s s or
t e s t i f i e d  t ha t  i t  was ,  "o f  c our s e ,  nor mal  p r oc e dur e s ,  and  t ha t  i s  t he  c r e w
d o i ng  t he  r i g ht  t hi ng , ,  s up p o r t e d  b y  c he c k l i s t ,  t r a i ni ng ,  e x p e r i e nc e ,  ma nua l s ,
d i s c i p l i ne ,  c he c k  a i r me n,  a nd  wha t  no t . "

Wi t h r e gar d  t o  c he c k l i s t  p r e s e nt a t i ons ,  t he  manage me nt  s c i e nc e s
pr o f e s s or  t e s t i f e d  t ha t  he  d i d  no t  know o f  any  human f ac t o r s  r e s e ar c h on how
a  c he c k l i s t  s houl d  be  de s i gne d  and  t ha t  he  c oul d  no t  f i nd  any t hi ng  i n hi s
l i b r a r y  o n t he  s ub j e c t . "The r e  a r e  a  c oup l e  o f  human e ng i ne e r i ng  handbooks
and  unde r  ' c he c k l i s t '  about  a l l  t he y  s a i d  was  t he  t y pe  ought  t o  be  v i s i b l e
a nd  i t  o ug ht  t o  b e  e a s y  t o  ha nd l e . . . "

A Na t i ona l  Ae r onaut i c s  and  Spac e  Admi ni s t r a t i on ( NASA)  r e s e ar c h
ps y c ho l og i s t  t e s t i f i e d  t o  t he  r o l e  s t r uc t ur e  i n t he  c oc kp i t  e nv i r onme nt .  He
t e s t i f i e d  t ha t  t he  t e r m "r o l e  s t r uc t ur e " r e f e r s  bas i c a l l y  t o  t he  de gr e e  and
s pe c i f i c i t y  o f  t he  s t r uc t ur e  o f  a  g r oup ' s  ac t i v i t i e s . "Wi t h c oc kp i t  c r e ws
y ou woul d  hav e  a  v e r y  we l l  de f i ne d  r o l e  s t r uc t ur e ,  e ac h pos i t i on be i ng  we l l
de f i ne d  and  hav i ng  s pe c i f i c  r e s pons i b i l i t i e s  i n t he  c oc kp i t . " He  t e s t i f i e d
t ha t  r o l e  s t r uc t ur e  pe r f o r ms  a  v e r y  v a l uab l e  f unc t i on and  t ha t ,  "t he  s a f e t y
o f  t he  s y s t e m, I  t hi nk ,  i n many  way s  i s  a  t e s t ame nt  t o  how we l l  de f i ne d  and
how f unc t i ona l  t he  r o l e s  a r e  i n t he  c oc kp i t . But  one  o f  t he  o t he r
c har ac t e r i s t i c s  o f  a  we l l  de f i ne d  r o l e  s t r uc t ur e  i s  i t  s i gni f i c ant l y  r e duc e s
ambi gui t y  about  who  i s  go i ng  t o  do  wha t  and  a t  wha t  par t i c ul a r  t i me . "

The  NASA py s c ho l og i s t  f ur t he r  t e s t i f i e d  t ha t  v ar i ous  s t ud i e s  us i ng
a i r p l ane  s i mul a t or s  hav e  d i s c l o s e d  c r e ws  whos e  pe r f or manc e s  c oul d  be
c l a s s i f i e d  a s  "e f f e c t i v e " o r  "l e s s  e f f e c t i v e , " t ha t  a  numbe r  o f  d i f f e r e nc e s
whi c h t he y  ha v e  s e e n "b e t we e n t he  s o - c a l l e d  e f f e c t i v e  c r e ws  a nd  t he  s o - c a l l e d
l e s s  e f f e c t i v e  c r e ws  a r e  v e r y  r e l i ab l e  and  appe ar  t i me  and  t i me  aga i n. " He
t e s t i f i e d  t ha t  wi t h r e gar d  t o  t he  hi ghl y  e f f e c t i v e  c r e ws ,  "t he r e  i s  muc h mor e
c ommuni c a t i on i n ge ne r a l .  . . but  t he r e  a r e  a l s o  d i f f e r e nc e s  i n t he  t y pe  o f
c ommuni c a t i on .  . . y o u s e e  muc h mor e  t a s k  o r i e nt e d  c ommuni c a t i on. " He
t e s t i f i e d  t ha t  one  o f  t he  pa t t e r ns  v i s i b l e , “ i s  wha t  we  c a l l  t he  i nf or mat i on
ac knowl e dgme nt  s e que nc e . . . We f i nd  t ha t  ( wi t h)  c r e ws  t ha t  a r e  hi ghl y
e f f e c t i v e .  . . we  t e nd  t o  s e e  many  mor e  ac knowl e dgme nt s  t o  any t hi ng  t ha t  i s
s a i d . "

The  ps y c ho l og i s t  t e s t i f i e d  t ha t  t he  manne r  i n whi c h t he  s ub j e c t
f l i ght c r e ws  us e d  t he i r  c he c k l i s t s  a l s o  was  e v a l ua t e d .  He  t e s t i f i e d  t ha t  i t
was  r ar e  t o  s e e  a  c he c k l i s t  i gnor e d  c ompl e t e l y  o r  no t  done ,  but  t hi s  had
oc c ur r e d  f r om t i me  t o  t i me  dur i ng  v ar i ous  phas e s  o f  f l i ght  i n t he  s i mul a t o r .
The r e  was  a  l o t  o f  v a r i a t i on wi t h r e gar d  t o  c he c k l i s t  us age ,  f r om t he  c onduc t
described above to a ‘very cl early read chal 1 enge/response method01 ogy .‘I



Add i t i ona l l y ,  he  t e s t i f i e d  t ha t  e v i de nc e  s ugge s t e d  t ha t  t he  way
t he  c he c k l i s t s  we r e  us e d  d i r e c t l y  r e l a t e d  t o  t he  numbe r  o f  e r r or s  made  by  t he
f l i g ht c r e ws . The  f l i ght c r e ws  t ha t  pe r f o r me d  t he i r  c he c k l i s t  dut i e s  "by  t he
book", c ha l l e nge  ( and) r e s pons e  me t hodo l ogy . . . t e nd  t o -  pe r f or m mor e
e f f e c t i v e l y . " He  t e s t i f i e d  t ha t  he  was  no t  f ami l i a r  wi t h any  body  o f
r e s e ar c h r e l a t i ng  t o  t he  c ons t r uc t i on and  p r e s e nt a t i on o f  c he c k l i s t s ,  but  i t
was  hi s  op i ni on t ha t , "t he r e  a r e  p r obab l y .  many  way s  t o  do  a  c he c k l i s t
c o r r e c t l y . Wha t ' s  i mpor t ant  i s  t ha t  e v e r y one  agr e e s  on how i t  s houl d  be
done ,  and  t he n i t ' s  done  t he  s ame  way  e v e r y  t i me  by  a l l  t he  pe op l e  t ha t  a r e
c o nc e r ne d . "

An ar t i c l e i n t he  Boe i ng Ai r l i ne r  Magaz i ne 3 c onc e r ni ng
f l i ght c r e w- c aus e d  ac c i de nt s  and  c i t i ng  t he  Boe i ng  f l e e t  ov e r  a  I O- y e ar  pe r i od
a s  a n e x a mp l e  s t a t e d  t ha t :

16  pe r c e nt  o f  t he  ope r a t or s  hav e  c r e w- c aus e d  ac c i de nt  r a t e s
hi ghe r  t han t he  f l e e t  av e r age ,  and  t he s e  ope r a t or s  ac c ount
f or  ov e r  80  pe r c e nt  o f  t he  t o t a l  ac c i de nt s .

Conv e r s e l y ,  80  pe r c e nt  o f  t he  ope r a t or s  had  no  c r e w- c aus e d
a c c i d e nt s  o v e r  t he  s a me  p e r i o d . . .

The  aut hor s  o f  t he  a r t i c l e  c ont ac t e d  a  s ma l l  g r oup  o f  ope r a t o r s ,
"mos t  o f  whi c h had  a  be t t e r  t han av e r age  c r e w- c aus e d  ac c i de nt  hi s t o r y , " wi t h
a  v i e w t o  ob t a i ni ng  i nf or mat i on
c ont r i but e d  t o  t he i r  s a f e  ope r a t i ons .

on t he  po l i c i e s  and  t e c hni que s  t ha t
The y  f o und  t ha t :

Manage me nt  r e c ogni z e s  t he  ne e d  f o r  a i r c r e ws  pe r f or mi ng  i n a
s t andar d i z e d  way  and  t he  i mpor t anc e  o f  c oc kp i t  d i s c i p l i ne  i n
pr ov i d i ng  t he  e nv i r onme nt  f o r  p r ope r  c r e w c oor d i na t i on.

The  ar t i c l e  no t e d  t ha t  a  s t r ong  c he c k  a i r man pr ogr am ac t s  a s  a
c ont i nuous  qua l i t y  c ont r o l  c he c k  on t he  t r a i ni ng  de pa l t me nt  and  t ha t  me t hods
e x i s t  f o r  a s s ur i ng  t he  uni f o r mi t y  o f  c he c k  p i l o t  t e c hni que s  and  i ns t r uc t i on.

we r e :
Some  o f  t he  c oc kp i t  d i s c i p l i ne  p r oc e dur e s  us e d  by  t he s e  ope r a t o r s

The r e  i s  a  f i r m r e qui r e me nt  f o r  i n- de p t h t ake o f f  and  appr oac h
br i e f i ngs  f o r  e ac h f l i ght  s e g me nt . . . One ope r a t o r  r e qui r e s  an
RTO ( r e j e c t e d  t ake o f f )  t ouc h dr i l l  i n whi c h e ac h c ont r o l
us e d  dur i ng  t he  RTO i s  s e que nt i a l l y  t ouc he d  by  t he  p i l o t
ma k i ng  t he  t a k e o f f .

Coc kp i t  p r oc e dur a l  l anguage  i s  t i ght l y  c ont r o l l e d  t o  ma i nt a i n
c ons i s t e nc y and  t o  av o i d  c onf us i on f r om non- s t andar d
c a l l out s ,  whi c h c an r e s ul t  f r om c r e wme mbe r s  us i ng  d i f f e r i ng
p hr a s e o l o g y . Ca l l o ut s  and  r e s pons e s  a r e  done  v e r ba t i m.  The

5L.G. Lautman  and P.L. Gallimore, “Control of the Crew-Caused Accidenti’
Airliner Magazine, Boeing Commercial Airplane Company, April-June 1987.
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r e c ur r e nt  t r a i ni ng  pr ogr am and  c he c k  p i l o t  s y s t e m r i g i d l y
e nf o r c e  t hi s  r e q ui r e me nt .

1 . 1 7 . 5 F M  S u r v e i l l a n c e

De l t a  Ai r  Li ne s  . ho l d s  a i r  c ar r i e r  c e r t i f i c a t e  No .  26  and  i s
aut hor i z e d  t o  c onduc t  dome s t i c  and  f l ag  pas s e nge r  and  c ar go  ope r a t i ons  unde r
14  CFR Par t  121 . The  c e r t i f i c a t e - ho l d i ng  o f f i c e  i s  FAA Fl i ght  St andar ds
Di s t r i c t  Of f i c e  No .  6 7 .

I n add i t i on t o  t he  p r i nc i pa l  ope r a t i ons  i ns pe c t or  ( POI ) ,  one
as s i s t ant  p r i nc i pa l  ope r a t i ons  i ns pe c t o r  and  f i v e  a i r c r e w pr ogr am manage r s
( APM)  pr ov i de  FAA ope r a t i ons  c e r t i f i c a t e  s upe r v i s i on. Mi d - Sout h FSDO- 67
c ur r e nt l y  has  an o f f i c e  manage r  p l us  f i v e  ope r a t i ons  i ns pe c t o r s  t y pe - r a t e d  i n
t he  B- 7 2 7 . The  o f f i c e  c ur r e nt l y  has  a  t o t a l . o f  14  ope r a t i ons  i ns pe c t o r s  who
a r e  q ua l i f i e d  t o  c o nd uc t  a i r  c a r r i e r  s ur v e i l l a nc e  a nd  i ns p e c t i o ns  o f  Pa r t  1 2 1
o p e r a t o r s .

I ns pe c t i on and  s ur v e i l l anc e  ac t i v i t i e s  c onduc t e d  by  Fl i ght
St andar ds  Di s t r i c t  Of f i c e  No .  - 6 7 on De l t a ' s ,  B- 727  ope r a t i ons  and  t r a i ni ng
s i nc e  Oc t obe r  1 , 1987  unt i l  t he  day  o f  t he  ac c i de nt  c ons i s t  o f :  69
or gani z a t i ona l  o r  t e c hni c a l  i ns pe c t i ons ,  123  a i r me n c e r t i f i c a t i on
i ns p e c t i o ns , a nd  1 4 9  g e ne r a l  s ur v e i l l a nc e  i ns p e c t i o ns .

FAA r e c or ds  i nd i c a t e  t ha t  f o r  t he  pe r i od  o f  Augus t  1 ,  1986 ,  t o
Se p t e mb e r  2 , 1988 ,  De l t a  Ai r  Li ne s ,  I nc .  had  e xpe r i e nc e d : 3  ac c i de nt s  and
108  i nc i de nt s ;  284  e nf or c e me nt  ac t i ons  had  be e n i ni t i a t e d .  Al s o  t he  FAA had
c onduc t e d  t hr e e  ma j or  i ns pe c t i ons  o f  De l t a  s i nc e  1985 . The  i ns pe c t i ons
i nc l ud e d :

(1) a  1985  i ns pe c t i on o f  De l t a  by  t he  FAA' s  Sout he r n
Re g i o n a s  a  r e s ul t  o f  t he  De l t a  1 9 1  a c c i d e nt .

(2) a  1 9 8 6  r e g ul a r l y - s c he d ul e d  NASI P i ns p e c t i o n o f  De l t a .

‘ ( 3 ) a  1987  s a f e t y  aud i t  o f  De l t a  a s  a  r e s ul t  o f  s i x
hi g hl y - p ub l i c i z e d  i nc i d e nt s .

Ad d i t i o na l l y , a f t e r  t he  ac c i de nt  i nv o l v i ng  f l i ght  1141 ,  t he  FAA
c o nd uc t e d  a  f o l l o w- up  s ur v e y  o f  i t s  1 9 8 7  Sa f e t y  Aud i t  i n t he  f a l l  o f  1 9 8 8 .

I n Nov e mbe r  1985 ,  t he  FAA' s  Sout he r n Re g i on c onduc t e d  a  s pe c i a l
r e v i e w o f  De l t a  Ai r  Li ne s '  ope r a t i ona l  p r oc e dur e s ,  l a r ge l y  a s  a  r e s ul t  o f  t he
De l t a  191  ac c i de nt  a t  DFW on Augus t  2 ,  1985 . The  r e v i e w c ul mi na t e d  wi t h t he
de br i e f i ng  o f  t he  r e g i ona l  d i r e c t o r  and  t he  d i v i s i on manage r ,  t he  POI ,  and
De l t a  ma na g e me nt  o n No v e mb e r  2 6 ,  1 9 8 5 . Among  t he  f i nd i ngs  o f  t he  r e v i e w t e am
we r e :
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(1) De l t a  Ai r  Li ne s ' me t hod  o f  r e c or d i ng  mane uv e r s  on
r o f i c i e nc y c he c ks  and  i n- l i e u- o f  t r a i ni ng  doe s  no t
s pe c i f y  uns a t i s f ac t o r y  pe r f or manc e . I f  an a i r man' s
pe r f o r manc e  i s  no t  s a t i s f ac t o r y ,  he  i s  no t  g i v e n c r e d i t
f o r  t he  mane uv e r  unt i l  he  de mons t r a t e s  t he  t a s k
s a t i s f ac t o r i l y . Thi s  r e s ul t s  i n e x t e ns i on o f  t he
t r a i ni ng  pe r i od  f o r  t he  t r a i ni ng  or e v a l ua t i on or
r e s c he dul i ng  t o  ano t he r  day . Thi s  oc c ur r e d  on nume r ous
oc c as i ons  dur i ng  t hi s  r e v i e w pe r i od . A r e v i e w o f  p r i o r
r e c o r d s  s ho ul d  r e v e a l  s i mi l a r  o c c ur r e nc e s  whe n no t  und e r
t he  e y e s  o f  t he  FAA. I f  t hi s  i s  no t  t he  f i nd i ng ,  i t  i s
v e r y  l i ke l y  t ha t  a  s ubs t andar d  pe r f or manc e  i s  be i ng
a c c e p t e d  b y  s o me  c he c k  a i r me n.

( 2 )  Fl i ght c r e ws  a r e  no t  be i ng  t r a i ne d  a s  a  c r e w.  I ns t e ad ,
c he c k  a i r me n o f t e n ac t  a s  s e c ond  o f f i c e r  and  t he  c he c k
a i r ma n. Whe n c ap t a i ns  a r e  s c he dul e d  t oge t he r ,  t he y  ac t
a s  f i r s t  o f f i c e r  f o r  e ac h o t he r . The  r e s ul t  i n a l l
c as e s  i s  a  de c r e as e  i n t he  p r oduc t i v i t y  o f  t he  t r a i ni ng
o r  c he c k i ng  p r o c e s s .

( 3 )  Che c k  a i r me n or  i ns t r uc t or s  ac c e p t e d  a  mar g i na l  o r
uns a t i s f ac t o r y  pe r f or manc e  by  a i r me n as  an ac c e p t ab l e
l e v e l  o f  p e r f o r ma nc e .

Dur i ng  t he  s pr i ng  o f  1986 ,  t he  FAA d i s pa t c he d  a  NASI P t e am t o
De l t a  Ai r  Li ne s ,  I nc . The  NASI P t e am c onc e p t  was  f o r me d  as  a  r e s ul t  o f  t he
FAA' s  de s i r e  t o  pe r i od i c a l l y  r e v i e w a l l  t he  ma j or  a i r  c ar r i e r s '  c ompl i anc e
wi t h r e g ul a t i o ns . Ai r wor t hi ne s s  and  Ope r a t i ons  t e ams  we r e  f o r me d  t o  r e v i e w
t he  c a r r i e r s '  o p e r a t i o na l  a nd  ma i nt e na nc e  p r o c e d ur e s .

Whe r e as  t he  1985 ,  1987 ,  and  1988  i ns pe c t i ons  c onduc t e d  a t  De l t a
r e v i e we d  t he  c ar r i e r  i n a  "qua l i t a t i v e " manne r ,  t he  NASI P t e ams  s t r i c t l y

_ a s s e s s  c ompl i anc e  wi t h r e gul a t i ons . As  s uc h,  t he  f i nd i ngs  o f  t he  NASI P t e am
t e nd  t o  be  v e r y  s pe c i f i c , and  onl y  r e gar d  nonc ompl i anc e  o f  r e gul a t i ons .
Whi l e  t he  NASI P t e am d i d  c i t e  a  f e w pr ob l e ms  i n De l t a ' s  t r a i ni ng  and
pr o f i c i e nc y  c he c k  p r ogr ams , t he  f i nd i ngs  i n ge ne r a l  do  no t  r e f l e c t  a  c onc e r n
a s  t o  De l t a ' s  t r a i ni ng  a nd  c he c k  a i r me n p r o c e d ur e s .

I n mi d - 1987 ,  De l t a  e xpe r i e nc e d  a  s e r i e s  o f  hi ghl y  pub l i c i z e d ,
p i l o t - r e l a t e d  i nc i d e nt s . The s e  i nc i de nt s  i nc l ude d :  an i nadv e r t e nt  s hut down
of  bo t h e ng i ne s  on a  B- 767  a f t e r  t ake o f f ;  a  nav i ga t i ona l  e r r or  t ha t  r e s ul t e d
i n a  ne ar  mi da i r  c o l l i s i on ov e r  t he  At l ant i c  Oc e an;  l and i ng  on t he  wr ong
r unway ;  l and i ng  a t  t he  wr ong  a i r por t ;
c l e a r a nc e .

and  t wi c e  de par t i ng  wi t hout  an ATC
As  a  r e s ul t ,  t he  PO1 as s i gne d  t o  De l t a  and t he  d i v i s i on manage r

o f  Fl i ght  St andar ds ,  Sout he r n Re g i on, c onc l ude d  t ha t  an i ns pe c t i on s houl d  be
c onduc t e d  a t  De l t a  i n o r de r  t o  de t e r mi ne  t he  r e l a t i ons hi p ,  i f  any ,  be t we e n
t he  i nc i de nt s  and  De l t a ' s  ope r a t i ona l  p r oc e dur e s . The  r e que s t  f o r  t he
i ns pe c t i on was  c oor d i na t e d  wi t h t he  Manage r ,  Ev a l ua t i on St a f f ,  Of f i c e  o f
Fl i ght  St andar ds ,  FAA he adquar t e r s . The  s pe c i a l  i ns pe c t i on t e am me t  a t
De l t a ' s  he adquar t e r s  on Jul y  24 ,  1987 .  The  a r e as  e xami ne d  i nc l ude d :



( 1 )  Enr o ut e i ns pe c t i on and  l i ne  c he c k  p r ogr am
( 2 )  Fl i ght  manua l s  and  p r oc e dur e s
( 3 )  Fl i ght  t r a i ni ng  p r ogr am
( 4 )  De l t a ' s  l ong  r ange  nav i ga t i on p r oc e dur e s

I n i t s  f i na l  r e por t ;  t hi s  i ns pe c t i on t e am no t e d  ". . . i ns t a nc e s o f  a
br e akdown o f  c ommuni c a t i ons ,  a  l ac k  o f  c r e w c oor d i na t i on,  and  l aps e s  o f
d i s c i p l i ne  i n De l t a ' s  c oc kp i t s . " The  r e por t  a s s oc i a t e d  t hi s  be hav i or  t o
II .  . . a  l ac k  o f  c l e ar - c ut , de f i ni t i v e  gui danc e  f r om t hos e  , r e s p o ns i b l e f o r
de v e l op i ng  and  s t andar d i z i ng  c oc kp i t  p r oc e dur e s . De l t a ' s  manage me nt  has
mai nt a i ne d  a  po l i c y  o f  de l e ga t i ng  t he  max i mum de gr e e  o f  r e s pons i b i l i t y  and
d i s c r e t i on t o  i t s  c r e wme mbe r s . The  be hav i or s  d i s c us s e d . . . a r e  a  d i r e c t
r e f l e c t i o n o f  De l t a ' s  t r a i ni ng  p r o g r a ms  a nd  ma nua l s . Gui d a nc e ,  t r a i ni ng ,  a nd
p r a c t i c e  i n c r e w c o o r d i na t i o n a nd  c o c k p i t  ma na g e me nt  a r e  mi ni ma l . "

The  r e por t  a l s o  c ont a i ne d  o t he r  a r e as  o f  c onc e r n.  The s e  i nc l ude d
c oc kp i t  d i s c i p l i ne  and  c oor d i na t i on obs e r v e d  dur i ng  e n r out e  i ns pe c t i ons ,
manua l s  andLc he c k l i s t s t ha t  c ont a i ne d  mi ni ma l  gui danc e ,  e xc e s s i v e  t r a i ni ng
and  f a i l ur e  t o  r e por t  uns a t i s f ac t o r y  pe r f o r manc e s  on c he c kr i de s ,  and  mi ni mum
t r a i ni ng  s t a nd a r d s . At  t he  Sa f e t y  Boar d ' s  pub l i c  he ar i ng  i n Da l l a s ,  Te xas ,
t he  t e am l e ade r  o f  t he  1987  i ns pe c t i on t e s t i f i e d  t ha t  a l l  t he  ke y  FAA
pe r s onne l  f r om t he  Sout he r n Re g i on and  Was hi ng t on he adquar t e r s  we r e  de br i e f e d
a s  t o  t he  r e s ul t s  o f  t he  i ns p e c t i o n.

I nt e r v i e ws  by  Sa f e t y  Boar d  pe r s onne l  o f  De l t a  f l i ght c r e ws  and
manage me nt  s ubs e que nt  t o  t he  ac c i de nt  i nd i c a t e d  a  l ac k  o f  knowl e dge  r e l a t e d
t o  s pe c i f i c  c r e wme mbe r  dut i e s , f o r  e xampl e  t he  c r e wme mbe r  r e s pons i b l e  f o r
v e r i f y i ng  f l ap  pos i t i on. The  i nv e s t i ga t i on f ound  t ha t  De l t a  manage me nt
pe r mi t t e d  max i mum f l i ght c r e w d i s c r e t i on i n c oc kp i t  ope r a t i ons . I n De l t a ' s
c r i t i que  on t he  1987  Sa f e t y  Aud i t , t he  Vi c e  Pr e s i de nt ,  Ope r a t i ons  s t a t e d :
"Whi l e  e ac h ( FAA)  t e am me mbe r  may  hav e  c ome  wi t h a  p r e c onc e i v e d  s c e nar i o  f o r
f l i ght  de c k  ope r a t i on, i t  s houl d  be  r e c ogni z e d  t ha t  de v i a t i on f r om t ha t
s c e nar i o  doe s  no t ,  pe r  s e , i nd i c a t e  an abs e nc e  o f  s t andar d i z a t i on or
d i s c i p l i ne . I n f ac t ,  many  o f  t he  e l e me nt s  o f  our  p r oc e dur e s  a r e  l e f t  t o  t he
d i s c r e t i o n o f  t he  c a p t a i n. " Te s t i mony  a t  t he  pub l i c  he ar i ng  f r om t he  PO1 f o r
De l t a  i nd i c a t e d  t ha t  he  be l i e v e d  t ha t  t he  FAA was  we l l  awar e  o f  t hi s
phi l o s ophy  a t  De l t a , and  t he  pos s i b l e  ne ga t i v e  e f f e c t  i t  had  on f l i ght c r e w
p e r f o r ma nc e .

I n an Augus t  31 ,  1988 ,  me mor andum,  t he  FAA' s  PO1 f o r  De l t a
s ummar i z e d  t he  c hange s  i ns t i t ut e d  by  De l t a  Ai r l i ne s  a s  a  r e s ul t  o f  t he  1987
FAA i ns p e c t i o n. The s e  c ha ng e s  i nc l ud e d ,  i n p a r t ,  t he  f o l l o wi ng :

1 . The  Li ne  Che c k  Ai r ma n Pr o g r a m ha s  b e e n r e o r g a ni z e d .

2 . The  Fl i g ht  Tr a i ni ng  De p a r t me nt  ha s  b e e n r e o r g a ni z e d .

3 . Be f or e - t ake o f f  b r i e f i ngs  and  be f or e - l and i ng  br i e f i ngs
ar e  now be i ng  c onduc t e d  wi t h g r e a t e r  e mphas i s  on
d e t a i l s .
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Nume r o us  c he c k l i s t  c ha ng e s  ha v e  b e e n ma d e  r e f l e c t i ng  t he
c ha ng e d  p r o c e d ur e s  a nd  a d d i t i o na l  b r i e f i ng  i t e ms .

Al l  p r o f i c i e nc y  c he c k  a i r me n and  l i ne  c he c k  a i r me n we r e
br i e f e d  on t he  r e s ul t s  o f  t he  FAA i ns pe c t i on. Emp ha s i s
was  p l ac e d  on t he  ne e d  f o r  ma i nt a i ni ng  hi gh s t andar ds  a t
a l l  t i me s .

A ne w po l i c y  on t he  doc ume nt a t i on o f  t r a i ni ng / c he c k i ng
o f  c r e wme mb e r s  wa s  d e v e l o p e d .  Uns a t i s f a c t o r y
pr o f i c i e nc y  c he c ks  and  any  add i t i ona l  t r a i ni ng  c onduc t e d
ar e  now f ul l y  doc ume nt e d  on t he  c r e wme mbe r ' s  t r a i ni ng
r e c o r d .

Add i t i ona l  c he c k l i s t s ,  we r e  de v e l ope d  f o r  l i ne  c he c k
a i r me n t o  a i d  i n s t andar d i z i ng  t r a i ni ng  and  t o
r e e mp ha s i z e  t he  i ni t i a l  o p e r a t i ng  e x p e r i e nc e  t r a i ni ng .

Li ne  c he c ks  c onduc t e d  by  l i ne  c he c k  a i r me n hav e  i mpr ov e d
wi t h an e mphas i s  on hi ghe r  s t andar ds ,  s t andar d i z a t i on
a nd  c o c k p i t  r e s o ur c e  ma na g e me nt .

Pr o f i c i e nc y  c he c ks  hav e  be c ome  mor e  c ha l l e ng i ng  by
e mphas i z i ng  hi ghe r  s t andar ds . The s e  hi ghe r  s t andar ds
hav e  be e n r e f l e c t e d  i n t he  l a r ge r  numbe r  o f
uns a t i s f ac t or y  p r o f i c i e nc y  c he c ks  be i ng  r e c or de d .
Add i t i ona l l y ,  a l l  f a i l ur e s  a r e  r e por t e d  t o  t he  mi d - s out h
Fl i ght . St andar ds Of f i c e  and  a l l  r e c he c ks  a r e  c onduc t e d
b y  t he  FAA whe n p o s s i b l e .

t he  pub l i c  he ar i ng , t he  FAA' s  Manage r  o f  t he  Fl i ght  St andar ds
Di v i s i on,  Sout he r n Re g i on, t e s t i f i e d  t ha t  t he  1987  s pe c i a l  i ns pe c t i on
"c onf i r me d  s ome  o f  our  s us p i c i ons , bas e d  on our  s ur v e i l l anc e  and  t he  t r e nds
we  had  no t e d ,  and  po i nt e d  out  s ome  ar e as  t ha t  we  f e l t  we  ne e de d  t o  d i s c us s
wi t h De l t a  and  s e e  wha t  t he y  woul d  o f f e r  a s  r e s o l ut i ons  t o  t he s e  p r ob l e ms . "
The  PO1 s t a t e d  t ha t  t he  p r ob l e m ar e as  we r e  ge ne r a l l y  non- r e gul a t o r y  i n na t ur e
and  t ha t  he  had  t o  r e l y  on hi s  own s a l e s mans hi p  t o  c onv i nc e  De l t a  on t he
ne e d  t o  a c t  o n t he  s p e c i a l  i ns p e c t i o n t e a ms  r e c o mme nd a t i o ns .

A f o l l ow- up  s ur v e y  o f  De l t a  was  ac c ompl i s he d  by  t he  FAA i n t he
f a l l  1988 .  The  pur pos e  o f  t hi s  s ur v e y  was  t o  r e e xami ne  De l t a ' s  ope r a t i ons  i n
t hos e  a r e as  de f i ne d  i n t he  1987  aud i t ,  de t e r mi ne  t he  c or r e c t i v e  ac t i ons  t ake n
by  De l t a  wi t h r e gar d  t o  t he  f i nd i ngs  and  r e c omme nda t i ons  c ont a i ne d  i n t he
Saf e t y  Aud i t  Re por t , de f i ne  any  i s s ue s  whi c h hav e  y e t  t o  be  r e s o l v e d ,  and  t o
e s t i ma t e  t he  f ut ur e  e f f e c t i v e ne s s  o f  De l t a ' s  ac t i ons .  The  t e am f ound  t ha t :

De l t a ' s  manage me nt  has  i ns t i t ut e d  p r ogr ams  t o  i mpr ov e  bo t h
l i ne  ope r a t i ons  and  t he  t r a i ni ng  pr ogr am. Or gani z a t i ona l
c hange s  hav e  be e n made  whi c h c r e a t e d  a  Fl i ght  St andar ds
De p a r t me nt , c e nt r a l i z e d  manage me nt  o f  t he  Li ne  Che c k  Ai r man
pr ogr am, and  r e a l i gne d  r e s pons i b i l i t y  f o r  de v e l opme nt  o f
ope r a t i ona l  p r oc e dur e s  and  manua l s .  Bo t h l i ne  ope r a t i ons  and
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t r a i ni ng  we r e  f ound  t o  be  i mpr ov e d  ov e r  l a s t  y e ar ' s  aud i t .
Howe v e r ,  de f i c i e nc i e s  i de nt i f i e d  i n t he  p r e v i ous  aud i t  we r e
obs e r v e d . I ne f f e c t i v e  c r e w c oor d i na t i on and  f a i l ur e  t o
f o l l ow e s t ab l i s he d  pr oc e dur e s  we r e  obs e r v e d  i n l i ne
ope r a t i ons . A mi ni mum de gr e e  o f  c ha l l e nge  t o  - t he  f l i ght
c r e wme mbe r s  and  t he  ac c e p t anc e  o f  mi ni mum s t andar ds  we r e
obs e r v e d  on p r o f i c i e nc y  c he c ks .  Manua l s  and  p r oc e dur e s  hav e
be e n i mpr ov e d  whe r e  s pe c i f i c  f i nd i ngs  and  r e c omme nda t i ons
we r e  p r e v i ous l y  made . Howe v e r ,  f undame nt a l  c hange s  t o
c he c k l i s t s  and  pr oc e dur e s  a r e  ' s t i l l  pe nd i ng . The  t e am
obs e r v e s  t ha t  s ome  o f  t he  ma j or  ac t i ons  t ake n by  manage me nt
hav e  no t  y e t  be c ome  f ul l y  ope r a t i ona l  o r  hav e  no t  y e t  be c ome
e f f e c t i v e . For  i ns t anc e ,  t he  e f f e c t  o f  t he  c hange s  i n t he
l i ne  c he c k  a i r man pr ogr am i s  onl y  now be g i nni ng  t o  be '
a p p a r e nt . On t he  a v e r a g e , e ac h c ap t a i n woul d  hav e  onl y  be e n
admi ni s t e r e d  on l i ne  c he c k  s i nc e  r e v i s i on o f  t he  p r ogr am.  A
Coc kp i t  Re s our c e  Manage me nt  ( CRM)  t r a i ni ng  pr ogr am has  be e n
i n de v e l opme nt  f o r  s ome  t i me  but  i s  no t  s c he dul e d  f o r
i mp l e me nt a t i o n unt i l  J a nua r y  1 ,  1 9 8 9 . "

Some  o f  t he  ma j or  ac t i ons  t ake n by  De l t a  manage me nt  t ha t  had  no t
be c ome  f ul l y  ope r a t i ona l  o r  e f f e c t i v e  a t  t he  t i me  o f  t he  t e am' s  s ur v e y  we r e
CRM t r a i ni ng  a nd  LOFT t r a i ni ng .

1 . 1 8 Useful or Effective Investigative Techniques

Dur i ng  t he  i ni t i a l  por t i on o f  t he  t ake o f f ,  a  s ound  c oul d  be  he ar d
on t he  a r e a  mi c r ophone  o f  t he  CVR r e c or d i ng . Thi s  s ound .  i nc r e as e d  i n
f r e que nc y  a s  t he  a i r p l ane  ac c e l e r a t e d  down t he  r unway  f o r  t ake o f f . The
unknown s ound  was  a s s oc i a t e d  wi t h t he  a i r p l ane  mov i ng  down r unway  18L a t  DFW
but  t he  e xac t  s our c e  c oul d  no t  be  i nnne d i a t e l y i de nt i f i e d . The  l i s t  o f
pos s i b l e  s our c e s  o f  t he  s ound  c oul d  hav e  be e n t he  r unway  g r oov i ng ,  t he  nos e
g e a r  t i r e s  o r  whe e l  b e a r i ng s , o r  t he  ma i n ge ar  t i r e s  o r  whe e l  be ar i ngs . The
appr ox i ma t e  a i r c r a f t  g r ound  s pe e d  was  c a l c ul a t e d  us i ng  i nd i c a t e d  a i r s pe e d
i nf or mat i on f r om t he  FDR and  t he  r e por t e d  t e mpe r a t ur e  and  wi nds  a t  t he  t i me
of  t he  ac c i de nt . Wi t h t hi s  i nf or ma t i on,  t he  a i r p l ane ' s  t i r e s  and  t he  whe e l
be ar i ngs  we r e  ma t he mat i c a l l y  e l i mi na t e d  a s  pos s i b l e  s our c e s  o f  t he  s ounds .
The  r unway  g r oov i ng  was  i de nt i f i e d  a s  t he  s our c e  o f  t he  s ounds .  Me as ur e me nt s
we r e  t ake n o f  t he  g r oov i ng  and  a  t e s t  r e c or d i ng  was  made  i n a  l i ke  Boe i ng  727
a i r p l ane  t ak i ng  o f f  on t he  s ame  r unway  whi c h v e r i f i e d  t he ,  r e s ul t s  o f  t he
CVR- d e r i v e d  g r o und s p e e d  c a l c ul a t i o ns  f o r  t he  a c c i d e nt  a i r p l a ne .
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2. ANALYSIS

2.2 The Accident

The  f o l l owi ng  we r e  de t e r mi ne d  f r om e v i de nc e  ob t a i ne d  f r om t he
a i r p l ane ' s  CVR and  FDR,  and  mar ks  on t he  s ur f ac e  o f  r unway  18L:  ( 1 )  t he
a i r p l ane  ac c e l e r a t e d  nor mal l y  t o  Vl / Vr ; ( 2 )  t he  c ap t a i n be gan r o t a t i ng  t he
a i r p l ane  t o  t he  t ake o f f  a t t i t ude  a t  about  131  kno t s  i nd i c a t e d  a i r s pe e d
( KI AS) , - - whi c h was  t he  p r ope r  r o t a t i on a i r s pe e d  f o r  t ake o f f  c ond i t i ons  and
gr os s  we i ght  wi t h t he  a i r p l a nt !  c onf i gur e d  wi t h 1 5 0 t r a i l i ng  e dge  f l aps  and

' e x t e nde d  l e ad i ng  e dge  f l aps  and  s l a t s ; ( 3 )  t he  c a l c ul a t e d  ae r ody nami c  da t a
i nd i c a t e  t ha t  a  o o s i t i v e l oad  f ac t o r ,  i . e . . l i f t o f f .  s houl d  hav e  oc c ur r e d  a t

2-l General

The  i nv e s t i ga t i on de t e r mi ne d  t ha t  t he  f l i ght c r e w was  qua l i f i e d  i n
ac c or danc e  wi t h app l i c ab l e  Fe de r a l  Av i a t i on r e gul a t i ons  and  c ompany
r e g ul a t i o ns .

The  a i r p l ane  had  be e n ma i nt a i ne d  and  ope r a t e d  i n ac c or danc e  wi t h
app l i c ab l e  Fe de r a l Av i a t i o n r e g ul a t i o ns and  c ompany  ope r a t i ons ,
s p e c i f i c a t i o ns . The r e  was  no  e v i de nc e  o f  any  p r e e x i s t i ng  d i s c r e panc i e s  o r  o f
a ny  p r e i mp a c t  s t r uc t ur a l ,  f l i g ht  c o nt r o l , o r  e ng i ne  f a i l ur e s  whi c h woul d  hav e
b e e n c a us a l  t o  t he  a c c i d e nt .

Al t hough t he  No . 1  f ue l  gauge  was  i nope r a t i v e  and  t he  f ue l  t anks
we r e  no t  d r i p  s t i c k e d f o l l owi ng  r e f ue l i ng , t he  e v i de nc e  i nd i c a t e s  t ha t  t he
a i r p l ane  was  r e f ue l e d  p r ope r l y . The r e  was  no  e v i de nc e  t ha t  t he r e  was  a  f ue l
i mb a l a nc e  t ha t  wo ul d  ha v e  c a us e d  f l i g ht  c o nt r o l  p r o b l e ms .

The r e  we r e  no  abnor mal  a i r p l ane  mov e me nt s  p r i o r  t o  t ake o f f ,  c hange s
i n g r ound  c ont r o l  f r e que nc i e s , o r  we a t he r - r e l a t e d  f ac t o r s  whi c h c oul d  hav e
d i s t r a c t e d  t he  f l i g ht c r e w f r o m i t s  d ut i e s .

The  ana l y s i s  o f  t hi s  ac c i de nt  addr e s s e d  t he  pe r f or manc e  o f  t he
a i r p l ane ' s  t r a i l i ng  e dge  f l ap  and  l e ad i ng  e dge  f l ap  and  s l a t  c ont r o l  s y s t e ms ,
a s  we l l  a s  t he  pe r f o r manc e  o f  t he  a i r p l ane ' s  t ake o f f  war ni ng  s y s t e m and  t he
pe r f or manc e  o f  t he  e ng i ne s . Al s o  addr e s s e d  i n t hi s  ana l y s i s  was  t he  FAA' s
s ur v e i l l anc e  o f  De l t a  and  De l t a ' s  e f f o r t s  t o  c or r e c t  o r  i mpr ov e  p r ob l e m
a r e a s  i d e nt i f i e d  d ur i ng  FAA i ns p e c t i o ns .

1 4 4 kno t s  c a l i b r a t e d  a i r s pe e d  ( KCAS)  wi t h a -  no s e up a t t i t ude  o f  about  8 . 6 0 and
1 5 0 o f  f l aps . Ho we v e r , ac t ua l  l i f t o f f  oc c ur r e d  whe n i t  r e ac he d  a  no s e up
a t t i t ude  o f  about  l o o and  an a i r s pe e d  o f  about  158  KCAS.

l i mi
t he

The  i nv e s t i ga t i on f ound  t ha t  t he  a i r p l ane ' s  r o t a t i on a t t i t ude  i s
t e d  t o  about  l o o by  t he  a i r p l ane ' s  ge ome t r y  whi l e  i t  i s  on t he  r unway  and
mar ks  f ound  on t he  r unway  s ur f ac e  c onf i r me d  t ha t  t he  t a i l  s k i d  s t r uc k  t he

r unway  a t  o r  i mme d i a t e l y  a f t e r  t he  ma i n l and i ng  ge ar  l i f t e d  o f f .

Da t a  c or r e l a t i on s howe d  t ha t  t he  s t a l l  war ni ng  s t i c ks hake r
ac t i v a t e d  wi t hi n 2  s e c onds  a f t e r  l i f t o f f  a t  a  p i t c h a t t i t ude  o f  about  1 1 . 4 0
and  an a i r s pe e d  o f  about  161  KCAS; 2  s e c onds  l a t e r  t he  a i r p l ane  r o l l e d
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s har p l y  t o  t he  r i ght  and  t he  r i ght  wi ng  t i p  s t r uc k  t he  r unway  s ur f ac e .
Compr e s s or  s ur ge s f r om one  or  mor e  e ng i ne s  we r e  he ar d  i mme d i a t e l y
t he r e a f t e r . The  a i r p l ane  r e ac he d  a  he i ght  abov e  t he  l i f t o f f  po i nt  o f  about
20  f e e t  and  t he n i t  be gan t o  de s c e nd . The  f i r s t  i mpac t  wi t h t he  l o c a l i z e r
ant e nna  i ns t a l l a t i on oc c ur r e d  onl y  22  s e c onds  a f t e r  l i f t o f f . ( Se e  f i g ur e
1 2 . ) Af t e r  i ni t i a l  ac t i v a t i on, t he  s t a l l  war ni ng  s t i c ks hake r  s ounde d
c c nt i nua l l y unt i l  i mpac t .

The  po i nt  dur i ng  t ake o f f  a t  whi c h an a i r p l ane  l e av e s  t he  g r ound
and  t he  c l i mb  gr ad i e nt  i s  e s t ab l i s he d  de pe nds  upon t he  f o r c e  o f  l i f t  whi c h i s
ac t i ng  on t he  a i r p l ane . Al t hough t he  v e r t i c a l  c ompone nt  o f  e ng i ne  t hr us t
c ont r i but e s  t o  t he  t o t a l  l i f t  f o r c e  whe n t he  a i r p l ane  r o t a t e s  t o  a  no s e up
p i t c h a t t i t ude , t he  p r i mar y  c ompone nt  o f  t he  t o t a l  l i f t  f o r c e  i s  t he
ae r ody nami c  l i f t  p r oduc e d  by  t he  a i r p l ane ' s  wi ng .  Thi s  ae r ody nami c  wi ng  l i f t
f o r c e ,  f o r  any  s pe c i f i c  t r a i l i ng  e dge  f l ap  and  l e ad i ng  e dge  f l ap  and  s l a t
c o nf i g ur a t i o n, i s  a  f unc t i on o f  t he  a i r s pe e d  and  wi ng  AOA. The  e v i de nc e  i n
t hi s  ac c i de nt  i s  c onc l us i v e  t ha t  t he  ae r ody nami c  wi ng  l i f t  f o r c e  t o  e s t ab l i s h
a  s a f e  t ake o f f  ( whi c h s houl d  hav e  be e n de v e l ope d  wi t h t he  f l aps  s e t  a t  1 5 0
f r om t he  t i me  t ha t  t he  a i r p l ane  was  r o t a t e d  be y ond  an 8 . 6 0 no s e up a t t i t ude
a t  an a i r s pe e d  i n e xc e s s  o f  144  KCAS)  was  ne v e r  a t t a i ne d .

