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F i l e  No. 5-0046 

NATIONAL TRANSPORTATION SArETY BOARD 
DEPARTMENT OF TRANSFQRTATION 

AIRCRAFT INCIDENT REPORT 

Adopted: August 26, 1970 -- 

BOEING 747. N732PA 

RENTON, WASHINGTON 
RENTON AIRPORT 

DECEblLIEK 13, 1969 

SYNOPSIS 

N732PA was being opera ted  on December 13, by the  Boeing Company, 
S e a t t l e ,  Washington. for the purpose of f e r r y i n g  the  a i r c r a f t  from 
Boeing F i e l d ,  S e a t t l e ,  k'ashfngton, to the Renton Airpor t .  During an  

approximately 20 f e e t  s h o r t  of the threshold  of gunway 15. The ground 
con tac t  po in t  was approximately 30 inches below the  top of t h e  bank and 

Runway 15, approximately 3,500 f e e t  beyond the  threshold .  The inc iden t  
the runway l e v e l .  The a i r c r a f t  came t o  a s t o p  on the  eenterline of 

occurred a t  1111 P.8. t .  L/ on December 13, 1969. Eleven persons were 
on hoard, inc luding  t h e  crew. None was in jured .  Small f i res broke out  
i n  the No. 3 engine wing s t r u t  and the No. 4 engine f o w a r d  of the t a i l  
cone. These were immediately ext inguished.  S t r u c t u r a l  damage was 

NOS. 3 and 4 engines  and t h e i r  cowlings. 
confined to  the  r i g h t  wing landing gear ,  r i g h t  f l a p  asscmblies, and t h e  

i 
j 
~ approach t o  a landing a t  Renton, the a i r c r a f t  s t r u c k  an  embankment 

s c a t t e r e d  clouds a t  4,500 f e e t  and broken c louds  a t  6,500 f e e t .  The 
v i s i b i l i t y  was 13 miles and the  wind v e l o c i t y  was 20 knots  from 120° true. 

The s i g n i f i c a n t  weather repor ted  a t  1112 f o r  the  Renton Airpor t  was 

The Board determines t h a t  the probable cause o f  t h i s  i nc iden t  was the  
premature touchdown of the  a i r c r a f t  during a visual approach t o  a 

path which would a s s u r e  runway threshold  passage w i t h  an  adequate s a f e t y  
r e l a t i v e l y  short runway, induced by Lhe p i l o t ' s  not  e s t a b l i s h i n g  a Elide-  

margin, under somewhat unusual environmental and psychological  condi t ions .  

- 11 Except a s  noted, a l l  times he re in  are P a c i f i c  s tandard ,  based on 
the 24-hour clock.  
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1 .  IMrESTIGATION 

1.1 *tory of F l i E h t  

c e r t a i n  a i r c r a f t .  which had been used dur ing  f l i g h t  t e s t i n g  and 
c e r t i f i c a t i o n  phases of Node1 747 developnent,  t o  t h e i r  w n u f a c t u r i n g  
f a c i l i t y  a t  Renton. Washington. There, a l l  app l i cab le  producLion 
modi f i ca t ions  t o  a i r f rame and eng ines  were t o  be incorpora ted  and Lhe 
aircraft  e x t e n s i v e l y  r e fu rb i shed  f o r  customer de l ive ry .  In prepa ra t ion  
f o r  these  f l i g h t s ,  e s p e c i a l l y  because of the  r e l a t i v e l y  s h o r t  runway 
a t  Renton, t he  company F l i g h t  Operations Department prepared a " Fl ight  
Test  Analys is  Coordination PerEorrrance Report" f o r  the  Renton 747 f e r r y  
f l i g h t s .  The oeudy was p red ica ted  on a i r c r a f t  g ross  weights  from 
390,000 to'  440,OCO pounds, wi thout  reverse t h r u s t ,  and i n  zero  wind 
cond i t ions .  It had been published about Novr!mber 7, 1969, P r i o r  t o  the  
f l i g h t ,  t h e  p i l o t  reviewed the  repor: t o  determine the  runway d i s t a n c e s  
f o r  t h e  s p e c i f i c  loading of the  f l i g h t  t o  Renton. The d i s t a n c e s  de te r-  
mined were a 5  follows: 

The Boeing Company had plann?d f o r  s e v e r a l  months t o  t r a n s f e r  

Actual  Distance t o  S t o e  Takeoff Distance to S5 Feet  

Dry Runway - Wet Rumrily 

3,100 Feet 4.080 Fee: 
(u = .16) z/ 

20' Flaps  

4 , 8 0 0  Feet  

provided unaccepcahle s topping d i s t m c e  margins f o r  a runway of 5,300 

a very w e t  pavemot." 
f e e t .  "ttowever," he s a i d ,  " the c a l c u l a t i o n s  u = .16 corresponds t o  