Al t hough t he  pos s i b i l i t y  o f  de gr ade d  e ng i ne  pe r f or manc e  was
s ugge s t e d  by  t he  e v i de nc e  o f  c ompr e s s or  s ur ge s ,  a  r e duc t i on o f  t hr us t  doe s
no t  e xp l a i n t he  l i f t  de f i c i e nc y  e v i de nt  by  t he  a i r p l ane ' s  f a i l ur e  t o  c l i mb .
Bas e d  upon t hi s  r a t i ona l e ;  e ng i ne  pe r f or manc e  has  be e n r ul e d  out  a s  an
i ni t i a t i ng  c aus e  o f  t hi s  ac c i de nt . Howe v e r , t he  oc c ur r e nc e  o f  t he
c ompr e s s or  s ur ge s  a f t e r  t he  s t i c k s hake r  ac t i v a t i on and  t he  pos s i b l e  e f f e c t  on
t he  f l i ght c r e w ac t i ons  and  a i r p l ane  pe r f o r manc e  dur i ng  t he  22 - s e c ond  f l i ght
a r e  d i s c us s e d  f ur t he r  i n t hi s  a na l y s i s .

I n ana l y z i ng  t he  c aus e s  o f  t hi s  ac c i de nt ,  c ons i de r a t i on was  g i v e n
t o  a l l  c onc e i v ab l e  f ac t o r s  t ha t  c oul d  e xp l a i n why  t he  magni t ude  o f  t he  l i f t
f o r c e  de v e l ope d  by  t he  wi ng  was  l e s s  t han t ha t  whi c h woul d  be  e xpe c t e d .
Cont ami na t i on o f  t he  wi ng ' s  a i r f o i l  whi c h c oul d  hav e  a f f e c t e d  t he  ae r ody nami c
c har ac t e r i s t i c s  was  d i s r e gar de d  s i nc e  t he  magni t ude  o f  t he  l i f t  de f i c i e nc y
was  t oo  g r e a t  t o  be  a t t r i but e d  t o  l e ad i ng  e dge  r oughne s s ,  par t i c ul a r l y  i n t he
a b s e nc e  o f  f r e e z i ng  p r e c i p i t a t i o n t e mp e r a t ur e s . The  pos s i b i l i t y  o f  wi nds he ar
as  a  c aus e  was  a l s o  r ul e d  out  f o r  t wo  r e as ons : ( 1 )  t he  e f f e c t  o f  a
hor i z ont a l  wi nd  s he ar  i s  a  s udde n de c r e as e  i n a i r s pe e d  whi c h c or r e s pond i ng l y
de c r e as e s  wi ng  l i f t ,  an oc c ur r e nc e  whi c h i s  no t  c ons i s t e nt  wi t h t he  a i r s pe e ds
r e c or de d  dur i ng  f l i ght  1141 ' s  t ake o f f ; and  ( 2 )  t he  e x i s t i ng  we a t he r  was  no t
c onduc i v e  t o  t he  s t r ong  c onv e c t i v e  ac t i v i t y  a s s oc i a t e d  wi t h s i gni f i c ant
d o wnd r a f t s  o r  wi nd s he a r s  t ha t  wo ul d  a f f e c t  t he  a i r p l a ne ' s  c l i mb  p e r f o r ma nc e .

Cons i de r a t i on was  a l s o  g i v e n t o  t he  pos s i b i l i t y  t ha t  t he  a i r p l ane
e nc ount e r e d  t he  wi ng t i p  v or t e x  ge ne r a t e d  by  a  de par t i ng  a i r p l ane  i mme d i a t e l y
pr e c e d i ng  t he  f l i ght . Re c or de d  r adar  da t a  d i s c l o s e d  t ha t  a t  t he  t i me  t ha t
De l t a  f l i ght  1141  was  r e c e i v i ng  i t s  t ake o f f  c l e ar anc e ,  t he  p r e c e d i ng  f l i ght ,
De l t a  Fl i ght  1486 ,  a  B- 727 ,  was  i n e xc e s s  o f  7 , 000  f e e t  down t he  r unway  and
about  100  f e e t  i n t he  a i r . Thi s  s e par a t i on e xc e e de d  t he  FAA' s  r e qui r e me nt s ,
whi c h s t a t e  t ha t  a  de par t i ng  a i r c r a f t  c anno t  be g i n i t s  t ake o f f  r o l l  unt i l
t he  o t he r  a i r c r a f t  i s  a i r bor ne  and  t ha t ,  f o r  Ca t e gor y  I I I  a i r c r a f t ,  a  mi ni mum
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d i s t anc e  o f  6 , 000  f e e t  i s  e s t ab l i s he d . Add i t i ona l l y , a s  t he  r e qui r e d
s e par a t i on d i s t anc e  was  e s t ab l i s he d  be t we e n t he  t wo  a i r p l ane s  and  as  t he
pr e c e d i ng  a i r p l ane  was  no t  c a t e gor i z e d  a s  a  "he av y " a i r p l ane ,  t he r e  was  no
r e qui r e me nt  f o r  t he  c ont r o l l e r  t o  i s s ue  a  wake  t ur bul e nc e  c aut i onar y
a d v i s o r y .

Ana l y s i s  o f  t he  s ur f ac e  wi nds  a t  de par t ur e  t i me s  o f  f l i ght  1486  and
f l i g ht  1 1 4 1  a nd  t he  p o s s i b l e  r a t e  o f  s i nk  f o r  wi ng t i p  v o r t i c e s  i nd i c a t e d  t ha t
t he  v o r t i c e s  c r e a t e d  b y  f l i g ht  1 4 8 6  we r e  no t  ne a r  t he  r unwa y  whe n f l i g ht  1 1 4 1
r o t a t e d  f o r  t ake o f f . Ev e n t hos e  ana l y s e s  whi c h as s ume d  t ha t  a l l  o f  t he
f a c t o r s  whi c h wo ul d  b e  mo s t  c o nd uc i v e  t o  a  v o r t e x  e nc o unt e r ,  i . e . ,  no  l o s s  o f
v o r t e x  s t r e ng t h o r  i nt e r a c t i o n wi t h t he  g r o und  a nd  wo r s t  c a s e  mo v e me nt  o f  t he
v o r t e x , s howe d  t ha t  t he  v or t e x  f r om f l i ght  1486  woul d  s t i l l  be  a t  l e as t
700  f e e t  t o  t he  s out hwe s t  o f  f l i ght  1141 ' s  t ake o f f  f l i ght  pa t h.  The r e f or e ,
t he  Sa f e t y  Boar d  de t e r mi ne d  t ha t  an e nc ount e r  wi t h a  wake  v or t e x  was  no t  a
f a c t o r  i n t hi s  a c c i d e nt .

The  onl y  r e mai ni ng  p l aus i b l e  e xp l ana t i on f o r  t he  de f i c i e nc y  i n
ae r ody nami c  l i f t  i s  t ha t  t he  a i r p l ane ' s  wi ngs  we r e  no t  p r ope r l y  c onf i gur e d
f o r  t a k e o f f . Tha t  i s ,  e i t he r  t he  g r ound  or  f l i ght  s po i l e r s  we r e  de p l oy e d  o r
t he  wi ng  l e ad i ng  and  t r a i l i ng  e dge  de v i c e s  we r e  no t  e x t e nde d  dur i ng  t he
t a k e o f f  r o l l .

The r e f or e  t he  pos s i b i l i t y  was  c ons i de r e d  t ha t  t he  wi ng  f l aps  and
s l a t s  we r e  p r ope r l y  e x t e nde d ,  but  f o r  s ome  unknown r e as on s po i l e r s  mi ght  hav e
de p l oy e d  dur i ng  t he  a t t e mpt e d  t ake o f f . Spo i l e r s  de c r e as e  l i f t  whi l e
s i mul t ane ous l y  i nc r e as i ng  t he  d r ag  f o r c e . Gr ound  s po i l e r s  r e duc e  t he  l i f t
f o r c e  and  i nc r e as e  d r ag  dur i ng  t he  g r ound  r un, a l l owi ng  l and i ng  d i s t anc e s  t o
be  s hor t e ne d . Fl i ght  s po i l e r s  a r e  us e d  t o  a s s i s t  i n r o l l  c ont r o l  o r  t o
i nc r e as e  t he  de s c e nt  r a t e  whi l e  a i r bor ne . Phy s i c a l  e v i de nc e  i nd i c a t e d  t ha t
a l l  but  one  o f  t he  f l i ght  s po i l e r s  we r e  i n t he  s t owe d  and  l oc ke d  pos i t i on.
The  r e ma i ni ng  f l i ght  s po i l e r  was  f ound  i n t he  wr e c kage  pa t h wi t h i t s  ac t ua t or
e x t e nd e d .
pos i t i on.

One  g r ound  s po i l e r  0 4 t he  l e f t  wi ng  was  i n t he  s t owe d  and  l oc ke d
The  o t he r  s po i l e r  was  s t owe d  but  c oul d  no t  l oc k  due  t o

mi s ad j us t me nt  o f  t he  ov e r c e nt e r  me c hani s m. The  g r ound  s po i l e r s  on t he  r i ght
wi ng  we r e  c ons ume d  by  f i r e . Ana l y s i s  o f  t he  c hange  i n ae r ody nami c  f o r c e s
t ha t  woul d  be  e xpe c t e d  due  t o  de p l oy me nt  o f  e i t he r  one  or  bo t h t y pe s  o f
s po i l e r s  s howe d  t ha t  ne i t he r  one  ma t c he d  t he  ac c i de nt  c i r c ums t anc e s . The
ac c e l e r a t i on o f  Fl i ght  1141  i s  hi ghe r  t t i a n p r e d i c t e d  f o r  t he  c as e  i n whi c h
g r o und  s p o i l e r s  a r e  d e p l o y e d .

The r e f or e , t he  de f i c i e nc y  i n ae r ody nami c  l i f t  mus t  hav e  be e n
be c aus e  a l l  o r  s ome  o f  t he  t r a i l i ng  e dge  f l aps  and  t he  l e ad i ng  e dge  f l aps  and
s l a t s  we r e  no t  e x t e nde d . I n t hi s  c as e  t he . a e r o d y na mi c  l i f t  p r oduc e d  by  t he
wi ng  a t  t he  nor mal  t ake o f f  and  c l i mb  a i r s pe e ds  woul d  be  s i gni f i c ant l y  l e s s
t han t ha t  r e qui r e d  f o r  nor mal  pe r f o r manc e . The r e  i s  c ons i de r ab l e  phy s i c a l
e v i de nc e  t ha t  a l l  o f  t he  t r a i l i ng  e dge  f l aps  and  s ome  o f  t he  l e ad i ng  e dge
f l aps  and  s l a t s  we r e  f ul l y  r e t r ac t e d  whe n t he  a i r p l ane  c ame  t o  r e s t  a f t e r
i mp a c t . The  phy s i c a l  e v i de nc e  r e gar d i ng  t he  pos i t i on o f  t he  t r a i l i ng  e dge
f l aps  and  l e ad i ng  e dge  f l aps  and  s l a t s  a t  t he  i ni t i a t i on o f  and  dur i ng  t he
t ake o f f  i s  l e s s  c onc l us i v e . Ac c or d i ng l y , t he  Sa f e t y  Boar d  s ought  t o
d e t e r mi ne  t he  p o s i t i o n o f  t he s e  l i f t  d e v i c e s .
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2 . 3 Determination of Trai 1  ing Edge Flap and Leading Edge Flap
and Slat Position at Impact

The  e v i de nc e  c ons i de r e d  i n t he  de t e r mi na t i on o f  t he  pos i t i ons  o f
t he  t r a i l i ng  e dge '  f l aps  and  l e ad i ng  e dge  f l aps  and  s l a t s  a t  t he  t i me  o f
i mpac t  i nc l ude d  t he  wr e c kage  doc ume nt a t i on o f  t he  c oc kp i t  f l ap  c ont r o l
me c ha ni s m, t he  t r a i l i ng  e dge  f l ap  d r i v e  me c hani s ms ,  t he  out boar d  a i l e r on
l o c k o ut  me c ha ni s ms ,  a nd  t he  l e a d i ng  e d g e  f l a p  a nd  s l a t  a c t ua t o r s .

Cockpi t  F lap  Contro l Lever . - - The  c oc kp i t  f l ap  c ont r o l  l e v e r  was
f ound  i n t he  0 0 ( f l aps  up )  de t e nt .  l ' he f l ap  c ont r o l  me c hani s m was  i nt a c t  and
f unc t i o na l  a f t e r  t he  a c c i d e nt . The  c ont r o l  l e v e r  i s  s p r i ng - l oade d  t o  l oc k  i n
e a c h o f  t he  s e v e n/ f l a p  p o s i t i o n d e t e nt s . To  mo v e  t he  l e v e r  f r o m a  d e t e nt ,  i t
mus t  be  r a i s e d  about  l / 4 i nc h be f or e  i t  c an be  mov e d  t o  a  ne w pos i t i on.
Fur t he r ,  t he  me c hani s m quadr ant  c ont a i ns  a  ga t e  a t  t he  2 O pos i t i on whi c h i s
de s i gne d  t o  p r e v e nt  t he  l e v e r  f r om be i ng  i nadv e r t e nt l y  mov e d  t o  t he  O"
p o s i t i o n. Thus , a  mov e me nt  o f  t he  l e v e r  f r om t he  1 5 0 pos i t i on t o  t he  Oo
pos i t i on r e qui r e s  t ha t  t he  l e v e r  be  r a i s e d  out  o f  t he  1 5 0 de t e nt , . mov e d  ov e r
t he  1 0 0 and  5 O pos i t i ons  t o  t he  Z" de t e nt , de pr e s s e d  and  pas s e d  unde r  a
' ga t e ", and  r e r a i s e d  be f or e  mov e me nt  t o  t he  Oo  de t e nt  pos i t i on. I t  i s
unl i ke l y  t ha t  t hi s  s e que nc e  o f  l e v e r  mov e me nt s  oc c ur r e d  dur i ng  t he  i mpac t .
Al t hough t he  f l ap  c ont r o l  l e v e r  c oul d  hav e  be e n mov e d  by  a  c r e wme mbe r  o r
r e s c ue  p e r s o nne l  f o l l o wi ng  t he  a c c i d e nt , s uc h a  mo v e me nt  wo ul d  ha v e  ha d  t o  b e
i nt e nt i ona l  and ,  mos t  l i ke l y , ac c ompl i s he d  by  s ome one  f ami l i a r  wi t h t he
me c ha ni s m. The r e  i s  no  e v i d e nc e  t ha t  s uc h a n a c t i o n o c c ur r e d .

Trailing .Edge Flap Drive Me c hani s ms . - - The  mov e me nt  o f  t he  f l ap
c ont r o l  l e v e r  i s  me c hani c a l l y  t r ans mi t t e d  t o  t he  i nboar d  and  out boar d
t r a i l i ng  e dge  f l ap  hy dr aul i c  c ont r o l  v a l v e s . The s e  hy dr aul i c  v a l v e s  a r e
t he r e by  r e pos i t i one d  s o  t ha t  hy dr aul i c  f l ui d  f l ow unde r  p r e s s ur e  i s  app l i e d
t o  t he  i nboar d  and  out boar d  f l ap  d r i v e  mo t or s .  The s e  mo t or s ,  i n t ur n,  r o t a t e
t o r que  t ube s  whi c h t r ans mi t  r o t a r y  mo t i on t o  j ac ks c r e ws  whi c h mov e  t he
t r a i l i ng  e dge  f l ap  pane l s . Al l  o f  t he  t r a y  i ng  e dge  f l ap  d r i v e  me c hani s ms ,
t he  j ac ks c r e ws  on t he  l e f t - wi ng  out boar d Yl a p s , t he  t o r que  t ube  on t he
l e f t - wi ng  i nboar d  f l aps , and  t he  j ac ks c r e ws  on bo t h t he  i nboar d  and  out boar d
r i g ht - wi ng  f l a p s ", we r e  f ound  i n pos i t i ons  whi c h c or r e s ponde d  t o  ne ar  f ul l y
r e t r a c t e d  t r a i l i ng  e d g e  f l a p s . I t  was  no t e d  t ha t  t he  j ac ks c r e w b a l l nut s we r e
no t  on t he  up s t o p s  and  t he  r i g p i n ho l e s  we r e  s l i ght l y  out  o f  t he  f l aps  up
pos i t i on. Ho we v e r , i t  i s  be l i e v e d  t ha t  t he s e  pos i t i ons  we r e  e i t he r  t he
c ur r e nt  r i g  o f  t he  a i r p l ane  o r  t ha t  a  hy dr aul i c  t r ans i e nt  s ur ge  dur i ng  t he
i mpac t  s e que nc e  c aus e d  ac t ua t or s  t o  mov e  s l i ght l y . The  f l ap  dr i v e

. me c ha ni s ms a r e  i r r e v e r s i b l e  by  de s i gn;  i . e . , an e x t e r na l l y  app l i e d  l oad  t o
t he  f l ap  s ur f ac e s  wi l l  no t  c aus e  t he  j ac ks c r e ws  t o  r o t a t e . The r e f or e ,  t he
pos i t i ons  o f  t he  f l ap  d r i v e  me c hani s ms  c an no t  be  a t t r i but e d  t o  i mpac t
d a ma g e .

Outboard Aileron Control Lockout De v i c e . - - Ro l l  c ont r o l  o f  t he  B- 727
a i r p l ane  I S ac hi e v e d  by  a  s e t  o f  i nboar d  a i l e r ons , a  s e t  o f  out boar d
a i l ' e r o ns , and  s po i l e r s . Whe n t he  wi ng  f l aps  a r e -  r e t r ac t e d  t o  t he  Oo
pos i t i on,  t he  out boar d  a i l e r ons  a r e “ l oc ke d  out " s o  t ha t  t he y  r e ma i n i n t he
ne ut r a l  pos i t i on i r r e s pe c t i v e  o f  i nput s  f r om t he  a i l e r on c ont r o l  s y s t e m.  The
out boar d  a i l e r on c ont r o l  l oc kout  me c hani s m c ons i s t s  o f  a  j ac ks c r e w whi c h
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c hange s  t he  ge ome t r y  o f  t he  l i nkage  t o  t he  c ont r o l  s ur f ac e . The  j ac ks c r e ws
ar e  d r i v e n by  t he  out boar d  t r a i l i ng  e dge  f l ap  t o r que  t ube s  v i a  ge ar boxe s .
I n t he  c as e s  o f  t he  ac c i de nt  a i r p l ane , t he  l e f t  and  r i ght  out boar d  a i l e r on
l oc kout  j ac ks c r e ws  we r e  bo t h f ound  f ul l y  e x t e nde d ,  c or r e s pond i ng  t o
l o c k e d - o ut  a i l e r o ns . The  j ac ks c r e w pos i t i ons  we r e  c ons i s t e nt  wi t h t he  o t he r
phy s i c a l  e v i de nc e  t ha t  t he  t r a i l i ng  e dge  f l aps  we r e  r e t r ac t e d . The s e
me c hani s ms  ar e  a l s o  o f  a  de s i gn whi c h i s  no t  s us c e p t i b l e  t o  mov e me nt  a s  a
r e s ul t  o f  i mp a c t  l o a d i ng .

Leading Edge Flaps and-slats. - - The  l e a d i ng  e d g e  f l a p s  a nd  s l a t s  a r e
pos i t i one d  i n c onj unc t i on wi t h t he  t r a i l i ng  e dge  f l aps . Whe n t he  t r a i l i ng
e dge  f l aps  a r e  e x t e nde d ,  me c hani c a l  mo t i on i s  t r ans mi t t e d  t hr ough c ab l e s  and
l i nkage s  f r om t he  out boar d  t r a i l i ng  e dge  f l aps  t o  t he  l e ad i ng  e dge  f l ap  and
s l a t  hy dr aul i c  c ont r o l  v a l v e .
e x t e nde d  t o  2 O,

Whe n t he  out boar d  t r a i l i ng  e dge  f l aps  a r e
t he  c ont r o l  v a l v e  i s  pos i t i one d  t o  por t  hy dr aul i c  f l ui d

unde r  p r e s s ur e  t o  e x t e nd  t wo  o f  t he  f our  l e ad i ng  e dge  s l a t s  on e ac h wi ng .
Whe n t he  out boar d  t r a i l i ng  e dge  f l aps  a r e  e x t e nde d  t o  5 O,  t he  hy dr aul i c
pr e s s ur e  i s  app l i e d  t o  a l l  o f  t he  l e ad i ng  e dge  f l aps  and  s l a t s .  The  l e ad i ng
e dge  f l ap  ac t ua t or s  a r e  l i ne ar  hy dr aul i c  c y l i nde r s  whi c h hav e  an i nt e r na l
me c hani s m t o  l oc k  t he m i n t he  f ul l y  e x t e nde d  pos i t i on onl y . Thus ,  whe n
hy dr aul i c  p r e s s ur e  i s  r e mov e d , unl e s s  t he  p i s t ons  a r e  f ul l y  e x t e nde d ,  t he y
ar e  f r e e  t o  mov e  wi t hi n t he  c y l i nde r s  wi t h e x t e r na l l y  app l i e d  l oads .
The r e f or e ,  t he  pos t i mpac t  pos i t i on o f  t he  l e ad i ng  e dge  f l aps  i n t he  e x t e nde d
p o s i t i o n i s  no t  ne c e s s a r i l y  i nd i c a t i v e  o f  t he  p r e i mp a c t  p o s i t i o n.

The  l e ad i ng  e dge  s l a t  ac t ua t or s  a r e  a l s o  l i ne ar  hy dr aul i c
c y l i nde r s ,  but ,  unl i ke  t he  l e ad i ng  e dge  f l aps  t he  s l a t  ac t ua t or s  hav e
hy d r o me c ha ni c a l l oc k i ng  me c hani s ms  i n bo t h t he  f ul l y - e x t e nde d  and
f ul l y - r e t r a c t e d  p o s i t i o ns . I f  t he  ac t ua t or  p i s t on r ods  a r e  i n a  mi ds t r oke
pos i t i on whe n hy dr aul i c  p r e s s ur e  i s  r e mov e d , t he y  c an be  d r i v e n by  e x t e r na l
l oads  t o  t he  e x t e nde d  o r  r e t r ac t e d  pos i t i on. Howe v e r ,  i f  t he  ac t ua t or s  a r e
f ul l y  e x t e nde d  or  f ul l y  r e t r ac t e d  whe n hy dr aul i c  p r e s s ur e  i s  r e mov e d ,  t he
ac t ua t or  p i s t on r ods  wi l l  r e ma i n me c hani c a l l y  l oc ke d  unl e s s  e x t e r na l  l oads  o f
s uf f i c i e nt  magni t ude  and  i n t he  p r ope r  d i r e c t i on ar e  app l i e d  t o  damage  t he
i nt e r na l  l oc k i ng  me c hani s m. I n t he  ac c i de nt  a i r p l ane ,  f our  o f  t he  e i ght
l e ad i ng  e dge  s l a t  ac t ua t or s  we r e  f ound  i n - t he f ul l y  r e t r ac t e d  ( up l o c k )
p o s i t i o n. The  o t he r  f our  we r e  i n a  mi ds t r oke  pos i t i on wi t hout  e v i de nc e  o f
d a ma g e  t o  t he  i nt e r na l  l o c k i ng  me c ha ni s ms .

Thi s  f i nd i ng  l e d  t o  t he  c ons i de r a t i on o f  t he  pos s i b i l i t y  t ha t  t he
l e ad i ng  e dge  s l a t s  we r e  i n t he  p r oc e s s  o f  r e t r ac t i ng  whe n i mpac t  oc c ur r e d .
Howe v e r ,  a s  t he  t r a i l i ng  e dge  f l aps  a r e  r e t r ac t e d  f r om 5 0 t o  0 0 ,  t he  Nos .  1 ,
4 ,  5 ,  and  8  l e ad i ng  e dge  s l a t s  and  t he  l e ad i ng  e dge  f l aps  wi l l  r e t r ac t  t o  t he
f ul l  up  pos i t i on be f or e  t he  Nos . 2 ,  3 ,  6 ,  and  7  s l a t s  be g i n t o  r e t r ac t .  The
s l a t  ac t ua t or s  t ha t  we r e  f ound  i n t he  mi ds t r oke  pos i t i on ( Nos .  1 ,  2 ,  3 ,  and
8 )  a r e  no t  c ons i s t e nt  wi t h t he  s e que nc e  o f  ope r a t i on dur i ng  f l ap  r e t r ac t i on
o r  e x t e ns i o n.

Thr e e  o f  t he  r i ght  wi ng ' s  f our  l e ad i ng  e dge  s l a t s  we r e  i n t he
l o c k e d  p o s i t i o n,  a nd  t hr e e  o f  t he  l e f t  wi ng ' s  f o ur  l e a d i ng  e d g e  s l a t s  we r e  i n
t he  unl o c k e d  p o s i t i o n.
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Si nc e  t he r e  i s  i nc ons i s t e nc y  be t we e n t he  f our  hy dr aul i c a l l y
unl oc ke d  l e ad i ng  e dge  s l a t s  and  t he  f l aps  up  pos i t i on o f  t he  t r a i l i ng  e dge
f l aps , t he  s l a t s  mus t  hav e  be e n hy dr aul i c a l l y  unl oc ke d  dur i ng  t he  wi ng
s e p a r a t i o n. The  l e ad i ng  e dge  f l ap  and  s l a t  c ont r o l  v a l v e  i s  l oc a t e d  i n t he
r i ght  whe e l  we l l . Thi s  c ont r o l  v a l v e  i s  c onne c t e d  t o  t he  out boar d  f l ap
f o l l ow- up  dr um by  a  c ont r o l  r od , and  t he  v a l v e  and  dr um ar e  mount e d  on
d i f f e r e nt  s t r uc t ur a l  por t i ons  o f  t he  f us e l age . The  a i r p l ane  s t r uc k  t he
gr ound  wi t h s uf f i c i e nt  f o r c e  t o  s e par a t e  bo t h t he  f o r war d  f us e l age  and  t he
t a i l  s e c t i on a f t  o f  t he  wi ng . The  c ont r o l  r od  woul d  onl y  hav e  had  t o  mov e
mome nt ar i l y  1 . 0  t o  1 . 5  i nc he s  t o  por t  hy dr aul i c  f l ui d  t o  a l l  o f  t he  l e ad i ng
e d g e  d e v i c e s . The  f ac t  t ha t  t hr e e  o f  t he  r i ght  wi ng ' s  f our  s l a t s  r e ma i ne d  i n
t he  l oc ke d  pos i t i on i s  l og i c a l  s i nc e  t ha t  wi ng ' d i s i nt e gr a t e d  a t  t he  s ame  t i me
t he  c ont r o l  v a l v e  mov e d ,  and  hy dr aul i c  c ont i nui t y  was  l o s t ,  and  t he r e  was  no
p r e s s ur e  o r  f l o w t o  unl o c k  t he  s l a t s . The  l e f t  wi ng  r e ma i ne d  a t t ac he d  t o  t he
f us e l age  t hr oughout  t he  i mpac t  s e que nc e , - and  t hr e e  o f  t hos e  s l a t s  we r e  i n t he
unl oc ke d  pos i t i on. The  pos t i mpac t  pos i t i on o f  t he  l e ad i ng  e dge  s l a t s
ac t ua t or s  i s  p r obab l y  t he  r e s ul t  o f  t he  s e que nc e  o f  e v e nt s  dur i ng  t he  i mpac t ;
i . e . , a  de f l e c t i on o f  t he  me c hani c a l  l i nkage  a t  t he  l e ad i ng  e dge  f l ap  and
s l a t  c ont r o l  v a l v e  whi l e  t he r e  s t i l l  e x i s t e d  r e s i dua l  hy dr aul i c  p r e s s ur e
s uf f i c i e nt  t o  unl o c k  s o me  o f  t he  l e a d i ng  e d g e  s l a t  a c t ua t o r s .

Bas e d  on t he  phy s i c a l  e v i de nc e  and  i t s  ana l y s i s  o f  t he  pos i t i on o f
t he  t r a i l i ng  e dge  f l ap  dr i v e  me c hani s m,  t he  out boar d  a i l e r on l oc kout
me c hani s m and  t he  l e ad i ng  e dge  f l ap  and  s l a t  ac t ua t or s ,  t he  Sa f e t y  Boar d
c onc l ude s  t ha t  t he  c oc kp i t  f l ap  c ont r o l  l e v e r  was  i n t he  Oo  de t e nt  and  t ha t
t he  t r a i l i ng  e dge  f l aps  and  l e ad i ng  e dge  f l aps  and  s l a t s  we r e  f ul l y  r e t r ac t e d
be f or e  i mpac t . Thi s  c onc l us i on s ugge s t s  t ha t ,  e i t he r  t he  t ake o f f  was
i ni t i a t e d  wi t h t he  f l aps  r e t r ac t e d , o r  t ha t  a  f l i ght c r e w me mbe r  r e pos i t i one d
t he  c oc kp i t  f l ap  c ont r o l  l e v e r  s ubs e que nt  t o  t he  be g i nni ng  o f  t he  t ake o f f
and  a t  a  s uf f i c i e nt  t i me  i nt e r v a l  be f or e  i mpac t  t o  pe r mi t  f ul l  hy dr aul i c
r e t r ac t i on o f  t he  t r a i l i ng  e dge  f l aps  and  l e ad i ng  e dge  s l a t s . I t  t ake s
about  20  s e c onds ,  on t he  av e r age , t o  r e t r ac t  t he  f l aps  and  s l a t s  f r om an
i ni t i a l  s e t t i ng  o f  1 5 O. Thus ,  t he r e  was  i ns uf f i c i e nt  t i me ,  a s s umi ng  t he  f l ap
c ont r o l  l e v e r  was  mov e d  by  a  c r e wme mbe r  be t we e n s t i c k s hake r  and  i mpac t ,  f o r
t he  f l a p s  t o  ha v e  r e t r a c t e d .

2 . 4 Detemi nation of Trai 1 i ng Edge Flap and Leading Edge Flap and Slat
Position Duri ng Takeoff

Whi l e  t he  phy s i c a l  e v i de nc e  f r om wr e c kage  doc ume nt a t i on was
c onc l us i v e  t ha t  t he  wi ng  was  i n a  c l e an,  i . e . ,  f l aps  and  s l a t s  r e t r ac t e d ,
c onf i gur a t i on a t  t he  t i me  o f  i mpac t , o t he r  e v i de nc e  i s  us e d  t o  ana l y z e  t he
pos s i b i l i t i e s  t ha t  t he  f l aps  we r e  no t  s e t  by  t he  f l i ght c r e w dur i ng
p r e - t a k e o f f  a c t i v i t i e s , o r  t ha t  t he  f l aps  we r e  s e t  and  s ubs e que nt l y  r e t r ac t e d
be f or e  i mpac t . The  e v i de nc e  c ons i s t e d  o f  knowl e dge  o f  t he  p r e - t ake o f f
ac t i v i t i e s  f r om t he  c onv e r s a t i ons  and  s ounds  r e c or de d  on t he  CVR,  i nf or ma t i on
ob t a i ne d  f r om t he  f l i ght c r e w and  wi t ne s s  i nt e r v i e ws  and  t e s t i mony  t ake n a t
t he  Sa f e t y  Boar d ' s  pub l i c  he ar i ng , f i nd i ngs  f r om t he  e xami na t i on o f  t he
a i r p l ane ' s  t ake o f f  war ni ng  s y s t e m, a i r - c ond i t i oni ng  s y s t e m c ompone nt s ,  and
t r a i l i ng  e dge  f l ap  by pas s  v a l v e s ,  and  t he  s t udy  o f  t he  a i r p l ane ' s  ae r ody nami c
pe r f or manc e  bas e d  on t he  a i r s pe e ds , a l t i t ude s  and  nor mal  ac c e l e r a t i ons  whi c h
we r e  r e c o r d e d  o n t he  FDR.
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Accomplishment  o f  C h e c k l i s t s . - - Ac c or d i ng  t o  De l t a ' s  p r oc e dur e  a t
t he  t i me  o f  t he  ac c i de nt ,  t he  f i r s t  o f f i c e r  was  t o  s e t  t he  wi ng  f l aps  t o  t he
t ake o f f  pos i t i on a f t e r  de par t i ng  t he  r amp  ar e a . The  pr oc e dur e  d i d  no t
r e qui r e  t ha t  t he  f i r s t  o f f i c e r  announc e  hi s  ac t i ons  o f  s e t t i ng  t he  f l aps .
Howe v e r ,  t he  CVR was  e xami ne d  f o r  no i s e s  t ha t  mi ght  hav e  be e n made  dur i ng  a
mov e me nt  o f  t he  c oc kp i t  f l ap  c ont r o l  l e v e r  f r om t he  Oo  de t e nt  t o  t he
1 5 0 de t e nt . Thr e e  d i f f e r e nt  s ound  s e que nc e s  we r e  i de nt i f i e d  a s  pos s i b l e
mov e me nt  o f  t he  f l ap  c ont r o l  l e v e r . Ho we v e r , i n a  s pe c t r um ana l y s i s ,  onl y
one  o f  t he s e  s ound  s e que nc e s  bor e  s ome  s i mi l a r i t y  t o  t he  s ound  s e que nc e s  o f
f l ap  c ont r o l  l e v e r  mov e me nt  whi c h was  r e c or de d  on ano t he r  B- 727  f or
c ompar i s on pur pos e s . Tha t  s ound  s e que nc e  oc c ur r e d  a s  t he  No .  3  e ng i ne  was
be i ng  r e s t a r t e d  a f t e r  i t  was  s hut  down be c aus e  o f  ' an a i r  t r a f f i c  c ont r o l
t ake o f f  de l ay . Si nc e  t ha t  s ound  s e que nc e  d i d  no t  pos i t i v e l y  c or r e l a t e  t o
f l ap  l e v e r  mov e me nt ,  and  be c aus e  t he  f i r s t  o f f i c e r  s t a t e d  t ha t  he  d i d  no t  s e t
t he  f l aps  a s  t he  No . 3  e ng i ne  was  r e s t a r t e d , t he  s ound  was  a t t r i but e d  t o
o t he r  r out i ne  c oc kp i t  ac t i v i t y . ' Thus ,  i t  i s  c onc l ude d  t ha t  t he  ac t i on o f
s e t t i ng  t he  wi ng  f l aps  t o  t he  1 5 O de t e nt  c oul d  no t  be  v e r i f i e d  f r om t he  CVR
e x a mi na t i o n.

As  a  r e s ul t  o f  t he  t ake o f f  de l ay  and  i n ac c or danc e  wi t h De l t a ' s
pr oc e dur e s ;  t he  f l i ght c r e w s hut  down t he  No .  3  e ng i ne  and  wi t hhe l d  t he
ac c ompl i s hme nt  o f  par t  o f  t he  TAXI  and  t he  BEFORE TAKEOFF c he c k l i s t  i t e ms
unt i l  a f t e r  t he  No .  3  e ng i ne  was  r e s t a r t e d . The  f l i ght c r e w be gan t o  r e s t a r t
t he  e ng i ne  whe n t he y  be l i e v e d  t ha t  t he y  we r e  No .  4  f o r  t ake o f f . Wi t hi n
15  s e c onds  t he y  r e c e i v e d  c l e ar anc e  f r om t he  t owe r  c ont r o l l e r  t o  t ax i o nt o
r unway  18L and  ho l d  f o r  t ake o f f . At  t hi s  po i nt , t he  CVR s hows  a  d i s t i nc t
d i f f e r e nc e  i n t he  c r e w' s  c onduc t  i n t he  ac c ompl i s hme nt  o f  t he  c he c k l i s t s .
Appar e nt l y ,  t he  s e c ond  and  f i r s t  o f f i c e r  r e c ogni z e d  t he  ne e d  f o r  e xpe d i t i ous
c ompl e t i on o f  t he  r e ma i ni ng  c he c k l i s t  t o  p r e v e nt  de l ay  on t he  r unway . Thus , .
whe r e  t he  c he c k l i s t s  p r e v i ous l y  had  be e n ac c ompl i s he d  i n a  o r de r l y / me as ur e d
manne r ,  t he  t one  and  be hav i o r  o f  t he  c r e wme mbe r s  c l e ar l y  be c ame  r us he d . The
s e c ond  o f f i c e r  and  f i r s t  o f f i c e r  hur r i e d  t o  c ompl e t e  t he  c ha l l e nge  and
r e s pons e  c he c k l i s t  i t e ms  as  t he  a i r p l ane  was  be i ng  t ax i e d  f r om t a x i wa y F t o
t he  r unwa y . Upon t he  s e c ond  o f f i c e r ' s  p r ompt  o f  "FLAPS",  t he  f i r s t  o f f i c e r
r e s ponde d  "FI FTEEN,  FI FTEEN,  GREEN LI GHT. " Pr e s umab l y ,  t he  f i r s t  o f f i c e r ' s
r e s pons e  woul d  be  bas e d  on a  v i s ua l  c he c k  o f  t he  ne e d l e  pos i t i ons  on t he
i nboar d  and  out boar d  f l ap  pos i t i on i nd i c a t o r s  and  i l l umi na t i on o f  t he  g r e e n
l e ad i ng  e dge  f l aps  and  s l a t s  i nd i c a t i ng  l i ght  l oc a t e d  on t he  c e nt e r
i ns t r ume nt  p a ne l . The r e  we r e  no  bac kgr ound  s ounds  r e c or de d  on t he  CVR as  t he
f i r s t  o f f j c e r r e s ponde d  t o  s ugge s t  t ha , t  c ont r o l s  o r  s wi t c he s  we r e  be i ng
mani pul a t e d  i n r e s pons e  t o  t he "FLAP" or  ' FLI GHT CONTROLS'  c ha l l e nge s .
Fur t he r ,  t he  t i me  be t we e n t he  c he c k l i s t  c ha l l e nge s  and  r e s pons e s  was  l e s s
t han one  s e c ond ,  wi t h l i t t l e  t i me  t o  ac c ompl i s h ac t i ons  r e qui r e d  t o  s a t i s f y
t he  p r o p e r  r e s p o ns e .

At  t he  Sa f e t y  Boar d ' s  pub l i c  he ar i ng ,  a l l  t hr e e  me mbe r s  o f  t he
f l i ght c r e w t e s t i f e d  t ha t ,  by  hab i t , t he y  woul d  hav e  v e r i f i e d  t he  t r a i l i ng
e dge  f l ap  i nd i c a t o r s  and  l e ad i ng  e dge  f l ap  and  s l a t  l i ght  i nd i c a t o r s  dur i ng
t he  c he c k l i s t  c o mp l e t i o n; howe v e r ,  none  s pe c i f i c a l l y  r e c a l l e d  hav i ng  done  s o
on t he  ac c i de nt  f l i ght . I t  i s  l i ke l y  t ha t  t he  c ap t a i n' s  a t t e nt i on was
diverted to the visual task of taxiing the airplane onto the runway and that
t he  s e c ond  o f f i c e r  was  a t t e mpt i ng  t o  c ompl e t e  t he  c he c k l i s t  hurriedly to
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pr e par e  f o r  t he  t ake o f f ,  and ,  c ons e que nt l y , ne i t he r  t he  c ap t a i n o r  s e c ond
of f i c e r  l ooke d  s pe c i f i c a l l y  a t  t he  i ns t r ume nt  pane l  t o  v e r i f y  t he  f i r s t
o f f i c e r ' s  r e s pons e . I t  i s  no t  pos s i b l e  t o  know whe t he r  t he  f i r s t  o f f i c e r
ac t ua l l y  l ooke d  a t  t he  f l ap  pos i t i on i nd i c a t o r s  and  l i ght  a s  he  ans we r e d  t he
"FLAPS" c ha l l e nge . Be c aus e  o f  t he  r e pe t i t i v e  na t ur e  o f  c he c k l i s t
a c c o mp l i s hme nt s , i t  i s  no t  unc ommon f o r  c r e wme mbe r s  t o  f a l l  i nt o  a  hab i t  o f
ans we r i ng  t o  c ha l l e nge s  by  r o t e  wi t h t he  nor mal  r e s pons e  wi t hout  ac t ua l l y
obs e r v i ng  t he  appr opr i a t e  i nd i c a t or ,  l i ght  o r  s wi t c h. Dur i ng  t he  pub l i c
he ar i ng  t he  s e c ond  o f f i c e r  me nt i one d  an i nc i de nt  whe r e  a  f i r s t  o f f i c e r
pr ov i de d  t he  c or r e c t  r e s pons e  o f  Fl aps  2 5 0 whe n,  i n f ac t ,  t he  f l aps  we r e  s e t
a t  1 5 0 . Thi s  c an be  par t i c ul a r l y  t r ue  i f  t he  r e s ponde nt  has  a  mi nd s e t  t ha t
t he  ac t i on ne c e s s ar y  t o  s a t i s f y  t he  i nd i c a t o r  c he c k l i s t  has  be e n c ompl e t e d .
Fur t he r mo r e , on t he  B- 727  f l ap  pos i t i on i nd i c a t or s ,  t he  Oo  pos i t i on i s  a t
9  o ' c l oc k  whi l e  t he  1 5 0 pos i t i on i s  d i r e c t l y  oppos i t e  a t  3  o ' c l oc k .  Thus ,  i n
bo t h c as e s ,  t he  ne e d l e s  woul d  be  o r i e nt e d  hor i z ont a l l y . I t  i s  c onc e i v ab l e
t ha t  a  pe r s on obs e r v i ng  t he  i nd i c a t o r s  qui c k l y  c oul d  pe r c e i v e  t ha t  t he  l e f t
and  r i ght  ne e d l e s  on bo t h t he  i nboar d  f l ap  and  out boar d  f l ap  i nd i c a t o r s  we r e
mat c he d  and  hor i z ont a l  wi t hout  no t i ng  t ha t  t hi s  ac t ua l  o r i e nt a t i on was
oppos i t e  t o  nor mal . I t  i s  l e s s  c onc e i v ab l e  t ha t  a  pe r s on woul d  mi s s  an
i nd i c a t i on o f  a  s i gni f i c ant  s p l i t  be t we e n t he  l e f t  and  r i ght  ne e d l e s  on
e i t he r  t he  i nboar d  or  out boar d  i nd i c a t or , o r  t ha t  t he y  woul d  mi s s  a
d i f f e r e nc e  i n t he  d i r e c t i ona l  o r i e nt a t i on o f  t he  ne e d l e s  on t he  t wo
c o l l o c a t e d  i nd i c a t o r s . Fi na l l y ,  i t  i s  e v e n mor e  d i f f i c ul t  t o  e xp l a i n how a
pe r s on woul d  r e s pond  "gr e e n" t o  a  l i ght  t ha t  i s  c o l o c a t e d wi t h t he  f l ap / s l a t
gage s  whe n t ha t  l i ght  i s  no t  i l l umi na t e d . The r e f o r e , t he  Sa f e t y  Boar d
c onc l ude s  t ha t  f i r s t  o f f i c e r  r e s ponde d  t o  t he  f l ap  c ha l l e nge  i n t he  t ax i
c he c k l i s t  wi t hout  l ook i ng  a t  t he  s t a t us  o f  t he  l i ght  and  i nd i c a t o r s .

I n any  e v e nt , t he  f i r s t  o f f i c e r ‘ s  p r ope r  r e s pons e  t o  t he  t ax i
c he c k l i s t  r e gar d i ng  f l ap  pos i t i on c anno t  be  c ons i de r e d  a s  a s s ur anc e  t ha t  t he
f l aps  we r e  p r ope r l y  s e t  be f or e  t ake o f f ,
c o nt r a d i c t e d  b y  o t he r  s ub s t a nt i a l  e v i d e nc e .

and  s uc h a  p r e s umpt i on i s

Ad d i t i o na l l y , t he  pas s e nge r ' s  s t a t e me nt  t ha t  he  no t i c e d  t ha t  t he
t r a i l i ng  e dge  o f  t he  wi ng  was  no t  s t r a i ght  c anno t  be  t ake n a s  a s s ur anc e  t ha t
t he  f l aps  we r e  e x t e nde d . I t  i s  pos s i b l e  t ha t  wha t  he  no t i c e d  was  t he
de p l oy me nt  o f  t he  f l i ght  s po i l e r s  o r  i nboar d  a i l e r on a s  t he  c ap t a i n t r i e d  t o
r e ga i n c ont r o l  o f  t he  a i r p l ane . Gl anc i ng  a t  t he  wi ng  whi l e  t he  s po i l e r  was
up ,  woul d  hav e  g i v e n t he  appe ar anc e  o f  an "uns t r a i ght " t r a i l i ng  e dge . I n t he
e xc i t e me nt  o f  t he  mome nt  he  may  hav e  i nt e r pr e t e d  t hi s  appe ar anc e  a s  t he  f l aps
b e i ng  e x t e nd e d .

T a k e o f f  Warrrin'g  S y s t e m . - - The B- 727  t ake o f f  war ni ng  s y s t e m i s
. d e s i g ne d t o  p r ov i de  an.  aur a l  a l a r m i n t he  c oc kp i t  whe n t he  No .  3  e ng i ne
t hr us t  l e v e r  i s  advanced pas t  a  p r e de t e r mi ne d  pos i t i on whi l e  t he  a i r p l ane  i s
on t he  g r ound , and  t he  out boar d  t r a i l i ng  e dge  f l aps  a r e  no t  e x t e nde d . The
i nput  , f o r  t he  , t r a i l i ng e dge  f l ap  pos i t i on i s  t ake n f r om a  s wi t c h on t he
out boar d  f l ap  f o l l ow up  me c hani s m. Whe n t he  out boar d  f l aps  a r e  r e t r ac t e d  o r
e x t e nde d  t o  a  pos i t i on l e s s  t han 5 0 , t he  g r ound  c i r c ui t  t o  t he  t ake o f f
war ni ng  s y s t e m i s  c ompl e t e d  and  wi l l  c aus e  t he  a l a r m hor n t o  s ound . The
i nput  f o r  t he  l e ad i ng  e dge  s l a t s  i s  t ake n f r om t he  . No .  4  s l a t  on t he  l e f t
wi ng  and  t he  No .  5  s l a t  on t he  r i ght  wi ng . I f  e i t he r  o f  t he s e  s l a t s  a r e  no t
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e x t e nde d ,  t he  g r ound  c i r c ui t  wi l l  be  c ompl e t e d  and  t he .  a l a r m hor n wi l l  s ound
whe n t he  No .  3  e ng i ne  t hr us t  l e v e r  i s  adv anc e d .

I f  t he  t ake o f f  war ni ng  hor n had  s ounde d  as  t he  c ap t a i n o f  f l i ght
1141  adv anc e d  t he  t hr us t  l e v e r s  f o r  t ake o f f ,  t he  s ounds  woul d  hav e  be e n
c l e ar l y  e v i de nt  on t he  CVR. The  l ac k  o f  t he  a l a r m l e ads  t o  t wo  pos s i b l e
c o nc l us i o ns : ( 1 )  t ha t  onl y  t he  out boar d  t r a i l i ng  e dge  f l aps  and  t he  l e ad i ng
e dge  f l aps  and  s l a t s  we r e  p r ope r l y  s e t  f o r  t he  t ake o f f  and  s ubs e que nt l y  we r e
r e t r ac t e d  a t  o r  be f or e  l i f t o f f ; o r  ( 2 )  ~ t he  t ake o f f  war ni ng  s y s t e m
ma l f unc t i o ne d .

The  de v i c e  t ha t  a r ms  t he  t ake o f f  war ni ng  s y s t e m c ons i s t s  o f  a
' s wi t c h and  s wi t c h ac t ua t or  mount e d  on t he  No .  3  e ng i ne  aut o t hr o t t l e  c l ut c h
a s s e mb l y . Adv anc e me nt  o f  t he  No .  3  e ng i ne  t hr us t  l e v e r  c aus e s  a  c am i n t he
c l ut c h as s e mbl y  t o  e ngage  t he  s wi t c h ac t ua t or  whi c h t r ans l a t e s  t he  r o t a r y
c am mot i on i nt o  l i ne ar  mo t i on t o  ope r a t e  t he  s wi t c h. The  but t on on t he
ac t ua t or  de pr e s s e s  t he  p l unge r  on t he  s wi t c h,  c l o s i ng  a  c i r c ui t  and  ar mi ng
t he  aur a l  t ake o f f  war ni ng  s y s t e m. Unt i l  t he  s y s t e m i s  a r me d  by  t he  t hr us t
l e v e r  s wi t c h,  t he  e l e c t r i c a l  c i r c ui t  be t we e n t he  t ake o f f  war ni ng  s y s t e m hor n
a nd  t he  f l i g ht  c o nt r o l  p o s i t i o n s wi t c he s  r e ma i ns  o p e n.

Dur i ng  t he  f i r s t  t wo  ac t i v a t i ons  o f  t he  s wi t c h a s s e mbl y  by  f i nge r
mani pul a t i on dur i ng  t he  on- s c e ne  phas e  o f  t he  i nv e s t i ga t i on,  t he r e  was  no
e l e c t r i c a l  c ont i nui t y  i nd i c a t e d  be t we e n t he  c ommon and  nor mal l y  ope n
t e r mi na l s  o f  t he  s wi t c h. A t hi r d  ac t i v a t i on d i d  i nd i c a t e  e l e c t r i c a l
c ont i nui t y . Bas e d  upon t hi s  i nc ons i s t e nc y  and  t he  obs e r v a t i on o f  a
b l ue - gr e e n c or r os i on- t y pe  s ubs t anc e  s ur r ound i ng  t he  nor mal l y  ope n t e r mi na l s ,
a  f o l l ow- on t e a r d o wn i ns pe c t i on o f  t he  s wi t c h a s s e mbl y  was  c onduc t e d .

The  f i r s t  mi s ac t ua t i on o f  t he  s wi t c h,  i . e . ,  t he  ac t ua t or  but t on
s l i pp i ng  o f f  t he  s wi t c h p l unge r , was  obs e r v e d  dur i ng  t he  e ar l y  s t age s  o f
t hi s  t e ar down i nv e s t i ga t i on. Be c aus e  o f  t hi s  and  s ubs e que nt  s wi t c h
mi s ac t ua t i ons  obs e r v e d  by  t he  g r oup , Boe i ng  p r oc e e de d  t o  c onduc t  e x t e ns i v e
e xami na t i ons  o f  t he  s wi t c h a s s e mbl y . The i r  r e por t s  c onc l ude d  t ha t  i t  was
unl i ke l y  t ha t  any  mi s ac t ua t i on oc c ur r e d  p r i o r  t o  t he  g r oup ' s  e xami na t i on o f
t he  s wi t c h a s s e mbl y  due  t o  a  l ac k  o f  mul t i p l e  s c or i ng  mar ks  on t he  s wi t c h
p l ung e r . Howe v e r ,  t he  r e por t s  a l s o  c onc l ude d  t ha t  p r e e x i s t i ng  c or r os i on t y pe
c ont ami na t i on c oul d  hav e  adv e r s e l y  a f f e c t e d  t he  e l e c t r i c a l  pe r f o r manc e  o f  t he
s wi t c h.

The  i nv e s t i ga t i on no t e d  t ha t  t he  Boe i ng  s e r v i c e  manua l  and  Boe i ng
Se r v i c e  Bul l e t i n 727 - 31 - 30  a r e  no t  c ons i s t e nt  r e gar d i ng  ad j us t me nt  o f  t he
s wi t c h. Re v i s i on 4  o f  t he  s e r v i c e  bul l e t i n,  whi c h was  app l i c ab l e  a t  t he  t i me
of  t he  ac c i de nt ,  s t a t e d  t ha t  t he  t ab  ad j us t me nt  o f  t he  s wi t c h may  be  be nt  t o
ad j us t  f o r  t he  c or r e c t  s wi t c h ope r a t i ng  po i nt . The r e  i s  no  l i mi t  g i v e n f o r
t he  amount  o f  be nd i ng  ad j us t me nt  p o s s i b l e . The  ma i nt e nanc e  manua l ,  da t e d
Januar y  20 ,  1985 ,  s t a t e s  no t  t o  be nd  t he  ac t ua t or  t ab  mor e  t han + 1 / 4 o f r om
t he  p l ane  o f  t he  ac t ua t or  a r m and  t ha t  ad j us t me nt s  a r e  t o  be  made by  mov i ng
t he  s wi t c h b o d y  i n t he  s l o t t e d  s wi t c h s up p o r t  mo unt .
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The  i nv e s t i ga t i on no t e d  t ha t  i t  i s  pos s i b l e  t o  be nd  t he  ad j us t me nt
t ab  wi t hout  v i s ua l l y  c he c k i ng  t ha t  t he  ac t ua t or  but t on and  t he  s wi t c h
p l unge r  a r e  mak i ng  c ont ac t  ov e r  t he  ma j or i t y  o f  t he i r  s ur f ac e s .  Thus  i t  i s
pos s i b l e  f o r  ma i nt e nanc e  pe r s onne l , who  ar e  no t  awar e  o f  t he  l i mi t a t i ons
s t a t e d  i n t he  ma i nt e nanc e  manua l , t o  be nd  t he  t ab  t o  t he  po i nt  t ha t  t he
but t on and  p l unge r  no  l onge r  make  f i r m c ont ac t  whi l e  a t t e mp t i ng  t o  ad j us t  t he
ac t i v a t i on o f  t he  war ni ng  s y s t e m. Thi s  woul d  e xp l a i n why  t he  t ab  o f  t he
s wi t c h f r om t he  ac c i de nt  a i r p l ane  was  f ound  be nt  we l l  pas t  t he  l i mi t s  g i v e n
i n t he  ma i nt e na nc e  ma nua l .

I r r e s pe c t i v e  o f  Boe i ng  Company  c onc l us i ons ,  t he  f i nd i ngs  t ha t
( 1 )  t he  s wi t c h d i d  no t  e l e c t r i c a l l y  c l o s e  dur i ng  t he  f i r s t  t wo  a t t e mp t s  a t
t he  ac c i de nt  s i t e ; ( 2 )  s uc c e s s f ul  ac t i v a t i ons  o f  t he  s wi t c h dur i ng  t he
t e a r d o wn i nv e s t i ga t i on was  "hi t - o r - mi s s " due  t o  t he  pos i t i oni ng  o f  t he
ac t ua t or  but t on t o  t he  s wi t c h p l unge r ; and  ( 3 )  t he  i nt e r na l  c ont ac t s  o f  t he
s wi t c h s howe d  c ont ami na t i on, wi l l  s uppor t  a  c onc l us i on t ha t  t he  t ake o f f
war ni ng  s y s t e m d i d  no t  a r m whe n t he  No . 3  e ng i ne  t hr us t  l e v e r  was  adv anc e d
f o r  t a k e o f f .

Suc h a  c onc l us i on i s  s uppor t e d  f ur t he r  by  t he  Sa f e t y  Boar d ' s
f i nd i ngs  t ha t  3  we e ks  p r i o r  t o  t he  ac c i de nt ,  t he  aur a l  war ni ng  hor n had  be e n
wr i t t e n up  i n t he  a i r p l ane ' s  ma i nt e nanc e  r e c or ds  i n t he  "AZ" i ns pe c t i on a s
be i ng  we ak  and  i nt e r mi t t e nt . The  c or r e c t i v e  ac t i on t ake n by  ma i nt e nanc e
pe r s onne l  was  t o  r e p l ac e  t he  aur a l  war ni ng  hor n and  t e s t  t he  s y s t e m. The
r e mov e d  uni t  was  t ake n t o  t he  r e pa i r  s hop  whe r e  i t s  c ont ac t s  we r e  c l e ane d  and
f unc t i o na l l y  t e s t e d . The  uni t  was  f ound  t o  f unc t i on p r ope r l y  and  was  s e nt  t o
t he  s p a r e  p a r t s  i nv e nt o r y .

The  Sa f e t y  Boar d ' s  i nv e s t i ga t i on c oul d  no t  de t e r mi ne  i f ,  a t  t he
t i me  t ha t  t he  aur a l  war ni ng  hor n was  r e p l ac e d ,  a l l  c ompone nt s  o f  t he  t ake o f f
war ni ng  s y s t e m we r e  i ns pe c t e d  t o  v e r i f y  t ha t  i nde e d  t he  war ni ng  hor n wa s  t he
c aus e  o f  t he  i nt e r mi t t e nt  ope r a t i on. Di s c us s i ons  wi t h ma i nt e nanc e  pe r s onne l
d i s c l o s e d  t ha t  t he  war ni ng  hor n i s  r e ad i l y  ac c e s s i b l e  and  e as i l y  r e p l ac e d .
The r e f or e ,  i t  nor mal l y  i s  t he  f i r s t  c ompone nt  o f  t he  s y s t e m t o  be  r e mov e d  and
r e p l ac e d  by  a  s e r v i c e ab l e  uni t  f r om t he  s par e  par t s  i nv e nt or y .
t he n f unc t i ons  p r ope r l y ,

I f  t he  s y s t e m
i t  i s  mos t  l i ke l y  t ha t  no  f ur t he r  wor k  or

t r oub l e s hoo t i ng  woul d  be  ac c ompl i s he d . Whi l e  s uc h a  p r oc e dur e  i s  e xpe d i e nt
i t  doe s  no t  a s s ur e  t ha t  an i nt e r mi t t e nt  c ond i t i on has ,  i n f ac t ,  be e n
c or r e c t e d  be c aus e  t he
The r e f or e ,  t he  pos s i b
c aus e  o f  t he  p r ob l e m
t e s t e d  a f t e r  t he  uni t
ha v e  g o ne  und e t e c t e d .

o t he r  c ompone nt s  o f  t he  s y s t e m hav e  no t  be e n c he c ke d .
l i t y  e x i s t s  t ha t  t he  aur a l  war ni ng  hor n was  no t  t he
and  be c aus e  o t he r  c ompone nt s  i n t he  s y s t e m we r e  no t
wa s  r e p l a c e d , t he  r e a l  c aus e  o f  t he  p r ob l e m may  we l l

The r e f o r e , he  e v i de nc e  s ugge s t s  t ha t  t he r e  was  an i nt e r mi t t e nt
pr ob l e m i n t he  t ake o f f  war ni ng  s y s t e m t ha t  was  no t  de t e c t e d  and  c or r e c t e d
dur i ng  t he  l a s t  ma i nt e nanc e  ac t i on. Thi s  p r ob l e m c oul d  hav e  mani f e s t e d
i t s e l f  dur i ng  t he  t ake o f f  o f  f l i ght  1141;  and  t hus  t he  f l i ght c r e w was  no t
pr ov i de d  wi t h t he  aur a l  war ni ng  o f  mi s c onf i gur e d  a i r p l ane  whi c h i s  t he
f unc t i o n o f  t he  t a k e o f f  wa r ni ng  s y s t e m.
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Air Conditioning Auto Pack Trip Sy s t e r s . - - The B- 7 2 7  a ut o p a c k  t r i p
s y s t e m i s  de s i gne d  t o  aut omat i c a l l y  s hut  down t he  a i r - c ond i t i oni ng s y s t e m i n
t he  e v e nt  o f  an e ng i ne  t hr us t  l o s s  dur i ng  t ake o f f  s o  t ha t  t he  t hr us t  p r oduc e d
f r om t he  r e mai ni ng  ope r a t i ng  e ng i ne s  i s  no t  r e duc e d  by  t he  e x t r ac t i on o f
b l e e d  a i r  t ha t  i s  ne e de d  f o r  a i r  c ond i t i oni ng .  The  s y s t e m i s  nor mal l y  a r me d
whe n t he  b l e e d  a i r  p r e s s ur e  f r om e ac h e ng i ne  r e ac he s  120  p s i ,  t he  a i r p l ane  i s
on t he  g r ound , t he  aut o  pac k  t r i p  a r m s wi t c h i s  i n t he  NORMAL pos i t i on,  and
t he  i nb o a r d  t r a i l i ng  e d g e  f l a p s  a r e  o ut  o f  t he  Oo  p o s i t i o n.

The  f i r s t  i nd i c a t i on o f  an abnor mal i t y  dur i ng  f l i ght  1141  was  t he
s e c ond  o f f i c e r ' s  obs e r v a t i on t ha t  t he  g r e e n aut o  pac k  t r i p  a r mi ng  l i ght
f a i l e d  t o  i l l umi na t e  whe n e ng i ne  t hr us t  was  adv anc e d  f o r  t ake o f f . The
s e c ond  o f f i c e r  i s  r e qui r e d  t o  v e r i f y  t ha t  t he  aut o  pac k  t r i p  a r m s wi t c h i s  i n
t he  NORMAL pos i t i on dur i ng  hi s  c ompl e t i on o f  t he  BEFORE TAKEOFF c he c k l i s t s
and  t he  s wi t c h was  f ound  t o  be  i n NORMAL whe n t he  c oc kp i t  was  e xami ne d  a f t e r
t he  a c c i d e nt . The r e  was  no  hi s t o r y  o f  any  d i s c r e panc i e s  o f  t he  aut o  pac k
t r i p  s y s t e m or  o t he r  e v i de nc e  t ha t  woul d  e xp l a i n t he  f a i l ur e  o f  t he  s y s t e m t o
ar m,  p r ov i de d  t he  a r mi ng  c r i t e r i a  we r e  s a t i s f i e d . The  f a i l ur e  o f  t he  s y s t e m
t o  a r m c an, be a t t r i but e d  t o  d i s c ont i nui t y  i n t he  a r mi ng  c i r c ui t  be c aus e  t he
i nb o a r d  t r a i l i ng  e d g e  f l a p  up  l i mi t  s wi t c h wa s  f o und  o p e n.

The  f a i l ur e  o f  t he  aut o  pac k  t r i p  s y s t e m t o  a r m i s  c or r obor a t i ng
e v i de nc e  t ha t  t he  i nboar d  f l aps  we r e  r e t r ac t e d  whe n t he  t ake o f f  r o l l  was
i ni t i a t e d . I t  i s  c ont r ov e r s i a l  a s  t o  whe t he r  o r  no t  t he  s e c ond  o f f i c e r
s houl d  hav e  no t i f i e d  t he  c ap t a i n t ha t  t he  aut o  pac k  t r i p  l i ght  f a i l e d  t o
i l l umi na t e  dur i ng  t he  t ake o f f  g r ound  r o l l . As  t he  s y s t e m was  no t  r e qui r e d
f or  t hi s  t ake o f f ,  t he  s e c ond  o f f i c e r  be l i e v e d  t ha t  he  was  no t  r e qui r e d  t o
i nf or m t he  c ap t a i n o f  t he  f a i l ur e . Howe v e r ,  De l t a  p r oc e dur e s  r e qui r e  t ha t .
t he  c ap t a i n s houl d  be  i nf or me d  o f  a l l  ma l f unc t i ons . Si nc e  t he  ac c i de nt ,
De l t a ' s  p r o c e d ur e s  ha v e  b e e n mo d i f i e d  t o  e l i mi na t e  t hi s  d i c ho t o my .

F l a p  B y p a s s  V a l v e  P o s i t i o n s . - - The i nboar d  and  out boar d  t r a i l i ng
e dge  f l aps  on t he  B- / Z/  a r e  i nde pe nde nt ,  bo t h me c hani c a l l y  and  hy dr aul i c a l l y ;
i . e . , t he  i nboar d  f l aps  and  out boar d  f l aps  a r e  d r i v e n by  s e par a t e  hy dr aul i c
mo t or s  t ha t  a r e  c onne c t e d  t o  i nde pe nde nt  hy dr aul i c  c i r c ui t s . Al t hough t he
i nboar d  and  out boar d  f l aps  a r e  i nde pe nde nt ,  t he  l e f t  and  r i ght  i nboar d  f l aps
ar e  me c hani c a l l y  c onne c t e d  and  t he  l e f t  and  r i ght  out boar d  f l aps  a r e
me c hani c a l l y  c onne c t e d  by  t he i r  r e s pe c t i v e  t o r que  t ube  dr i v e s  s o  t ha t ,
p r e c l ud i ng .  a  me c hani c a l  f a i l ur e , t he , l e f t  and  r i ght  f l aps  wi l l  mov e
s y mme t r i c a l l y . Fur t he r  p r o t e c t i on i s  p r ov i de d  aga i ns t  l e f t  t o  r i ght  f l ap
e x t e ns i on a s y mme t r y  whi c h c oul d  oc c ur  be c aus e  o f  a  f a i l ur e  o f  t he  t o r que  t ube
dr i v e  me c hani s m f or  e i t he r  t he  i nboar d  o r  out boar d  f l aps  by  an e l e c t r i c a l
c ompar a t or  whi c h s e ns e s  an angul ar  d i f f e r e nc e  be t we e n , t he l e f t  and  r i ght
po i nt e r s  on t he  i nboar d  o r  out boar d  f l ap  pos i t i on i nd i c a t or s .  A s e par a t i on
be t we e n t he  l e f t  and  r i ght  po i nt e r s  o f  8  t o  20  de gr e e s  wi l l  e ne r g i z e  an
e l e c t r i c a l  c i r c ui t  t o  d r i v e  a  by pas s  v a l v e  i n t he  appr opr i a t e  hy dr aul i c
s ubs y s t e m ( i nboar d  o r  out boar d )  t o  a  BYPASS pos i t i on. Thi s  ac t i on wi l l
r e mov e  hy dr aul i c  p r e s s ur e  f r om t he  f l ap  d r i v e  mo t or ,  s t opp i ng  f ur t he r
mo v e me nt  o f  t he  a f f e c t e d  f l a p s .
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Fo l l owi ng  t he  ac c i de nt , t he  i nboar d  f l ap  by pas s  v a l v e  i n t he
a i r p l ane ' s  l e f t  whe e l we l l  was  f ound  i n t he  BYPASS pos i t i on,  whi l e  t he
out boar d  f l ap  by pas s  v a l v e  i n t he  r i ght  whe e l we l l  was  f ound  i n t he  NORMAL
p o s i t i o n. I f  t he s e  v a l v e s  had  be e n i n t he  "as  f ound" pos i t i ons  be f or e
t ake o f f ,  t he  out boar d  f l aps  woul d  hav e  e x t e nde d  t o  a  pos i t i on c or r e s pond i ng
t o  t he  c oc kp i t  f l ap  c ont r o l  l e v e r  p l ac e me nt ,  but  t he  i nboar d  f l aps  woul d  hav e
r e mai ne d  a t  t he  pos i t i on i n whi c h t he y  we r e  whe n t he  by pas s  v a l v e  mov e d  t o
BYPASS. Thi s  f i nd i ng  l e d  t o  s pe c ul a t i on t ha t  t he  f i r s t  o f f i c e r  may  hav e  s e t
t he  f l aps  t o  1 5 0 , but  onl y  t he  out boar d  f l aps  e x t e nde d  whi l e  t he  i nboar d
f l a p s  r e ma i ne d  r e t r a c t e d .

The  known s e que nc e  o f  e v e nt s  dur i ng  t he  ac c i de nt  p r ov i de s  a
r a t i ona l  unde r s t and i ng  o f  t he s e  pos t i mpac t  f i nd i ngs . The  a i r p l ane ' s  r i ght
wi ng  was  s e v e r e l y  damage d  and  s e par a t e d  f r om t he  a i r p l ane  whi l e  t he  l e f t  wi ng
r e mai ne d  r e l a t i v e l y  undamage d  and  i nt ac t . The  damage  t o  t he  r i ght  wi ng
undoub t e d l y  r e s ul t e d  i n damage  t o  t he  r i ght  i nboar d  and  out boar d  f l ap
f o l l ow- up  me c hani s ms  or  a  s e par a t i on i n e l e c t r i c a l  c ont i nui t y  dur i ng  t he
c r as h s e que nc e  whi c h woul d  hav e  be e n s e ns e d  by  t he  f l ap  pos i t i on i nd i c a t or
c o mp a r a t o r  a s  l e f t  t o  r i g ht  a s y mme t r y . I t  i s  r e a s o na b l e  t o  c o nc l ud e  t ha t  t he
e l e c t r i c a l  c ont i nui t y  t o  t he  l e f t  whe e l we l l  r e mai ne d  f o r  t he  1  s e c ond
ne c e s s ar y  t o  d r i v e  t he  mo t or - ope r a t e d  i nboar d  f l ap  by pas s  v a l v e  t o  t he  BYPASS
p o s i t i o n, and  t ha t  e l e c t r i c a l  c i r c ui t s  t o  t he  out boar d  by pas s  v a l v e  we r e
de s t r oy e d  be f or e  t ha t  v a l v e  c oul d  be  d r i v e n f r om t he  NORMAL pos i t i on.
The r e f or e , t he  "as  f ound" pos i t i on o f  t he  f l ap  by pas s  v a l v e s  p r ov i de  no
pos i t i v e  e v i de nc e  upon whi c h t o  a s s e s s  t he  p r e - t ake o f f  f l ap  s e t t i ng .

W i t n e s s  O b s e r v a t i o n . - - The pas s e nge r  who  had  be e n s e a t e d  i n 28C
s t a t e d  a t  t he  p ub l i c he anng t ha t  hi s  a t t e nt i on was  d i r e c t e d  t o  t he  l e f t  wi ng
o f  t he  a i r p l ane  j us t  a f t e r  r o t a t i on whe n he  f e l t  a  s udde n r o l l  t o  t he  r i ght .
Fr om hi s  s e a t e d  pos i t i on, he  c oul d  obs e r v e  t he  out boar d  t r a i l i ng  e dge  o f  t he
l e f t  wi ng  and  he  s t a t e d  t ha t  t he  f l aps  appe ar e d  t o  be  e x t e nde d .  Al  t hough t he
wi t ne s s  had  s ome  p i l o t i ng  e xpe r i e nc e  i n l i ght  a i r p l ane s  and  had  ge ne r a l
knowl e dge  r e gar d i ng  t he  l oc a t i on and  f unc t i on o f  t he  f l aps ,  hi s  t e s t i mony  c an
be  g i v e n onl y  l i mi t e d  c r e d i b i l i t y .  For  e xampl e ,  he  was  no t  ab l e  t o  c or r e c t l y
i de nt i f y  t he  l oc a t i on o f  t he  f l i ght  s po i l e r s . Thi s  may  be  s i gni f i c ant  s i nc e
t he  f l i ght  s po i l e r s  a r e  i mme d i a t e l y  f o r war d  o f  t he  out boar d  f l aps .  Thus ,  t he
br e ak  i n t he  uppe r  wi ng  s ur f ac e  p r oduc e d  by  s po i l e r  de f l e c t i on,  a s  woul d  be
e xpe c t e d  a s  t he  p i l o t  a t t e mp t e d  t o  s t ab i l i z e  l a t e r a l  o s c i l l a t i ons ,  c oul d
ha v e  b e e n p e r c e i v e d  a s  f l a p  e x t e ns i o n.

Pe r haps  o f  mor e  s i gni f i c anc e , t he  wi t ne s s  s t a t e d  t ha t  he  d i d  no t
pe r c e i v e  up  o r  down de f l e c t i on o f  t he  out boar d  a i l e r on.  Si nc e  t he  a i r p l ane
was  r o l l i ng  due  t o  l a t e r a l  i ns t ab i l i t y  a t  t he  t i me  t ha t  t he  wi t ne s s  was
obs e r v i ng  t he  out boar d  wi ng  t r a i l i ng  e dge , i t  i s  r e as onab l e  t o  be l i e v e  t ha t
he  woul d  hav e  obs e r v e d  a i l e r on mov e me nt . Tha t  he  d i dn' t  obs e r v e  s uc h
mov e me nt  c oul d  s uppor t  t he  c onc l us i on t ha t  a i l e r ons  we r e  l oc ke d  out ,  a
c ond i t i on whi c h woul d  hav e  e x i s t e d  onl y  i f  t he  out boar d  f l aps  we r e  r e t r ac t e d .
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2 . 5 Ajrplane  Performance Study

The  f a i l ur e  o f  t he  t ake o f f  war ni ng  s y s t e m t o  p r ov i de  an a l a r m,  t he
f a i l ur e  o f  t he  aut o  pac k  t r i p  s y s t e m t o  a r m,  and  t he  pe r c e p t i on o f  t he
out boar d  f l ap  pos i t i on by  t he  wi t ne s s  c oul d  be  e xp l a i ne d  by  an abnor mal
t ake o f f  wi ng  f l ap  c onf i gur a t i on; t he  i nboar d  t r a i l i ng  e dge  f l aps  r e t r ac t e d
and  t he  out boar d  t r a i l i ng  e dge  f l aps  e x t e nde d ,  i . e . ,  "s p l i t  f l aps ".  Fur t he r ,
t he  pos s i b i l i t y  t ha t  t he  f i r s t  o f f i c e r  s e t  t he  f l aps  t o  1 5 0 and  f a i l e d  t o
no t e  t he  d i s par i t y  be t we e n t he  i nboar d  and  out boar d  f l ap  pos i t i on
i nd i c a t i ons  c oul d  no t  be  r ul e d  out  bas e d  on e v i de nc e  p r e s e nt e d  s o  f a r  be c aus e
o f  t he  pos i t i on o f  t he  i nboar d  f l ap  by pas s  v a l v e  a s  f ound  a f t e r  i mpac t .

The r e f or e ,  t he  pos s i b i l i t y  t ha t  t he  t ake o f f  was  i ni t i a t e d  wi t h t he  a i r p l ane
i n t hi s "s p l i t  f l ap" c onf i gur a t i on and  t he  f l aps  we r e  r e t r ac t e d  be f or e
i mpac t  was  e xami ne d  t hor oughl y  i n t he  c ont e x t  o f  o t he r  e v i de nc e . The
c ompar i s on o f  t he  e v e nt s  and  a i r s pe e d - a l t i t ude  p r o f i l e  o f  f l i ght  1141  wi t l i
t he  known ae r ody nami c  pe r f or manc e ,  s t a l l  c har ac t e r i s t i c s ,  and  hand l i ng
qua l i t i e s  o f  t he  B- 727  a i r p l ane  was  t he  mos t  c ompe l l i ng  e v i de nc e  t o  d i s c ount
t he  "s p l i t  f l a p " t a k e o f f  t he o r y .

As  p r e v i ous l y  s t a t e d , t he  ge ne r a t i on o f  a  l i f t  f o r c e  by  a  wi ng
a i r f o i l  de pe nds  upon a  s moo t h f l ow o f  a i r  pas s i ng  ov e r  t he  wi ng  and  t he
amount  o f  t he  l i f t  f o r c e  de pe nds  upon t he  s pe e d  o f  t he  a i r  pas s i ng  ov e r  t he
wi ng  and  t he  ang l e  a t  whi c h t he  a i r  i mp i nge s  t he  wi ng ' s  l e ad i ng  e dge  ( AOA) .
As  t he  AOA i s  i nc r e as e d ,  t he  l i f t  ge ne r a t e d  by  t he  wi ng  i s  i nc r e as e d  unt i l
t he  AOA r e ac he s  a  po i nt  a t  whi c h t he  a i r f l ow c an no  l onge r  adhe r e  t o  t he
uppe r  s ur f ac e  o f  t he  wi ng . The  wi ng  i s  s a i d  t o  be  s t a l l e d  whe n a  f ur t he r
i nc r e as e  i n AOA and  c ons e que nt  a i r f l ow s e par a t i on r e s ul t s  i n a  s ome t i me s
dr as t i c  r e duc t i on i n t he  amount  o f  l i f t  p r oduc e d .  I n t hi s  c ond i t i on t he  a i r
be hi nd  t he  wi ng  i s  t ur bul e nt  and  t he  a i r p l ane  may  e xpe r i e nc e  s e v e r e
b uf f e t i ng . Si nc e  t he  a i r f l ow s e par a t i on c an oc c ur  non- uni f o r ml y  ac r os s  t he
wi ng ' s  s pan and  be t we e n t he  l e f t  and  r i ght  wi ngs ,  t he  a i r p l ane  may  r o l l
s udde nl y  a s  i t  appr oac he s  t he  s t a l l  ADA. Fur t he r mor e ,  t he  t ur bul e nt  a i r
be hi nd  t he  wi ng  e nt e r i ng  t he  i nl e t s  o f  r e ar  f us e l age  mount e d  e ng i ne s  may
c a us e  e ng i ne  c o mp r e s s o r  s ur g e s .

The  l e ad i ng  e dge  f l aps  and  s l a t s  hav e  an ae r ody nami c  e f f e c t  t ha t
pe r mi t s  an a i r p l ane  t o  f l y  a t  hi ghe r  AOA be f or e  t he  s moo t h f l ow o f  a i r
be g i ns  t o  s e par a t e  f r om t he  wi ng ' s  uppe r  s ur f ac e . Thus ,  wi t h t he  l e ad i ng
e dge  de v i c e s  e x t e nde d , a  wi ng  c an ge ne r a t e  g r e a t e r  amount s  o f  l i f t  a t  AOA
be y ond  t ha t  a t  whi c h s t a l l  woul d  oc c ur  wi t hout  t he  l e ad i ng  e dge  de v i c e s
e x t e nde d ,  i r r e s pe c t i v e  o f  t he  pos i t i on o f  t he  t r a i l i ng  e dge  f l aps . Tr a i l i ng
e dge  f l aps  add  t o  t he  amount  o f  l i f t  ge ne r a t e d  by  a  wi ng  a t  a  g i v e n a i r s pe e d
and  AOA by  i nc r e as i ng  t he  c ambe r  o f  t he  wi ng . Howe v e r ,  f o r  t he  s ame  l e ad i ng
e dge  c onf i gur a t i on, t he  i nc r e as e  i n wi ng  c ambe r  f r om t he  e x t e ns i on o f  t he
t r a i l i ng  e dge  f l aps  wi l l  c aus e  a i r f l ow s e par a t i on and  s t a l l  t o  oc c ur  a t  a
s l i g ht l y  l e s s e r  AOA t ha n wi t h t he  f l a p s  r e t r a c t e d  ( l e s s  t ha n l o ) .

Si nc e  t he  8 - 7 2 7 ' s l e ad i ng  e dge  f l aps  and  s l a t s  a r e  hy dr aul i c a l l y
e x t e nde d  as  a  r e s ul t  o f  a  me c hani c a l  i nt e r c onne c t i on wi t h t he  out boar d
t r a i l i ng  e dge  f l aps ,  a  f a i l ur e  o f  t he  i nboar d  f l aps  t o  e x t e nd  f o r  any  r e as on
woul d  no t  hav e  p r e c l ude d  t he  e x t e ns i on o f  t he  a i r p l ane ' s  l e ad i ng  e dge
d e v i c e s . The r e f o r e , t he  pe r f or manc e  o f  a  B- 727  wi t h t he  i nboar d  t r a i l i ng
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e dge  f l aps  r e t r ac t e d , t he  out boar d  t r a i l i ng  e dge  f l aps  e x t e nde d  t o  l 5 O,  and
t he  l e ad i ng  e dge  f l aps  and  s l a t s  e x t e nde d  was  ana l y z e d  and  c ompar e d  wi t h t he
pe r f or manc e  ac hi e v e d  by  f l i ght  1141 . ( Se e  f i gur e  1 3 . ) I t  i s  r e ad i l y
appar e nt  f r om t he  c a l c ul a t e d  ae r ody nami c  e f f e c t s  o f  t r a i l i ng  e dge  f l aps  and
l e ad i ng  e dge  de v i c e s  t ha t  t he  wi ng  i n t he "s p l i t  f l ap" c onf i gur a t i on woul d
hav e  ge ne r a t e d  l e s s  l i f t  a t  a  g i v e n a i r s pe e d  and  AOA t han i t  woul d  hav e  wi t h
a l l  o f  t he  t r a i l i ng  e dge  f l aps  e x t e nde d  t o 1 5 o ; but  i t  i s  a l s o  appar e nt  t ha t
t he  AOA a t  whi c h a i r f l ow s e par a t i on woul d  hav e  oc c ur r e d  wi t h "s p l i t  f l aps "
woul d  hav e  be e n about  t he  s ame  ( o r  e v e n s l i ght l y  hi ghe r  on t he  i nboar d  wi ng
s e c t i on)  t han i t  woul d  hav e  be e n i n t he  nor mal  1 5 0 t r a i l i ng  e dge  f l ap
c o nf i g ur a t i o n. The  t he or e t i c a l  ae r ody nami c  da t a  p r ov i de d  f o r  t he  s p l i t  f l ap
c onf i gur a t i on by  t he  Boe i ng  Company  i nd i c a t e  t ha t  t he  s t a l l  AOA i s  about  1 8 0 ;
t he  da t a  ob t a i ne d  f r om t he  Mar c h 23 ,  1989 ,  de mons t r a t i on f l i ght  i nd i c a t e  t ha t
an a i r p l ane  unde r  t he  c ond i t i ons  o f  f l i ght  1141  ma i nt a i ns  good  f l i ght
c har ac t e r i s t i c s  wi t hout  a i r f l ow s e par a t i on ( a s  i nd i c a t e d  by  buf f e t  o r  r o l l
i ns t ab i l i t y )  up  t o  AOA gr e a t e r  t han 1 5 0 . Howe v e r ,  unl i ke  t he  t ake o f f  war ni ng
s y s t e m,  t he  s t a l l  war ni ng  s t i c ks hake r  c i r c ui t r y  i s  p r e d i c a t e d  upon t he
i nboar d  f l ap  pos i t i on and  an as s umpt i on t ha t  t he  l e ad i ng  e dge  de v i c e s  a r e
a l s o  r e t r ac t e d  whe n t he  i nboar d  f l aps  a r e  r e t r ac t e d . Thus ,  t he  s t i c k s hake r
s t a l l  war ni ng  wi l l  a l a r m a t  an AOA o f  l l ” appr opr i a t e  t o  s t a l l  f o r  t he  c l e an
wi ng  c o nf i g ur a t i o n. I n t he  s p l i t  f l ap  c onf i gur a t i on,  t he  1 1 0 AOA s t i c k s hake r
war ni ng  woul d  hav e  p r ov i de d  about  16  pe r c e nt  a i r s pe e d  and  7 o AOA mar g i n t o
s t a l l . I f  t he  s t i c ks hake r  war ni ng  was  s e t  a t  1 4 0 AOA,  t he  mor e  t y p i c a l
7  pe r c e nt  a i r s pe e d  and  4 o AOA mar g i n t o  s t a l l  woul d  hav e  be e n av a i l ab l e .

The  pe r f o r manc e  ana l y s i s , bas e d  upon t he  l i f t  v e r s us  AOA da t a  f o r
t he  s p l i t  f l ap  c onf i gur a t i on, i nd i c a t e s  t ha t  had  f l i ght  1141  be e n s o
c onf i gur e d  dur i ng  t he  t ake o f f  r o l l , t he  a i r p l ane ' s  t a i l  may  hav e  c ont ac t e d
t he  r unway  s ur f ac e  a s  t he  c ap t a i n r o t a t e d  t o  t he  t ake o f f  a t t i t ude .  Howe v e r ,
t he  a i r p l ane ,  wi t h i t s  ge ome t r y - l i mi t e d  l o o p i t c h a t t i t ude  woul d  hav e  l i f t e d
o f f  a t  about  150  KCAS i ns t e ad  o f  t he  ac t ua l  l i f t o f f  s pe e d  o f  158  KCAS.  A
c ont i nue d  r o t a t i on a t  a  r a t e  g r e a t e r  t han 1 . 5 O pe r  s e c ond  woul d  hav e  r e s ul t e d
i n s t i c k s hake r  ac t i v a t i on;  but  t he r e  woul d  hav e  be e n c ons i de r ab l e  mar g i n t o
s t a l l  whe n t he  war ni ng  oc c ur r e d  and  t he  a i r p l ane  woul d  hav e  t r ans i t i one d  t o  a
c l i mb i ng  f l i ght pa t h wi t h a  v e r t i c a l  ac c e l e r a t i on i n e xc e s s  o f  1 . 26 . I f  t he
c ap t a i n had  i gnor e d  t he  s t i c k s hake r  war ni ng  and  c ont i nue d  t o  e xe r t  s uf f i c i e nt
bac k  f o r c e  on t he  c ont r o l  c o l umn t o  r a i s e  t he  a i r p l ane ' s  nos e  a t  a  r a t e  o f
3 0 pe r  s e c ond , t he  a i r p l ane  woul d  hav e  ac hi e v e d  a  3 o c l i mb i ng  f l i ght pa t h a t
an AOA o f  about  1 5 O wi t hi n 2  s e c onds  a f t e r  l i f t o f f . The r e  woul d  hav e  be e n
no  a i r f l ow s e par a t i on t o  e xp l a i n t he  s udde n r o l l  o f  t he  a i r p l ane ,  and  t he r e
woul d  hav e  be e n no  e ng i ne  i nl e t  a i r  t ur bul e nc e  t o  e xp l a i n t he  c ompr e s s or
s ur ge s  whi c h we r e  e v i de nt  on t he  CVR. A mor e  l i ke l y  and  p r ope r  f l i ght  c r e w
r e ac t i on t o  t he  s t i c ks hake r  ac t i v a t i on woul d  hav e  be e n t o  r e l ax  t he  bac k
f or c e  on t he  c ont r o l  c o l umn t o  s i l e nc e  t he  s t i c ks hake r ,  p r ov i de d  t ha t  t ha t
r e s pons e  woul d  no t  r e s ul t  i n a  l o s s  o f  c r i t i c a l  altitude. Under such
c i r c ums t anc e s , t he  a i r p l ane  woul d  hav e  c ont i nue d  t o  ac c e l e r a t e  whi l e
de v e l op i ng  s uf f i c i e nt  l i f t  f o r c e  t o  t r ans i t i on t o  a c l i mb i ng  f l i ght pa t h.
The s e  pe r f or manc e  da t a  i nd i c a t e  t ha t  about  10  s e c onds  a f t e r  l i f t o f f ,  t he
a i r p l ane  woul d  hav e  be e n about  100  f e e t  abov e  t he  g r ound  and  c l i mb i ng  a t
about  1 , 200  f e e t  pe r  mi nut e . The  s t i c ks hake r  woul d  hav e  ac t i v a t e d  onl y
mo me nt a r i l y .
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The  Sa f e t y  Boar d  c onc l ude s  t ha t  t he  ac t ua l  pe r f or manc e  o f  f l i ght
1141  i s  no t  e xp l a i nab l e  by  t he  "s p l i t  f l ap" t he or y .  A pos s i b i l i t y  t ha t  one
f l i ght c r e w me mbe r  r e ac t e d  t o  t he  de l ay e d  l i f t o f f  and  s t i c ks hake r  ons e t  by
i nt e nt i ona l l y  o r  i nadv e r t e nt l y  r e t r ac t i ng  t he  f l aps  t o  Oo  i s  a l s o
i mp l a us i b l e , s i nc e  t he  20  s e c onds  r e qui r e d  f o r  t he  t r a i l i ng  e dge  f l aps  and
l e ad i ng  e dge  de v i c e s  t o  r e t r ac t  wi t h c ons e que nt  e f f e c t  on f l i ght  pe r f o r manc e
woul d  p l ac e  t he  a i r p l ane  f a r  be y ond  t he  po i nt  a t  whi c h t he  r o l l  i ns t ab i l i t y
and  . e ng i ne c ompr e s s or  s ur ge s  ac t ua l l y  oc c ur r e d . I f  t he  f l aps  r e t r ac t i on
s e q ue nc e  ha d  s t a r t e d  a t  r o t a t i o n, t he  a i r p l ane  woul d  hav e  had  s uf f i c i e nt  l i f t
t o  c l i mb  s e v e r a l  hundr e d  f e e t  p r i o r  t o  t he  f l aps  r e ac hi ng  0 0 . Fur t he r mo r e ,
e ac h o f  t he  f l i ght c r e w me mbe r s  pos i t i v e l y  s t a t e d  t ha t  t he y  d i d  no t  r e s e t  t he
f l ap  c ont r o l  l e v e r  a f t e r  t he  t ake o f f  was  i ni t i a t e d ,  and  t ha t  t he y  kne w o f  no
s i t ua t i o n i n whi c h t he y  wo ul d  ha v e  d o ne  s o .

The  a i r p l ane  pe r f o r manc e  s t udy  i nd i c a t e d  t ha t  a l l  o f  t he  e v e nt s  a s
t he y  oc c ur r e d  on f l i ght  1141  onl y  c an be  e xp l a i ne d  by  a s s umi ng  t ha t  t he
t ake o f f  was  i ni t i a t e d  wi t h t he  t r a i l i ng  e dge  f l aps  and  l e ad i ng  e dge  de v i c e s
f ul l y  r e t r ac t e d . An ana l y s i s  o f  t he  c a l c ul a t e d  l i f t  v e r s us  AOA
c har ac t e r i s t i c s  f o r  a  B- 727  wi t h a  c l e an wi ng  s howe d  t ha t  t he  a i r p l ane  woul d
f a i l  t o  l i f t  o f f  t he  r unway  whe n r o t a t e d  t o  t he  l o o ge ome t r y - l i mi t e d
a t t i t ude  unt i l  i t  r e ac he d  a  CAS be t we e n 158  and  1 5 9 ' k no t s ,  whi c h c or r e l a t e s
pr e c i s e l y  wi t h t he  ac t ua l  l i f t - o f f  a i r s pe e d  o f  f l i ght  1141  as  i nd i c a t e d  on
t he  FDR. The  a i r p l ane  c ont i nue d  t o  ac c e l e r a t e  t hus  ac hi e v i ng  a  s l i ght
l i f t - v e r s us - we i ght  mar g i n t o  c l i mb . Howe v e r ,  t he  da t a  i nd i c a t e d  t ha t  t he
c ap t a i n c ont i nue d  t o  e xe r t  bac k  f o r c e  on t he  c ont r o l  c o l umn as  he  a t t e mp t e d
t o  r a i s e  t he  a i r p l ane ' s  nos e  t o  t he  nor mal  c l i mb  a t t i t ude . The  a i r p l ane ' s
v e r t i c a l  ac c e l e r a t i on whe n t he  s t i c k s hake r  ac t i v a t e d  a t  l l " AOA and  161  KCAS
i s  c ons i s t e nt  wi t h t he  t he or e t i c a l  pe r f o r manc e  o f  t he  a i r p l ane  i n t he  c l e an
wi ng  c onf i gur a t i on, wi t h c ons i de r a t i on f o r  g r ound  e f f e c t . The  c ont i nue d
i nc r e as e  i n p i t c h a t t i t ude  r e s ul t e d  i n l i t t l e  c hange  i n c l i mb  pe r f or manc e ,
t y p i c a l  o f  a n a i r p l a ne  v e r y  ne a r  s t a l l . The  s udde n r o l l  t o  t he  r i ght  and  t he
c y c l i c  v e r t i c a l  ac c e l e r a t i ons  e v i de nt  on t he  FDR ar e  i nd i c a t i ons  o f  a i r f l ow
s e par a t i on on t he  out boar d  wi ng . Suc h r o l l  i ns t ab i l i t y  i s  a  known
c har ac t e r i s t i c  o f  t he  B- 727  wi t h l e ad i ng  e dge  de v i c e s  r e t r ac t e d  and  t he
out boar d  a i l e r ons  l oc ke d  out . Ac c or d i ng  t o  s t a t e me nt s  by  a  Boe i ng  t e s t
p i l o t ,  t he  B- 727  t e nds  t o  r e t a i n r o l l  s t ab i l i t y  and  c ont r o l  dur i ng  appr oac h
t o  s t a l l  wi t h t he  l e ad i ng  e dge  de v i c e s  e x t e nde d  and  t he  out boar d  a i l e r ons
a c t i v e . The  ro l l , i t s e l f ,  and  t he  c ont r o l  ac t i on ( s po i l e r  de f l e c t i ons )  us e d
t o  c or r e c t  t he  r o l l  r e s ul t e d  i n a  f ur t he r  l o s s  i n l i f t  and  c l i mb  pe r f o r manc e .
The  e ng i ne  c ompr e s s or  s ur ge s  a l s o  a r e  c ons i s t e nt  wi t h a i r f l ow s e par a t i on on
t he  i nboar d  wi ng  s e c t i on whi c h pr oduc e s  t ur bul e nc e  a t  t he  s i de
f us e l age - mount e d  e ng i ne  i nl e t s . I t  i s  p r obab l e , bas e d  on da t a  f r om t he
e ng i ne  manuf ac t ur e r , t ha t  t he  c ompr e s s or  s ur ge s  d i d  no t  s i gni f i c ant l y
de gr ade  t he  t hr us t  p r oduc e d  by  t he  e ng i ne s . The  a i r p l ane  pe r f or manc e
ana l y s i s  s hows  t ha t  t he  mi ni ma l  ac c e l e r a t i on o f  t he  a i r p l ane  f r om l i f t o f f  t o
i mpac t  was  t he  r e s ul t  o f  t he  hi gh dr ag  f o r c e  p r oduc e d  a t  hi gh AOA,  r a t he r
t ha n a  l o s s  o f  t hr us t .