The p i l o t  s t a t e d  t h a t  t he  wet runway va lue  of :+,OB0 f e e t  obviously 

revealed  t h a t  t he  computed takeoff  weight a t  lloeing F ie ld  vas  4 0 0 , 6 2 3  
pounds. The landing weight a t  Renton was 391,000 pounds. The c e n t e r  of  
g r a v i t y  was 2 5 . 2  percen t  of t h e  mean aerodynamic chord. The maximum 

weight i s  710,000 pounds. The c e n t e r  of g r a v i t y  l i m i t a t i o n s  are from 
landing weight of t h e  a i r c r a f t  i s  564,000 pounds and t h e  maximum takeoff  

1 5  t o  33 percent  of  the mean aerodynamic chord wi th  the  landing gear and 
f l a p s  down. 

The test summary form, prepared by the  test engineer  p r i o r  t o  t akeof f ,  

The Boeing Company provided a graph o f  the  Boeing 747 dep ic t ing  the  
approach speeds and runway l eng ths  versus  gross weight f o r  the  Renton 

weight wi th  landing f l a p s  a t  30°, t he  a c t u a l  landing d i s t a n c e  i s  3 , 1 2 5  
Airpor t .  From t h i s  graph i t  was determined t h a t  a t  400,000 pounds g ross  

feet. '.%e Feckra l  Avia t ion  Regulations (FAR) d i s t a n c e  is 5,208 f e e t .  

t o  the  Federal  Avia t ion  Administrat ion.  Methods and p roce ju res  were 

- 21 Wet runway f r i c t i o n  c o e t f i c i e n t .  

The proposed p l a n  f o r  f e r r y i n g  the  a i r c r a f t  was presented i n  w r i t i n g  
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developed and t h e  i n i t i a t i o n  o f  the  p r o j e c t  was planned f o r  mid-December. 
As of December 11, 1969, FAA o f f e r e d  no s p e c i f i c  l i m i t a t i o n s  on the 
proposed ope ra t ion  o t h e r  than the opc ra t ing  l imita t ions  then i n  force  on 
the 741. 

I 
The p i l o t  o r i g i n a l l y  assigned t o  N732PA was no t  ava i l ab l e  f o r  f l y i n g  

d u t i e s  a t  t h a t  time. A Senior  E x p e r i m n t a l  Test P i l o t  was s e l e c t e d  t o  
f l y  the  f e r r y  f l i g h t .  On Deccrnber 12,  1969, he had flown N732PA f o r  5 

m n t .  
hours and 16 minutes on i t s  last scheduled test f l i g h t  p r i o r  t o  r e fu rb i sh -  

The company had ass igned  a f l i g h t  engineer .  bu t  no c o p i l o t .  The 
p i l o t  s e l e c t e d  a s  c o p i l o t  an i n s t r u r t o r  w i t h  whcrr he  had f1o.m numerous 
t imes be fore .  

engineer  drove t o  the  Renton Airpor t .  The two p i l a t s ,  f l i p h t  engineer ,  

e n t i r e  runway. The p i l o t  ctat9.d tha t  the  southern 1,OOC f e e t  o f  runway 
and the  F . U  con t ro l  tower ch ie f  of tt.e Rentou Tower drovc over  the 

was rough conc re t r ,  w i th  no s tanding  water. %re  was some s tanding  water  
east of the  runway c c n t e r i i n e ,  but  the  rumay  was vel1 dra ined  west of 
the  c e n t e r l i n e  t o  a width  of about 75 f e e t .  They inspected the bank a , t  
the  no r th  end o f  the  r u w a y  and noted the e i e v a t i o n  of the runway above 
the  water. The group d iscussed  the  e:Fsct of the  e l c v a t i o n  of the runway 
above the lake on the  radar a l t i m e t e r .  

Af t e r  a b r i e f i n g ,  the  p i l o t ,  c o p i l o t ,  dnd a lead  ope ra t ions  test 

i 
I 

The p i l o t  chose a t a x i  t u rno f f  a t  o,le poin t  and a parked IWA Boeing 
a i r c r a f t  a t  another  p o i n t ,  as l a n d m r k s  correspondi;;; to  700 f-et and 

landmarks were s e l e c t e d  as l i m i t s  f o r  the  intended touchdown poin t .  The 

1 
l a t t e r  p o i n t ,  i f  exceeded. was a l s o  intended t o  r ep re sen t  a go-around 
dec i s ion  poin t .  