The  a i r p l ane ' s  pe r f or manc e  dur i ng  and  s ubs e que nt  t o  t he  t ake o f f
r o t a t i o n, i nc l ud i ng  t he  de l ay e d  l i f t o f f ,  t he  r o l l  i ns t ab i l i t y ,  t he  e ng i ne
c ompr e s s or  s ur ge  and  t he  f l i ght  p r o f i l e  e nd i ng  a t  i mpac t ,  s t r ong l y  s uppor t  a
c onc l us i on t ha t  t he  t r a i l i ng  e dge  f l aps  and  l e ad i ng  e dge  de v i c e s  we r e  f ul l y
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r e t r ac t e d  whe n f l i ght  1141  be gan i t s  t ake o f f  r o l l . Thi s  c onc l us i on i s
f ur t he r  s uppor t e d  by  t he  e v i de nc e  t ha t  t he  i nboar d  and  out boar d  f l aps  we r e
r e t r ac t e d  a t  t he  i ns t ant  o f  i mpac t , c ombi ne d  wi t h s t a t e me nt s  by  t he
f l i ght c r e w t ha t  no  one  mov e d  t he  f l ap  l e v e r  dur i ng  t he  f l i ght . I t .  i s
c ons i de r e d  e x t r e me l y  unl i ke l y  t ha t  a  f l i ght c r e w me mbe r  woul d  mov e  t he  f l ap
l e v e r  dur i ng  t ake o f f  wi t hout  v e r ba l i z i ng  s uc h i nt e nde d  ac t i on. No  s uc h
c omme nt s  we r e  r e c or de d  on t he  CVR nor  we r e  t he r e  any  no i s e s  whi c h c oul d  be
c ons t r ue d  a s  r e c or de d  f l ap  l e v e r  mov e me nt . Thus ,  i t  i s  c onc l ude d  t ha t . t he
f l ap  l e v e r  was  no t  s e t  t o  t he 1 5 o de t e nt  dur i ng  p r e - t ake o f f  ac t i v i t i e s ,  t he
f i r s t  o f f i c e r , a s  we l l  a s  t he  o t he r  c r e wme mbe r s ,  d i d  no t  no t e  t he  ac t ua l
f l ap  pos i t i on whe n he  r e s ponde d  t o  t he  c he c k l i s t  c ha l l e nge ,  and  t he
a i r p l ane ' s  t ake o f f  war ni ng  s y s t e ms  d i d  no t  p r ov i de  a  war ni ng  o f  i mpr ope r
t a k e o f f  c o nf i g ur a t i o n.

2 . 6 Fl ightcrew Act ions Af ter  Takeof f

Ev e n t hough t he  ana l y s i s  de t e r mi ne d  t ha t  t he  f l i ght c r e w d i d  no t
c onf i gur e  t he  a i r p l ane  p r ope r l y  f o r  t ake o f f , t he  ac c i de nt  may  no t  hav e  be e n

i n e v i t a b l e . Thus ,  t he  f l i ght c r e w' s  ac t i ons  a f t e r  t ake o f f  we r e  ana l y z e d  t o
de t e r mi ne  whe t he r  t he  ac c i de nt  c oul d  hav e  be e n pr e v e nt e d  or  o t he r wi s e
mi ni mi z e d .

The  s ound  o f  s t i c k s hake r  was  he ar d  on t he  CVR t ape  a t  0 9 0 0 : 1 5 . 1 and
c ont i nue d  unt i l  i mpac t . At  0 9 0 0 : 3 4 . 7 ,  t he  CVR t ape  i nd i c a t e d  t ha t  t he
c ap t a i n s t a t e s  "f ul l  powe r . ' Thi s  c a l l  was  made  0 . 6  s e c onds  p r i o r  t o  t he
s ound  o f  t he  f i r s t  i mpac t . I n hi s  t e s t i mony  a t  t he  pub l i c  he ar i ng ,  t he
c ap t a i n s t a t e d  t ha t  he  made  t he  c a l l  "f ul l  powe r " a f t e r  he  had  a l r e ady
app l i e d  f ul l  powe r . Unf o r t una t e l y , due  t o  ae r ody nami c  no i s e  mas k i ng  t he
e ng i ne  no i s e s , i t  i s  no t  pos s i b l e  t o  de t e r mi ne  i f  t he  e ng i ne s  we r e
a c c e l e r a t i ng  p r i o r  t o  i mp a c t . Howe v e r ,  i t  doe s  no t  s e e m l i ke l y  t ha t  a  pe r s on
woul d  make  s uc h a  c a l l o ut  a f t e r  ac c ompl i s hi ng  t he  ac t i on. I t  i s  mo r e  l i k e l y
t ha t  s uc h a  c a l l  woul d  be  made  c o i nc i de nt  wi t h t he  app l i c a t i on o f  powe r ,  o r
woul d  be  a  r e que s t  f o r  t he  f i r s t  o f f i c e r  t o  adv anc e  t he  t hr o t t l e s .  Gi v e n t he
r o l l  o s c i l l a t i o ns  t ha t  we r e  no t e d  b y  wi t ne s s e s , i t  wo ul d  b e  e x p e c t e d  t ha t  t he
c ap t a i n woul d  hav e  had  bo t h hands  on t he  c ont r o l  y oke  i n t r y i ng  t o  r e ga i n
c ont r o l  o f  t he  a i r c r a f t . Dur i ng  t he  pub l i c  he ar i ng ,  t he  s e c ond  o f f i c e r
t e s t i f i e d  t ha t ,  a f t e r  t he  a i r c r a f t  r o l l e d  t o  t he  r i ght ,  he  obs e r v e d  t ha t  bo t h
o f  t he  c ap t a i n' s  hands  we r e  on t he  c ont r o l  y oke . The r e f o r e , i t  i s  c onc l ude d
t ha t  t he  c ap t a i n' s  c a l l  o f  "f ul l  powe r " was  a  c ommand  f o r  t he  f i r s t  o f f i c e r
t o  adv anc e  t he  t hr o t t l e s , and  t ha t  powe r  had  no t  be e n i nc r e as e d  p r i o r  t o
0 9 0 0 : 3 4 . 7 . De s p i t e  t he  c ap t a i n' s  s t a t e me nt  a t  t he  pub l i c  he ar i ng  t ha t  he
app l i e d  max i mum powe r  be f or e  i mpac t ,  t he r e  i s  no  e v i de nc e  t ha t  powe r  was  e v e r
a c t ua l l y  i nc r e a s e d  a b o v e  t he  r e d uc e d  t a k e o f f  r a t i ng .

The  c ap t a i n t e s t i f i e d  t ha t  De l t a ' s  p r oc e dur e s  whe n e nc ount e r i ng
s t i c ks hake r  a f t e r  l i f t o f f  we r e  t o  app l y  max i mum av a i l ab l e  t hr us t ,  r o t a t e
t owar d  1 5 O o f  p i t c h,  and  t o  r e s pe c t  a l l  s t a l l  war ni ngs ,  i . e . ,  s t i c k s hake r  o r
b uf f e t i ng . Ad d i t i o na l l y , t he  c ap t a i n t e s t i f i e d  t ha t  he  f o l l owe d  De l t a ' s
pr oc e dur e s  a f t e r  e nc ount e r i ng  s t i c k s hake r . The  pe r f o r manc e  s t udy  f ound  t ha t
t he  a i r p l ane  was  r o t a t e d  ov e r  1 3 0 whe n i t  pas s e d  t he  I LS ant e nna  and  may  hav e
e xc e e de d  1 5 O a t  v ar i ous  por t i ons  o f  t he  f l i ght . I n any  e v e nt ,  t he  nos e  o f
t he  a i r p l a ne  wa s  no t  l o we r e d  t o  s i l e nc e  t he  s t i c k s ha k e r .
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The  i nv e s t i ga t i on f ound  t ha t  De l t a ' s  p r oc e dur e s  f o r  e nc ount e r i ng  a
s t i c ks hake r  o r  buf f e t i ng  c l o s e  t o  t he  g r ound  ar e ,  i n par t ,  t o  app l y  max i mum
powe r  and  t o  r o t a t e  t owar d  1 5 0 o f  no s e up p i t c h a t t i t ude .  Add i t i ona l l y ,  t he
De l t a  p r oc e dur e  s t a t e s  t ha t  t he  p i l o t  i s  t o  s t op  r o t a t i on i f  s t i c k s hake r  o r
buf f e t i ng  i s  e nc ount e r e d . I t  i s  c onc l ude d  t ha t  no t  app l y i ng  max i mum t hr us t
a f t e r  t he  ons e t  o f  s t i c k s hake r  and  no t  r e s pe c t i ng  s t i c k s hake r  war ni ngs  we r e
t he  s i gni f i c ant  r e as ons  f o r  t he  c ap t a i n' s  i nab i l i t y  t o  ga i n c ont r o l  o f  t he
a i r p l a ne  a f t e r  l i f t o f f .

The  i nv e s t i ga t i on f ound  t ha t  t he  mos t  appr opr i a t e  r e ac t i on a f t e r
ac t i v a t i on o f  t he  s t i c ks hake r  was  t o  app l y  max i mum av a i l ab l e  t hr us t  and  t o
l owe r  t he  nos e  be l ow s t i c ks hake r  AOA. Al t hough a  c l e an wi ng  i s  no t  an
aut hor i z e d  t ake o f f  c onf i gur a t i on f o r  t he  B- 727 ,  t he  a i r p l ane  pe r f or manc e
ana l y s i s  s howe d  t ha t  a  mar g i na l  c l i mb  c apab i l i t y  was  av a i l ab l e  i f  s t i c k s hake r
AOA had  no t  be e n e xc e e de d  and / or  i f  max i mum powe r  had  be e n app l i e d  wi t hi n
3  s e c onds  o f  i ni t i a l  s t i c ks hake r  ac t i v a t i on. Max i mum t hr o t t l e  pos i t i on
i nc r e as e s  t hr us t  appr ox i ma t e l y  25  pe r c e nt  f r om about  34 , 500  t o  43 , 000  pounds
t o t a l  t hr us t . The r e f or e ,  had  max i mum powe r  be e n app l i e d  3  s e c onds  a f t e r
s t i c ks hake r ,  pe r f or manc e  c a l c ul a t i ons  p r e d i c t  t ha t  t he  a i r p l ane  woul d  hav e
ga i ne d  20  kno t s  o f  a i r s pe e d  and  ov e r  200  f e e t  o f  a l t i t ude  be f or e  r e ac hi ng  t he
I LS ant e nna . I f  s t i c k s hake r  AOA had  no t  be e n e xc e e de d ,  f ur t he r  a l t i t ude  ga i n
c oul d  hav e  be e n e xpe c t e d . Mo r e o v e r , a  c he c k  o f  c onf i gur a t i on- - t he  f l ap
c ont r o l  l e v e r  and  f l ap  i nd i c a t i ons - - i mme d i a t e l y  upon ac t i v a t i on o f  t he
s t i c ks hake r  woul d  hav e  d i s c l o s e d  t he  r e as on f o r  t he  a i r p l ane ' s  pe r f or manc e
d e f i c i e nc y . . Had  t he  f i r s t  o f f i c e r  o r  s e c ond  o f f i c e r  mov e d  t he  f l ap  c ont r o l
i mme d i a t e l y , t he  e x t e ns i on o f  t he  l e ad i ng  e dge  de v i c e s  woul d  hav e  p r ov i de d
s uf f i c i e nt  s t a l l  ma r g i n t o  r e g a i n c o nt r o l .

2 . 7 Cockpit Management and Crew Di scipl i ne

The  Sa f e t y  Boar d  s ought  t o  de t e r mi ne  t he  r e l a t i ons hi p  be t we e n c r e w
p e r f o r ma nc e  a nd  t he  e v e nt s  i n t hi s  a c c i d e nt . The  i nv e s t i ga t i on r e v e a l e d  t ha t
De l t a  d i d  no t  i ns i s t  on a  s t andar d i z e d  appr oac h t owar ds  c oc kp i t  manage me nt .
Te s t i mony  f r om manage me nt  and  t r a i ni ng  pe r s onne l  i nd i c a t e d  t ha t  c ap t a i ns  we r e
a l l owe d  wi de  l a t i t ude  i n t he i r  c onduc t  o f  c oc kp i t  ope r a t i ons . The  CVR
i nd i c a t e d  t ha t  t he  c ap t a i n' s  appr oac h t owar ds  c oc kp i t  manage me nt  was  pas s i v e
and  t ha t  he  a l l owe d  e v e nt s  t o  ma t e r i a l i z e  r a t he r  t han f i r ml y  c ont r o l  t he
s e q ue nc e  o f  e v e nt s .

The  CVR t r ans c r i p t  s hows  t ha t  t he  c ap t a i n onl y  oc c as i ona l l y  e nt e r e d
t he  c onv e r s a t i on i n t he  c oc kp i t  whi c h was  c ar r i e d  a l mos t  e xc l us i v e l y  by  t he
f i r s t  o f f i c e r . The  f i r s t  o f f i c e r  a c t e d  a s  t he  s o c i a l  e l e me nt  i n t he  c o c k p i t ,
i ni t i a t i ng  and  s us t a i ni ng  i nf or mal  d i s c us s i ons ,  c omme nt i ng  on po l i t i c a l
e v e nt s  and  pas t  f l y i ng  e xpe r i e nc e s  and  ge ne r a l l y  ac t i ng  a s  t he  s oc i a l  f oc us
i n t he  c oc kp i t . The  s e c ond  o f f i c e r , whi l e  occasionally dr awn i nt o  t he
c onv e r s a t i on, appe ar e d  t o  be  bus i ne s s - l i ke  and  mor e  p r o f e s s i ona l . Fo r
i ns t anc e ,  i n t he  abs e nc e  o f  any  r e que s t s  f o r  s pe c i f i c  c he c k l i s t ,  he  s e e me d  t o
ke e p  t r ac k  o f  e v e nt s  and  t he  a i r p l ane ' s  p r ogr e s s  and  he  i ni t i a t e d  t he
appr opr i a t e  c he c k l i s t s  on hi s  own. He  s ub t l y  p r ompt e d  t he  f l i ght  a t t e ndant
t o  l e av e  t he  c oc kp i t  whe n t he  a i r p l ane  be c ame  numbe r  4  f o r  de par t ur e  by
i ni t i a t i ng  t he  p r e - de par t ur e  c ab i n announc e me nt  on t he  PA s y s t e m i n whi c h t he
f l i ght  a t t e ndant s  a r e  t o l d  t o  p r e par e  t he  c ab i n f o r  de par t ur e .  Thi s  ac t i on
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by  t he  s e c ond  o f f i c e r  a l s o  may  hav e  be e n a  no t  s o  s ub t l e  r e mi nde r  f o r  t he
c a p t a i n t ha t  t he  numb e r  3  e ng i ne  ha d  y e t  t o  b e  r e s t a r t e d .

I t  c an be  a r gue d  t ha t  t he  s e c ond  o f f i c e r  had  as  muc h a
r e s pons i b i l i t y  a s  t he  c ap t a i n and  t he  f i r s t  o f f i c e r  t o  v e r i f y  t he  f l ap
p o s i t i o n whe n t he  f i r s t  o f f i c e r  r e s p o nd e d  t o  t he  f l a p  c ha l l e ng e  o n t he  BEFORE
TAKEOFF c he c k l i s t . Howe v e r ,  whe n t he  r unway  l i ne up  and  t ake o f f  c l e ar anc e s
we r e  r e c e i v e d  i n s hor t  o r de r  and  e ar l i e r  t han e xpe c t e d ,  t he  s e c ond  o f f i c e r
be c ame  qui t e  r us he d  i n ac c ompl i s hi ng  t he  r e ma i nde r  o f  t he  TAXI  c he c k l i s t  a s
we l l  a s  t he  e nt i r e  BEFORE TAKEOFF c he c k l i s t . He  t he n had  t he  r e s pons i b i l i t y
t o  a c c o mp l i s h a  numb e r  o f  a d d i t i o na l  i t e ms  b e f o r e  he  c o ul d  t ur n a nd  s l i d e  hi s
s e a t  f o r war d  i n o r de r  t o  moni t o r  t he  t ake o f f . Thus ,  i t  i s  r e ad i l y  e v i de nt
t ha t  t he  nons pe c i f i c  and  uns pe c i f i e d  t a s k  o f  moni t o r i ng  t he  c ap t a i n' s  and
f i r s t  o f f i c e r ' s  r e s pons i b i l i t i e s  c oul d  be c ome  a  t a s k  t o  be  c ar r i e d  out  "as
t i me  p e r mi t s ' f o r  t he  s e c o nd  o f f i c e r . The  r e c or d  i s  c l e ar  i n t hi s  c as e  t ha t
i ns uf f i c i e nt  t i me  wa s  a v a i l a b l e  t o  t he  s e c o nd  o f f i c e r  t o  c a r r y  o ut  t hi s  t a s k .
Thus , t he  Sa f e t y  Boar d  be l i e v e s  t ha t  t he  s e c ond  o f f i c e r ' s  ac t i ons  we r e
appr opr i a t e  and  no t  c aus a l l y  r e l a t e d  t o  t he  f l ap  pos i t i on,  anomal y  whi c h
r e s ul t e d  i n t hi s  a c c i d e nt .

The  c ap t a i n i s  r e s pons i b l e  f o r  t he  l og i c a l  and  t i me l y  c ompl e t i on o f
c oc kp i t  dut i e s  by  t he  c r e wme mbe r s . Gui de l i ne s  f o r  t he  t i mi ng  and  l og i c  o f
c oc kp i t  dut i e s  a r e  p r ov i de d  by  p r oc e dur e s  r e c o mne nd e d by  t he  a i r p l ane
manuf ac t ur e r  and  i ns t i t ut e d  by  t he  c ar r i e r  t hr ough t he  pub l i c a t i on o f  t he s e
pr oc e dur e s  i n i t s  t r a i ni ng  manua l s  and  i t s  Pi l o t ' s  Handbook  or  Ope r a t i ng
Ma nua l . I t  i s  t he  c ap t a i n' s  r e s pons i b i l i t y  t o  ma i nt a i n t he  ne c e s s ar y
d i s c i p l i ne  i n t he  c oc kp i t  s o  t ha t  c ompany  pr oc e dur e s  a r e  c ar r i e d  out
p r o p e r l y . I n o t he r  wor ds ,  t he  c ap t a i n s e t s  t he  t one  and  wor k i ng  a t mos phe r e
i n t he  c oc kp i t . I f  he  doe s  no t  do  s o ,  c r e w d i s c i p l i ne  i n t he  c oc kp i t  c an,
de t e r i o r a t e  r ap i d l y .  The  e v i de nc e  i nd i c a t e s  t ha t  t hi s  was  t he  c as e  i n t hi s
a c c i d e nt .

The  c ap t a i n d i d  no t  s t op  t he  f i r s t  o f f i c e r ' s  i nt e r r up t i ons  o f
c oc kp i t  dut i e s  whe n he  i ni t i a t e d  nonr e l e v ant  c onv e r s a t i on or  made  c omme nt s
about  hi s  obs e r v a t i ons  out s i de  t he  c oc kp i t  whi l e  t he  a i r p l ane  was  be i ng
pus he d  bac k ,  whi l e  t he  e ng i ne  s t a r t  c he c k l i s t  was  r un,  whe n t he  a i r p l ane  was
t ax i e d  f r om t he  pus h- bac k  pos i t i on and  dur i ng  t he  s ubs e que nt  25  mi nut e s  t ax i
t i me  be f or e  t ake o f f  c l e ar anc e  was  r e c e i v e d . At  t he  po i nt  whe r e  t he  f i r s t
o f f i c e r  woul d  hav e  l owe r e d  t he  f l aps  t o  t he  t ake o f f  pos i t i on,  r amp  c ont r o l
gav e  f l i ght  1141  i ns t r uc t i ons  t o  g i v e  way  t o  ano t he r  a i r p l ane ,  and  he  be c ame
e ngage d  i n a  c onv e r s a t i on.  wi t h t he  c ap t a i n about  t he .  pos i t i on o f  t ha t
a i r p l a ne . Whe n f l i ght  1141  s t a r t e d  mov i ng  aga i n,  t he  f i r s t  o f f i c e r  had
ano t he r  oppor t uni t y  t o  c ont i nue  hi s  nor mal  r out i ne  and  l owe r  t he  f l aps ;
howe v e r ,  t he  s e c ond  o f f i c e r  i ni t i a t e d  t he  t ax i  c he c k l i s t  a t  t ha t  po i nt  and
t he  f i r s t  o f f i c e r  be c ame  i nv o l v e d  i n t he  r e qui r e d  r e s pons e s  t o  t he  c he c k l i s t
i t e ms . I mme d i a t e l y  a f t e r  t he  t a x i  c he c k l i s t  wa s  c o mp l e t e d ,  t he  f i r s t  o f f i c e r
be gan l e ng t hy  c onv e r s a t i ons  wi t h a  f l i ght  a t t e ndant . Thus ,  hi s  r out i ne  was
i nt e r r up t e d  a t  ke y  po i nt s  and  an e nt i r e  s e gme nt  o f  t he  f i r s t  o f f i c e r ' s  hab i t
pa t t e r n was  ov e r t ake n by  s ubs e que nt  r out i ne s . The  Sa f e t y  Boar d  be l i e v e s
t ha t , had  t he  c ap t a i n e xe r c i s e d  hi s r e s pons i b i l i t y  and  as ke d  t he  f l i ght
a t t e ndant  t o  l e av e  t he  c oc kp i t  o r , a s  a  mi ni mum,  s t oppe d  t he  nonpe r t i ne nt
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c o nv e r s a t i o ns , t he  25 - mi nut e  t ax i  t i me  c oul d  hav e  be e n ut i l i z e d  mor e
c ons t r uc t i v e l y  and  t he  f l ap  pos i t i on d i s c r e panc y  mi ght  hav e  be e n d i s c ov e r e d .

I n any  e v e nt , be c aus e  t he  c ap t a i n appar e nt l y  r e l i e d  on t he  o t he r
c r e wme mbe r s  t o  ac c ompl i s h c oc kp i t  ac t i v i t i e s ,  r a t he r  t han moni t o r i ng  and
s e t t i ng  t he  pac e  o f  t he s e  ac t i v i t i e s  hi ms e l f , t he  Sa f e t y  Boar d  be l i e v e s  t ha t
t he  c ap t a i n ne v e r  pe r c e i v e d  a  ne e d  t o  v i s ua l l y  o r  t a c t ua l l y  c he c k  whe t he r  t he
f i r s t  o f f i c e r  l owe r e d  t he  f l aps  a f t e r  he  t ax i e d  t he  a i r p l ane  f r om t he  r amp  or
whe n t he  f l aps  we r e  c a l l e d  j us t  p r i o r  t o  t ake o f f . I ns t e a d ,  he  r e l i e d  o n t he
pr o f e s s i ona l i s m o f  t he  f i r s t  o f f i c e r  f o r  t he  p r ope r  e xe c ut i on o f  hi s  dut i e s
whe n t he  t ax i  c he c k l i s t  was  be i ng  c ompl e t e d  j us t  be f or e  t ake o f f ,  and  t he
f i r s t  o f f i c e r  r e s ponde d  pos i t i v e l y  t o  t he  f l ap  c ha l l e nge  on t he  c he c k l i s t .

The  Sa f e t y  Boar d  be l i e v e s  t ha t , had  t he  c ap t a i n t ake n a  mor e
ac t i v e  r o l e  i n r unni ng  t he  c oc kp i t , t he  ac c i de nt  may  hav e  , b e e n p r e v e nt e d .
The  i nv e s t i ga t i on f ound  t ha t  t he  c oc kp i t  d i s c i p l i ne  p r ob l e ms  no t e d  on f l i ght
1141  we r e  no t  i s o l a t e d  t o  t hi s  c oc kp i t . The s e  p r ob l e ms  we r e  p r e v i ous l y
obs e r v e d  and  r e por t e d  a t  De l t a  i n FAA i ns pe c t i on r e por t s . Howe v e r ,  ne i t he r
FAA nor  c ompany  manage me nt  i ni t i a t e d  s uf f i c i e nt  c or r e c t i v e  ac t i on. I n i t s
Nor t hwe s t  Ai r l i ne s  DC- g - 82  ac c i de nt  r e por t , t he  Sa f e t y  Boar d  obs e r v e d  a l mos t
i d e nt i c a l  c o c k p i t  ma na g e me nt  s ho r t c o mi ng s . As  a  r e s ul t  o f  t ha t  ac c i de nt ,  t he
Saf e t y  Boar d  obs e r v e d  t ha t  t he  FAA s houl d  r e qui r e  i t s  ope r a t i ons  i ns pe c t o r s
and  de s i gna t e d  c he c k  a i r me n t o  e mphas i z e  t he  i mpor t anc e  o f  d i s c i p l i ne d
app l i c a t i on o f  ope r a t i ng  p r oc e dur e s  and  r i gor ous  adhe r e nc e  t o  p r e s c r i be d
c he c k l i s t  p r oc e dur e s . ( Sa f e t y  Re c omme nda t i ons  A- 88 - 69  and  A- 88 - 71 ,  whi c h -
wi l l  be  d i s c us s e d  l a t e r  i n t hi s  r e por t ) . The  Sa f e t y  Boar d  r e i t e r a t e s  i t s
c onv i c t i on o f  t he  ne e d  f o r  r i gor ous  FAA s ur v e i l l anc e  o f  t r a i ni ng  pr ogr ams
t ha t  e mp ha s i z e  c o c k p i t  ma na g e me nt  p r o c e d ur e s .

Wi t h r e s pe c t  t o  t he  i s s ue  o f  c he c k l i s t  d i s c i p l i ne ,  t he r e  i s  no
e v i de nc e  t ha t  t he  i nt e nt ,  p r e s e nt a t i on, and  e xe c ut i on o f  c he c k l i s t s  a t  De l t a
we r e  s i gni f i c ant l y  d i f f e r e nt  t han a t  any  o t he r  c ompany  i n t he  i ndus t r y .
Pr oc e dur e s  we r e  i n p l ac e  t ha t  p r ov i de d  f o r  an or de r l y  e xe c ut i on o f  a l l
r e qui r e d  i t e ms ;  i . e . , t he  c ap t a i n was  r e qui r e d  t o  a s k  f o r  t he  appr opr i a t e
c he c k l i s t  t o  be  c ompl e t e d  and  t he  f i r s t  and  s e c ond  o f f i c e r s  we r e  e xpe c t e d  t o
ac c ompl i s h t he  i t e ms  on t he  c he c k l i s t  o r  v e r i f y  t ha t  t he y  had  be e n
a c c o mp l i s he d . Be c aus e  o f  t he  r e pe t i t i v e  na t ur e  o f  c he c k l i s t  ac c ompl i s hme nt
and  t he  f ac t  t ha t  t he  r e qui r e d  r e s pons e  t o  c he c k l i s t  i t e ms  i s  mos t  o f t e n t he
s ame ,  ( i . e . , f l aps  a r e  us ua l l y  s e t  a t  1 5 0 f o r  t ake o f f ;  t he r e  a l way s  i s  a
gr e e n l i ght  a s s oc i a t e d  wi t h t he  s l a t  s e t t i ng ) ,  i t  i s  v e r y  e as y  f o r
c r e wme mbe r s  t o  f a l l  i nt o  a  hab i t  o f  r e c i t i ng  c he c k l i s t  c ha l l e nge  and  r e s pons e
i t e ms  by  r o t e  and  pr ov i d i ng  a  r e s pons e  t o  a  c ha l l e nge  on t he  bas i s  o f  wha t
s houl d  be  t he  p r ope r  r e s pons e  r a t he r  t han t he  ac t ua l  c ond i t i on o f  t he  s y s t e m
t ha t  wa s  q ue r i e d .
he a r i ng ,

Exampl e s  o f  s uc h mi s t ake s  we r e  b r ought  out  a t  t he  pub l i c
whe n bo t h t he  f i r s t  and  t he  s e c ond  o f f i c e r s  r e c ount e d  i ns t anc e s  o f

r e s pons e s  t o  f l ap  pos i t i on c ha l l e nge s  be i ng  g i v e n on t he  bas i s  o f
e xpe c t a t i ons  r a t he r  t han r e a l i t y . The  Sa f e t y  Boar d  be l i e v e s  t ha t  t hi s
ac c i de nt  onc e  aga i n po i nt s  out  t he  par amount  i mpor t anc e  o f  c oc kp i t  d i s c i p l i ne
i n t he  ac c ompl i s hme nt  o f  c he c k l i s t s . Be c aus e  t he r e  i s  no  i de a l  way  f o r
manage me nt  t o  moni t o r  i nd i v i dua l  pe r f or manc e s  o f  c r e wme mbe r s  i n a  c oc kp i t ,
s t andar d  ope r a t i ng  p r oc e dur e s  and  c he c k l i s t s  a r e  de v e l ope d  a s  a  me ans  f o r
c r e wme mb e r s  t o  s e l f - mo ni t o r  t he i r  p e r f o r ma nc e . Thi s  r e q ui r e s  s e l f - d i s c i p l i ne
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on t he  par t  o f  a l l  c r e wme mbe r s  and  pos i t i v e e l e ade r s hi p on t he  par t  o f  t he
c a p t a i n. The s e  c onc e p t s  c an be  i ns t i l l e d  i n c r e wme mbe r s  t hr ough t he
t r a i ni ng  p r o c e s s .

Ho we v e r , a  g r e a t e r  i nv o l v e me nt  i s  ne c e s s ar y  t o  make  t he  s a f e t y
p e r f o r ma nc e  o f  a n a i r  c a r r i e r  s uc c e s s f ul . Tha t  i nv o l v e me nt  mus t  e mana t e  f r om
an awar e ne s s  by  manage me nt  t ha t  t he  e f f e c t i v e ne s s - o f  an a i r  c ar r i e r ' s  s a f e t y
pos t ur e  be g i ns  a t  t he  t op  o f  an or gani z a t i on. Thi s  s a f e t y  c onc e p t  was
i l l us t r a t e d  we l l  i n t he  p r e v i ous l y  r e f e r e nc e d  Boe i ng  s t udy  on "Cont r o l  o f
Cr e w- Caus e d  Ac c i de nt s , " i n whi c h i t  was  s hown t ha t  t he  d i f f e r e nc e  i n t he
s a f e t y  pe r f o r manc e  be t we e n a i r  c ar r i e r s  appe ar s  t o  be  t he  s t r ong  e mphas i s  by
t op  manage me nt  on s a f e t y  i s s ue s  and  manage me nt ' s  ac knowl e dge me nt  o f  i t s
a c c o unt a b i l i t y  i n t ha t  r e g a r d .

The  c onne c t i on be t we e n c r e w be hav i or ,  ' a s  e v i de nc e d  i n t hi s
ac c i de nt ,  and  t he  manage me nt  a t t i t ude  a t  De l t a  Ai r  Li ne s ,  a s  obs e r v e d  by  FAA
as  we l l  a s  Sa f e t y  Boar d  pe r s onne l , was  c har ac t e r i z e d  we l l  by  Br ugg i nk  i n hi s
pape r  on a i r  c ar r i e r  manage me nt  a c c o unt a b i l i t y : 4

An a t t i t ude  o f  d i s r e s pe c t  f o r  t he  d i s c i p l i ne d  app l i c a t i on o f
c he c k l i s t  p r oc e dur e s  doe s  no t  de v e l op  ov e r ni ght ;  i t  de v e l ops
a f t e r  p r o l o ng e d  e x p o s ur e  t o  a n a t t i t ud e  o f  i nd i f f e r e nc e .

The  s a me  p a p e r  s umma r i z e d :

Unl e s s  manage me nt  f i r s t  ac knowl e dge s  i t s  own r o l e  i n t he
d e v e l o p me nt  o f  o p e r a t i o na l  s e t t i ng s  t ha t  p r o v i d e  e r r o r s ,

human e r r or  av o i danc e  p r ogr ams  c an no t  s e r v e  t he i r  i nt e nde d
p ur p o s e  i n a  p r a c t i c a l  a nd  c o s t - e f f e c t i v e  ma nne r .

The r e  i s  e v i de nc e  t o  s how t ha t  De l t a  Ai r  Li ne s '  manage me nt  had
i ni t i a t e d  t r a i ni ng  and  o t he r  po l i c y  c hange s  a f t e r  t he  s e r i e s  o f  mi s haps  t ha t
we r e  e x p e r i e nc e d  i n 1 9 8 7 . Some  o f  t he s e  c hange s  i nc l ude d  t he  i ni t i a t i on o f  a
c o c k p i t  r e s o ur c e  ma na g e me nt  ( CRM)  p r o g r a m. The  Sa f e t y  Boar d  r e a l i z e s  t ha t  i t
t ake s  t i me  t o  b r i ng  about  f undame nt a l  and  f ar  r e ac hi ng  c hange s  i n an
o r g a ni z a t i o n a s  l a r g e  a s  De l t a  Ai r  Li ne s . Fur t he r mo r e ,  De l t a  wa s  i n a  p e r i o d
o f  r ap i d  gr owt h and  had  r e c e nt l y  me r ge d  wi t h ano t he r  a i r l i ne  wi t h i t s
a t t e nd a nt  p r o b l e ms  o f  c ul t ur a l  d i f f e r e nc e s , manage me nt  i nt e gr a t i on and  a  hos t
o f  pe r s onne l  p r ob l e ms ,  t o  name  onl y  a  f e w. Whi l e  t he  Sa f e t y  Boar d  v i e ws
t he s e  p r ob l e ms  s y mpa t he t i c a l l y ,  i t  b e l i e v e s  t ha t  De l t a  Ai r  Li ne s  manage me nt
c oul d  hav e  be e n mor e  a t t e nt i v e  t o  t he  obv i ous  s hor t c omi ngs  i n i t s  s a f e t y
pos t ur e  and  mor e  agr e s s i v e  i n i mp l e me nt i ng  c hange s  i n i t s  t r a i ni ng  and  c r e w
c he c k i ng  pr ogr ams  and  t he  gui danc e  p r ov i de d  i t s  c r e wme mbe r s . I n l i ght  o f
t hi s  d i s c us s i on,  t he  Sa f e t y  Boar d  f i nds  t ha t  t he  s l ow i mp l e me nt a t i on o f
pr oc e dur a l  mod i f i c a t i ons  by  De l t a  Ai r  Li ne s  we r e  a  c ont r i but i ng  f ac t o r  i n
t hi s  a c c i d e nt .

4Bruggink, G.M. "Reflections on Air Carrier Safety" FSF Flight Safety
Digest, June 1988.
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2 . 8 Delta Air Lines Operations and Training

In mi d- 1987 ,  De l t a  f l i ght c r e ws  we r e  i nv o l v e d  i n s i x  i nc i de nt s
r e s ul t i ng  f r om p i l o t  ope r a t i ona l  e r r or s . The  FAA' s  1987  s pe c i a l  i ns pe c t i on
o f  De l t a ,  c onduc t e d  as a  r e s ul t  o f  t he s e  i nc i de nt s ,  c onf i r me d  t ha t  De l t a ' s
po l i c y  o f  de l e ga t i ng  t he  max i mum de gr e e  o f  r e s pons i b i l i t y  and  d i s c r e t i on t o
i t s  c r e wme mbe r s  was ,  i n l a r ge  par t ,  r e s pons i b l e  f o r - - "obs e r v e d  i ns t anc e s  o f  a
br e akdown o f  c ommuni c a t i ons ,  a  l ac k  o f  c r e w c oor d i na t i on,  and  l aps e s  o f
d i s c i p l i ne  i n De l t a ' s  c o c k p i t s . " I n r e s pons e  t o  a  f i nd i ng  by  t he  FAA' s  1987
s pe c i a l  i ns pe c t i on t e am o f  a  ". . . l ac k o f  o r gani z a t i on,  c oor d i na t i on,
s t andar d i z a t i on and  d i s c i p l i ne  i n t he  c oc kp i t  t ha t  c an be  a t t r i but e d  t o
mi ni ma l  gui danc e  i n t he  f l i ght  manua l s  and  a  l ac k  o f  d i r e c t i on f r om t hos e  who
d e v e l o p , s upe r v i s e  and  manage  f l i ght  t r a i ni ng  and  s t andar d i z a t i on pr ogr ams
.  .  . ",  De l t a ' s  v i c e  p r e s i de nt  o f  Fl i ght  Ope r a t i ons  and  c hi e f  p i l o t  r e s ponde d
t ha t  "many  e l e me nt s  o f  our  p r oc e dur e s  a r e  l e f t  t o  t he  d i s c r e t i on o f  t he
c a p t a i n. " A s i mi l a r  r e s pons e  was  no t e d  by  Sa f e t y  Boar d  i nv e s t i ga t or s  whe n
De l t a  manage me nt  and  t r a i ni ng  o f f i c i a l s  we r e  i nt e r v i e we d  s ubs e que nt  t o  t he
f l i g ht  1 1 4 1  a c c i d e nt .

The  l ac k  o f  t he  c oc kp i t  c oor d i na t i on and  d i s c i p l i ne  no t e d  by  FAA
i ns pe c t o r s  i n t he  i ns pe c t i on was  e v i de nt  i n t he  c oc kp i t  o f  f l i ght  1141 .  The
CVR t r ans c r i p t  i nd i c a t e d  t ha t  t he  c ap t a i n d i d  no t  i ni t i a t e  e v e n one
c he c k l i s t ;  t he  s e c ond  o f f i c e r  c a l l e d  onl y  one  c he c k l i s t  c ompl e t e ;  r e qui r e d
c a l l o ut s  we r e  no t  made  by  t he  c ap t a i n and  s e c ond  o f f i c e r  dur i ng  t he  e ng i ne
s t a r t  p r oc e dur e ; t he  c ap t a i n d i d  no t  g i v e  a  t ake o f f  b r i e f i ng ;  t he  f i r s t
o f f i c e r  d i d  no t  c a l l  out  "VI "; t he  s t e r i l e  c oc kp i t  po l i c y  was  v i o l a t e d ;  and
a l l  t hr e e  c r e wme mbe r s  d i d  no t  no t i c e  t ha t  t he  f l aps  we r e  i n t he  up  pos i t i on
p r i o r  t o  t a k e o f f .

Ano t he r  de f i c i e nc y  no t e d  by  t he  FAA s pe c i a l  i ns pe c t i on t e ams  we r e
i nade qua t e  manua l s  and  p r oc e dur e s . I n i t s  1987  s pe c i a l  i ns pe c t i on f i na l
r e por t ,  t he  FAA t e am r e c o nnne nd e d t ha t  "De l t a  Ai r  Li ne s  s t udy ,  de v e l op ,  and
pub l i s h s pe c i f i c  c r e w dut i e s  f o r  e ac h c r e wme mbe r .  The s e  f unc t i ons  s houl d  be
p l ac e d  i n app l i c ab l e  manua l s ,
and  c he c k i ng  phas e s . "

and  r e c e i v e  wi de  e mphas i s  dur i ng  t he  t r a i ni ng
Exampl e s  o f  t he  abs e nc e  o f  s uc h gui danc e  t o

c r e wme mbe r s  i n t he  c oc kp i t  o f  f l i ght  1141  we r e : ( 1 )  t he  c ap t a i n and  s e c ond
of f i c e r  no t  knowi ng  e ac h o t he r ' s  r e s pons i b i l i t y  wi t h r e s pe c t  t o  v e r i f y i ng  t he
f l ap  i nd i c a t o r ; and  ( 2 )  t he  s e c ond  o f f i c e r ' s  no t  announc i ng  t ha t  t he  APT
s y s t e m had  no t  a r me d  be c aus e  he  be l i e v e d  i t  was  no t  r e qui r e d ,  y e t  t he  c ap t a i n
and  f i r s t  o f f i c e r  e xpe c t e d  t ha t  he  woul d  c a l l  i t  out . Subs e que nt  t o  t he
ac c i de nt ,  whe n Sa f e t y  Boar d  i nv e s t i ga t or s  a s ke d  De l t a  p i l o t s ,  i ns t r uc t or s ,
and  manage me nt  pe r s onne l
p o s i t i o n? ",

"who  woul d  be  r e s pons i b l e  f o r  v e r i f y i ng  t he  f l ap
a  v ar i e t y  o f  ans we r s  we r e  g i v e n.

ma na g e me nt  a nd  t r a i ni ng  i ns t r uc t o r s ,
Wi t h t hi s  ambi gui t y  among

i t  i s  und e r s t a nd a b l e  t ha t  t he  f l i g ht c r e w
did not know each other 's responsibi l i ty with respect to f lap posit ion
v e r i f i c a t i o n. Co ns e q ue nt l y , t he  Sa f e t y  Boar d  be l i e v e s  t ha t  De l t a  d i d  no t
pr ov i de  i t s  f l i ght c r e ws  s uf f i c i e nt  gui danc e  r e gar d i ng  i t s  ope r a t i ng
p r o c e d ur e s .

The  Sa f e t y  Boar d  no t e d  a l s o  t ha t  De l t a  had  be e n c r i t i c i z e d  by  FAA
inspectors i n 1985  and  1987  f or  p r ov i d i ng  "e xc e s s i v e  t r a i ni ng" t o  i t s
c r e wme mbe r s  i n l i e u o f  no t i ng  pe r f or manc e  de f i c i e nc i e s  dur i ng  p r o f i c i e nc y
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c he c k s . I n f ac t ,  t he  1987  s pe c i a l  i ns pe c t i on t e am r e por t  no t e d  t ha t  "t e am
me mbe r s  obs e r v e d  nume r ous  oc c as i ons  on whi c h c he c k  a i r man c onduc t e d  e xc e s s i v e
t r a i ni ng  d ur i ng  c he c k  r i d e s . . . . " As  a  r e s ul t ,  t he  FAA t e am admoni s he d  De l t a
f or  doc ume nt e d  c as e s  o f  p r o f i c i e nc y  c he c k  a i r man f a i l i ng  t o  r e c or d
uns a t i s f ac t o r y  pe r f or manc e s  by  De l t a  p i l o t s . The  r e por t  s t a t e d ,  "I n t he
op i ni on o f  Ge ne r a l  Couns e l  t hi s  p r ac t i c e  c ons t i t ut e s  a  l ac k  o f  c ompl i anc e
wi t h FAR 1 2 1 . 4 0 1 ( c ) . . . . " The  t e am r e c omme nde d  t ha t  De l t a  manage me nt  and  e ac h
c he c k  a i r me n s ho ul d  b e  i nf o r me d  o f  t he  Ge ne r a l  Co uns e l ' s  o p i ni o n a nd  t ha t  a l l
uns a t i s f a c t o r y  p e r f o r ma nc e  s ho ul d  b e  r e c o r d e d .

Ad d i t i o na l l y , t he  1987  s pe c i a l  i ns pe c t i on t e am r e por t  no t e d  t ha t
De l t a ' s  c he c k  a i r me n we r e  no t  upho l d i ng  a  hi gh l e v e l  o f  s t andar ds  on
pr o f i c i e nc y  c he c ks . The  f i na l  r e por t  s t a t e d  . t ha t  "t he  t e am obs e r v e d  t ha t
or a l s  a r e  i n ge ne r a l  v e r y  b r i e f ,  que s t i ons  s ha l l ow,  and  t he  s t andar d  o f
knowl e dge  l ow. " The  i ns pe c t i on t e am r e c one nde d  t ha t  "De l t a ' s  manage me nt
ne e ds  t o  g i v e  s e r i ous  c ons i de r a t i on t o  t he  i mp l i c a t i ons  o f  t o l e r a t i ng  mi ni mum
s t a nd a r d s  i n t r a i ni ng  a nd  o n p r o f i c i e nc y  c he c k s . "

Conc e r n ov e r  t he  c ont i nui ng  br e akdown i n c oc kp i t  d i s c i p l i ne  a t
De l t a  Ai r  Li ne s  a s  e xhi b i t e d  by  t he  c r e wme mbe r s  o f  f l i ght  1141  c aus e d  t he  FAA
t o  f o l l ow up  on i t s  1987  s pe c i a l  i nv e s t i ga t i on. A na t i ona l  i ns pe c t i on t e am
he ade d  by  t he  t e am l e ade r  o f  t he  1987  i ns pe c t i on s ur v e y e d  t he  a i r l i ne  i n
Oc t o b e r  1 9 8 8 . The  s t a t e d  pur pos e  o f  t he  s ur v e y  was  ". . . t o r e - e xami ne  De l t a ' s
ope r a t i ons  i n t hos e  a r e as  de f i ne d  i n t he  1987  aud i t .  de t e r mi ne  t he  c or r e c t i v e
a c t i o ns  1
c o nt a i ne d
r e s o l v e d ,

i k e n by  De l t a  wi t h r e gar d  t o  t he  f i nd i ngs  and  r e c omme nda t i ons
i n t he  Sa f e t y  Aud i t  Re por t , de f i ne  any  i s s ue s  whi c h t i a v e  y e t  t o  be
and  t o  e s t i ma t e  t he  f ut ur e  e f f e c t i v e ne s s  o f  De l t a ' s  ac t i ons . "

whi l e  de f
The  i ns pe c t i on t e am i n i t s  Nov e mbe r  10 ,  1988 ,  r e por t  f ound  t ha t ,
c i e nc i e s  i de nt i f i e d  i n t he  p r e v i ous  aud i t  we r e  obs e r v e d ,  De l t a  Ai r

Li ne s  manage me nt  had  i ns t i t ut e d  p r ogr ams  t o  i mpr ov e  bo t h l i ne  ope r a t i ons  and
t he  t r a i ni ng  p r o g r a m. Al s o ,  o r gani z a t i ona l  c hange s  we r e  made  whi c h- c r e a t e d  a
Fl i ght  St andar ds  De par t me nt , c e nt r a l i z e d  t he  manage me nt  o f  t he  Li ne  Che c k
Ai r man Pr ogr am and  r e a l i gne d  r e s pons i b i l i t y  f o r  t he  de v e l opme nt  o f
o p e r a t i o na l  p r o c e d ur e s  a nd  ma nua l s .

The  Sa f e t y  Boar d  no t e s  t ha t  i n Fe br uar y  1989 ,  De l t a  Ai r  Li ne s
r e c e i v e d  FAA appr ov a l  f o r  i t s  r e v i s e d ,  ope r a t i ng  and  t r a i ni ng  pr oc e dur e s .
I nc l ude d  i n t he s e  p r oc e dur e s  a r e  r e v i s e d  c he c k l i s t s  whi c h i nc or por a t e
"c r i t i c a l " i t e ms  r e qui r i ng  s t a t us  v e r i f i c a t i on o f  s y s t e ms  c r i t i c a l  t o  f l i ght
by  a l l  c r e wme mbe r s . The  Sa f e t y  Boar d  ac knowl e dge s  t he s e  i mpr ov e me nt s ,
i nc l ud i ng  t he  e s t ab l i s hme nt  o f  a  Coc kp i t  Re s our c e  Manage me nt  ( CRM)  t r a i ni ng
p r o g r a m.

The  l ac k  o f  CRM t r a i ni ng  and  Li ne  Or i e nt e d  Fl i ght  Tr a i ni ng  ( LOFT)
was  e v i de nt  i n t he  c i r c ums t anc e s  s ur r ound i ng  t hi s  ac c i de nt . I t  was  obv i ous
t ha t  t he s e  c r e wme mbe r s  d i d  no t  e xe r c i s e  t he  manage me nt ,  c ommuni c a t i ons ,  and
i nt e r ac t i v e  s k i l l s  ne c e s s ar y  f o r  e f f e c t i v e  c oc kp i t  manage me nt . The s e
a t t r i but e s  a r e  o f  i nc r e as i ng  i mpor t anc e  i n t he  p r e s e nt  day  c oc kp i t
e nv i r onme nt  wi t h i t s  s ophi s t i c a t e d  and  o f t e n c ompl e x  e l e c t r oni c  f l i ght
manage me nt  s y s t e ms . I t  has  be e n s hown t ha t  CRM t r a i ni ng ,  c ombi ne d  wi t h
r e a l i s t i c  LOFT s c e nar i os  c an be  e f f e c t i v e  i n a l l e v i a t i ng  t he  human
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pe r f or manc e  p r ob l e ms  t ha t  hav e  c ont i nue d  t o  domi na t e  t he  c aus a l  e l e me nt s  o f  a
ma j o r i t y  o f  p a s t  a c c i d e nt s .

The  Saf e t y Boar d  s i nc e  1968  has  s ha d e nume r ous  s af e t y
r e c omme nda t i ons  a i me d  a t  i mpr ov i ng  t he  manne ? i n whi c h p i l o t s  a r e  t r a i ne d .
The s e  r e c omme nda t i ons  we r e  d i r e c t e d  t owar ds  max i mi z i ng  t he  ut i l i z a t i on o f
r e s our c e s  av a i l ab l e  t o  t he  p i l o t s  and  t he  e f f e c t i v e  c oor d i na t i on o f  t he s e
r e s o ur c e s  i nv o l v i ng  t he  e nt i r e  c o c k p i t  c r e w. Thus ,  t he  Sa f e t y  Boar d  i n t he s e
r e c omme nda t i ons  f oc us e d  on s k i l l s  i n c ommuni c a t i ons ,  i nt e r pe r s ona l  r e l a t i ons ,
and  i nf or ma t i on p r oc e s s i ng  a s  e l e me nt s  o f  CRM t r a i ni ng .  De l t a  a t  t he  t i me  o f
t hi s  ac c i de nt  was  i n t he  p r oc e s s  o f  i mp l e me nt i ng  a  CRM t r a i ni ng  p r ogr am;  t he
Saf e t y  Boar d  i s  awar e  t ha t  t hi s  t r a i ni ng  pr ogr am pr e s e nt l y  i s  a  f unc t i ona l
e nt i t y  wi t hi n De l t a ' s  t r a i ni ng  de par t me nt . Howe v e r ,  t he  Sa f e t y  Boar d  i s
d i s appo i nt e d  t ha t  t he  FAA has  no t  s e e n f i t  t o  manda t e  s uc h t r a i ni ng  f o r  t he
e nt i r e  a i r  c a r r i e r  i ndus t r y ,  de s p i t e  i t s  de mons t r a t e d  s a f e t y  v a l ue .

As  a  r e s ul t  o f  t he  Sa f e t y  Boar d ' s  Sa f e t y  Re c omme nda t i on A- 88 - 69 ,
r e gar d i ng  t he  ne e d  f o r  CRM t r a i ni ng , t he  FAA on Fe br uar y  22 ,  1989 ,  pub l i s he d
Not i c e  o f  Pr opos e d  Rul e mak i ng  ( NPRM)  8 9 - 4 . 5 Thi s  NPRM pr opos e s  t o  "e s t ab l i s h
a  v o l unt ar y a l t e r na t i v e  me t hod  f or  me e t i ng  t he  t r a i ni ng , e v a l ua t i o n,
c e r t i f i c a t i on and  qua l i f i c a t i on r e qui r e me nt s  f o r  f l i ght  c r e wme mbe r s ,  f l i ght
a t t e ndant s , a i r c r a f t  d i s pa t c he r s , i ns t r uc t o r s , e v a l ua t o r s a nd o t he r
ope r a t i ons  pe r s onne l  s ub j e c t  t o  t he  t r a i ni ng  r e qui r e me nt s  o f  14  CFR 121  and
1 3 5 ". The  No t i c e  was  pub l i s he d  t o  c o i nc i de  wi t h a  d r a f t  Adv i s or y  Ci r c ul ar
( AC- 1 2 0 - x x ) , whi c h pr ov i de s  a  me ans  ac c e p t ab l e  t o  t he  Admi ni s t r a t or  f o r
appr ov a l  o f  an Adv anc e d  Qua l i f i c a t i on pr ogr am ( AQP) ,  bas e d  on t he  abov e
me nt i one d  NPRM. The  AC pr opos e s  gui de l i ne s  f o r  ope r a t o r s  who  hav e  adv anc e d
f l i ght  s i mul a t o r s  on how t o  s e t  up  a  CRM pr ogr am f or  i t s  c r e wme mbe r s .

I n r e s pons e  t o  FAA' s  r e que s t  f o r  c omme nt s  on t hi s  NPRM,  t he  Sa f e t y
Boar d ,  i n a  l e t t e r  da t e d  June  27 ,  1989 ,  e xpr e s s e d  c aut i ous  op t i mi s m about  t he
appar e nt  p r ogr e s s  be i ng  made  by  t he  FAA t owar ds  t he  f ul f i l l me nt  o f  s e v e r a l
l ong - s t and i ng  s a f e t y  r e c omme nda t i ons . Ho we v e r , i t  a l s o  be l i e v e s  t ha t  t he
v o l unt ar y  p r ogr e s s  o f  a i r  c ar r i e r  ope r a t or s  t owar ds  CRM mus t  be  but t r e s s e d
b y  a  s t a nd a r d i z e d  r e g ul a t o r y  p r o g r a m. The  Sa f e t y  Boar d  be l i e v e s  t ha t  v ar i ous
as pe c t s  o f  t he  p r opos e d  AQP wi l l  r e qui r e  c l o s e  a t t e nt i on by  t he  FAA.  One  o f
t he s e  i s  t he  ne e d  f o r  a  me ans  t o  a s s ur e  s t andar d  i mp l e me nt a t i on o f  t he  AQP.
Al s o ,  t he  FAA mus t  e s t ab l i s h r i g i d  c r i t e r i a  f o r  appr ov i ng  e x t e ns i ons  o f  t he
t i me  pe r i ods  dur i ng  whi c h r e c ur r i ng  t r a i ni ng  s e s s i ons  mus t  be  he l d  unde r  t he
AQP be c aus e  t he  f r e que nc y  o f  p r o f i c i e nc y  e v a l ua t i ons  f o r  f l i ght  c r e wme mbe r s
i s  a  d i r e c t  f unc t i on o f  t he  f r e que nc y  o f  t he  r e c ur r i ng  t r a i ni ng  s e s s i ons ,
Si nc e  t he  p r opos e d  Spe c i a l  Fe de r a l  Av i a t i on Re gul a t i ons  ( SFAR)  c ont a i ns  no
gui de l i ne s  o r  o t he r  c r i t e r i a  on whi c h t o  bas e  t he  g r ant i ng  o f  e x t e ns i ons ,  t he
Saf e t y  Boar d  be l i e v e s  t ha t  t he  FAA s houl d  e l i mi na t e  t he  e x t e ns i on p r ov i s i ons
f r om t he  SFAR,  pe nd i ng  t he  e s t ab l i s hme nt  o f  s uc h gui de l i ne s  and  c r i t e r i a .

‘Federal Register 54FR7670, February  22, 1989; Federal Aviation
Administration; Docket No. 25804,  Notice No. 89-4; 14 CFR 61, 63, 65, 121,
135; Special Aviation Regulation  No. XX; Advance  Qualification Program.
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2.9 F M  S u r v e i l l a n c e

The  i nv e s t i ga t i on o f  t hi s  ac c i de nt  f ound  t ha t  t he  FAA had
c onduc t e d  f our  i ns pe c t i ons  o f  De l t a  s i nc e  1985 . Wi t h t he  e xc e p t i on o f  t he
1986  NASI P i ns pe c t i on, t he r e  we r e  c ons i s t e nt  obs e r v a t i ons  o f  de f i c i e nc i e s  i n
De l t a ' s  t r a i ni ng ,  c he c k i ng , and  l i ne  ope r a t i ons  t ha t  we r e  e v i de nt  f r om 1985
t o  a s  r e c e nt l y  a s  Oc t obe r  1988 . The s e  de f i c i e nc i e s  i nc l ude d  poor  f l i ght c r e w
d i s c i p l i ne  a nd  c o o r d i na t i o n, i nc l ud i ng  i mp r o p e r  us e  o f  c he c k l i s t s ,  a nd  a b us e s
i n De l t a ' s  t r a i ni ng  a nd  c he c k i ng  p r o g r a ms .

The  Sa f e t y  Boar d  ga t he r e d  c ons i de r ab l e  t e s t i mony  a t  t he  pub l i c
he ar i ng  c onc e r ni ng  t he  ov e r s i ght  o f  De l t a  by  t he  FAA. The  r e l a t i ons hi p
be t we e n an a i r  c ar r i e r  and  t he  FAA i s  uni que  and  c ompl e x . De r e gul a t i on o f
t he  i ndus t r y  i n 1978 ,  c ombi ne d  wi t h t he  g r owt h i n a i r  t r av e l ,  has  made  t he
FAA' s  j ob  o f  ov e r s e e i ng  t he  a i r l i ne s  mor e  d i f f i c ul t  t han - i t  us e  t o  be .
Ne v e r t he l e s s , t he  FAA was  awar e  o f  c e r t a i n de f i c i e nc i e s  i n De l t a ' s  c he c k
a i r man pr ogr am as  f a r  bac k  a s  1985 . Ad d i t i o na l l y , i n 1987 ,  t he  i nc i de nt s
i nv o l v i ng  De l t a  f l i ght c r e ws  and  t he  f i nd i ngs  o f  t he  1987  i ns pe c t i on t e am
s houl d  hav e  i nd i c a t e d  t o  De l t a  and  t he  FAA t ha t  i mme d i a t e  c or r e c t i v e  ac t i on
wa s  ne c e s s a r y .

The  r e s ul t s  o f  t he  1987  and  1988  s pe c i a l  i ns pe c t i ons  o f  De l t a
i nd i c a t e d  t ha t  a  po t e nt i a l  f o r  a  mi s hap  e x i s t e d  i f  r e me d i a l  ac t i on was  no t
t a k e n. Many  o f  t he  obs e r v a t i ons  made  by  t he  i ns pe c t i on t e ams  we r e  e v i de nt  i n
t he  c oc kp i t  o f  f l i ght  1141- - t ha t  i s ,  poor  d i s c i p l i ne ,  poor  c r e w
c oor d i na t i on,  and  a  l ac k  o f  knowl e dge  c onc e r ni ng  i nd i v i dua l  r e s pons i b i l i t y .
Whi l e  t he  a i r  c ar r i e r  has  t he  p r i mar y  r e s pons i b i l i t y  t o  ope r a t e  i n a  s a f e
ma nne r , t he  de f i c i e nc i e s  no t e d  by  t he  FAA s pe c i a l  i ns pe c t i on t e ams  war r ant e d
c or r e c t i v e  ac t i on by  De l t a  and  agr e s s i v e  f o l l o wup by  t he  FAA. The  FAA
pe r s onne l  que s t i one d  on t hi s  po i nt  a t  t he  pub l i c  he ar i ng  r e s ponde d  by
s t a t i ng  t ha t  t he  de f i c i e nc i e s  no t e d  by  t he  s pe c i a l  i ns pe c t i on t e ams  a t  De l t a
we r e "nonr e gul a t or y " i n na t ur e , and  t he r e f or e  be y ond  t he  p r i nc i pa l
i ns pe c t o r ' s  d i r e c t  c ont r o l . Whi l e  t hi s  may  be  t r ue  f r om a  t e c hni c a l
v i e wp o i nt , t he  pur pos e  o f  t he  s pe c i a l  i ns pe c t i on t e ams  s e nt  t o  De l t a  was  t o
l ook  be y ond  mi ni mum c ompl i anc e  and  t o  i de nt i f y  ope r a t i ona l  a r e as  t ha t  ne e de d
i mp r o v e me nt .

The  Sa f e t y  Boar d  r e c ogni z e s  t he  d i f f i c ul t y  t ha t  oc c ur s  whe n t he  FAA
i s  f ac e d  wi t h a  nonr e gul a t o r y ,  o r  "gr ay  a r e a , " s uc h as  t he  qua l i t y  o f  c r e w
c oor d i na t i on and  d i s c i p l i ne , unl e s s  s uc h be hav i o r  i s  obs e r v e d  t o  be  uns a f e .
I n s uc h a  c as e ,  t he  a i r  c ar r i e r  mus t  a s s ume  t he  r e s pons i b i l i t y  f o r  c hang i ng
i t s  c o r por a t e  phi l o s ophy  i f  t ha t  phi l o s ophy  i s  f ound  t o  be  c ount e r - p r oduc t i v e
t o  s ound  f l i ght c r e w be hav i o r . Howe v e r ,  i t  s houl d  be  e xpe c t e d  t ha t  t he  FAA
woul d  hav e  app l i e d  mor e  l e v e r age  i n i mp l e me nt i ng  c hange s  c onc e r ni ng
pr oc e dur e s  o r  c he c k l i s t  us age . I t  i s  i n t hi s  a r e a  t ha t  t he  Sa f e t y  Boar d
be l i e v e s  t ha t  t he  FAA s houl d  hav e  t ake n mor e  agr e s s i v e  ac t i on.  For  i ns t anc e ,
t he  1987  s pe c i a l  i ns pe c t i on t e am r e c omme nde d  t ha t  "De l t a  Ai r  Li ne s  .  .  .
pub l i s h s pe c i f i c  c r e w dut i e s  f o r  e ac h c r e wme mbe r . " At  t he  pub l i c  he ar i ng ,
t he  PO1 t e s t i f i e d  t ha t  i mp l e me nt i ng  t hi s  t y pe  o f  nonr e gul a t or y  p r oc e dur a l
c hange  o f t e n de pe nds  on hi s  "s a l e s mans hi p" ab i l i t y . Ho we v e r , t he  Sa f e t y
Board notes that the rationale for conducting the 1 9 8 7  inspection was to
e s t ab l i s h i f  t he  i nc i de nt s  t ha t  oc c ur r e d  i n 1987  due  t o  p i l o t  pe r f or manc e
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we r e  r e l a t e d  t o  De l t a ' s  ope r a t i ona l  p r oc e dur e s . The  r e s ul t s  o f  t he  FAA
i ns pe c t i on d i d ,  i n f ac t , e s t ab l i s h t ha t  s uc h a  r e l a t i ons hi p  e x i s t e d .
Howe v e r ,  ne i t he r  t he  FAA nor  De l t a  i ns t i t ut e d  t he  c hange s  r e c omme nde d  by  t he
t e a m p r i o r  t o  t he  a c c i d e nt  i nv o l v i ng  f l i g ht  1 1 4 1  o r  p r i o r  t o  t he  1 9 8 8  s p e c i a l
i ns p e c t i o n. The r e f or e , t he  Sa f e t y  Boar d  c onc l ude s  t ha t  t he  l ac k  o f
s uf f i c i e nt l y  aggr e s s i v e  ac t i on by  t he  FAA t o  c or r e c t  t he  known de f i c i e nc i e s
a t  De l t a  Ai r  Li ne s  i s  a  c ont r i but or y  f ac t o r  i n t he  c aus e  o f  t hi s  ac c i de nt .

I t  i s  e v i de nt  t ha t  t he  PO1 may  no t  be  t he  be s t  i nd i v i dua l  t o  e ns ur e
t ha t  r e c omme nda t i ons  a r e  c ar r i e d  out  a f t e r  an i ns pe c t i on o f  an a i r  c ar r i e r
t ha t  he  i s  r e s pons i b l e  f o r  ov e r s e e i ng . I n t ha t  r e g a r d , an i ns pe c t i on o f  an
a i r  c ar r i e r  i s ,  i n f ac t , an i ns pe c t i on o f  t he  ab i l i t y  o f  t he  PO1 t o
ac c ompl i s h hi s  dut i e s . The r e f or e ,  a "qua l i t y  a s s ur anc e " pr ogr am mus t  be
e xe r c i s e d  by  FAA he adquar t e r s  t o  e ns ur e  t ha t  r e c omme nda t i ons  f r om i ns pe c t i on
t e ams  a r e  e xpe d i t i ous l y  c ar r i e d  out . The  Sa f e t y  Boar d  be l i e v e s  t ha t  t he  FAA
s houl d  de v e l op  a  f o r ma l i z e d  p l an t o  addr e s s  and  r e c t i f y  de f i c i e nc i e s  i n t he
i mp l e me nt a t i on o f  c or r e c t i v e  ac t i on r e c omme nde d  by  i ns pe c t i on t e ams .

The  i nv e s t i ga t i on s ought  t o  i de nt i f y  e x i s t i ng  boundar i e s  o f
r e s pons i b i l i t y  o f  t he  PO1 r e gar d i ng  t he  l e v e l  o f  r e gul a t o r y  c ompl i anc e  and
t he  qua l i t y  o f  ope r a t i ons  de mons t r a t e d  by  t he  a s s i gne d  a i r  c ar r i e r . Dur i ng
t hi s  i nv e s t i ga t i on, e v i de nc e  o f  ac c ount ab i l i t y  o f  t he  PO1 and  t he  d i s t r i c t
o f f i c e  f o r  t he  pe r f or manc e  o f  t he  a s s i gne d  c ar r i e r ( s )  was  no t  appar e nt .
Ev i de nc e  s ugge s t s  t ha t  FAA s ur v e i l l anc e  and  i ns pe c t i on p r ogr ams  and  t he  i n-
hous e  e v a l ua t i on o f  PO1 pe r f o r manc e  hav e  no  r e l a t i ons hi p  t o  e ac h o t he r . The
POI ' s  pe r f or manc e  s e e ms  t o  be  r e l a t e d  onl y  t o  t he  quant i t y  o f  wor k  and  t he
ab i l i t y  t o  hand l e  appr ov a l s  s moo t hl y  and  d i r e c t l y . The  Sa f e t y  Boar d  i s
c onc e r ne d  t ha t  t he  PO1 has  t he  aut hor i t y  t o  appr ov e  c r i t i c a l  a r e as  o f  a i r
c ar r i e r  ope r a t i ona l  p r ogr ams  wi t hout  be i ng  he l d  r e s pons i b l e  f o r  t hos e
a p p r o v a l s . The r e  doe s  no t  appe ar  t o  be  a  r e c ur r i ng  qua l i t a t i v e  a s s e s s me nt  o f
PO1 appr ov a l s  by  FAA manage me nt .

The  FAA' s  f o l l o wup o f  t he  1986  NASI P i ns pe c t i on i s  a l s o  i nd i c a t i v e
o f  a  l ac k  o f  PO1 ac c ount ab i l i t y . The  ne ga t i v e  f i nd i ngs  o f  an a i r l i ne
ope r a t i ona l  i ns pe c t i on be c ome  t he  r e s pons i b i l i t y  o f  t he  PO1 t o  p r omot e  and
moni t o r  c or r e c t i v e  ac t i on. Thus ,  t he  POI ,  i n e f f e c t  be c ome s  t he  a r b i t e r  o f
hi s  own s hor t c omi ngs , wi t h no  a s s e s s me nt  be i ng  made  by  out s i de  i nt e r e s t s  o f
t he  qua l i t y  o f  t he  c or r e c t i v e  ac t i on. The r e f or e ,  t he  ac c ount ab i l i t y  f o r  t he
on- go i ng  qua l i t y  o f  t he  POI ’ s  wor k  pe r f o r manc e  doe s  no t  appe ar  t o  e x i s t .

I t  appe ar s  t ha t  t he  c ur r e nt  s ur v e i l l anc e  s y s t e m c an l e ad  t o  r ubbe r
s t amp  appr ov a l s  o f  an a i r  c ar r i e r ' s  ope r a t i ons  and  ma i nt e nanc e  p r ogr ams .
I mpr ov e me nt s  a r e  ne e de d  t o  e nc our age  and  s uppor t  t he  POI ' s  e f f o r t s  t o  s e c ur e
c ompl i anc e  and  t o  p r omot e  upgr ade d  l e v e l s  o f  pe r f o r manc e  by  t he  a s s i gne d  a i r
c ar r i e r  i n bo t h p i l o t  t r a i ni ng  and  c r e w c oor d i na t i on ar e as . Wi t hout  s uc h
i mp r o v e me nt s , t he  s y s t e m o f  p r ogr am appr ov a l  c an be  d r i v e n by  t he  mome nt um
a nd  i nt e r e s t s  o f  t he  a i r  c a r r i e r . I t  appe ar s  t he  p r e s e nt  s y s t e m i s  s us t a i ne d
by  t he  pe r s ona l  mo t i v a t i on and  de d i c a t i on o f  t he  c onc e r ne d  FAA i ns pe c t o r
pe r s onne l  r a t he r  t han by  an FAA s y s t e m t ha t  i nc l ude s  i nt e r na l  ov e r s i ght  o f
i t s e l f  a nd  i t s  i ns p e c t i o n wo r k f o r c e . I t  i s  a p p a r e nt  t ha t  t he  ne e d  e x i s t s  f o r
a  p r ogr am o f  FAA manage me nt  e mphas i s  on t he  ac c ount ab i l i t y  o f  i t s  POI s .  I n
a d d i t i o n, t he r e  i s  a  ne e d  f o r  a  p r ogr am whi c h s t andar d i z e s  t he  appr ov a l s  o f
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a i r  c ar r i e r  ope r a t i ons  p r ogr ams  i n o r de r  t o  p r omot e  a  uni f o r m and  ac c e p t ab l e
l e v e l  o f  s a f e t y  pe r f o r manc e  i n t he  c ur r e nt  c ompe t i t i v e  a i r  c a r r i e r  i ndus t r y .
The r e f o r e , t he  Sa f e t y  Boar d  c onc l ude s  t ha t  t he  abs e nc e  o f  e f f e c t i v e  FAA
manage me nt  c ont r o l  o f  i t s  i ns pe c t o r  wor k f or c e , t he  l ac k  o f  ac c ount ab i l i t y  o f
p r i nc i p a l i ns p e c t i o ns , and  t he  s hor t c omi ngs i n t he  NASI P pr ogr am ar e
c o nt r i b ut o r y  f a c t o r s  i n t he  c a us e  o f  t hi s  a c c i d e nt .

2 . 1 0

2 . 1 0 . 1

Sur v i v a l  Fa c t o r s

Ai r c r a f t  Re s c ue  and  Fi r e  Fi ght i ng  r

e me r g e nc y
p e r s o nne l

No t i f i c a t i on/ Comnuni c a t i onq . - - The i ni t i a l  no t i f i c a t i on o f  t he  DFW
uni t s  was  t i me l y  and  e f f i c i e nt . I t  t ook  DPS c ommuni c a t i ons
21  mi nut e s  t o  c ompl e t e  no t i f i c a t i ons . Thi s  was  a  c ons i de r ab l e.

i mp r o v e me nt ov e r  t he  45  mi nut e s  i t  t ook  t o  c ompl e t e  t he  maj or i t y  o f
no t i f i c a t i ons  dur i ng  t he  r e s pons e  t o  t he  De l t a  f l i ght  191 ac c i de nt  a t  DFW i n
1985.6 Thi s  s i gni f i c ant  r e duc t i on i n no t i f i c a t i on t i me  i s  a t t r i but ab l e ,  a t
l e a s t  i n par t , t o  i mpr ov e me nt s  i n d i s t r i but i ng  t he  c ommuni c a t i ons  wor k l oad
be t we e n t he  DPS c ommuni c a t i ons  c e nt e r  and  t he  e me r ge nc y  ope r a t i ons  c e nt e r
( EOC) . In add i t i on,  t he  i ns t a l l a t i on and  ope r a t i ona l  us e  o f  t he  Aut omat e d
Vo i c e  No t i f i c a t i on Sy s t e m i n t he  EOC s i gni f i c ant l y  r e duc e d  t he  no t i f i c a t i on
t i me s . The s e  c hange s  we r e  i ns t i t ut e d  f o l l owi ng  t he  De l t a  f l i ght  191 ac c i de nt
i n r e s p o ns e  t o  Sa f e t y  Re c o mme nd a t i o n A- 8 6 - 8 7 .

Ot he r  c ommuni c a t i ons  i mpr ov e me nt s  we r e  mos t  no t ab l e  i n t he  a r e a  o f
f i e l d  c ommuni c a t i ons  and  c oor d i na t i on wi t h a r e a  hos p i t a l s . The  us e  o f
c e l l ul a r  t e l e phone s  i n ambul anc e s , i n s upe r v i s or y  v e hi c l e s  and  i n t he  ne w
c ommand  pos t  v e hi c l e s , a f f o r de d  s i gni f i c ant  be ne f i t s  t o  DFW DPS s upe r v i s o r s
a nd  ho s p i t a l s  i n c o o r d i na t i ng  p a t i e nt  t r a c k i ng  a nd  d i s p o s i t i o n.

The  Sa f e t y  Boar d  be l i e v e s  t ha t  be c aus e  o f  i t s  be ne f i t s ,  ope r a t o r s
o f  o t he r  l a r ge  a i r por t s  s houl d  e v a l ua t e  t he  po t e nt i a l  be ne f i t s  o f  us i ng
Aut omat e d  Vo i c e  No t i f i c a t i on Sy s t e ms  f o r  e me r ge nc y / mut ua l  a i d  no t i f i c a t i ons .

Me d i c a l  Re s no ns e . - - For t y - s e v e n i nj ur e d  pe r s ons  r e c e i v e d  t r i age  a t
t he  p r i mar y  and  s e c ondar y  a r e as . The  me d i c a l  s t ab i l i z a t i on t e c hni que s  used
on t he s e  pe r s ons  by  DFW and  mut ua l - a i d  par ame d i c s  e nab l e d  ambul anc e s  t o
de l i v e r  a l l  s ur v i v i ng  pe r s ons  t o  a r e a  hos p i t a l s  i n s t ab l e  c ond i t i on l e s s  t han
one  hour  a f t e r  t he  ac c i de nt . The  e xpe r i e nc e  and  t r a i ni ng  o f  t he  r e s pond i ng
e me r ge nc y  me d i c a l  s e r v i c e s  ( EMS)  pe r s onne l  was  o f  s i gni f i c ant  i mpor t anc e  i n
t he  s uc c e s s  o f  t he  on- s i t e  t r i age  and  t r ans por t a t i on o f  t he  i nj ur e d .

Po l i c e  Re s Do ns e . - - Due  t o  t he  c r os s - t r a i ni ng  o f ' DFW DPS pe r s onne l ,
po l i c e  ac t i ons  pe r  s e  c anno t  be  r e ad i l y  s e par a t e d  f r om f i r e  and  me d i c a l
ac t i ons  s i nc e  a l l  DFW DPS pe r s onne l  a l s o  par t i c i pa t e d  i n f i r e f i ght i ng  and
EMS r o l e s , a s  r e qui r e d , t hr oughout  t he  r e s c ue  e f f o r t . . Onc e  e s t ab l i s he d ,
s e c ur i t y  and  t r a f f i c  . c o nt r o l  we r e  e xc e l l e nt , a l t hough t hi s  was  f ac i l i t a t e d
s ome wha t  by  t he  f ac t  t ha t  t he  a i r c r a f t  c ame  t o  r e s t  j us t  wi t hi n t he  a i r por t
o p e r a t i o ns  a r e a  f e nc e l i ne .

6NTSB/AAR-86/05,  op.cit.
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One  d i f f i c ul t y  a r os e  whe n s ome  mut ua l  a i d  pe r s onne l  a t t e mp t e d  t o
ga i n e nt r y  t hr ough a  ne ar by  ga t e  and  f ound  t ha t  i t  had  be e n c ha i ne d  and
l oc ke d  wi t h a  l oc k  t o  whi c h t he  DPS d i d  no t  hav e  a  ke y . I t  was  l a t e r
de t e r mi ne d  t ha t  t he  l oc k  had  be e n p l ac e d  on t he  ga t e  by  s ome one  o t he r  t han
a i r p o r t  p e r s o nne l . So me  d e l a y  wa s  e x p e r i e nc e d  b y  mut ua l  a i d  uni t s  whi l e  t he y
ob t a i ne d  a  c ut t i ng  t oo l  i n an a t t e mpt  t o  ga i n ac c e s s  t hr ough t hi s  ga t e .
Thi s  de l ay  had  no  ne ga t i v e  e f f e c t  on t he  s uc c e s s  o f  t he  r e s c ue  ac t i v i t i e s ,
s i nc e  t he  ma j or i t y  o f  e me r ge nc y  v e hi c l e s  and  pe r s onne l  we r e  a l r e ady  i n p l ac e
on t he  a i r c r a f t  s i de  o f  t he  f e nc e . I t  s houl d  be  no t e d ,  howe v e r ,  t ha t  unde r
d i f f e r e nt  c i r c ums t a nc e s , s uc h de l ay s  c oul d  hav e  an adv e r s e  i mpac t  on r e s c ue
e f f o r t s . DFW DPS has  s i nc e  p r ov i de d  bo l t  c ut t e r s  f o r  a l l  e me r ge nc y  v e hi c l e s
i n o r de r  t o  p r e c l ude  any  s uc h r e c ur r e nc e . The  Sa f e t y  Boar d  be l i e v e s  t ha t
bo l t  c ut t e r s  s houl d  be  par t  o f  t he  s t andar d  e qui pme nt  l i s t  f o r  e me r ge nc y
v e hi c l e s . Ov e r a l l , t he  pe r f or manc e  o f  t he  ARFF Te ams  i nd i c a t e d  a  we l l
t r a i ne d  and  c oor d i na t e d  appr oac h t ha t  e nhanc e d  s i gni f i c ant l y  t he  po t e nt i a l
f o r  s a v i ng  l i v e s .

2.10.2 L e f t  A f t  Galley D o o r

The  l e f t  a f t  ga l l e y  door  was  no t  ope ne d  dur i ng  t he  e me r ge nc y
e v ac ua t i on o f  t he  a i r p l ane  and  10  bod i e s  we r e  f ound  i n t he  a r e a  o f  t ha t
g a l l e y . The  phy s i c a l  e v i de nc e  and  pas s e nge r  t e s t i mony  dur i ng  t he  Sa f e t y
Boar d ' s  pub l i c  he ar i ng  s howe d  t ha t  a t t e mp t s  we r e  made  t o  ope n t he  door ,  but
no ne  we r e  s uc c e s s f ul . Se v e r a l  pos s i b i l i t i e s  we r e  e xami ne d  t o  e xp l a i n why  i t
wo ul d  no t  o p e n.

Dur i ng  t he  i nv e s t i ga t i on, whe n t he  f i r s t  a t t e mp t  t o  ope n t he  door
was  made ,  s o f t  d r i nk  c ans  f r om t he  l e f t  a f t  ga l l e y  we r e  f ound  a t  t he  bo t t om
of  t he  door . I t  was  c ons i de r e d  t ha t  t he  c ans  mi ght  hav e  be e n d i s l odge d
dur i ng  i mpac t ,  but  be f or e  t he  a i r p l ane  c ame  t o  r e s t ,  t he y  r o l l e d  down t he  now
i nc l i ne d  ga l l e y  f l oor ,  and  l odge d  aga i ns t  and  j amme d  t he  bo t t om o f  t he  door .

Howe v e r ,  t he r e  i s  s ome  que s t i on a s  t o  whe t he r  t he  c ans  we r e  on t he
f l oor  p r i o r  t o  t he  a i r p l ane  c omi ng  t o  r e s t ,  o r  we r e  knoc ke d  out  o f  t he  r ac k
d ur i ng  f i r e f i g ht i ng  o p e r a t i o ns . Cons i de r i ng  t he  e x t e nt  o f  t he  bur n i nj ur i e s
s us t a i ne d  by  t he  f a t a l i t i e s , i t  i s  r e as onab l e  t o  s us pe c t  t ha t  a t  l e a s t  s ome
of  t he  c ans  woul d  hav e  bul ge d  o r  bur s t  s i nc e  t he y  we r e  i n t he  s ame  ar e a - -
ho we v e r , none  we r e  s o  e f f e c t e d . Mos t  no t ab l e ,  t he  a l umi num dr awe r  i n whi c h
t he  c ans  we r e  s t owe d  was  f ound  i nt ac t  i n t he  a r e a  o f  t he  a i r p l ane  whi c h had
s us t a i ne d  t he  mos t  s e v e r e  f i r e  damage , but  t he  d r awe r  had  s us t a i ne d  no
t he r ma l  d a ma g e . The r e f or e ,  i t  mus t  hav e  be e n de pos i t e d  t he r e  a f t e r  t he  f i r e
ha d  b e e n e x t i ng ui s he d .

Al s o , s i nc e  t he  g i r t  bar  was  f ound  i n t he  s t owe d  pos i t i on,  i t  i s
be l i e v e d  t ha t  upon d i s c ov e r i ng  t ha t  t he  door  woul d  no t  ope n,  t he  f l i ght
a t t e ndant  who  a t t e mp t e d  t o  ope n t he  door  was  t he  one  who  s t owe d  t he  g i r t  bar .
( I t  i s  a s s ume d  t ha t  a t  l e a s t  t he  i ni t i a l  a t t e mp t  t o  ope n t he  door  was  made  by
a  f l i ght  a t t e ndant ,  howe v e r , t he  bod i e s  o f  t he  f l i ght  a t t e ndant s  we r e  no t
f ound  ne ar e s t  t he  door . ) Thi s  woul d  be  i n ac c or danc e  wi t h De l t a ' s  f l i ght
a t t e ndant  t r a i ni ng  pr oc e dur e s  whi c h addr e s s  d i f f i c ul t y  ope ni ng  a , door
f o l l o wi ng  a  g e a r - up  ( b e l l y )  l a nd i ng . St owi ng  o f  t he  g i r t  bar  woul d  no t  hav e
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be e n pos s i b l e  i f  t he  s o f t  d r i nk  c ans  had  be e n l ay i ng  on t he  g i r t . I t  i s
c onc l ude d  t he r e f or e , t ha t  t he  s o f t  d r i nk  c ans  we r e  p r ope r l y  s t owe d  a t  t he
t i me  o f  i mp a c t  a nd  d i d  no t  p r e v e nt  t he  d o o r  f r o m o p e ni ng .

Dur i ng  t he  e xami na t i on o f  t he  wr e c kage ,  i t  was  mos t  d i f f i c ul t  f o r
t wo  ma l e  i nv e s t i ga t or s  out s i de  t he  a i r p l ane  t o  mov e  t he  mas s  o f  t he  door
s i mul t ane ous l y  i nwar d ,  and  upwar d , due  t o  t he  3 0 0 l e f t  r o l l  a t t i t ude  o f  t he
f us e l a g e . Wi t h t he  a s s i s t anc e  o f  an add i t i ona l  ma l e  i nv e s t i ga t or  on t he
i ns i d e , s e v e r a l  mor e  a t t e mp t s  we r e  made  t o  ope n t he  door . No t  unt i l  t he
f our t h o r  f i f t h a t t e mp t  d i d  t he y  f i na l l y  s uc c e e d  i n ope ni ng  t he  door . Ev e n
t he n,  t he  door  c oul d  no t  be  ope ne d  unt i l  t he  i nv e s t i ga t o r  i ns i de  t he  a i r p l ane

' was  ab l e  t o  l i f t  t he  ZOO- pound  door  a s s e mbl y  ( 160  pound  door  p l us  4 8 pound
s l i de )  and  mov e  i t  ov e r  a  r e s t r i c t i on. The s e  a t t e mp t s  s panne d  a  t i me  o f
be t we e n 5  and  10  mi nut e s  o f  i nt e r mi t t e nt  e f f o r t  wi t h d i s c us s i ons  o f  t he
pr ob l e m t ak i ng  p l ac e  be t we e n a t t e mpt s . I t  s houl d  be  no t e d  t ha t  t he s e
a t t e mp t s  we r e  be i ng  made  unde r  nons t r e s s  c ond i t i ons  a p d by  i nv e s t i ga t o r s
f a mi l i a r  wi t h t he  o p e r a t i o n o f  t he  d o o r .

Whe n t he  door  was  ope ne d ,  s hi ny , t he r e f or e  f r e s h,  bur r s  we r e  s e e n
on t he  door ' s  l owe r  a f t  s t op  f i t t i ng . Thi s  bur r i ng  woul d  no t  oc c ur  i f  t he
door  we r e  p r ope r l y  a l i gne d  i n i t s  f r ame . I t  was  a l s o  no t e d  t ha t  t he  door
f i t t i ng  had  r ubbe d  t he  s t op  f i t t i ng  a t  t he  po i nt  o f  t he  bur r  whe n t he  door
wa s  o p e ne d  a nd  c l o s e d . Al s o ,  t he  d o o r ' s  up p e r  hi ng e  wa s  s p r ung  a nd  t he  s he e t
me t a l  j us t  unde r  t he  hi nge  was  t o r n t o  j us t  f o r war d  o f  t he  hi nge . Ac c o r d i ng
t o  t he  r e c or d  o f  t he  l ay ov e r  c he c k  pe r f or me d  on Augus t  30 ,  1988 ,  t he  day
be f or e  t he  ac c i de nt ,  no  d i f f i c ul t i e s  we r e  no t e d  wi t h t he  ope r a t i on o f  t he
d o o r .

Whe n t he  a i r p l ane  s l i d  a l ong  t he  g r ound  dur i ng  t he  ac c i de nt
s e q ue nc e , i t  d i d  no t  e xpe r i e nc e  v e r y  hi gh G l oad i ng ,  e xc e p t  f o r  l oc a l i z e d
l o a d i ng . Thi s  i s  bor ne  out  by  t he  FDR i nf or mat i on,  pas s e nge r  i nt e r v i e ws ,
and  a  ge ne r a l , but  no t  c ompl e t e , l ac k  o f  i nj ur i e s  i nd i c a t i v e  o f  hi gh G
f o r c e s . The  a i r p l ane  d i d ,  howe v e r , s us t a i n i mpac t  damage  a s  i t  s l i d  a l ong
t he  har d  une v e n gr ound . Whi l e  s l i d i ng , t he  unde r s i de  o f  t he  a i r p l ane
de f or me d  as  a  r e s ul t  o f  r e pe a t e d  i mpac t s . Whi l e  t he r e  was  no  s i ng l e
s i g ni f i c a nt  G s p i k e , t he  r e pe a t e d  i mpac t s  c ompounde d  t he  damage ,  i nc r e as i ng
t he  de f or ma t i on a s  t he  a i r p l ane  s l i d . Thi s  de f or ma t i on abs or be d  e ne r gy  and
wo ul d  a c c o unt ,  t o  s o me  d e g r e e , f o r  t he  g e ne r a l  l a c k  o f  v e r t i c a l  G f o r c e s  f e l t
i n t he  c ab i n. The  de f or mat i on i n t he  a r e a  o f  t he  l e f t  a f t  ga l l e y  door
f i na l l y  p r ogr e s s e d  t o  t he  po i nt  t ha t  t he  f r ame  d i s t o r t e d ,  t o  an unknown
d e g r e e ,  a nd  c a us e d  t he  mi s a l i g nme nt  b e t we e n t he  d o o r  a nd  i t s  f r a me .

Af t e r  t he  door  was  ope ne d , an a t t e mp t  was  made  t o  c l o s e  i t . The
ope r a t i ng  har dwar e  o f  bo t h t he  door  and  f r ame  was  c l e ane d  f o r  t he  a t t e mp t .
I t  c oul d  be  c l o s e d  but  woul d  no t  l oc k ;  t he  ope r a t i ng  hand l e  woul d  onl y  c ome
t o  wi t hi n about  1 5 0 o f  t he  f ul l y  l oc ke d  pos i t i on,  and  t he  door  r e mai ne d
s l i g ht l y  a j a r . One  pe r s on,  wi t h max i mum e f f o r t ,  was  t he n ab l e  t o  ope n t he
d o o r  f r o m i ns i d e  t he  a i r p l a ne .
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I n v i e w o f  t he  a f or e me nt i one d  t e s t s  and  e xami na t i ons ,  i t  i s
t he r e f or e  c onc l ude d  t ha t  t he  l e f t  a f t  s e r v i c e  door  c oul d  no t  be  ope ne d  due  t o
de f or mat i on o f  t he  door  f r ame  whi c h r e s ul t e d  f r om t he  a i r p l ane ' s  r e pe a t e d
i mp a c t s  wi t h t he  g r o und .

The  pos i t i on o f  t he  bod i e s  i n t he  r e ar  c ab i n and  i n t he  ga l l e y  a r e a
i nd i c a t e d  t ha t  t he r e  was  a  que ue  o f  pe r s ons  wa i t i ng  t o  us e  t he  e x i t ,  and  mor e
l i ke l y  t he y  a l s o  c r owde d  a t  t he  e x i t . Dur i ng  t hi s  t i me  s moke  was  e nt e r i ng
t he  ga l l e y . Thi s , o f  c our s e , r e duc e d  v i s i b i l i t y  and  i nduc e d  r e s p i r a t o r y
d i s t r e s s , and  whe n c ombi ne d  wi t h t he  s t e e p  ang l e  o f  t he  f l oor ,  p r obab l y
c aus e d  t hos e  pe r s ons  a t  t he  ga l l e y  t o  f a l l  aga i ns t  t he  door . Gi v e n t he  s e ns e
o f  ur ge nc y , i f  no t  out r i ght  pani c , whi c h s ur e l y  e x i s t e d  a s  c ond i t i ons
wor s e ne d ,  c ombi ne d  wi t h t he  ang l e  o f  t he  f l oor  and  t he  wor s e ni ng  s moke  and
t ox i c  f ume s , i t  i s  l i ke l y  t ha t  pas s e nge r s  we r e  pus hi ng  aga i ns t  t he  f l i ght
a t t e ndant  who  woul d  hav e  be e n t r y i ng  t o  ope n t he  door ,  t o t a l l y  ne ga t i ng
a t t e mp t s  t o  o p e n t he  a l r e a d y  j a mme d  d o o r .

2 . 1 0 . 3 A f t  Airstair E x i t

Al t hough t he  f l i ght  a t t e ndant s  we r e  t r a i ne d  t o  us e  t he  a f t  a i r s t a i r
a s  a  s e c ondar y  e me r ge nc y  e x i t  i f  t he  nor mal  e x i t s  we r e  unus ab l e ,  t he y  we r e
a l s o  t r a i ne d  t ha t  t he  a i r s t a i r s  may  no t  be  us ab l e  f o l l owi ng  a  ge ar - up
l a nd i ng .

I n t hi s  ac c i de nt ,  t he  a f t  a i r s t a i r  e x i t  was  no t  us ab l e  be c aus e  t he
a i r p l ane  was  r e s t i ng  on i t s  f us e l age  and  t he  a i r s t a i r s  c oul d  no t  be  l owe r e d .
Al s o ,  t he  p r e s s ur e  bul khe ad  door  t o  t he  t a i l c o ne was  j amme d  c l o s e d  due  t o
i mpac t  damage  ( f o r  t he  s ame  r e as ons  a s  s t a t e d  f o r  t he  l e f t  a f t  ga l l e y  door ) .
Whe n De l t a  pe r s onne l  a t t e mpt e d  t o  r e c ov e r  t he  FDR and  CVR f r om t he  t a i l
s e c t i o n o f  t he  a i r p l a ne , t he  ope r a t i ng  hand l e  o f  t he  bul khe ad  door  woul d  no t
mo v e , c ons e que nt l y  t he  door  woul d  no t  mov e . The y  r e que s t e d  a s s i s t anc e  f r om
DPS p e r s o nne l  who  ul t i ma t e l y  ha d  t o  us e  p r y  b a r s  t o  o p e n t he  d o o r .

Si nc e  any  a t t e mp t  t o  ope n t he  s o l i d l y  j a mne d door  woul d  hav e  l e f t
no  e v i de nc e ,  i t  c oul d  no t  be  de t e r mi ne d  i f  an a t t e mp t  was  made  t o  us e  t he  a f t
a i r s t a i r  e x i t .  I

2 . 1 1 Fire Propagation

Exami na t i on o f  t he  phy s i c a l  e v i de nc e  i nd i c a t e d  t ha t  t he  e x t e r na l
f i r e  was  i ni t i a t e d  whe n t he  r i ght  wi ng  and  t a i l  s t r uc k  t he  l o c a l i z e r  ant e nna
ar r ay . The  f i r e  i nt e ns i f i e d  whe n t he  a i r p l ane  s t r uc k  t he  l i p  o f  t he
de pr e s s i on i n t he  t e r r a i n. The  r i ght  wi ng  was  de s t r oy e d  and  t he  f ue l  t anks
l o s t  a l l  s t r uc t ur a l  i nt e g r i t y . Fl ame s  no t  onl y  i mp i nge d  on t he  r i ght  s i de  o f
t he  f us e l a g e , but  e x t e nde d  a r ound  t he  f us e l age ,  he a t i ng  t he  i nboar d  wi ng  a r e a
on t he  l e f t  s i de . As  t he  f us e l age  s l i d , t he  a f t  c a r go  door  ope ne d  and  was
p us he d  i n. The  f o r war d  door  o f  t he  a f t  c a r go  c ompar t me nt  ope ne d  out war d ,  and
was  t o r n o f f  a t  i t s  hi nge s .
l a r g e  o p e ni ng  i n t ha t  a r e a .

The  hi nge s  r i ppe d  t he  f us e l age  ope n c aus i ng  a



Ev i de nc e  s howe d  t ha t  t he  f i r e  e nt e r e d  t he  a f t  c ar go  c ompar t me nt
be f or e  t he  a i r p l ane  c ame  t o  r e s t . Af t e r  t he  a i r p l ane  s t oppe d ,  t he  f i r e
bur ne d  t hr ough t he  c ar go  c ompar t me nt  l i ne r s  and  c ab i n f l oor .  The  f i r e  a l s o
e nt e r e d  t he  c ab i n t hr ough t he  a f t  b r e ak  i n t he  f us e l age ,  t he  ope ne d
r i ght - hand  o v e r wi ng e x i t , and  l a t e r  t hr ough a  bur n t hr ough i n t he  c e nt e r  wi ng
box  a r e a . The  f i r e  e nt e r i ng  t he  f us e l age  t hr ough t he  a f t  b r e ak  t r appe d
pas s e nge r s  i n t he  a f t  e nd  o f  t he  c ab i n. The  f i r e  bur ni ng  t hr ough t he  f l oor
pr obab l y  c aus e d  t he  f a t a l i t i e s  i n t ha t  a r e a . The  aut ops y  r e por t s  s howe d  t he
c a us e  o f  d e a t h t o  a l l  f a t a l i t i e s  a s  s mo k e  i nha l a t i o n.

The  f o r war d  c ab i n r e mai ne d  s ur v i v ab l e  f o r  about  4  mi nut e s  and
20  s e c onds ,  de s p i t e  t he  l a r ge  f ue l  f i r e  a t  t he  r up t ur e d  a r e a .  Some  o f  t hi s
s ur v i v a l  t i me  c an be  a t t r i but e d  t o  t he  us e  o f  f i r e  b l oc k i ng  ma t e r i a l s  on t he
s e a t  c us hi o ns . The r e  was  e v i de nc e  o f  t he  f i r e  b l oc k i ng  s l owi ng  t he  s pr e ad
of  f i r e  i nt o  t he  c ab i n. Many  s e a t  c us hi ons  - r e ma i ne d - i nt a c t  o r  s howe d  s i gns
t ha t  t he  b l oc ke r  i nhi b i t e d  bur ni ng . Wi t h a  l a r ge  f ue l  f i r e  e nt e r i ng  t he
c ab i n,  f i r e  b l oc k i ng  wi l l  no t  s t op  t he  s p r e ad  o f  f i r e ,  but  wi l l  s l ow i t  down
g i v i ng  adde d  t i me  f o r  e s c ape . The  Sa f e t y  Boar d ' s  i nv e s t i ga t i on f ound  t ha t
t he  a i r por t ' s  a i r c r a f t  r e s c ue  and  f i r e  f i ght i ng  e qui pme nt  was  i n p l ac e  and
app l y i ng  e x t i ngui s hi ng  age nt s  t o  t he  a i r p l ane  about  4  mi nut e s  and  20  s e c onds
a f t e r  t he  ac c i de nt  and  t he  l a s t  pas s e nge r s  t o  l e av e  t he  a i r p l ane  r e por t e d
be i ng  hi t  by  f oam as  t he y  e x i t e d .  The  p r e d i c t e d  s ur v i v a l  t i me ,  bas e d  upon
FAA t e s t s  wi t hout  t he  f i r e  b l oc k i ng  l ay e r s  i n p l ac e ,  woul d  hav e  be e n about
Z- mi nut e s  and  50  s e c onds . Whi l e  t he r e  i s  s ome  mar g i n f o r  e r r or  i n bo t h
t i me s ,  i t  s houl d  be  no t e d  t ha t  t he  d i v e r ge nc e  o f  t he  g r aphs  r e pr e s e nt i ng  f i r e
t e s t  p o i nt s , he nc e  t he  be ne f i t  i n s ur v i v a l  t i me ,  i s  g r e a t e r  wi t h t he  pas s age
o f  t i me . ' ( Se e  f i gur e  14 . ) I t  i s  t he r e f or e  c onc l ude d  t ha t  a  numbe r  o f
l i v e s  we r e  s av e d  be c aus e  t he  s e a t  c us hi ons  we r e  c ov e r e d  wi t h f i r e  b l oc k i ng
ma t e r i a l .

Due  t o  a  numbe r  o f  v ar i ab l e s  s uc h as  s i z e  o f  t he  ope ni ngs  i n t he
f us e l age ,  wi nd , and  i nt e ns i t y  o f  t he  f i r e , an e xac t  numbe r  o f  pe r s ons  who
we r e  s av e d  be c aus e  o f  t he  f i r e  b l oc k i ng  ma t e r i a l  c anno t  be  de t e r mi ne d .  Any
a t t e mp t  t o  de t e r mi ne  an e xac t  numbe r  i s  v e r y  s e ns i t i v e  t o  a s s umpt i ons .  Of
pr i mar y  i mpor t anc e  i s  an a s s umpt i on o f  a  l i ne ar  e v ac ua t i on r a t e . I n t hi s
c as e ,  t he  e v ac ua t i on r a t e  v ar i e d  g r e a t l y . At  t he  a f t  b r e ak  i n t he  f us e l age ,
ne ar e s t  t he  f i r e ,  t he  e v ac ua t i on p r ogr e s s e d  r ap i d l y  and  i t  was  no t  us e d  by  a
l a r ge  numbe r  o f  pe r s ons  ( t hr e e  pe r s ons  t hr ough t he  s i de  o f  t he  b r e ak ,  e i ght

t hr ough t he  ov e r he ad  s e c t i on o f  t he  b r e ak ) . The r e f or e ,  t he  e v ac ua t i on t he r e
was  c ompl e t e d  whi l e  i t  was  s t i l l  i n p r ogr e s s  a t  t he  o t he r  e x i t s . The  l a s t
e x i t  t ha t  was  us e d  dur i ng  t he  e v ac ua t i on was  t he  f o r war d  br e ak  i n t he
f us e l a g e . Thi s  e x i t  was  f ur t he s t  f r om t he  f i r e ,  was  us e d  by  t he  l a r ge s t
numb e r  o f  p e r s o ns ,  a nd ,  d ue  t o  o b s t r uc t i o ns , ha d  t he  s l o we s t  e v a c ua t i o n r a t e .

Ano t he r  a s s umpt i on whi c h mus t  be  made  i n o r de r  t o  c a l c ul a t e  a
numbe r  o f  add i t i ona l  s ur v i v or s ,  us i ng  av a i l ab l e  t e s t  da t a ,  i s  t ha t  t he
f us e l age  ma i nt a i ne d  i t s  i nt e gr i t y ,  t r app i ng  s moke  and  s upe r he a t e d  gas e s .  I n
t hi s  ac c i de nt ,  bo t h e nds  o f  t he  f us e l age  we r e  ope n a t  t he  t op  and  a r ound  mos t

‘DOT/FAA/CT-83/43, Aircraft Seat Fire Blocking  Layers: Effectiveness
and Benefits Under  Various Scenarios.
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o f  t he  c i r c umf e r e nc e ,  a l l owi ng  s moke  and  gas e s  t o  v e nt . The  ope ne d  f us e l age
may  hav e  ac t e d  a s  a  c hi mne y , d r awi ng  c oo l  c l e an a i r  i nt o  t he  c ab i n,  t o  s ome
d e g r e e , r e p l ac i ng  t he  v e nt i ng  a i r . The r e f or e ,  a  de t e r mi na t i on o f  how many
l i v e s  we r e  s a v e d  b y  t he  f i r e  b l o c k i ng  l a y e r  wa s  no t  a t t e mp t e d .

2 . 1 2 Refueling Procedures

Though no t  c aus a l  t o  t he  ac c i de nt , t he  Sa f e t y .  Boar d  i s  c onc e r ne d
about  t he  p r oc e dur e s  us e d  i n r e f ue l i ng  f l i ght  1141 .  The  i nv e s t i ga t i on f ound
t ha t  t he  No .  1 mai n f ue l  t ank  quant i t y  i nd i c a t o r  was  i nope r a t i v e  and  t ha t  t he
a i r p l ane  was  d r i p s t i c ke d  and  l e v e l  c he c ke d  i n o r de r  t o  de t e r mi ne  t he  amount
o f  f ue l  t o  add  t o  e ac h t ank . The  a i r p l ane  was  no t  d r i p s t i c ke d  a f t e r
r e f ue l i ng . Af t e r  t he  a i r p l ane  was  f ue l e d ,  i t  woul d  hav e  be e n p r ude nt  t o  hav e
had  t he  f ue l  t anks  d r i p s t i c ke d  onc e  aga i n and  t he  l e v e l  o f  t he  a i r p l ane
v e r i f i e d . The  Sa f e t y  Boar d  i s  c onc e r ne d  t ha t  wi t h an i nope r a t i v e  f ue l  gauge
i t  i s  pos s i b l e  t ha t  t he  a i r p l ane  c oul d  hav e  be e n i nc or r e c t l y  f ue l e d ,  i . e . ,
t oo  muc h or  t oo  l i t t l e  f ue l  i n t he  No .  1 f ue l  t ank . Suc h a  s i t ua t i on c oul d
c aus e  t he  a i r p l ane  t o  be  l a t e r a l l y  unba l anc e d  o r  no t  hav e  s uf f i c i e nt  f ue l  f o r
t he  f l i g ht . The r e f or e ,  i t  i s  r e c omme nde d  t ha t  t he  FAA r e qui r e  t ha t  whe ne v e r
an a i r p l ane  ope r a t i ng  unde r  14  CFR Par t s  121  o r  s c he dul e d  135  i s  a l l owe d  t o
f l y  wi t h an i nope r a t i v e  f ue l  quant i t y  gauge ,  t ha t  d i p s t i c k ,  d r i p s t i c k ,  o r
o t he r  appr opr i a t e  me as ur e me nt s  o f  f ue l  quant i t y  a r e  t ake n,  and  t ha t  t he
l e v e l  o f  t he  a i r p l a ne  i s  t a k e n i nt o  c o ns i d e r a t i o n.

2 . 1 3 Airl ine Safety Programs

As  par t  o f  t he  Sa f e t y  Boar d ' s  i nv e s t i ga t i on o f  t hi s  ac c i de nt ,  i t
e xami ne d  t he  i s s ue  o f  a i r l i ne  f l i ght  s a f e t y  p r ogr ams . Thi s  i s s ue  was
e xp l or e d  p r i mar i l y  dur i ng  t e s t i many  a t  t he  Sa f e t y  Boar d ' s  pub l i c  he ar i ng .
The  p ur p o s e  o f  t hi s  e f f o r t  wa s  t o  e l i c i t  i nd us t r y  v i e ws  a b o ut  t he  p ur p o s e  o f ,
t he  ne e d  f o r , and  t he  c onc e p t ua l  f r ame wor k  f o r  an a i r l i ne  f l i ght  s a f e t y
p r o g r a m. No  a t t e mp t  was  made  t o  c ompar e  De l t a  Ai r l i ne s '  p r ogr am wi t h o t he r
a i r l i ne s  o r  wi t h any  o t he r  s t andar d . Fur t he r , no  c or r e l a t i on was  d r awn
be t we e n t he  e v e nt s  t ha t  l e d  up  t o  t he  ac c i de nt  i nv o l v i ng  f l i ght  1141  and  t he
v i ab i l i t y  o f  De l t a ' s  s a f e t y  p r ogr am. I n ge ne r a l , t he  Sa f e t y  Boar d ' s
ob j e c t i v e  was  t o  r a i s e  an awar e ne s s  about  t he  i s s ue  o f , a i r l i ne  f l i ght  s a f e t y
p r o g r a m a s  a  s t a r t i ng  p o i nt  f o r  p o s s i b l e  i mp r o v e me nt s  i n t he  f ut ur e .

In ge ne r a l , a i r l i ne  s a f e t y  p r ogr ams  ar e  b r oke n down i nt o  t hr e e
d i s t i nc t  a r e a s : f l i ght  s a f e t y ,  g r ound  ( i ndus t r i a l )  s a f e t y ,  and  ma i nt e nanc e
qua l i t y  a s s ur anc e . Gr ound  s a f e t y  e s s e nt i a l l y  i s  gov e r ne d  by  Oc c upa t i ona l
Sa f e t y  and  He a l t h Admi ni s t r a t i on ( OSHA)  r e gul a t i ons . The r e  a r e  no  Fe de r a l
Av i a t i on Re gul a t i ons  ( FAR)  gov e r ni ng  g r ound  s a f e t y .  Si mi l a r l y ,  t he r e  a r e  no
FAR' s  gov e r ni ng  a i r l i ne  f l i ght  s a f e t y  p r ogr ams .  Howe v e r ,  t he r e  a r e  s pe c i f i c
r e gul a t i ons  t ha t  de a l  wi , t h a i r p l ane  ma i nt e nanc e  p r ogr ams ,  s pe c i f i c a l l y  t he
i ns p e c t i o n a nd  q ua l i t y  a s s ur a nc e  f unc t i o n o f  ma i nt e na nc e . '

Par t  121  o f  t he  Fe de r a l  Av i a t i on Re gul a t i ons  ( FAR)  c ont a i n
r e qui r e me nt s  f o r  a i r l i ne  manage me nt  pe r s onne l . I nc l ude d  i n t he  r e qui r e d
manage me nt  pe r s onne l  i s  a  qua l i f i e d  Chi e f  I ns pe c t o r . The  FAR' s  a l s o  s pe c i f y
t he  bas i c  qua l i f i c a t i ons  o f  t he  r e qui r e d  manage me nt  pe r s onne l ,  i nc l ud i ng  t he
Chi e f  Inspector. Par t  121  o f  t he  FAR' s  a l s o  c ont a i n r e qui r e me nt s  r e l a t e d  t o
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t he  i ns pe c t i on and  qua l i t y  a s s ur anc e  f unc t i ons  a s  c ompar e d  t o  t he  ma i nt e nanc e
f unc t i ons  a t  an a i r p l ane . Sp e c i f i c a l l y , a i r l i ne s  mus t  e s t ab l i s h t ha t  t he
pe r s on( s )  pe r f or mi ng  mai nt e nanc e  ar e  no t  t he  s ame  pe r s on( s )  pe r f or mi ng
i ns pe c t i on o f  c ompl e t e d  wor k , and  t he s e  pe r s ons  c anno t  be  r e por t i ng  t o  t he
s ame  s upe r v i s o r . I n f ac t , t he  r e gul a t i ons  r e qui r e  t ha t  e ac h a i r l i ne
e s t ab l i s h a  c ont i nui ng  ana l y s i s  and  s ur v e i l l anc e  s y s t e m t o  e v a l ua t e  t he
pe r f or manc e  o f  i t s  i ns pe c t i on and  ma i nt e nanc e  p r ogr ams . The s e  r e gul a t o r y
r e qui r e me nt s  p r ov i de  a  r e dundanc y  o r  "s e c ond  s e t  o f  e y e s " wi t hi n t he  a i r l i ne
mai nt e nanc e  de par t me nt s . Fur t he r ,  t he s e  r e qui r e me nt s  e s t ab l i s h s pe c i f i c
c r i t e r i a  aga i ns t  whi c h t he  FAA c an as s e s s  t he  qua l i t y  o f  an a i r l i ne ' s
ma i nt e na nc e  d e p a r t me nt .

The  Sa f e t y  Boar d  be l i e v e s  t ha t  a  s i mi l a r  r e dundanc y  s houl d  be
r e qui r e d  f o r  a i r l i ne  f l i ght  ope r a t i ons  de par t me nt s  by  me ans  o f  an i nde pe nde nt
f l i ght  s a f e t y  de par t me nt . Of  c our s e , t he  f l i ght  ope r a t i ons  pe r s onne l  a r e
c har ge d  wi t h t he  s a f e t y  o f  f l i ght  ope r a t i ons  by  me e t i ng  t he  r e gul a t i ons  and
e s t ab l i s hi ng  a  t r a i ni ng ,  c he c k i ng ,  and  ope r a t i ons  p r ogr am. Ho we v e r ,  wi t ho ut
an i nde pe nde nt  f l i ght  s a f e t y  de par t me nt  t he  r e dundanc y  i s  no t  p r ov i de d .

At  t he  Sa f e t y  Boar d ' s  pub l i c  he ar i ng ,  t e s t i mony  on t he  s ub j e c t  o f
a i r l i ne  f l i ght  s a f e t y  de par t me nt s  was  ob t a i ne d  f r om t he  Di r e c t o r  o f  Fl i ght
Sa f e t y  f o r  Uni t e d  Ai r l i ne s , t he  Di r e c t o r  o f  Ope r a t i ona l  Sa f e t y  f o r  Canad i an
Ai r l i ne s  I nt e r na t i ona l , and  t he  Di r e c t or  o f  Av i a t i on Sa f e t y  Pr ogr ams  f or
Tr ans por t  Canada  wi t hi n t he  Mi ni s t r y  o f  Tr ans por t  o f  Canada . Al l  t hr e e
i nd i v i dua l s  e mphas i z e d  t he  ne e d  f o r  an i nde pe nde nt  f l i ght  s a f e t y  de par t me nt .
The  t e r m "s af e t y  ne t " was  us e d  t o  s t r e s s  t he  ne e d  f o r  r e dundanc y  i n
pr e v e nt i ng  f l i ght c r e w e r r or s  t ha t  l e ad  t o  ac c i de nt s . The y  a l s o  e mphas i z e d
t he  ne e d  f o r  t he  f l i ght  s a f e t y  o f f i c e r  t o  r e por t  d i r e c t l y  t o  t he  Chi e f
Op e r a t i ng  Of f i c e r , o r  e qui v a l e nt  l e v e l ,
f unc t i o ns .

t o  p r ov i de  t he  aud i t  f o r  ov e r s i ght

The  t e s t i mony  r e v e a l e d  t ha t  t he  Sa f e t y  Adv i s or y  Comni t t e e  ( SAFAC)
o f  t he  I nt e r na t i ona l  Ai r  Tr ans por t  As s oc i a t i on ( I ATA)  had  r e c omme nde d  t o  t he
Te c hni c a l  Commi t t e e  o f  I ATA t ha t  i t  adop t  a  r e s o l ut i on r e gar d i ng  a i r l i ne
f l i ght  s a f e t y  de par t me nt s . The  SAFAC Commi t t e e  i s  made  up  o f  p r o f e s s i ona l
s a f e t y  o f f i c e r s  o f  t he  wor l d ' s  a i r l i ne s . The  Te c hni c a l  Commi t t e e  i s  made  o f
Se ni or  Vi c e  Pr e s i de nt  o f  Ope r a t i ons  pe r s onne l  f r om t he  wor l d ' s  a i r l i ne s .  The
I ATA Te c hni c a l  Commi t t e e  i s  t he  s e ni or  body  i n I ATA t ha t  addr e s s e s
ope r a t i ona l  s a f e t y  c onc e r ns  on be ha l f  o f  t he  me mbe r s hi p  o f  ov e r  160  a i r l i ne s .
I n 1988 ,  t he  Te c hni c a l  Commi t t e e  adop t e d  a  r e s o l ut i on r e c omme nd i ng  t ha t  a l l
me mbe r  a i r l i ne s  s houl d  e s t ab l i s h a  s a f e t y  de par t me nt  manage d  by  a
pr o f e s s i ona l  s a f e t y  manage r . The  r e s o l ut i on a l s o  r e c omme nde d  t ha t  t he
s a f e t y  de par t me nt  s houl d  ac c ompl i s h c e r t a i n ke y  f l i ght  s a f e t y  f unc t i ons .

The  21  ke y  f l i ght  s a f e t y  f unc t i ons r e c omme nde d  by  t he  I ATA
r e s o l ut i ons  a r e  g r oupe d  i nt o  f our  ma j or  c a t e gor i e s . The y  ar e :  ac c i de nt
pr e v e nt i on pr ogr ams ;  c o l l e c t i on,  ana l y s i s ,  and  d i s s e mi na t i on o f  s a f e t y
i nf o r ma t i o n; t e c hni c a l  ( ma i nt e nanc e )  and  t r a i ni ng  de par t me nt  l i a i s on;  and
e me r ge nc y  r e s pons e  p r oc e dur e s . I t  i s  i mpor t ant  t o  no t e  t ha t  t hr e e  o f  t he
maj or  c a t e gor i e s ,
"pr oac t i v e "

whi c h ac c ount  f o r  17  o f  t he  21  ke y  f unc t i ons  a r e
ac c i de nt  p r e v e nt i on f unc t i ons ,  a s  c ompar e d  t o  t he  "r e ac t i v e "

ac c i de nt  and  i nc i de nt  i nv e s t i ga t i on e me r ge nc y  r e s pons e  f unc t i ons . Al l  t hr e e
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of  t he  av i a t i on f l i ght  s a f e t y  p r o f e s s i ona l s  who  t e s t i f i e d  a t  t he  Sa f e t y
Boar d ' s  pub l i c  he ar i ng  e mphas i z e d  t he  ne e d  f o r  an i nde pe nde nt  p r oac t i v e
f l i g ht  s a f e t y  p r o g r a m a t  a i r l i ne s .

The  Di r e c t or  o f  Av i a t i on Sa f e t y  Pr ogr ams  f or  Tr ans por t  Canada
t e s t i f i e d  t ha t  hi s  age nc y  s t r ong l y  ur ge s  a i r l i ne s  i n Canada  t o  adop t  t he
i nde pe nde nt  s a f e t y  o f f i c e r  p r ogr am. I n f ac t ,  Tr ans por t  Canada  s pons or s  a
pr ogr am whi c h i nc l ude s  t r a i ni ng  f o r  a i r l i ne  CEO' s  t o  de mons t r a t e  t o  t he m t he
ne e d  and  c os t  be ne f i t  f o r  s uc h p r ogr ams . Fur t he r ,  Tr a ns p o r t  Ca na d a  p r o v i d e s
t r a i ni ng  s e mi nar s  f o r  a i r l i ne  s a f e t . y  o f f i c e r s . No  s uc h p r o g r a ms  e x i s t  wi t hi n
t he  FAA.

An ac c i de nt  o r  o t he r  uns a f e  i nc i de nt  i s  r e a l l y  a  s y mpt om o f  a
f a i l ur e  s ome whe r e  i n t he  s y s t e m. I t  i s  t r ad i t i ona l l y  r e por t e d  f r om a i r l i ne
ac c i de nt  s t a t i s t i c s  t ha t  about  80% o f  a i r l i ne  ac c i de nt s  r e s ul t  f r om
f l i ght c r e w e r r or s . For  t hi s  s e as on a l one , i t  s e e ms  appr opr i a t e  t ha t  t he
f l i ght  ope r a t i ons de par t me nt  ne e ds  an aud i t  o r  r e dundant  o r gani z a t i ona l
f unc t i on r e s pons i b l e  f o r  f l i ght  s a f e t y . I t  i s  e as i l y  r e c ogni z e d  t ha t  t he
pe r s on( s )  r e s pons i b l e  f o r  f l i ght  s a f e t y  wi t hi n t he  f l i ght  ope r a t i ons
d e p a r t me nt , s uc h as  t he  Chi e f ,  Pi l o t ,  t he  Di r e c t or  o f  Tr a i ni ng ,  and  t he
Di r e c t o r  o f  Fl i g ht  Op e r a t i o ns , ma y  no t  b e  a b l e  t o  r e c o g ni z e  o r  a d mi t  p e r s o na l
o r  o r gani z a t i ona l  s hor t c omi ngs  f o r  hi s / he r  own pr ogr ams . The r e  i s  a  r e a l
pos s i b i l i t y  t ha t  ob j e c t i v i t y  may  s uf f e r . Ho we v e r , an i nde pe nde nt  s a f e t y
o f f i c e r , who  r e por t s  t o  t he  t op  manage r  o f  t he  a i r l i ne  woul d  be  i n an
e xc e l l e nt  pos i t i on t o  p r ov i de  ob j e c t i v e  v i e ws  o f  pos s i b l e  s a f e t y  p r ob l e ms
wi t hi n t he  f l i g ht  o p e r a t i o n d e p a r t me nt s .

The  Sa f e t y  Boar d  be l i e v e s  t ha t  t he  FAA s houl d  i ni t i a t e  a  j o i nt
a i r l i ne  i ndus t r y  p r ogr am t o  de v e l op  gui de l i ne s  and  r e gul a t o r y  p r ov i s i ons  f o r
a i r l i ne  f l i ght  s a f e t y  p r ogr ams . I t  s e e ms  l og i c a l  t ha t  t he  s ame  r a t i ona l e
t ha t  r e qui r e s  t he  s e par a t i on o f  ma i nt e nanc e  and  i ns pe c t i on de par t me nt s ,  and
t he  qua l i t y  a s s ur anc e  ( "s e c ond  s e t  o f  e y e s ' )  f unc t i on i n a i r l i ne  ma i nt e nanc e
s houl d  be  app l i e d  t o  f l i ght  ope r a t i ons .  Si mi l a r l y ,  t he  p r ov i s i ons  f o r

, s p e c i f i c  manage me nt  pos i t i ons  and  qua l i f i c a t i ons  o f  t hos e  manage r s  c ont a i ne d
i n t he  e x t ant  r e gul a t i ons  s houl d  be  de v e l ope d  f o r  f l i ght  s a f e t y . Tha t  i s ,
t he  r e gul a t i ons  s houl d  s pe c i f y  t he  ne e d  f o r  a  qua l i f i e d  s a f e t y  o f f i c e r  and
f l i ght  s a f e t y  p r ogr am a t  a i r l i ne s , and  s e par a t i on o f  manage me nt  ov e r s i ght  o f
t he s e  t wo  i mpor t ant  f unc t i ons . Fur t he r  gui danc e  by  me ans  o f  an FAA adv i s or y
Ci r c ul ar ,  whi c h out l i ne s  t he  s t r uc t ur e ,  , f unc t i o ns ,  and  r e s pons i b i l i t i e s  o f
s uc h a  p r ogr am s houl d  be  de v e l ope d . The  gui danc e  and  r e gul a t o r y  p r ov i s i ons
woul d  t he n pr ov i de  a  me ans  by  whi c h t he  FAA c oul d  e v a l ua t e  an a i r l i ne ' s
s a f e t y  p e r f o r ma nc e  o t he r  t ha n b y  a c c i d e nt s  a nd  i nc i d e nt s .

2 . 1 4 Previous Safety Board Recomnendations

As  a  r e s ul t  o f  t he  Sa f e t y  Boar d ' s  i nv e s t i ga t i on o f  an ac c i de nt
i nv o l v i ng  Al o ha  Ai r  Li ne s  f l i g ht  2 4 3  ne a r  Ma ui , Ha wa i i  o n Ap r i l  2 8 ,  1 9 8 8 ,  t he
f o l l o wi ng  s a f e t y  r e c o mme nd a t i o ns  we r e  i s s ue d  t o  t he  FAA o n J ul y  2 1 ,  1 9 8 9 :

Ev a l ua t e  t he  qua l i t y  o f  FAA s ur v e i l l anc e  p r ov i de d  by  t he
Pr i nc i pa l  I ns pe c t o r s  a s  par t  o f  t he  Na t i ona l  Av i a t i on Sa f e t y
I ns pe c t i on Pr ogr am ( NASI P) . ( A- 8 9 - 6 4 )
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I nt e gr a t e  t he  Na t i ona l  Av i a t i on Sa f e t y  Pr ogr am ( NASI P)  t e am
l e a d e r  i n t he  c l o s e o ut  o f  t he  t e a m f i nd i ng s .  ( A- 8 9 - 6 5 )

The  Sa f e t y  Boar d  i s  awa i t i ng  a  r e p l y  f r om t he  FAA r e gar d i ng  t he s e
r e c o mme nd a t i o ns .

As  a  r e s ul t  o f  t he  Sa f e t y  Boar d ' s  i nv e s t i ga t i on o f  t he  Nor t hwe s t
Ai r l i ne s ,  I nc , . f l i ght  255  whi c h c r as he d  s hor t l y  a f t e r  t ake o f f  f r om De t r o i t
Me t r opo l i t an Way ne  Count y  Ai r por t  on Augus t  6 ,  1987 ,  t he  Sa f e t y  Boar d  s e nt
t he  f o l l o wi ng  r e c o mme nd a t i o ns  t o  t he  FAA:

Re qui r e  t ha t  a l l  121  and  135  ope r a t or s  and  pr i nc i pa l
~ ope r a t i ons  i ns pe c t o r s  e mphas i z e  t he  i mpor t anc e  o f  d i s c i p l i ne d

app l i c a t i on o f  s t andar d  ope r a t i ng  pr oc e dur e s  and ,  i n
par t i c ul ar , e mphas i z e  r i gor ous  adhe r e nc e  t o  p r e s c r i be d
c he c k l i s t  p r o c e d ur e s .  ( A- 8 8 - 6 7 )

Conv e ne  a  human pe r f o r manc e  r e s e ar c h g r oup  o f  pe r s onne l  f r om
t he  Na t i ona l  Ae r onaut i c s  and  Spac e  Admi ni s t r a t i on,  i ndus t r y ,
and  p i l o t  g r oups  t o  de t e r mi ne  i f  t he r e  i s  any  t y pe  o f  me t hod
of  p r e s e nt i ng  a  c he c k l i s t  whi c h p r oduc e s  be t t e r  pe r f o r manc e  on
par t  o f  us e r  pe r s onne l .  ( ~- 8 8 - 6 8 )

Expe d i t e  t he  i s s uanc e  o f  gui danc e  ma t e r i a l  f o r  us e  by  Par t  121
and  135  ope r a t or s  i n t he  i mp l e me nt a t i on o f  t e am- or i e nt e d
f l i ght c r e w t r a i ni ng  t e c hni que s ,  s uc h as  c oc kp i t  r e s our c e s
manage me nt , l i ne  o r i e nt e d  f l i ght  t r a i ni ng ,  o r  o t he r
t e c hni que s  whi c h e mphas i z e  c r e w c oor d i na t i on and  manage me nt
p r i nc i p l e s .  ( A- 8 8 - 6 9 )

The  FAA s t a t e d  i n i t s  l e t t e r  o f  Se p t e mbe r  22 ,  1988 ,  t ha t  i t  was
p l anni ng  t o  t ake  pos i t i v e  ac t i on r e gar d i ng  t he s e  r e c omme nda t i ons .  The  Sa f e t y

-  Boar d  f ound  t he  ac t i ons  p r opos e d  by  t he  FAA t o  be  r e s pons i v e  t o  t he  i nt e nt  o f
t he  r e c omme nda t i ons ,  and ,  t he r e f or e , c l a s s i f i e d  t he s e  t hr e e  r e c omme nda t i ons
as  "Ope n- Ac c e p t ab l e  Ac t i on" pe nd i ng  r e v i e w o f  t he  f i na l  ac t i on t ake n by  t he
FAA. c

Add i t i ona l l y ,  a s  a  r e s ul t  o f  t he  Nor t hwe s t  f l i ght  255  ac c i de nt ,  t he
Saf e t y  Boar d  s e nt  t he  f o l l owi ng  r e c omme nda t i on t o  a l l  Par t  121  a i r  c ar r i e r s :

Re v i e w i ni t i a l  and  r e c ur r e nt  f l i ght c r e w t r a i ni ng  p r ogr ams  t o
e ns ur e  t ha t  t he y  i nc l ude  s i mul a t or  o r  a i r c r a f t  t r a i ni ng
e xe r c i s e s  whi c h i nv o l v e  c oc kp i t  r e s our c e  manage me nt  and  ac t i v e
c oor d i na t i on o f  a l l  c r e wme mbe r  t r a i ne e s  and  whi c h wi l l  pe r mi t
e v a l ua t i on o f  c r e w pe r f or manc e  and  adhe r e nc e  t o  t hos e  c r e w
c o o r d i na t i o n p r o c e d ur e s .  ( A- 8 8 - 7 1 )

The  Sa f e t y  Boar d  has  r e c e i v e d  r e s pons e s  f r om a  ma j or i t y  o f  Par t  121
a i r  c a r r i e r s . The s e  r e s pons e s  hav e  i nd i c a t e d  t ha t  mos t  a i r  c a r r i e r s  e i t he r
c ur r e nt l y  hav e , o r  a r e  de v e l op i ng , c oc kp i t  r e s our c e  manage me nt  p r ogr ams .
De l t a  p r ov i de d  t he  Sa f e t y  Boar d  wi t h a  c opy  o f  i t s  c r e w r e s our c e  manage me nt
pr ogr am. Thi s  p r ogr am c ompl i e d  wi t h t he  i nt e nt  o f  t he  r e c omme nda t i on.
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The r e f or e ,  t he  r e c omme nda t i on,  i n t e r ms  o f  De l t a ,  was  c l a s s i f i e d ' a s  "Cl os e d - -
Ac c e p t a b l e  Ac t i o n. "

Dur i ng  t he  i nv e s t i ga t i on o f  t he  De l t a  f l i ght  191 ac c i de nt  a t  DFW
a i r p o r t  o n Aug us t  2 , 1985, t he  Sa f e t y  Boar d  no t e d  p r ob l e ms  i n c ommuni c a t i ons
and  c oor d i na t i on wi t h o f f - a i r por t  me d i c a l  uni t s  dur i ng  t he  i mp l e me nt a t i on o f
t he  Da l l a s / For t  Wor t h Ai r por t  e me r ge nc y  p l an. The  Sa f e t y  Boar d  i s s ue d  t he
f o l l o wi ng  r e c o mme nd a t i o ns  t o  t he  DFW Ai r p o r t  Bo a r d :

Re v i s e  i t s  d i s as t e r  r e s pons e  no t i f i c a t i on pr oc e dur e s '  t o
pr ov i de  f o r  t i me l y  and  e f f e c t i v e  no t i f i c a t i on o f  mut ua l - a i d
a g e nc i e s  who s e  a s s i s t a nc e  i s  ne e d e d .  ( A- 8 6 - 8 7 )

Re v i s e  i t s  p r oc e dur e s  f o r  c oor d i na t i ng  wi t h a r e a  hos p i t a l s
dur i ng  mas s  c as ua l t y  d i s a s t e r s  t o  p r ov i de  t he  hos p i t a l s  wi t h
t i me l y  i nf or mat i on r e gar d i ng  e s t i ma t e d  numbe r s  o f  v i c t i ms ,
i nj ur y  c a t e g o r i e s , de s t i na t i ons ,  and  a r r i v a l  t i me s .  ( A- 86 - 88 )  '

Conduc t  f ul l - s c a l e  de mons t r a t i ons  o f  t he  Da l l a s / For t  Wor t h
Ai r p o r t  Eme r g e nc y  Pl a n a nd  Pr o c e d ur e s  e v e r y , 2  y e a r s .  ( A- 8 6 - 8 9 )

I n r e p l y  t o  Sa f e t y  Re c o mme nd a t i o ns  A- 8 6 - 8 7  a nd  - 8 8 ,  t he  DFW Ai r p o r t
Boar d  i nf or me d  t he  Sa f e t y  Boar d  t ha t  a  Wat s on Aut omat e d  Vo i c e  no t i f i c a t i on
s y s t e m was  i ns t a l l e d  a t  t he  a i r por t  and  t ha t  c e l l ul a r  t e l e phone s  hav e  be e n
i ns t a l l e d  i n ambul anc e s  and , t he c ommand  pos t  v e hi c l e s . Sa f e t y
Re c omme nda t i ons  A- 86 - 87  and  - 88  hav e  be e n c l a s s i f i e d  a s  "Cl os e d - - Ac c e p t ab l e
Ac t i o n. "

DFW Ai r por t  was  i n t he  p r oc e s s  o f  p l anni ng  a  d i s as t e r  d r i l l  whe n
t he  ac c i de nt  i nv o l v i ng  f l i ght  1141  oc c ur r e d . The  Sa f e t y  Boar d  has
c l a s s i f i e d  r e c o mme nd a t i o n A- 8 6 - 8 9  a s  "Cl o s e d - - Ac c e p t a b l e  Al t e r na t e  Ac t i o n. "

As  a  r e s ul t  o f  t he  Sa f e t y  Boar d ' s  1984 s pe c i a l  s t udy  o f  a i r por t
c e r t i f i c a t i on and  ope r a t i ons , t he  f o l l owi ng  r e c omme nda t i on was  i s s ue d  t o  t he
Fe d e r a l  Av i a t i o n Ad mi ni s t r a t i o n:

Ame nd  CFR 139.55 t o  r e qui r e  a  f ul l - s c a l e  de mons t r a t i on o f
c e r t i f i c a t e d  a i r por t  e me r ge nc y  p l ans  and  p r oc e dur e s  a t  l e a s t
onc e  e v e r y  2  y e ar s , and  t o  r e qui r e  annua l  v a l i da t i on o f
no t i f i c a t i on ar r ange me nt s  and  c oor d i na t i on agr e e me nt s  wi t h
par t i c i pa t i ng  par t i e s .  ( ~- 8 4 - 3 4 )

On Januar y  1, 1988, 14 CFR 139, as  r e v i s e d ,  be c ame  e f f e c t i v e  and
139 . 325 ( g )  ( 5 )  r e qui r e s  t ha t  t he  c e r t i f i c a t e  ho l de r : "Hol d  a  f ul l - s c a l e
a i r por t  e me r ge nc y  p l an e xe r c i s e  a t  l e as t  onc e  e v e r y  3  y e ar s . " The  Sa f e t y
Boar d  f i nds  t ha t  t hi s  mod i f i c a t i on t o  CFR 139 c ompl i e s  wi t h t he  i nt e nt  o f  t he
r e c o mme nd a t i o n. The r e f or e ,  Sa f e t y  Re c omme nda t i on A- 84 - 34  i s  now c l a s s i f i e d
a s  "Cl o s e d - - Ac c e p t a b l e  Ac t i o n. "

i nv o l v i ng
f o l l o wi ng

As  a  r e s ul t  o f  t he  Sa f e t y  Boar d ' s  i nv e s t i ga t i on o f  an ac c i de nt  *
Pan Ame r i c an f l i ght  759  a t  Ke nne r ,  Loui s i ana ,  on Jul y  9 ,  1982 ,  t he
s a f e t y  r e c omme nda t i on was  i s s ue d  t o  t he  FAA on July 13, 1982:
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At  an e ar l y  da t e  and  pe nd i ng  t he  e f f e c t i v e  da t e  o f  t he
r e c omme nde d  ame ndme nt  o f  14  CFR 121 . 343  t o  r e qui r e
i ns t a l l a t i on o f  Di g i t a l  Fl i ght  Da t a  Re c or de r  s y s t e ms  c apab l e
o f  r e c or d i ng  mor e  e x t e ns i v e  par ame t e r s ,  r e qui r e  t ha t  ope r a t o r s
o f  a l l  a i r c r a f t  e qui ppe d  wi t h f o i l  f l i ght  da t a  r e c or de r s  be
r e qui r e d  t o  r e p l ac e  t he  f o i l  r e c or de r  wi t h a  c ompa t i b l e
d i g i t a l  r e c o r d e r .  ( A- 8 2 - 6 5 )

As  o f  Apr i l  1989 ,  t he  FAA has  r e qui r e d  t ha t  a l l  Par t  121  a i r c r a f t
be  e qui ppe d  wi t h Di g i t a l  Fl i ght  Da t a  Re c or de r s . Thi s  r e c omme nda t i on has
b e e n c l a s s i f i e d  a s  "Cl o s e d - - Ac c e p t a b l e  Ac t i o n. "

3. CONCLUSIONS

3.1 Findhgs

1.

2.

3 .

4 .

5.

6.

7.

8 .

9 .

The  f l i ght c r e w was  p r ope r l y  c e r t i f i c a t e d  and  qua l i f i e d  f o r
t he  f l i g ht .

The  a i r p l ane  was  c e r t i f i c a t e d ,  e qui ppe d ,  and  ma i nt a i ne d  i n
a c c o r d a nc e  wi t h Fe d e r a l  r e g ul a t i o ns  a nd  a p p r o v e d  p r o c e d ur e s .

The  f l i ght c r e w de v i a t e d  f r om De l t a ' s  po l i c i e s  and  p r oc e dur e s
wi t h r e s pe c t  t o  c he c k l i s t  e xe c ut i on,  c oc kp i t  d i s c i p l i ne , a nd
r e q ui r e d  c a l l o ut s .

Ex t e ns i v e  non- dut y  r e l a t e d  c onv e r s a t i ons  and  t he  l e ng t hy
pr e s e nc e  o f  t he  f l i ght  a t t e ndant  i n t he  c oc kp i t  r e duc e d  t he
f l i ght c r e w' s  v i g i l anc e  i n e ns ur i ng  t ha t  t he  a i r c r a f t  was
p r o p e r l y  p r e p a r e d  f o r  f l i g ht .

We a t he r  wa s  no t  a  f a c t o r  i n t he  a c c i d e nt .

Wake  v or t i c e s  f r om t he  p r e v i ous l y  de par t i ng  Boe i ng  727  we r e
no t  c a us a l  t o  t he  a c c i d e nt .

The r e  was  no  p r e i mpac t  f a i l ur e  o f  any  e ng i ne ;  t he  c ompr e s s or
s ur ge s  e nc ount e r e d  a f t e r  t he  ons e t  o f  s t i c ks hake r  d i d  no t
s ub s t a nt i a l l y  r e d uc e  t he  a mo unt  o f  a v a i l a b l e  t hr us t .

The  f l i ght c r e w d i d  no t  e x t e nd  t he  a i r p l ane ' s  f l aps  o r  ' s l a t s
f o r  t a k e o f f .

The  t ake o f f  war ni ng  s y s t e m had  an i nt e r mi t t e nt  f a i l ur e  p r ob l e m
whi c h was  no t  c or r e c t e d  dur i ng  t he  l a s t  ma i nt e nanc e  ac t i v i t y
a nd  whi c h ma ni f e s t e d  i t s e l f  d ur i ng  t he  t a k e o f f  o f  f l i g ht  1 1 4 1 .

10 .  Fa i l ur e  o f  t he  t ake o f f  war ni ng  s y s t e m t o  ac t i v a t e  was  mos t
l i ke l y  due  t o  c ont ami na t i on or  mi s a l i gnme nt  o f  t he  t ake o f f
wa r ni ng  s y s t e m t hr o t t l e  s wi t c h.
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11.

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .

19.

20.

21.

Fai l ur e  o f  t he  aut o  pac k  t r i p  l i ght  t o  i l l umi na t e  a s  t he
t hr o t t l e s  we r e  adv anc e d  s houl d  hav e  be e n r e por t e d  a s  a
ma l f unc t i o n t o  t he  c a p t a i n b y  t he  s e c o nd  o f f i c e r .

The  c ap t a i n' s  ac t i on o f  c ont i nui ng  t o  i nc r e as e  AOA a f t e r  t he
o ns e t  o f  s t i c k s ha k e r  a nd  hi s  f a i l ur e  t o  a p p l y  ma x i mum p o we r  i n
ac c or danc e  wi t h De l t a ' s  p r oc e dur e s  r e duc e d  t he  c l i mb  and
a c c e l e r a t i o n p e r f o r ma nc e  o f  t he  a i r p l a ne .

De l t a  Ai r  Li ne s ' c or por a t e  phi l o s ophy  o f  pe r mi t t i ng  max i mum
c ap t a i n d i s c r e t i on c ont r i but e d  t o  t he  poor  d i s c i p l i ne  and
p e r f o r ma nc e  o f  f l i g ht  1 1 4 1 ' s  f l i g ht c r e w.

The  FAA was  awar e  o f  t he  f l i ght c r e w pe r f o r manc e  de f i c i e nc i e s
i n De l t a ' s  ope r a t i ons , a s  we l l  a s  i r r e gul ar i t i e s  i n De l t a ' s
t r a i ni ng  a nd  c he c k i ng  p r o g r a ms .

Ne i t he r  De l t a  nor  t he  FAA t ook  s uf f i c i e nt  c or r e c t i v e  ac t i ons
t o  e l i mi na t e  k no wn f l i g ht c r e w p e r f o r ma nc e  d e f i c i e nc i e s .

The  i ni t i a l  no t i f i c a t i on o f  t he  Da l l a s - For t  Wor t h
I nt e r na t i ona l  Ai r por t  ( DFW)  e me r ge nc y  uni t s  was  t i me l y  and
e f f i c i e nt . The  r e s pons e  by  De par t me nt  o f  Pub l i c  Sa f e t y  ( DPS)
a i r c r a f t  r e s c ue  and  f i r e  f i ght i ng  pe r s ona l  was  we l l
c oor d i na t e d  and  e nhanc e d  s i gni f i c ant l y  t he  po t e nt i a l  f o r
s a v i ng  l i v e s .

The  l e f t  a f t  s e r v i c e  door  c oul d  no t  be  ope ne d  due  t o
de f or mat i on o f  t he  door  f r ame  whi c h r e s ul t e d  f r om t he
a i r p l a ne ' s  r e p e a t e d  i mp a c t s  wi t h t he  g r o und .

A f l i ght  a t t e ndant , whi l e  a t t e mpt i ng  t o  ope n t he  l e f t  a f t
s e r v i c e  door ,  s t owe d  t he  g i r t  bar  on t he  door  a s  pe r  De l t a ' s
f l i ght  a t t e ndant  t r a i ni ng  pr oc e dur e s  whi c h addr e s s  t he
d i f f i c ul t y  i n o p e ni ng  a  d o o r  f o l l o wi ng  a  g e a r - up  l a nd i ng .

It woul d  hav e  be e n unl i ke l y  f o r  any  one  pe r s on o f  av e r age
s t r e ng t h t o  ope n t he  l e f t  a f t  s e r v i c e  door  unde r  t he
c i r c ums t anc e s  e x i s t i ng .  a t  t he  t i me  o f  t he  a t t e mpt e d
e v a c ua t i o n.

A numbe r  o f  l i v e s  we r e  s av e d  by  t he  us e  o f  t he  f i r e  b l oc k i ng
l ay e r  on t he  pas s e nge r  s e a t s .  An e xac t  numbe r  o f  add i t i ona l
s ur v i v o r s  c o ul d  no t  b e  d e t e r mi ne d .

The  c or r e c t i v e  ac t i ons  t ake n by  t he  Da l l a s - For t  Wor t h Ai r por t
Boar d  i n r e s pons e  t o  Sa f e t y  Re c omme nda t i ons  A- 86 - 87  and  - 88
f o l l owi ng  t he  De l t a  f l i ght  191 ac c i de nt  i n 1985 gr e a t l y
i mpr ov e d  t he  c ommuni c a t i ons  and  c oor d i na t i on o f  t he  a i r c r a f t
r e s c ue  and  f i r e  f i ght i ng  pe r s onne l  and  me d i c a l  t e ams  i n t hi s
a c c i d e nt .
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3 . 2 Probable Cause

The  Na t i ona l  Tr ans por t a t i on Sa f e t y  Boar d  de t e r mi ne s  t ha t  t he
pr obab l e  c aus e  o f  t hi s  ac c i de nt  t o  be  ( 1 )  t he  Cap t a i n and  Fi r s t  Of f i c e r ' s
i nade qua t e  c oc kp i t  d i s c i p l i ne  whi c h r e s ul t e d  i n t he  f l i ght c r e w' s  a t t e mp t  t o
t ake o f f  wi t hout  t he  wi ng  f l aps  and  s l a t s  p r ope r l y  c onf i gur e d ;  and  ( 2 )  t he
f a i l ur e  o f  t he  t ake o f f  c onf i gur a t i on war ni ng  s y s t e m t o  a l e r t  t he  c r e w t ha t
t he  a i r p l a ne  wa s  no t  p r o p e r l y  c o nf i g ur e d  f o r  t he  t a k e o f f .

Cont r i but i ng  t o  t he  ac c i de nt  was  De l t a ' s  s l ow i mp l e me nt a t i on o f
ne c e s s ar y  mod i f i c a t i ons  t o  i t s  ope r a t i ng  p r oc e dur e s ,  manua l s ,  c he c k l i s t s ,
t r a i ni ng , and  c r e w c he c k i ng  p r ogr ams  whi c h we r e  ne c e s s i t a t e d  by  s i gni f i c ant
c ha ng e s  i n t he  a i r l i ne  f o l l o wi ng  r a p i d  g r o wt h a nd  me r g e r .

Al s o  c ont r i but i ng  t o  t he  ac c i de nt  was  t he  l ac k  o f  s uf f i c i e nt l y
aggr e s s i v e  ac t i on by  t he  FAA t o  hav e  known de f i c i e nc i e s  c or r e c t e d  by  De l t a
and  t he  l ac k  o f  s uf f i c i e nt  ac c ount ab i l i t y  wi t hi n t he  FAA' s  a i r  c ar r i e r
i ns p e c t i o n p r o c e s s .

4 .  RECOmENDATIONS

As  a  r e s ul t  o f  i t s  i nv e s t i ga t i on o f  t hi s  ac c i de nt ,  t he ' Na t i ona1
Tr ans por t a t i on Sa f e t y  Boar d  made  t he  f o l l owi ng  s a f e t y  r e c omme nda t i ons :

- - t o  t he  Fe d e r a l  Av i a t i o n Ad mi ni s t r a t i o n:

Re qui r e  t ha t  p r i nc i pa l  ope r a t i ons  i ns pe c t or s  r e v i e w t he
ope r a t i ons  manua l s  o f  t he i r  a s s i gne d  c ar r i e r s  and  e ns ur e  t ha t
t he  manua l s  c l e ar l y  s t a t e  t he  r o l e s  o f  e ac h f l i ght  c r e wme mbe r
i n v i s ua l l y  c onf i r mi ng  t he  ac c ompl i s hme nt  o f  a l l  ope r a t i ng
c he c k l i s t  i t e ms , e s pe c i a l l y  t hos e  c he c k l i s t  i t e ms  c ons i de r e d
"c r i t i c a l " t o  f l i g ht . ( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 121 )

Di r e c t  a l l  p r i nc i pa l  ope r a t i ons  i ns pe c t or s  t o  r e v i e w t he
t r a i ni ng  and  ope r a t i ons  manua l s  o f  t he i r  a s s i gne d ,  a i r
c ar r i e r s  and  e ns ur e  t ha t  t he  v e r i f i c a t i on o f  f l ap  pos i t i on
dur i ng  s t a l l  r e c ogni t i on and  r e c ov e r y  p r oc e dur e s  i s  a  par t  o f
t ho s e  p r o c e d ur e s . ( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 122 )

/
/

I
Mod i f y  Na t i ona l  Av i a t i on Sa f e t y  I ns pe c t i on Pr ogr am i ns pe c t i on

i
p r oc e dur e s  t o  e ns ur e  t ha t  f o l l owi ng  s a f e t y  i ns pe c t i ons  o f  Par t

i
1 2 1 a i r  c ar r i e r s ,  de f i c i e nc i e s  are corrected expeditiously and
t ha t  t he  l e ade r  o f  t he  i ns pe c t i on t e am i s  made  par t  o f  t he
e v a l ua t i on o f  t he  p r opos e d  ac t i ons .
Action) ( A- 89 - 123)

( Cl as s  II, Pr i or i t y

Re qui r e  14  CFR Par t  121  ope r a t o r s  t o  de v e l op  and  us e  Coc kp i t
Re s our c e  Manage me nt  p r ogr ams  i n t he i r  t r a i ni ng  me t hodo l ogy  by
a  s p e c i f i e d  d a t e . ( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 124 )
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Pe r f or m a  d i r e c t e d  e ng i ne e r i ng  s t udy  o f  t he  t ake o f f  war ni ng
s y s t e m( s )  i n t he  Boe i ng  727  mode l  a i r p l ane s ,  wi t h s pe c i a l
e mphas i s  on t he  t ake o f f  war ni ng  s y s t e m t hr o t t l e  s wi t c h
i ns t a l l a t i o n. The  s t udy  s houl d  e v a l ua t e  t he  r e l i ab i l i t y ,
ma i nt a i na b i l i t y , and  me t hods  t o  i mpr ov e  t he  de s i gn o f  t he
s y s t e m.  ( Cl as s  II, Pr i or i t y  Ac t i on)  (A-89-125)

Issue an Ai r wor t hi ne s s  Di r e c t i v e  : t o r e qui r e  mod i f i c a t i on o f
t he  t ake o f f  war ni ng  s y s t e m i n t he  Boe i ng  727  mode l  a i r p l ane s
bas e d  upon t he  r e s ul t s  o f  t he  d i r e c t e d  e ng i ne e r i ng  s t udy .
( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 126 )

Mod i f y  t he  Boe i ng  727  c he c k l i s t s  t o  r e qui r e  f l i ght c r e ws  t o
c he c k  t he  ope r a t i on o f  t he  t ake o f f  war ni ng  s y s t e m pr i o r  t o
e a c h f l i g ht . ( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 127 )

Mod i f y  Ai r  Car r i e r  Ope r a t i ons  Bul l e t i n ( ACOB)  d i s t r i but i on
pr oc e dur e s  t o  e xpe d i t e  t he  appr ov a l  and  t r ans mi s s i on o f  ACOB' s .
t o  t he  p r i nc i pa l  i ns pe c t o r s  and  a i r l i ne  o f f i c i a l s .  ( Cl as s  II,
Pr i o r i t y  Ac t i o n)  ( A- 8 9 - 1 2 8 )

Di r e c t  p r i nc i pa l  ope r a t i ons  i ns pe c t o r s  t o  i ns pe c t  t he i r  a i r
c ar r i e r s  ope r a t i ng  unde r  14  CFR Par t s  121  o r  s c he dul e d  135  a s
t o  p r oc e dur e s  f o r  r e f ue l i ng  wi t h an i nope r a t i v e  f ue l  quant i t y
gauge  and  r e qui r e ,  a s  ne c e s s ar y ,  t ha t  t he s e  a i r  c ar r i e r s
mod i f y  t he i r  r e f ue l i ng  pr oc e dur e s  t o  r e qui r e  d i p s t i c k i ng ,
d r i p s t i c k i ng , o r  hav e  o t he r  appr opr i a t e  me as ur e me nt s  o f  f ue l
quant i t y  t ake n, wi t h c ons i de r a t i on g i v e n t o  t he  l e v e l  o f  t he
a i r p l ane .  ( Cl as s  II, Pr i or i t y  Ac t i on)  (A-89-129)

I ni t i a t e  a  j o i nt  a i r l i ne  i ndus t r y  f o r c e  t o  de v e l op  a  d i r e c t e d
appr oac h t o  t he  s t r uc t ur e , f unc t i ons ,  and  r e s pons i b i l i t i e s  o f
a i r l i ne  f l i ght  s a f e t y  p r ogr ams  wi t h t he  v i e w t owar d  adv i s or y
and  r e gul a t o r y  p r ov i s i ons  f o r  s uc h pr ogr ams  a t  a l l  Par t  121
a i r l i ne s .  ( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 130 )

- - t o  t he  Ame r i c an As s oc i a t i on o f  Ai r por t  Exe c ut i v e s  and  t he  Ai r por t
Op e r a t i o ns  Co unc i l  I nt e r na t i o na l :

I nf or m y our  me mbe r s hi p  o f  t he  a i r c r a f t  r e s c ue  and  f i r e
f i ght i ng  e f f o r t s  i n t hi s  ac c i de nt  and  o f  t he  be ne f i t s  o f  us i ng
aut omat e d v o i c e no t i f i c a t i on s y s t e ms  f or  e me r ge nc y
r e s p o ns e / mut ua l a i d  no t i f i c a t i ons . ( Cl as s  II, Pr i or i t y
Ac t i on)  (A-89-131)

Re c omme nd  t ha t  me mbe r  a i r por t s  e qui p  a l l  o f ' t he i r  e me r ge nc y
v e hi c l e s  wi t h bo l t  c ut t e r s . ( Cl as s  II, Pr i or i t y  Ac t i on)
( A- 8 9 -  132)
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- - t o  t he  Na t i o na l  Fi r e  Pr o t e c t i o n As s o c i a t i o n:

I nf or m t he  me mbe r s  o f  t he  Te c hni c a l  Commi t t e e  on Ai r c r a f t
Re s c ue  and  Fi r e  Fi ght i ng  ( ARFF)  o f  t he  ARFF e f f o r t s  i n t hi s
ac c i de nt  and  o f  t he  be ne f i t s  o f  us i ng  aut omat e d  v o i c e
no t i f i c a t i on s y s t e ms f or  e me r ge nc y  r e s pons e / mut ua l  a i d
no t i f i c a t i ons .  ( Cl as s  II, Pr i or i t y  Ac t i on)  (A-89-133)

Re c omme nd  t o  t he  Te c hni c a l  Commi t t e e  on Ai r c r a f t  Re s c ue  and
Fi r e  Fi ght i ng  ( ARFF)  t ha t  t he  appr opr i a t e  manua l  be  mod i f i e d
t o  i nc l ude  bo l t  c ut t e r s  a s  r e c omme nde d  e qui pme nt  f o r  ARFF
v e hi c l e s .  ( Cl as s  II, Pr i or i t y  Ac t i on)  ( A- 89 - 134 )

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

IS/

/S/

/S/

/S/

IS/

J i m Bur ne t t ,  Me mbe r ,
s t a t e me nt :

Jams L .  K o l s t a d
kting Chairman

Jim Burnet t
mber

John K. Lauber
member

Joseph T. Nall
He*er

Lemofne  V.  Dickinson, Jr.
Hen&v

f i l e d  t he  f o l l owi ng  c onc ur r i ng / d i s s e nt i ng

ho we v e r ,
I c onc ur  wi t h t he  f ac t s  and  f i nd i ngs  o f  t hi s  ac c i de nt  r e por t ;

I d i s s e nt  f r om t he  p r obab l e  c aus e  s t a t e me nt . I be l i e v e  t ha t  t he
Fe de r a l  Av i a t i on Admi ni s t r a t i on ( FAA)  and  De l t a  Ai r  Li ne s ,  I nc .  ( De l t a )  we r e
d i r e c t  c a us e s  o f  t he  a c c i d e nt .

The  ac c i de nt  r e por t  doc ume nt s  f ac t ua l l y  t ha t  t he  FAA and  De l t a
we r e  aware, a  y e ar  be f or e  t he  ac c i de nt , o f  s e r i ous  de f i c i e nc i e s  i n De l t a ‘ s
f l i g ht  o p e r a t i o ns  a nd  t r a i ni ng  p r o g r a ms . De s p i t e  t hi s  k no wl e d g e ,  b o t h f a i l e d
t o  c o r r e c t  t he  d e f i c i e nc i e s  unt i l  a f t e r  t he .  a c c i d e nt  o c c ur r e d .
one  o f  t he  r e por t ' s  f i nd i ngs ,

Fo r  e x a mp l e ,
whi c h was  adop t e d  by  a l l  f i v e  Boar d  Me mbe r s ,

c onc l ude s  t ha t  "ne i t he r  t he  FAA nor  De l t a  t ook  s uf f i c i e nt  c or r e c t i v e  ac t i on
t o  e l i mi na t e  known flightcrew performance deficiencies.” Many  o f  t he s e  s ame
de f i c i e nc i e s  we r e  e v i de nt  i n t he  be hav i or  and  pe r f or manc e  o f  t he  ac c i de nt
f l i g ht c r e w. As  t he  me mor andum t o  t he  Boar d  f r om t he  Chi e f  o f  t he  Av i a t i on
Ac c i de nt  Di v i s i on po i nt e d  out , "t hi s  par t i c ul ar  c r e w was  ope r a t i ng
e s s e nt i a l l y  i n ac c or danc e  wi t h t he  s ame  pr oc e dur e s  and  c oc kp i t  d i s c i p l i ne
c onc e p t s  t ha t  t he  FAA had  c has t i s e d  e ar l i e r  and  t ha t  De l t a  was  de f e nd i ng  a s
a d e q ua t e . " I be l i e v e  t ha t  had  t he  FAA and De l t a  addressed and  c or r e c t e d
t he s e  known de f i c i e nc i e s  i n an aggr e s s i v e , e f f e c t i v e  and  t i me l y  manne r ,  t he
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ac c i de nt  woul d  hav e  be e n p r e v e nt e d . The i r  f a i l ur e  t o  do  s o ,  i n my  v i e w,
l i nk s  t he m d i r e c t l y  t o  t he  p r o b a b l e  c a us e  o f  t he  a c c i d e nt .

Fo l l o wi ng  a n unp r e c e d e nt e d  numb e r  o f  f l i g ht c r e w- r e l a t e d  o p e r a t i o na l
i nc i de nt s  dur i ng  June  1987 , t he  FAA' s  Ac t i ng  Admi ni s t r a t o r  announc e d  a
na t i ona l  s pe c i a l  e mphas i s  s ur v e i l l anc e  o f  De l t a . The  Ac t i ng  Admi ni s t r a t o r
s t a t e d  i n a  p r e s s  r e l e a s e  d a t e d  J ul y  1 5 ,  1 9 8 7 ,  t ha t  "e a c h i nc i d e nt  a p p a r e nt l y
i nv o l v e d  human e r r or  and  t hi s  i s  a  ma t t e r  o f  g r e a t  c onc e r n t o  us ". . . ;  and
t ha t  t he  FAA wi l l  i ni t i a t e  i mme d i a t e ,  ac t i on t o  c or r e c t  any  de f i c i e nc i e s
unc ov e r e d  dur i ng  t he  c our s e  o f  t he  i ns pe c t i on. The  t e n- me mbe r  na t i ona l
i ns p e c t i o n t e a m a s s e mb l e d  i n At l a nt a , Ge o r g i a  o n J ul y  2 4 ,  1 9 8 7 ,  a nd  s p e nt  s i x
we e ks  c onduc t i ng  an i nd e p t h i ns pe c t i on o f  De l t a ' s  f l i ght  ope r a t i ons  and
t r a i ni ng  p r o g r a ms .

The  r e p o r t  o f  t he  na t i o na l  i ns p e c t i o n t e a m d a t e d  Se p t e mb e r  4 ,  1 9 8 7 ,
c ont a i ne d  ov e r  40  f i nd i ngs  o f  s e r i ous  de f i c i e nc i e s  i n De l t a ' s  f l i ght
ope r a t i ons  and  t r a i t i i ng p r ogr ams . . I n my  v i e w, s e v e r a l  o f  t he  f i nd i ngs
c o ns t i t ut e  no nc o mp l i a nc e  wi t h s p e c i f i c  Fe d e r a l  Av i a t i o n Re g ul a t i o ns ;  ho we v e r ,
no  e nf or c e me nt  ac t i ons  we r e  t ake n a s  a  r e s ul t  o f  t he  v i o l a t i ons .  The  r e por t
l i s t e d  s ome  55  r e c omme nda t i ons  f o r  c or r e c t i v e  ac t i ons .  FAA and  De l t a  s e ni or
ma na g e me nt  s t a f f  we r e  b r i e f e d  o n t he  r e s ul t s  o f  t he  i ns p e c t i o n.

I n a  wr i t t e n r e s pons e  t o  t he  na t i ona l  i ns pe c t i on t e am' s  r e por t
da t e d  Nov e mbe r  12 ,  1987 ,  De l t a  s t a t e d  t ha t  "many  o f  t he  c onc l us i ons  d r awn
we r e  i nc or r e c t . " I n many  i ns t anc e s  De l t a  de f e nde d  t he  obs e r v e d  c r e w
be hav i or  a s  c ompany  appr ov e d  p r oc e dur e . On s e v e r a l  f i nd i ngs  t ha t  De l t a
a g r e e d  wi t h, De l t a ' s  r e s pons e  l e t t e r  d i d  no t  i nc l ude  a  de s c r i p t i on , o f  how
t he y  i nt e nde d  t o  de a l  wi t h t he  p r ob l e m. As  a  r e s ul t  o f  De l t a r s  d i s agr e e me nt
and  FAA' s  appar e nt  i nd i f f e r e nc e , many  o f  t he  r e c omme nda t i ons  r e mai ne d  i n
a b e y a nc e  a nd  no  c o r r e c t i v e  a c t i o n wa s  i mp l e me nt e d .

A y e ar  a f t e r  t he  na t i ona l  i ns pe c t i on was  c ompl e t e d ,  De l t a  was
i nv o l v e d  i n t he  f a t a l  ac c i de nt  a t  Da l l a s . I t  was  appar e nt  t ha t  me ani ng f ul
c hange s  had  no t  be e n made  f o l l owi ng  t he  na t i ona l  i ns pe c t i on,  be c aus e  many  o f
t he  de f i c i e nc i e s  t ha t  had  be e n obs e r v e d  a  y e ar  p r e v i ous l y  we r e  e v i de nt  i n t he
ac c i de nt  c r e w' s  pe r f o r manc e . The s e  de f i c i e nc i e s  i nc l ude d  a  l ac k  o f  c oc kp i t
d i s c i p l i ne  and  f l i ght c r e w c oor d i na t i on,  i mpr ope r  c he c k l i s t  us e ,  and  an
abs e nc e  o f  ov e r a l l  f l i ght c r e w pr o f e s s i ona l i s m. The s e  de f i c i e nc i e s  we r e
c aus a l  t o  t he  ac c i de nt  and ,  a s  a  r e s ul t , t he  a i r c r a f t  was  no t  c onf i gur e d
p r o p e r l y  f o r  t a k e o f f .

Subs e que nt  t o  t he  ac c i de nt , FAA c onduc t e d  a  f o l l ow- up  s ur v e y  o f
De l t a ' s  f l i ght  ope r a t i ons  and  t r a i ni ng  p r ogr ams  t o  de t e r mi ne  t he  ade quac y  o f
c or r e c t i v e  ac t i ons  t ake n as  a  r e s ul t  o f  t he  na t i ona l  i ns pe c t i on t e am‘ s
r e c o mme nd a t i o ns . The  t e am‘ s  r e por t  da t e d  Nov e mbe r  10 ,  1988 ,  s t a t e d  t ha t
whi l e  many  i mpr ov e me nt s  had  be e n made , nume r ous  de f i c i e nc i e s  i de nt i f i e d
dur i ng  t he  na t i ona l  i ns pe c t i on a  y e ar  p r e v i ous l y  had  no t  be e n c or r e c t e d .  The
s ur v e y  f o und  t ha t  "f und a me nt a l  c ha ng e s  t o  c he c k l i s t s  a nd  p r o c e d ur e s  a r e  s t i l l
p e nd i ng . "



9 8

The  Ac t i ng  Manage r  o f  t he  Ge or g i a  Fl i ght  St andar ds  Di s t r i c t  Of f i c e
i nf or me d  t he  NTSB i n a  me mor andum da t e d  Augus t  8 ,  1988 ,  t ha t  "a  ma j or
r e v i s i on o f  De l t a  Ai r  Li ne s  a i r c r a f t  c r e w c he c k l i s t s  f o r  a l l  De l t a  a i r c r a f t
be gan a f t e r  t he  f l i ght  1141  ac c i de nt . " The  FAA s ugge s t e d  add i t i ona l  c hange s
t o  t hi s  r e v i s i on i n a  me mor andum t o  De l t a  da t e d  De c e mbe r  13 ,  1988 .  De l t a ' s
ne w B- 727  p i l o t ' s  c he c k l i s t  and  r e v i s e d  p i l o t ' s  ope r a t i ng  manua l  r e c e i v e d
f i na l  FAA appr ov a l  and  be c ame  e f f e c t i v e  on Fe br uar y  20 ,  1989 . The  ne w
c he c k l i s t  i nc l ude d  c hange s  t o  de s i gna t e  c r i t i c a l  i t e ms  t ha t  r e qui r e  dua l
c r e wme mbe r  r e s pons e , t o  i de nt i f y  i t e ms  t ha t  r e qui r e  c ha l l e nge  and  r e s pons e ,
and  t o  e s t ab l i s h s pe c i f i c  c r e wme mbe r  r e s pons i b i l i t i e s  f o r  e ac h c he c k l i s t
i t e m. Fl aps  a r e  r e qui r e d  t o  be  c he c ke d  and  v e r i f i e d  t wi c e : f i r s t ,  on t he
t ax i  c he c k l i s t  by  t he  f i r s t  o f f i c e r ;  and  s e c ond ,  on t he  be f or e  t ake o f f '
c he c k l i s t  by  t he  c ap t a i n and  f i r s t  o f f i c e r . The  r e v i s e d  p i l o t ' s  ope r a t i ng
manua l  c ont a i ns  ne w s e c t i ons  e mphas i z i ng  c oc kp i t  c he c k l i s t  phi l o s ophy  and
c r e w dut i e s . Many  o f  t he s e  c hange s  i nc or por a t e  ac t i ons  r e c omme nde d  by  t he
na t i ona l  i ns pe c t i on t e am. Fo l l owi ng  i nt r oduc t i on o f  t he s e  c hange s ,  e v e r y
De l t a  c r e wme mbe r  r e c e i v e d  a  l i ne  c he c k  t o  a s s ur e  hi s  f ami l i a r i z a t i on wi t h and
us e  o f  t he  ne w c he c k l i s t s  a nd  o p e r a t i ng  p r o c e d ur e s .

I n s ummar y , I  be l i e v e  t ha t  De l t a  s e ni or  manage me nt  and  FAA we r e
c aus a l  t o  t he  ac c i de nt  be c aus e  t he y  f a i l e d  t o  a s s ur e  t ha t  t he  known s e r i ous
de f i c i e nc i e s  i n De l t a ' s  f l i ght  ope r a t i ons  and  t r a i ni ng  pr ogr ams  we r e
addr e s s e d  and  c or r e c t e d  i n an e f f e c t i v e  and  pr ompt  manne r . Bo t h we r e
s uf f i c i e nt l y  knowl e dge ab l e  c onc e r ni ng  t he  p r ob l e ms ,  had  t he  oppor t uni t y  and
r e s pons i b i l i t y  t o  c or r e c t  t he m,  but  f a i l e d  t o  do  s o . And  y e t ,  i n hi nds i ght
a f t e r  t he  ac c i de nt  oc c ur r e d ,  c ompr e he ns i v e  c hange s  we r e  made  i n s i x  mont hs .
I  be l i e v e  t ha t  had  t hi s  s ame  l e v e l  o f  c ommi t me nt  and  c hange  be e n made  a f t e r
t he  na t i o na l  i ns p e c t i o n o f  De l t a ,  t he  a c c i d e nt  wo ul d  ha v e  b e e n p r e v e nt e d .

At  t he  t i me  o f  announc i ng  i t s  1987  s pe c i a l  e mphas i s  s ur v e i l l anc e  o f
De l t a ,  t he  FAA,  i n an appar e nt  mov e  t o  r e as s ur e  t he  f l y i ng  pub l i c ,  p r omi s e d
i mme d i a t e  ac t i on t o  c or r e c t  any  de f i c i e nc i e s  unc ov e r e d . One  y e ar  and  one
ac c i de nt  l a t e r  i s  no t  i mme d i a t e . The  pub l i c  de s e r v e s  p r o t e c t i on,  no t  me r e
r e a s s ur a nc e .

I  s up p o r t  o ur  s t a f f ' s  p r o p o s a l  t o  i nc l ud e  t he  c o r p o r a t e  a c t i o ns  a nd
po l i c y  o f  De l t a . Ai r Li ne s  a s  be i ng  d i r e c t l y  c aus a l ,  and  j o i n wi t h t he
pr opos a l s  by  t he  Chi e f  o f  Av i a t i on Ac c i de nt  Di v i s i on and  t he  Chi e f  o f  t he
Ope r a t i ona l  Fac t o r s  Di v i s i on t o  i nc l ude  t he  FAA' s  f a i l ur e  t o  t ake  i mme d i a t e

c or r e c t i v e  ac t i on as  be i ng  d i r e c t l y  c aus a l . I  c a nno t  s up p o r t  t he  l a ng ua g e  i n
t he  Boar d - adop t e d  p r obab l e  c aus e  whi c h s ugge s t s  t ha t  De l t a ,  one  o f  t he  ma j or
p l ay e r s  i n t he  a i r l i ne  i ndus t r y  and  t he  av i a t i on e c onomy ,  was  s ome how
v i c t i mi z e d  by  t he  c i r c ums t anc e s  o f  i t s  e c onomi c  e nv i r onme nt . I  s e e  no
s up p o r t  i n t he  r e c o r d  f o r  s uc h a  p o s i t i o n.

The r e f o r e , I  woul d  f av or  a  p r obab l e  c aus e  s t a t e me nt  whi c h woul d
r e a d  a s  f o l l o ws :

The  Na t i ona l  Tr ans por t a t i on Sa f e t y  Boar d  de t e r mi ne s  t ha t  t he
pr obab l e  c aus e  o f  t hi s  ac c i de nt  t o  be  ( 1 )  t he  Cap t a i n and
f i r s t  o f f i c e r ' s  i nade qua t e  c oc kp i t  d i s c i p l i ne  whi c h r e s ul t e d
i n t he  f l i ght c r e w' s  a t t e mp t  t o  t ake o f f  wi t hout  t he  wi ng  f l aps
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and  s l a t s  p r ope r l y  c onf i gur e d ; and  ( 2 )  t he  f a i l ur e  o f  t he
t ake o f f  c onf i gur a t i on war ni ng  s y s t e m t o  a l e r t  t he  c r e w t ha t
t he  a i r p l ane  was  no t  p r ope r l y  c onf i gur e d  f o r  t he  t ake o f f .
Al s o  c aus a l  t o  t he  ac c i de nt  was  t he  f a i l ur e  o f  De l t a  Ai r
Li ne s ' manage me nt  t o  p r ov i de  l e ade r s hi p  and  gui danc e  t o  i t s
f l i ght c r e ws  t hr ough i t s  t r a i ni ng  and  c he c k  a i r me n pr ogr ams  t o
pr omot e  and  f o s t e r  op t i mum c oc kp i t  manage me nt  p r oc e dur e s ,  and
t he  f a i l ur e  o f  t he  Fe de r a l  Av i a t i on Admi ni s t r a t i on t o  c or r e c t
known de f i c i e nc i e s  i n t he  t r a i ni ng  and  c he c k  a i r me n pr ogr ams
o f  De l t a  Ai r  Li ne s .

/s/ J im B u r n e t t
Ukder

September  26, 1989
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Second Officer Steven Mark Judd

Se c ond  Of f i c e r  St e v e n M.  Judd ,  30 ,  was  hi r e d  by  De l t a  Ai r  Li ne s  on
Nov e mbe r  20 ,  1987. He  ho l ds  ATP c e r t i f i c a t e  520723890 ,  wi t h a i r p l ane
mul t i e ng i ne  l and  r a t i ng  and  c omme r i c a l  p i l o t  p r i v i l e ge s  i n a i r p l ane  s i ng l e
e ng i ne  l and . He  add i t i ona l l y  ho l ds  f l i ght  e ng i ne e r  c e r t i f i c a t e  520723890
wi t h a  t ur bo j e t  powe r e d  r a t i ng . He  was  i s s ue d  an FAA f i r s t  c l a s s  me d i c a l
c e r t i f i c a t e  wi t h no  r e s t r i c t i ons  on Oc t obe r  27 ,  1987. Si nc e  mor e  t han
6  mont hs  had  e l aps e d  s i nc e  t he  i s s uanc e  o f  hi s  me d i c a l  c e r t i f i c a t e ,  t he
c e r t i f i c a t e  ha d  b e e n d o wng r a d e d  t o  a  s e c o nd  c l a s s  me d i c a l  c e r t i f i c a t e .

The  s e c ond  o f f i c e r  qua l i f i e d  a s  a  Boe i ng  727  s e c ond  o f f i c e r  on
Januar y  20 ,  1988. At  t he  t i me  o f  t he  ac c i de nt ,  he  had  f l own 3 , 000  hour s ,  600
o f  whi c h we r e  i n t he  Boe i ng  727 . Dur i ng  t he  l a s t  90  day s ,  60  day s ,  and
30  day s  be f or e  t he  ac c i de nt ,  he  had  f l own 128  hour s ,  22  mi nut e s ;  61  hour s ,
56  mi nut e s ;  and  1 hour ,  7  mi nut e s ,  r e s pe c t i v e l y .

The  s e c ond  o f f i c e r ' s  o f f - dut y  t i me  be f or e  r e por t i ng  f o r  dut y  on t he
day  o f  t he  ac c i de nt  and  hi s  on- dut y  and  f l i ght  hour s  on t he  - day  o f  t he
a c c i d e nt  we r e  t he  s a me  a s  t ho s e  l i s t e d  f o r  t he  c a p t a i n a nd  t he  f i r s t  o f f i c e r .
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APPENDIX C

COCKPIT VOICE RECORDER TRANSCRIPT

TRANSCRIPT OF A FAIRCHILD A-100A COCEPIT'VOICE RECORDER,
S/N 51362, REMOVED FROM DELTA AIR LINES B727 WHICH WAS INVOLVED
IN AN ACCIDENT AT DALLAS-FT. WORTH INTERNATIONAL AIRPORT ON

AUGUST 31, 1988

LEGEND

CAM

RDO

PA

-1

-2

-3

-4

-?

xxx

APP

CTR

GPWS

UNK

*

#

%

( 1

(( 1)
w-w

Note:

Cockpit area microphone or sound source

Radio transmission from accident aircraft

Public address system

Voice identified as Captain

Voice identified as Firs t  Officer

Voice identified as Flight Engineer

Voice of flight attendant in cockpit

Voice unidentified

Miscellaneous aircraft

Approach Control

Center

Ground Proximity Warning System

Unknown

Unintelligible word

Nonpertinent word

Break in continuity

Questionable text

Editorial insertion

Pause

All times are expressed in certral daylight time.
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5. APPENDIXES

APPENDIX A

INVESTIGATION AND PUBLIC HEARING

1. I n v e s t i g a t i o n

The  Saf e t y  Boar d  was  no t i f i e d  o f  t he  ac c i de nt  about  l o : 3 0 a . m.
e as t e r n day l i ght  t i me ,  Augus t  3 1 ,  1988 . A t e am o f  i nv e s t i ga t or s  was
d i s pa t c he d  f r om Was hi ng t on,  D. C. , and  a r r i v e d  on t he  s c e ne  t ha t  a f t e r noon.
I nv e s t i ga t i v e  g r oups  we r e  f o r me d  o f  ope r a t i ons ,  a i r  t r a f f i c  c ont r o l ,
wi t ne s s e s , me t e o r o l o g y , s ur v i v a l  f ac t o r s ,  s t r uc t ur e s ,  powe r p l ant s ,  s y s t e ms ,
f l i g ht  d a t a  r e c o r d e r , ma i nt e nanc e  r e c or ds ,  c oc kp i t  v o i c e  r e c or de r ,  a i r p l ane
p e r f o r ma nc e , a nd  huma n p e r f o r ma nc e .

The  par t i e s  t o  t he  i nv e s t i ga t i on we r e  t he  Fe de r a l  Av i a t i on
Admi ni s t r a t i on,  De l t a  Ai r  Li ne s ,  t he  Boe i ng  Comme r c i a l  Ai r p l ane  Company ,  t he
Ai r  Li ne  Pi l o t s  As s oc i a t i on,  Pr a t t  & Whi t ne y  Di v i s i on o f  Uni t e d  Te c hno l og i e s
Co r p o r a t i o n, t he  Da l l a s / For t  Wor t h I nt e r na t i ona l  Ai r por t ,  and  t he  Mi d l and , ,
Te x a s  Fi r e  De p a r t me nt .

2 . Public Hearing

A 4 - day  pub l i c  he ar i ng  was  he l d  i n I r v i ng ,  Te xas ,  be g i nni ng
Nov e mbe r  29, 1988 . Par t i e s  r e pr e s e nt e d  a t  t he  he ar i ng  we r e  t he  Fe de r a l
Av i a t i on Admi ni s t r a t i on,  De l t a  Ai r  Li ne s , t he  Boe i ng  Comme r c i a l  Ai r p l ane
Company ,  t he  Ai r  Li ne  Pi l o t s  As s oc i a t i on, Pr a t t  & Whi t ne y  Di v i s i on o f  Uni t e d
Te c hno l o g i e s  Co r p o r a t i o n, a nd  t he  Da l l a s / Fo r t  Wo r t h I nt e r na t i o na l  Ai r p o r t .

.
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APPENDIX B

PERSONNEL INFORHATION

Captain Larry Lon Davis

Capt a i n Lar r y  L.  Dav i s , 48 ,  was  hi r e d  by  De l t a  Ai r  Li ne s  on
Oc t obe r  18 ,  1965 . The  c ap t a i n ho l ds  a i r l i ne  t r ans por t  p i l o t  ( ATP)
c e r t i f i c a t e  No . 1518525  wi t h B- . 7 2 7 ,  DC- g ,  and  a i r p l ane  mul t i e ng i ne  l and
r a t i ngs  and  c omme r i c a l  p r i v i l e ge s  i n a i r p l ane  s i ng l e  e ng i ne  l and  and  s e a .  He
was  i s s ue d  a  f i r s t  c l a s s  me d i c a l  c e r t i f i c a t e  on June  7 ,  1988 ,  wi t h a
l i mi t a t i on t o  hav e  c or r e c t i v e  l e ns e s  i n hi s  pos s e s s i on f o r  ne ar  v i s i on whe n
e x e r c i s i ng  t he  p r i v i l e g e  o f  hi s  c e r t i f i c a t e .

On Jul y  27 - 28 ,  1988 ,  t he  c ap t a i n c ompl e t e d  r e c ur r e nt  t r a i ni ng  on
t he  Boe i ng  727 .  On Jul y  29 ,  1988  and  Augus t  9 ,  1988 ,  he  r e c e i v e d  a
pr o f i c i e nc y  c he c k  and  an e n r out e  c he c k ,  r e s pe c t i v e l y . He  had  f l own
appr ox i ma t e l y  17 , 000  hour s , 7 , 000  o f  whi c h we r e  i n t he  Boe i ng  727 .  Dur i ng
t he  q a s t  90  day s ;  60  day s , and  3 0 day s  be f or e  t he  ac c i de nt ,  he  had  f l own
119 hour s , 27  mi nut e s ;  99  hour s ,  56  mi nut e s ;  and  61  hour s ,  56  mi nut e s ,
r e s p e c t i v e l y .

The  c ap t a i n had  be e n o f f  dut y  27  hour s  27  mi nut e s  be f or e  r e por t i ng
f or  dut y  on t he  day  o f  t he  ac c i de nt . At  t he  t i me  o f  t he  ac c i de nt ,  he  had
be e n on dut y  2  hour s  35  mi nut e s , o f  whi c h 1  hour  and  13  mi nut e s  was  f l i ght
t i me .

First  Of f icer  Carey  Wi lson Ki rk land

Fi r s t  Of f i c e r  Car y  W. Ki r k l and ,  37 ,  was  hi r e d  by  De l t a  Ai r  Li ne s
on Januar y  26 ,  1979. He  ho l ds  ATP c e r t i f i c a t e  1904535, wi t h a i r p l ane
mul t i e ng i ne  l and  r a t i ng  and  c omme r i c a l  p r i v i l e ge s  i n a i r p l ane  s i ng l e  e ng i ne
l a nd . He  was  i s s ue d  an FAA f i r s t  c l a s s  me d i c a l  c e r t i f i c a t e  wi t h no '
r e s t r i c t i ons  on Januar y  18 ,  1988. Si nc e  mo r e  t ha n 6  mo nt hs  ha d  e l a p s e d  s i nc e
t he  i s s uanc e  o f  hi s  me d i c a l  c e r t i f i c a t e ,  t he  c e r t i f i c a t e  had  be e n downgr ade d
t o  a  s e c ond  c l a s s  me d i c a l  c e r t i f i c a t e . Pur s uant  t o  app l i c ab l e  r e gul a t i ons ,
he  was  qua l i f i e d  t o  e xe r c i s e  hi s  c omme r i c a l  p r i v i l e ge s  and  was  qua l i f i e d  t o
s e r v e  a s  f i r s t  o f f i c e r  o n t he  f l i g ht .

He  qua l i f i e d  a s  a  Boe i ng  727  f i r s t  o f f i c e r  on De c e mbe r  9 ,  1987.
Hi s  l a s t  p r o f i c i e nc y  c he c k  was  c ompl e t e d  on Nov e mbe r  20 ,  1987, and  hi s  l a s t
e n r out e  c he c k  was  on De c e mbe r  6 ,  1987. At  t he  t i me  o f  t he  ac c i de nt ,  he  had
f l own 6 , 500  hour s , 4 , 000  o f  whi c h we r e  i n t he  Boe i ng  727 . Dur i ng  t he  l a s t
90  day s ,  60  day s  and  30  day s  be f or e  t he  ac c i de nt ,  t he  f i r s t  o f f i c e r  had
f l own 160  hour s ,  23  mi nut e s ;  123  hour s ,  57  mi nut e s ;  and  60  hour s ,  43  mi nut e s ,
r e s p e c t i v e l y .

The  f i r s t  o f f i c e r ' s  o f f - dut y  t i me  be f or e  r e por t i ng  f o r  dut y  on t he
day  o f  t he  ac c i de nt  and  hi s  on- dut y  and  f l i ght  hour s  on t he  day  o f  t he
ac c i de nt  we r e  t he  s ame  as  t hos e  l i s t e d  f o r  Cap t a i n Dav i s .



I NTRA- COCKPI T

TIME &
SOURCE CONTENT

0828: 38
( ( s t a r t  o f  r e c o r d i ng ) )

0828: 43
CAM-3 I s ur e  ha t e  g o i n'  wi t h o ne  i no p

I ' d  a p p r e c i a t e  g e t t i n'  i t  f i x e d

0828:47
CAM-1 i t ' s  k i nd a '  o f  a  we a k  p o i nt  o n t he

s e v e n t we nt y  s e v e n f ue l  g a g e s  *

0828:51
CAM-2 y e a h

0 8 2 9  :  0 0
CAM-6 t ha nk  y o u

0 8 2 9 :  0 1
CAM-3 t ha nk s  v e r y  muc h

0 8 2 9 : 0 2
CAM- 6 d i d  we  g e t  t he  s i g n o f f

CM-3 *

0 8 2 9 : 0 5
CAN- 1 y e a h y e a h s i g ne d  a nd  d e l i v e r e d

0829: 12
PA- 6 ( ( c a b i n d e p a r t ur e  a no unc e me nt  b y

g a t e  a g e nt ) )

0 8 2 9 : 2 2
CAM- 6 s e e  y o u l a t e r

-l-

AI R- GROUND COMMUNI CATI ONS

TIME b
SOURCE CONTENT



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

- 2 -

AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE CONTENT

0 8 2 9 : 3 0
RDO- 2 r a mp  De l t a  e l e v e n f o r t y  o ne  r e a d y  t o

p us h f i f t e e n

0 8 2 9 : 3 2
RAMP e l e v e n f o r t y  o ne  o f f  o f  f i f t e e n l e t ' s

g o  t a i l  s t r a i g ht  b a c k  a nd  c a l l  s e
y o ur  t a x i  i ns t r uc t i o ns

0 8 2 9 :  3 7
RDD- 2  okay

0 8 2 9 :  4 5
CAM- 2 d i d  y o u g e t  a ny t hi ng  * -

0 8 2 9 :  4 6
I NT - 7  o h y o u c a n r e l e a s e  b r a k e s  a nd  g i v e

t he m a  c a l l

0 8 2 9 :  4 9
I NT - 1  b r a k e s  o f f  t a i l  s t r a i g ht  b a c k

0 8 2 9 : 5 0
I NT - 7  r o g e r

0 8 2 9 :  5 5
CAM- 2 d i d  y o u g e t  a ny t hi ng

0 8 2 9 :  5 8
CAM- 2 f o r  t o mo r r o w

0 8 3 O: OO
CAM- 2 p ut  i n a  whi t e  s l i p



I NTRA- COCKPI T

EC: CONTENT

0 8 3 O: Ol
CAM-1 I g o t  a  t hi ng  I  g o t  t o  l o o k  i t  up

a nd  s e e  i f  I  wa nt  I
wa nt  t o  l o o k  a t  t he  r o t a t i o n a nd
s e e  wha t  i t  i s

- 3 -

AI R- GROUND COMMUNICATIONS

TIME &
SOURCE CONTENT

CAM-1 I  ma y  p ut  i n o ne  whe n I  g e t  b a c k

0 8 3 0 : 0 9
CAM- ? i f  y o u c a n

0830: 13
CAM-1 -  I  f o r g o t  t o  g e t  my  p a y  c he c k  d i d

y o u g e t  y o ur s

CAM- P y e a h I  g o t  mi ne

0830: 17
CAMA- t he r e  b e e n s o  muc h ha p p e n * * *

0830: 26
CAM ( ( s o und  o f  t r i m i n mo t i o n ho r n) )

0830: 29
CAM-2 we  g e ne r a l l y  r e q ui r e  a  f r e s h I nf us i o n

a l o ng  a b o ut  t he  e nd  o f  t he  mo nt h a nd
i n t he  mi d d l e

0830: 33
CAM-2 i n, o r d e r  t o  k e e p  e v e r y b o d y  ha p p y

0830: 37
INT -7 a l r i g ht  e ng i ne s  a r e  c l e a r e d  t o  s t a r t

0 8 3 0 : 4 1
INT -1 okay



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

0 8 3 0 : 4 3
CAM- 3 b e a c o n

0 8 3 0 : 4 4
CAM- 2 i t ' s  o n

0 8 3 0 : 4 6
CAM- 3 p a r k i ng  b r a k e

CAM- 2

0 8 3 0 : 4 7
CAM- 3

0 8 3 0 : 4 9
CAM- 2

0 8 3 0 : 5 5
CAM- 3

0 8 3 1 : Ol
CAM-  1

0 8 3 1 : 0 4
W- 2

0 8 3 1 : 0 6
W- 2

0 8 3 1 : 0 7
CAN ( ( s o und  o f  e ng i ne  i g ni t e r  s t a r t s ) )

i t ' s  o f f

f o r t y  p s i

g uy s  l i k e  8 y o u k no w c a n p ut  t we nt y
s i x  t ho us a nd  d o wn o n a  ho us e  y o u k no w
a nd  no t  e v e n b a t  a n e y e

( ( s o und  o f  l a ug h) )  l i f e s  s a v i ng s

we l l  he  ha s  b e e n d i l l g e nt  i n hi s  s a v i ng s

t ha t ' s  r i g ht

he  d i l i g e nt l y  d ump e d  i t  t he r e

- 4 -

AI R- GROUND COMMUNI CATI ONS

TI ME ? i
SOURCE CONTENT

CAM- 3 I  wa s  a  ho me b o d y  i n t he  Na v y



I NTRA- COCKPI T AI R- GROUND COMMUNICATIONS

TI ME 4 1
SOURCE CONTENT

0831: 13
CAM- 2 b a t c hi n'  i t  b a t c hi n'  i t  make s  i t

d i d  y o u l i v e  i n t he  "4 "

TIME I
SOURCE CONTENT

- 5 -

0 8 3 1 : 1 7
CAM- 3 I  l i v e d  i n t he  "Qa r a t  a s  a  e ns i g n

b ut  I l i v e d  i n a  -  s t a r t  v a l v e
c l o s e d -  f o r t y  p s i

0831: 19
CAN ( ( s o und  o f  e ng i ne  i g ni t e r  s t o p p e d ) )

0 8 3 1 : 2 0
CAM- 3 s t a r t  v a l v e  o p e n

0 8 3 1 : 2 4
CAM-1 It’s i nt e r e s t i ng  y o u k no w t he y ' r e  p us hi n'

t hi s  g uy  b a c k  a nd  t ha t  t ug  d r i v e r
c a n' t  b e g i n t o  s e e  e m -  *

CAM- 2  *

CAM-1 -  g e t t i n'  out

0 8 3 1 : 3 7
CAM ( ( s o und  o f  e ng i ne  i g ni t e r  s t a r t s ) )

0 8 3 1 : 3 9
CAM- 3 o i l  p r e s s ur e ' s  up

0 8 3 1 : 4 8
CAM ( ( s o und  o f  i ng i t i o n s t o p p e d ) )

5

8Y
x
c )

0831:49
CAM- 3 s t a r t  v a l v e ' s  c l o s e d  f o r t y  p s i



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

0 8 3 1 : SO
CAM- 2 y o u want a l l  o f  ' e m

- 6 -

AI R- GROUND COMMUNICATIONS

TIME &
SOURCE CONTENT

CAM-1 y e a h

0 8 3 1 : Sl
INT - 7  a l r i g ht  b r a k e s  s e t  y o u g uy s  ha v e

a  g r e a t  t r i p

0 8 3 1 : 5 4
CAM- 3 s t a r t  v a l v e  o p e n “P

0 8 3 1 : 5 7
I NT - 1  b r a k e s  a r e  s e t  y o u ha v e  a  g o o d  d a y  t ha nk  y o u

0832:OO
CAM-3 o i l  p r e s s ur e  r i s i ng

0832:08
CAN ( ( s o und  o f  e ng i ne  I g ni t e r  s t a r t s ) )

0832:17
( ( s o und  o f  e ng i ne  i g ni t e r  s t o p p e d ) )

0832:19

CAM-3 s t a r t  v a l v e  c l o s e d  f o r t y  p s i

0832:,24
CAN ( ( s o und  o f  t hr e e  g e ne r a t o r s  c o mi ng

o n t he  l i ne ) )

0832:29
CAM- 3 e ng i ne  i ns t r ume nt s

CAM-2 c he c k e d  no r ma l



-7-

I NTRA- COCKPI T

THE &
SOURCE CONTENT

0832:32
CAM-3 e ng i ne  a nt i - i c e

0832:33
CAM-2 c l o s e d

0832:46
CAM-2 y e a h i t  l o o k ' s  l i k e  t he y ' r e  ho mi n'

i n o n t ha t  t hi ng  o v e r  t he r e  -  p ut t i n'
t he  j e t wa y s  i n t o d a y

AI R- GROUND COMNUNI CATI ONS

TIME &
SOURCE CONTENT

0832:SO
CAM-3 a l r i g ht

0832:54
PA ( ( s o und  o f  f l i g ht  a t t e nd e nt s  c a b i n b r i e f i ng  s t a r t i ng ) )

CAM-3 l o o k ' s  l i k e  t he y ' l l  b e  r e a d y
' b e f o r e  l o ng

0 8 3 3 : 1 7
CAM ( (  s o und  o f  t wo  c l i c k s ) )

0833:24
CAM ( (  s o und  o f  c l i c k ) )

0833:33
CAM ( ( s o und  o f  t r i m i n mo t i o n) )

0832:58
RDO- 2 r a mp  De l t a  e l e v e n f o r t y  o ne ' s  r e a d y  t o  t a x i

0833:03
RAMP e l e v e n f o r t y  o ne  g i v e  me  a ' r i g ht  t ur n b r i ng

i t  b e t we e n s o ut h r a mp  a nd  t hi r t y  ho l d  s ho r t
o f  i nne r

0833:lO
RDO- 2  e l e v e n f o r t y  o ne  r o g e r



I NTRA- COCKPI T

TI ME &
SOURCE

0 8 3 4 : Sl
PA

0 8 3 5 : OO

0 8 3 5 : 3 1
CAM-  1

CAM

CAM- ?

0 8 3 5 : 4 3
CAM- 3

0 8 3 5 : 4 8
CAM- 3

0 8 3 5 : 3 5
CAM- 1

0 8 3 5 : 5 2
CAM- 3

0 8 3 5 ~5 5
CAM

0 8 3 5 : 5 7
CAM- 2

CAM- ?

CONTENT

( ( c a b i n b r i e f i ng  s t o p s ) )

( (  Re c o r d i ng  i nt e r r up t i o n s o und ) )

ho w a b o ut  l o o k i n'  d o wn he r e  a t
De l t a ' s  no w a nd  t he n

( ( s o und  o f  l a ug h) )

y e a h *

whi l e  we ' r e  s t i l l  y o ung

ho w a b o ut  l o o k i n'  d o wn he r e
whi l e  we  s t i l l  ha v e  t e e t h i n
o ur  mo ut hs

wha t ' s  t ha t

hw a b o ut  l o o k i n'  down our  way
whi l e  we  s t i l l  ha v e  t e e t h i n
o ur  mo ut hs

( ( s o und  o f  l a ug h) )

y z ; ui ; a g r a y a t  t he  s out h r amp

*

- 8 -

AI R- GROUND COMMUNI CATI ONS

TI ME &'
SOURCE CONTENT



- 9 -

I NTRA- COCKPI T AI R- GROUND COMMUNI CATI ONS

TI ME 8 1
SOURCE CONTENT

0 8 3 6 : 0 9
CAM-  1 I  g ue s s  we  o ug ht a s hut  d o wn numb e r

t hr e e  s a v e  a  f e w t ho us a nd  d o l l a r s

0 8 3 6 : 1 3
CAM- P I ' l l  1 ' 1 1  c a l l  a nd  a s k  g r o und  i f  we

c a n i f  we  j us t  l i k e  t o  s hut  d o wn o v e r
he r e

0 8 3 6 : 2 4
CAM- 2 a s k  hi m i f  he  c a n g i v e  us  g i v e  us  , a

t wo  mi nut e  wa r ni ng  t o  s t a r t  o ur  e ng i ne s

0 8 3 6 : 3 6
CAM- 3 o k a y

TI ME &
SOURCE CONTENT

0 8 3 6 : SO
( ( s o und  o f  s c r a p i ng  no i s e  o n t a p e ) )

0 8 3 7 : 2 0
GND De l t a  a t  t hi r t y  ma k e  a  l e f t  t ur n s a y

y o ur  numb e r

0 8 3 7 : 2 4
RDO- 2 t ha t ' s  a h e l e v e n f o r t y  o ne

0 8 3 7 : 3 8
CAM- l we ' r e  g unna  wa i t  f o r  hi m

o &3 7 : 4 0
CAM- 2 y e a h

0 8 3 7 : 2 6
GND De l t a  e l e v e n f o r t y  o ne  o k a y  g i v e  wa y  t o

c o mp a ny  t o  y o ur  l e f t  t he  s e v e n t wo  j o i n
t he  i nne r  f o r  s t a nd a r d  t a x i  o ne  e i g ht  l e f t

%

RDO- 2 a h s e v e n t hi r t y  o ne  r o g e r Hu
E
e ,



I NTRA- COCKPI T

TI ME &
SOURCE

0 8 3 7 : 5 3
CAM- l

0 8 3 7 : 5 7
CAY- 2

CAM-1

0 8 3 8 : 2 1
CAM- 2

0 8 3 8 : 2 2
CAM-  1

0 8 3 8 : 2 6
CAM-1

0 8 3 8 : 5 3
CAM- 3

CAM- 2

0 8 3 8 : 5 7
CAM- 3

0 8 3 8 :  5 9
CAM- 2

0 8 3 9  :  0 0
CAM- 3

0 8 3 9 : Ol
CAM- 2

0 8 3 9 : OS
CAM- 3

CONTENT

whe r e  i s  he

he ' s  r i g ht  t he r e

*

j us t  no w c o mi n'  o ut

we  c e r t a i nl y  t a x i i e d  o ut  b e f o r e  he  d i d

d i d  he  s a y  s t a nd a r d  t o  o ne  e i g ht

t a k e  o f f  d a t a  ha s  b e e n c o mp ut e d
f o r  o ne  e i g ht  l e f t

o k a y

a ut o  p a c k  t r i p  l i g ht  i s  no t  r e q ui r e d
-  p i t o t  he a t

i t ' s  o n

a i r s p e e d  a nd  e p r  b ug s

t hi r t y  o ne  a nd  f o r t y  f i v e  o n b o t h s i d e s
a nd  a l t e r na t e  e p r  s e t

a i r s p e e d  wa r ni ng  s wi t c he s

-lO-

AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE CONTENT



I NTRA- COCKPI T AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE

0839: 06
CAM- 2

0839 : 08
CAM- 3

0839 : 09
CAM-2

0839: 11
CAM- 3

0 8 3 g : 1 2
CAM- 2

0 8 3 9 : 3 6
CAM-4

0839: 40
CAM- 3

0847 : 28
CAM-  1

0847 : 30
CAM-2

CONTENT

t hr e e  A' s

a l t i me t e r  a nd  f l i g ht  I ns t r ume nt s

s e t  c r o s s  c he c k e d

s t a b  t r i m

a h f i v e  p o i nt  s i x

a  l o t t a p e o p l e  g o i n'  o ut  t hi s  mo r ni ng

y e a h b i g  p us h

( ( 7  mi nut e s  a nd  4 2  s e c o nd s  o f  no np e r t i ne nt  c o nv e r s a t i o n b e t we e n t he  f l i g ht  c r e w a nd  a  f l i g ht  a t t e nd e nt ) )

d o n' t  we  ha v e  t o  c ha ng e  t o  g r o und  he r e

y e a h I ' m s o r r y  I ' m s i t t i n'  he r e  t a l k i ng  t o
t he  f l i g ht  a t t e nd e nt



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

- 1 2 - -
AI R- GROUND COMMUNI CATI ONS E

c )
TI ME &
SOURCE CONTENT

0 8 4 7 : 4 1
RDD- 2 g r o und  De l t a  e l e v e n f o r t y  o ne ' s  wi t h y a  o n t o p  o f

t he  t hi r t y o ne  b r i d g e

0 8 4 7 : 4 5
GND e l e v e n f o r t y  o ne  c o me  s o ut h o n t he  i nne r  unt i l

t a x i wa y  t we nt y  o ne  t he n mo v e  t o  t he  o ut e r  ho l d
s ho r t  o f  ni ne t e e n

0 8 4 7 : 5 3
CAM- 2 I  s a i d  t hi r t y o ne  I  me a nt  e i g ht e e n

0 8 4 7 : 5 6
GND s a y  t hi s  a g a i n f o r  a  s e c o nd  s o  I  c a n he a r  hi s

a ns we r  De l t a  e l e v e n f o r t y  o ne  c o me  s o ut h o n t he
i nne r  t i l l  t a x i wa y  t we nt y  o ne  t he n mo v e  t o  t he
o ut e r

0 8 4 7 : 5 9
CAM- l I  t hi nk  he  k no ws

0 8 4 8 : 0 2
RDO- 2  e l e v e n f o r t y  o ne  r o g e r

0 8 4 8 :  0 9
CAM- 2 t r a ns i t i o n a t  t we nt y o ne  ho l d  s ho r t

o f  ni ne t e e n

0 8 4 8 : 1 2
CAM- 1 o k a y



- 1 3 -

I NTRA- COCKPI T AI R- GROUND COMMUNI CATI ONS

TI ME & TI ME &
SOURCE CONTENT SOURCE CONTENT

((1 mi nut e  a nd  1 8  s e c o nd s  o f  no n- p e r t i ne nt  c o nv e r s a t i o n b e t we e n t he  f l i g ht  c r e w a nd  a  f l i g ht  a t t e nd e nt ) )

0 8 5 O: Ol
CAM- 4 a r e  we  g unna  g e t  t a k e o f f  o r  a r e  we  j us t

g unna  r o l l  a r o und  t he  a i r p o r t

0 8 5 0 : 0 4
CAM- 2 we l l  we  we  t ho ug ht  we  we r e  g unna  ha v e  t o

r e t i r e  s i t t i n'  t he r e  wa i t i n'  f o r  t ax i
c l e a r a nc e

0 8 5 0 : 2 1
CAM- 4 my  g o s h we ' v e g o t  a  l o ng  t a x i  t o  d o

0 8 5 0 : 2 4
CAM- 1 y e a h we  a r e  g e t t i n'  d o wn he r e  whe r e  we  l e t

a l l  t he  Ame r i c a ns  g e t  o f f  f i r s t

0 8 5 0 : 3 4
CAM-1 o nc e  t he y ' r e  a l l  g o ne  we  c a n g o

((1 mi nut e  a t i  2 2  s e c o nd s  o f  no n- p e r t i ne nt  c o nv e r s a t i o n b e t we e n t he  f l i g ht  c r e w a nd  a  f l i g ht  a t t e nd e nt ) )

0 8 5 3 : 1 2
CAM- P wha t  k i nd a b i r d s  a r e  t ho s e

0 8 5 3 : 1 6
CAM-1 Eg r e t s  o r  wha t  e v e r  t he y  c a l l  ' e m

0 8 5 3 : 1 8
CAM- 4 y e a h Eg r e t s  -



I NTRA- COCKPI T

TIME Ih
SOURCE

CAM- 2

CAM- 4

0 8 5 3 : 2 1
CAM- 4

0 8 5 3 : 2 5
CAN- 1

0 8 5 3 : 3 4
CAM- 3

0 8 5 3 : 3 6
CAM- 2

CAN- 1

CAM- 4

0 8 5 3 : 4 1
CAM- 1

CONTENT

a r e  t he y

I t hi nk  s o

Ar e  t he y  a  c o us i n t o  t he  o ne s  b y  t he  s e a

I  d o n' t  k no w t he y  whe ne v e r  I  mo w g r a s s
o ut  i n my  p a s t ur e  t he y  c o me  i n a nd  i t
s t i r s  up  t he  g r a s s ho p p e r s  a nd  e v e r y t hi ng  -

b o y  t he y  j us t  f l o c k  he r e

I ' v e s e e n t he m a l l  o v e r  t he  p l a c e  o ut  a r o und
he r e

g r a s s ho p p e r s  *

r e a l  *

t he y  a h i n f a c t  t he y  s i t  o n t he  b a c k  o f  o ur
ho r s e  no w a nd  t he n y o u s e e  o ne  o ut  t he r e
j us t  s i t t i n'  o n t he  b a c k  o f  t he  ho r s e

- I 4 -

AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE CONTENT



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

0853:45
CAM-4 o h i s  t ha t  r i g ht

0853:46
CAM-2 I ' v e  s e e n t he m s i t t i n'  o n t he  b a c k  o f  a  l o t

o f  c o ws

CAM-1 y e a h

0853:50
CAM-4 a r e  t he y  t he  o ne s  t ha t  p i c k  t he  b ug s  o f f

o f  t he m a nd  s t uf f

0853:53
CAM-1 I  g ue s s  a nd  t he y  ha ng  a r o und  t he m b e c a us e

whi l e  t he y ' r e  g r a z i ng  y o u k no w t he y  s t i r  up
t he  i ns e c t s  a nd  t he y  c a n g e t  ' e m e a s i e r

0853:58
CAM-4 uh huh

0854:00x
CAM-4 t he y ' r e  p r e t t y  b i r d s

0854:07
CAN-2 t he y  g o t  o ne  mo r e  Ame r i c a n a nd  I  t hi nk  we ' l l

b e  a b l e  t o  g o  he r e  - s t a r t  c l e a r i n'  s ome  o f
t hi s  -

- 1 5 -

AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE CONTENT



I NTRA- COCKPI T

TIME &
SOURCE CONTENT

0 8 5 4 : 1 8
CAM-I It’s i nt e r e s t i ng  ho w t he y  s i t  a r o und  t he

a i r p o r t  l i k e  t hi s  wi t ho ut  b e i ng  a f r a i d

%25 d i d n' t  we  t a x i

0 8 5 4 : 2 6
CAM- 2 I’m s ur p r i s e d  t he y ' r e  no t  c o mp l a i ni n'

a b o ut  t he  no i s e

0 8 5 4 : 2 8
CAM- 4 a l l  t he  wa y  a r o und

0 8 5 4 : 3 0
CAM- 4 we  g o  t o  t he  o t he r  s i d e

6 8 5 4 : 3 3
CAM-I a l l  t he  wa y  a r o und  d o wn he r e  o v e r  b a c k  up

he r e

0 8 5 5 : l O
CAM- 3 b o y  t hi s  I s  s o me t hi n' -

CAM- 3 i f  t hi s  i s  ho w i t  i s  o n a  s e v e r e  c l e a r
v f r  d a y  - -

E5 i ' 5* c a n y o u i ma g i ne - ( l a ug h)

-16-

AI R- GROUND COMMUNICATIONS

TIME 81
SOURCE CONTENT



I NTRA- COCKPI T

TI ME I h
SOURCE

CAM- 4

0 8 5 5 : 1 6
CAM- 2

0 8 5 5 : 2 0
CAM- 2

0 8 5 5 : 2 5
CAM- 4

0 8 5 5 : 2 6
CAM- 2

0 8 5 5 : 3 3
CAM- 2

0 8 5 5 : 4 1
CAM- ?

0 8 5 5 : 5 9
CAM- 1

CONTENT

i ma g i ne  - -

i ma g i ne  wha t  i t  wo ul d  b e  l i k e  i f  we  ha d
we a t he r  t o d a y

I  t e l l  y o u wha t  Da l l a s  Fo r t  Wo r t h Ce nt e r
i s  a h hund r e d  p e r c e nt  b e t t e r  t ha n i t  wa s
t hr e e  y e a r s  a g o  -

i s  i t  r e a l l y

wi t h i t s  wi t h r e g a r d  t o  we a t he r  g e t t i n'  i n
a nd  g e t t i n'  o ut  a nd  a l l

i f  i t  c l o ud e d  up  a nd  e v e n l o o k e d  l i k e  t he r e
wa s  g o i ng  t o  b e  we a t he r  i t  I  us e t a t hi nk
i t  b a c k e d  up  y o u' d  b e  ho l d i n'  s l o wi n'
d o wn d o i n'  a l l  k i nd s  o f  s t uf f

wh

d i d  y o u s e e  t ha t  b i r d

- 1 7 -

AI R- GROUND COMMJ NI CATI ONS

TI ME &
SOURCE CONTENT

I



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

CAM- 4 Ye s

0856:02
CAM-I he  g o t  t he  j e t  b l a s t

0856: 03
CAM- 4 yeah he  d i d  he  g o t  i t

0856: 04
CAM-2 a h wha t  a  c r a s h

0856 : 08
CAM-4 he  s a i d  wha t  i n t he  wo r l d  wa s  t ha t

0 8 5 6 :  0 9
CAM-2 e v e r  g o  o ut  t o  Mi d wa y  a nd  s e e  t he

g o o ne y  b i r d s  t he y ' r e  s o me t hi n'  t o  wa t c h

0856: 15
CAM-3 t he y  c r a s h a nd  l o o k  a r o und  t o  s e e  i f

a ny - b o d y  s a w ' e m y o u k no w

0856: 17
CAM-2 y e a h

0 8 5 6 :  19
CAM-2 t he y  wo ul d  t he y  y o u k no w i f y o u' d  d o

a  r unup t he  f l i g ht  wo ul d  c o me  up  a nd
d o  a  r unup a nd  t he  g o o ne y  b i r d s  wo ul d
b e  b a c k  t he r e  i n t he  p r o p  wa s h j us t
ha ng i n'  i n t he  a i r  y o u k no w a nd  t he n
t he y  s hut  p ul l  p ul l  t he  p o we r  b a c k  a nd
t he n t he y ' d  j us t  *

-lS-

AI R- GROUND COmUNI CATI ONS

TIME b
SOURCE CONTENT



I NTRA- COCKPI T

T I M E  8 1
SOURCE CONTENT

CAM ( ( s o und  o f

0 8 5 6 : 3 5

laugh))

CAM- 2 hi t  t he  g r o und  y o u k no w - -  t he y  we r e
hi l a r i o us

0 8 5 6 : 3 8
CAM- 2 t he y ' d  s e nd  a  t r uc k  o ut  y o u' d  g e t  r e a d y

t o  t a k e  o f f  t he y ' d s e nd  a  p i c k up  t r uc k
o ut  a nd  t he y ' d  g o  mo v e  t he - b i r d s  o f f
t he  r unwa y  s o  y o u c o ul d  t a k e o f f

0 8 5 6 : 4 4
CAM- 4 o h r e a l l y  o h ho w f unny  whe r e  a r e  t he y

whe r e  wa s  t ha t

0 8 5 6 : 4 7
CAM- 2 Mi d wa y  Mi d wa y  I s l a nd

0 8 5 6 : 4 8
CAM- 4 Mi d wa y  I s l a nd

0 8 5 6 : 4 9
CAM- 2 t he y  c o me  b a c k  a nd  t he y  ne s t  i n e x a c t l y

t he  s a me  s p o t  t ha t  t he y  we r e  b o r n

0 8 5 6 : 5 2
CAM- 4 o n. t he  r unwa y

-19-

AI R- GROUND COMMUNICATIONS

TIME &
SOURCE CONTENT



I NTRA- COCKPI t

TI ME &
SOURCE CONTENT

0 8 5 6 : 5 3
CAM- 2 y e a h whe t he r  i t  wa s  a  r unwa y  o r  wha t  i t

wa s  t he y  c o me  b a c k  t o  t he  e x a c t  s a me  s p o t
a nd  a h s o  t he r e ' s  s o me  k i nd  o f  a  l a w o r
s o me t hi n'  t ha t  y o u c a n' t  b ui l d  a ny t hi ng  o n
t he  i s l a nd  a ny mo r e  b e c a us e  - -

0 8 5 7 : 0 4
CAM- 4 uh huh

0 8 5 7 : 0 7
CAM- 2 i t ' s  a  s a nc t ua r y  f o r  t he  b i r d s  o r  s o me t hi n'

0 8 5 7 : 0 8
PA- 3 g o o d  mo r ni ng  l a d i e s  a nd  g e nt l e ma n we ‘ r e

numb e r  f o ur  f o r  d e p a r t ur e ,  f l i g ht  a t t e nd e nt s
p r e p a r e  t he  c a b i n p l e a s e

0 8 5 7 : 2 2
CAM ( ( f l i g ht  s wi t c he d  t o  t o we r  f r e q ue nc y ) )

0 8 5 7 : 3 2
CAM- 4 we ' r e  r e a d y

0 8 5 7 : 3 3
CAM- 3 t ha nk  y o u

0 8 5 7 : 3 5
CAM ( ( s o und  s i mi l a r  t o  c o c k p i t  d o o r  b e i ng

c l o s e d ) )

- 2 o -

AI R- GROUND COMMUNI CATI ONS

TI ME b
SOURCE CONTENT



I NTRA- COCKPI T

TI ME 4 1
SOURCE CONTENT

0857:42
CAM-1 mi g ht  a s  we l l  s t a r t

0857:49
CAM-3 f o r t y  p s i

0857351
CAM-2 numb e r  t hr e e

0857:54
CAM-3 s t a r t  v a l v e  o p e n

0858:Of
CAM ( ( s o und  o f  e ng i ne  i g ni t e r  s t a r t s ) )

0 8 5 8 : 0 9
CAM-3 o i l  p r e s s ur e

0858:16
CAM ( ( e ng i ne  i g ni t e r  s t o p s ) )

0858:17
CAM-3 s t a r t  v a l v e  c l . o s e d f b r t y  p s f

0858:23
CAM ( ( s o und  o f  g e ne r a t o r  c o mi ng  o n l i ne ) )

0858:24
CAM-3 e ng j ne i ns t r ume nt s

- 2 1 -

AI R- GROUND COMMUNI CATI ONS

TI ME I
SOURCE CONTENT



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

0 8 5 8 : 2 6
CAM- 2 c he c k e d  no r ma l

- 2 2 -

AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE CONTENT

0 8 5 8 : 3 0
CAM- 3 e ng i ne  a nt i - i c e

0 8 5 8 : 3 1
CAM- 2 i t ' s  c l o s e d

0 8 5 8 : 3 8
TWR e l e v e n f o r - t y  o ne  t a x i  p o s i t i o n r unwa y  o ne  e i g ht

l e f t  a nd  ho l d  t he  Ba nd i t  wi l l  c r o s s  a he a d

0 8 5 8 : 4 4
RDO- 2 o k a y  e l e v e n f o r t y  o ne ' s  p o s i t i o n a nd  ho l d

0 8 5 8 : 4 6
CAM- 3 s ho ul d e r  ha r ne s s

0 8 5 8 : 4 7
CAM- 2 t he y ' r e  o n

CAM- 3 f l a p s

0 8 5 8 : 4 8
CAM- 2 f i f t e e n f i f t e e n g r e e n l i g ht

0 8 5 8 : 4 9
CAM- 3 f l i g ht  c o nt r o l s



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

0858:SO
CAM-2 t o p s  a nd  b o t t o ms  a r e  c he c k e d

0858:53
CAM-3 nav  i ns t r ume nt s

0858:54
CAN-2 t he y ' r e  s e t

0858:57
CAM-3 t a k e o f f  b r i e f i ng

0858:58
CAM-2 i s  c o mp l e t e

0858:59
CAM-3 f l i g ht  a t t e nd e nt s  ha v e  b e e n no t i f i e d

-  a nd  a c k no wl e d g e d

0 8 5 9 :  0 0
CAM-3 a nt i - s k i d

0859:Ol
CAM-2 on

0859:02
CAM-3 c o nt i nuo us  i g ni t i o n

0859:04
CAM-2 on

-23-

AI R- GROUND COMMUNICATIOI'JS

TIME &
SOURCE CONTENT



I NTRA- COCKPI T

TI ME &
SOURCE CONTENT

0 8 5 9 : OS
CAM- 3 na v  l i g ht s

0 8 5 9 : 0 6
CAM- 2  on

0 8 5 9 : 0 7
CAM- 3 t r a ns p o nd e r

CAM- 2  on

- 2 4 -

AI R- GROUND COMMUNI CATI ONS

TI ME I
SOURCE CONTENT

0 8 5 9 : 0 8
CAM- 3 b e f o r e  t a k e o f f  c he c k l i s t s  c o mp l e t e

CAM- 2 t ha nk  y o u

0 8 5 9 :  1 7
TUR De l t a  e l e v e n f o r t y  o ne  f l y  he a d i ng  o ne  e i g ht  f i v e

r unwa y  o ne  e i g ht  l e f t  c l e a r e d  f o r  t a k e o f f

0 8 5 9 : 3 5
CAM ( ( s o und  o f  i nc r e a s i ng  e ng i ne  no i s e ) )

0 8 5 9 : 4 8 . 4
CAM- 2 p o we r ' s  s e t

0 8 5 9 : 2 0 . 4
RDO- 2 e l e v e n f o r t y  o ne  o ne  e i g ht  f i v e  c l e a r e d  t o  g o



- 2 5 -

INTRA-COCKPIT

TIME &
SOURCE CONTENT

0859:49.8
CAM- 2 e ng i ne  i ns t r ume nt s  l o o k  g o o d

0859t51.4
CAM- 2 a i r s p e e d ' s  c o mi n'  up  b o t h s i d e s

0859:53.5
CAM- 2 e i g ht y  knots

0900:05.5
CAM-2 vee “R”

0900:06.5
CAM ((sound similar to nose strut extension))

0900:10.7
CAM-2 vee two

0900:12.5
CAM ( ( s o und  o f  s na p ) )

0900: 15.1
CAM s o und  o f  s t i c k  s ha k e r  s t a r t s  a nd

$ nt i nue s unt i l  e nd  o f  t a p e ) )

d900:15.5
CAM-I (somethin’s  wrong/ooh)

0900: 17.6
CAM ( ( s o und  o f  c o mp r e s s o r  s t a l l ) )

AI R- GROUND COMMUNI CATI ONS

TI ME &
SOURCE CONTENT



I NTRA- COCKPI T

TI NE &
SOURCE CONTENT

- 2 6 -

AI R- GROUND COMMUNI CATI ONS

TI ME &
C O N T E N TSOURCE

0 9 0 0 : 1 8 . 3
CAN ( ( s o und  o f  c o mp r e s s o r  s t a l l ) )

. 0900:19.1
CAM- P e ng i ne  f a i l ur e

0900:19.5
RDO ( ( s o und  o f  mi c r o p ho ne  k e y  f o r  6 . 6  s e c o nd s ) )

0900:19.9
CAM ( ( s o und  o f  c o mp r e s s o r  s t a l l ) )

0 9 0 0 : 2 0 . 4
CAM ( ( s o und  o f  c o mp r e s s o r  s t a l l ) )

0900:21.1
CAM ( ( s o und  o f  c o mp r e s s o r  s t a l l ) )

0900:21.7
CAM- 2 we  g o t  a n e ng i ne  f a i l ur e

0 9 0 0 : 2 2 . 9
CAM ( ( s o und  o f  mo me o t a r y  p o we r  i nt e r r up t i o n

t o  t he  c v r ) )

0 9 0 0 : 2 6 . 9
CAM-I we ' r e  no t  g unna  ma k e  i t

0 9 0 0 : 2 8 . 9
RDO- 2  e l e v e n f o r t y  o ne ' s -



- 2 7 -

INTRA-COCKPIT

TIME &
SOURCE CONTENT

AI R- GROUND COMMUNI CATI ONS

TIME I
SOURCE CONTENT

0 9 0 0 : 3 3 . 4
RDO ( ( s o und  o f - mi c r o p ho ne  k e y i ng  f o r  0 . 3  s e c o nd s ) )

0 9 0 0 : 3 4 . 7
CAM-I f ul l  p o we r

0 9 0 0 : 3 4 . 9
CAM- 2  **

0 9 0 0 : 3 5 . 3
CAN ( ( s o und  o f  f i r s t  i mp a c t ) )

G
0 9 0 0 : 3 6 . 6 F
RDO ( ( s o und  o f  mi c r o p ho ne  k e y i ng  f o r  0 . 3  s e c o nd s ) )

0900:37.1
CAM ( ( s o und  o f  s e c o nd  { mp a c t ) )

0 9 0 0 : 3 7 . 3
RDO- ?  s e nd  t he -  c a l l  t he  e q ui p me nt

0 9 0 0 : 3 7 . 4
CAN ( ( s o und  o f  t hi r d  i mp a c t ) )

0 9 0 0 : 3 7 . 4
CAN ( ( s o und  o f  s c r e a m) )

0 9 0 0 : 3 8 . 5
CAM ( ( s o und  o f  f o ur t h i mp a c t ) )

0 9 0 0 : 3 9 . 4
( ( e nd  o f  t a p e ) )
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APPENDIX D

DELTA AIR LINES’ 8727 PILOT’S CHECKLIST

l lNTEawIDlcTE STOP ITEMS
A M:S FUNCTION B-727 PILOT’S CHECK LIST

(- 232 & - 247 Modified)

A F*  A-0
NO CWUENGOE a&..)r DATE %lf4E

l
l

8

8
l

l

c *.*  *‘*.*.*.*‘*.*.*‘*.*.*.*.*.*.*.*.*.*.*.*.*.*.*.*.*.~

, s1*NDBv  RIDDM R#HI#Iw~  i
i ANTI-SKID STABTRIM’
!A)lnTscE
p!TOl  MEAT

AlJToPlL01  i
* * *.* *.*.* * * *.*.*.*.*.*.*.*.*.*.*.*.*.*.*.*.*.~

BEFORE START
ucswusa- ... . . . . . . . . . . . . . . . . at
FuELMoD ... . . . . . . . . ABOARD -
OxvMAaKmE~ .... . . . . . . . . . . . . a
sTANDBvRlmDEn .. . . . . . . . . . . . . . . . . . . . . .
FLlmTcoNTRoLBwlTwEs .. . . . . . . . . . . . . . . ON
ANTMKID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
STALL wAnwIN . . . . . . . . . . . . . . . . . . . . . . . . . .
INSTRUMENT COMPARATOR . . . . . . . . . . . . . . . . z
EMERQENcvExITuonrs.. . . . . . . . . . . . . . ARMED
#2ENDACCESSDOORaaor,uowr . . . . . . . . . . . . . . OFF
ENBINE  STABT  SWITWES . . . . . . . . . . . . . . . . . OFF
BEATBELTSMO~ . . . . . . . . . . . . . . . . .
WINDOWHEAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . z
ANTI-ICE . . . . . . . . . . . . . . . . . . . . . . . . . . . . CLOSED
PITOT HEAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
lNTEmDRbExTEnloRLlans . . . . . . . . . . . . . . aET
NAVIGATION LIGHTS fl47l . . . . . . . . . . . . . . . . . . err
ENGINE FIRE WARNINQ  SVSTEYS . . . . . . . . . . . . CK
ALT & FLT lNSTS . . . . . . . . . . . . . . . . W-SSCU
COMPASS SELECTORS . . . . . . . . . . . . . . . . UVED
GPWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a
STATIC SDURCE SELECTOKS . . . . . . . . . . . NOBMAL
MACH AIRSPEED WAI)NlND . . . . . . . . . . . . . . . . . CK
INDICATOR LlGblTS & APO . . . . . . . . . . . . . . . . . . CK
ENGINE INSTRUMENTS . . . . . . . . . . . . . . . . . . . . . CR
LANDING DEAR . . . . . . . . . . . . ODWN.  IN, 3 GREEN
RADAR b TRANS . . . . . . . . . . . . . . . . . . . . aism
PLMWT DIRECTORS . . . . . . . . . . . . . . . . . . . . . . STBv
SPEED BRAKE . . . . . . . . . . . . . . . . . . . . . . . DETENT
REV. TNROTTLES  & STAKT LEVERS . . . . . . . . . . . . .

. . . . . . . DDWN.CLOSEDICUTOFF
FLAPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . UP
STAB TRIM . . . . . . . . . . . . . . . . . . . . . . . . . . NORMAL
AUTOCtLDT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
RADIOS I NAV MSTS . . . . . . . . . . . . . . . . cI( & SET
RUDDER 4 AILERON TRlM . . . . . . . . . . . . . . . . . ZERO
STANDBY POWER . . . . . . . . . . . . . . . . . . . . . . . . . CK
CABIN & SO PKEFLbDM . . . . . . . . . . . . . COMPLETE

l r AUT-OT TEST BW . . . . . . . . . . . . . . . . . mRMM
l A CIBCUIT BBEAKERS . . . . . . . . . . . . . . . . . . . . . . . .
l DEPAKTUBE BBIEFIND . . . . . . . . . . . . . . . . . . 2

BEFORE DISPATCH
A rlSVSBWVDPLMP . . . . . . . . . . . . . . . . . . . . . . . ON
A APU&BAnm . . . . . . . . . . . . . STARlaa
* PACK(S) . . . . . . . . . . . . . . . . . . . . . . . . . . . ASREOD

ENGINE START
A DDOA  WARWIND LlDNTS . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
#[

A PACUS BOTHOFF
A GALLEVVR . . . . . . . . . . . . . . . . . . . . . . . . . . OFF
A FUEL SVSTEY . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BEACON . . . . . . . . . . . . . . . . . . . . . . . . . .
PARK ING B i t iK E

.; . . ON
. . . . . . . . . . . . . . . . . . . . ASREOD

PNEUMATIC PRESSURE . . . . . . . . . . . . . . . 4

Am% START
A aEcsvsnu ...................... aam
A --am ..............
Aahum@owM

#YOVE
...........................

~PlJsL~ ON............................
A svBAaBNvDruvr ................ a ,z
~BNQ2aPuBuEDB .................. m#OD
'frAoK8 ............................
~COCI(PmDooa ........

mbNElNslnuMEuTs
LoaED,&o~

.....................
-EN '*ILAmua ................... umg

TAXI
TrO DATA m BWY- BWV-
AUTO PACK TRIP LT . . . . . . . . #~~~~TREoD
M O T  -T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AlRBPDrEPRBuQs . . . . . . . . . . . . . Bmxlss~
AIRSPDWARNSWS.. . . . . . . . .
ALT&RTlNsrs

r r r .S-+AMB)
. . . . . . . . . . . . . . . . wII#oucK

STAB TBIM . . . . . . . . . . . . . . . . . . . . . . . . . -ITS

WenBekyod&fthh8bed

i A PAas

‘~*~‘~*~‘~‘~‘~~~~~~~‘~~.~~~~.* *.*.* *.:

. . . . . . . . . . . . . . . . . . . . . . . . . . .
i~oALLEvPowER

BOTHOFF  I
. . . . . . . . . . . . . . . . . . . . . . . . . . OFF .

; A FUEL SVSTEM . . . . . . . . . . . . . . . . . . . . . . . . . . . .
i PNEUMATIC PMaBlmE

SET :
. . . . . . . . . . . . . . . .

i
-PSI !

ii DELAYED AFI’ER START :
i  A  ELEC  SYSTEM . . . . . . . . . . . . . . . . . . . . . . abarr :
! A  WV POWER . . . . . . . . . . . . . . . . . . . . . . . . . . . ON .
1 A m BVSTEM . . . . . . . . . . . . . . . m KM TAKEOFF ’
;a SVSANVDPUMPS ’
;A ENG2’AWUEEOS

. . . . . . . . . . . . . . . . . . . CK AON-  - - -  *

. . . . . . . . . . . . . . . . . . . . -&OSE
i A P A C K S

,

i
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ON 1

i ENOINE NSTBUMENTS . . . . . . . . . . . . . . . . . . . . . CK ’
i.,.*e!F ANTblcE . . . . . . . . . . . . . . . . . . .*.*.*.*.* AS REOD ’*.*.*.*.*.* * *.*.*.*.*.*.*.*  * * * * J

TAXI  (CONTINUED)
A FUELNEAT . . . . . . . . . . . . . . . . . . . . . . . . . ASREOD
A FLTnwID  SWITCH . . . . . . . . . . . . . . . . . . . . . . . . . FLT
A FiOALTmTOBCt8t . . . . . . . . . . . . . . . . IN

BNolKaRNARNEsa . . . . . . . . . . . . . . . . . . . . . . ON
. . . . . . . . . . . . . . . . .

Fk izk m m
 OREEN  IJ GHT

. . . . . . . . . . . . . . . . . . . . . . . . a
NAVlNSTRUMMT8 . . . . . . . . . . . . . . . . . . . . . . . BET

A

A
A

A

A

BEFORE TAK EOFF
TAK EOR- . . . . . . . . . . . . . . . . . . . . . COMP
FuWAltoloAwn . . . . . . . . . . . N~WIEDIACK~

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
i!iEzL

ON
mNlmNm2l .. . . . . . . . . . . . . . . ON

STARTSWtTCHES~TJ .. ..I.. . . . . . . . . RTSTABT
NAV LIGNTB @22p8-24?j . . . . . . . . . . . . . .
TRANSPONDER . . . . . . . . . . . . . . . . . . . . . . . . . . . z
APUMASTMBWITCH . . . . . . . . . . . . . . . . . . . . . wf
FUEL NEAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
APULIDMT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m
AllTOPAcI(TRPBwITc)( . . . . . . . . . . . . . -AL
CBDoIL~Bp47J . . . . . . . . . . . . GBOUND OFF

* U.S. GOVERNK NT  f ’RINf INt  o f f  lCE:q99oiz6?-9g~  rooo3S