I 1,200 f < e t ,  r e spec t ive ly ,  from the approach end of t h e  I-rtnway. These 

i 

I 

Following completion of t h e  examination of t h e  Renton Ai rpo r t ,  the 
group re turned  t o  Boeing F ie ld .  The p i l o t  d i r e c t e d  the  ope ra t ions  t e s t  
engineer  to  r e t u r n  t o  Renton wi th  t h e  r ad io  equipped veh ic l e  in  orde r  
t o  maintain radio con tac t  with the  f l i g h t ,  nrovide c u r r e n t  r u w a y  sur face  
cond i t i ons ,  i n spec t  t i res ,  brakes,  and landi.n& g e a r  a f t e r  t h e  landing 
a t  Renton, and provide t a x i  and parking a s s i s t ance .  

Since t h e  rilrway and wind cond i t i ons  a t  Boeing F ie ld  were similar 
t o  those a t  Renton, the  p i l o t  decided t o  make a p r a c t i c e  landing a t  
Boeing to confirm t h e  landing distant.: performance. The c o p i l o t  wao 
b r i e f e d  on t h e  procedures t o  be used and the  crew boarued t h e  a i r c r a f t .  

r N732PA took o f f  a t  1045, remained i n  t h e  t r a f f i c  p a t t e r n  a t  Boeing 
F ie ld ,  and made a p r a c t i c e  landing on Runway 13. The repor ted  wind on 
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f i n a l  was from 130° a t  20 knots .  Vref .2 /  w i t h  30' f l a p s  whs determined 
t o  be 120 knots .  According to t h e  p i l o t ' s  s t a t e u e n t ,  the  touchdown was 
a p p r u x i m t e l y  700 feet  down the  runway from the  th resho ld ,  and the  ground 

braking and reverse  t h r u s t  were used t o  b r i n g  the  a i r c r a f t  t o  a s top .  
r o l l  t o  a f u l l  s t o p  used a n  a d d i t i o n a l  2,500 f e e t  of runway. Heavy 

of a p p r o x i m t e l y  2,500 f e e t .  The landing gea r  was l e f t  extended for 
brake cool!ns. Nearing Renton, t he  f l i g h t  was advised by the  r a d i o  c a r  
t h a t ,  al though tne r a i n  was inc reas ing ,  t h e  runway dra inage  was s t i l l  
b e t t e r  than when th2 runway was inspected  earl ier .  "he downwind l e g  t o  

descending leic base k g  was i n i t i a t e d  ove r  t h e  Eas t  Channel Bridge. The 
Hunway 15 was f tovn along the  Lake Washington e a s t e r n  shore l ine ,  and a 

p i l o t  s a id  t h a t  he not iced  t h a t  they were a " l i t t l e  high" and he made a 
g l i d e  slope adjustment.  He i n s t r u c t e d  the  c o p i l o t  t o  c a l l  out the  a l t i t u d e  
i n  100-foot i n c r c m n t s  down t o  a n  a l t i t u d e  of 100 f e e t ,  and then in 10- 

out  a i r speed  and rate of descent .  The c o p i l o t  made continuous cal ls  c,n 
foo t  i n c r e m n t s  t h e r e a f t e r .  I n  addi t ion ,  h e  i n s t r u c t e d  the  c o p i l o t  t o  c a l l  

radar altimcter he igh t  and ind ica ted  a i r speed  (US). 

N732PA depar ted  Boeing F ie ld  a t  1104 and flew t o  Renton a t  a n  a l t i t u d e  

The gross weight of the  a i r c r a f t  was computed t o  be about 391,700 
pounds, and V r e f .  was computed t o  be 119 kno t s  wi th  30° f l aps .  During the  
approach, t he  c o n t r o l  tower, by prearrangement, repor ted  winds averaging 
20 knots  from d i r e c t i o n s  varying from llOo t o  1200. 

Describing the  approach and touchdown, the  p i l o t  s t a t e d :  

n i . l ~ n . o u t  holding about 128/126 k t s .  w i th  600 f t /min  R/D A/. 
"A wel l  s t a b i l i z e d  f l n a l  was achieved by appr6::imately 2 

I recal l  see ing (1) gus t  of  about 5 k t s .  a t  perhaps 300 f t .  
which decreased a i r speed  t o  121 k t s .  but  the  128/126 k t s .  
was qu ick ly  recovered. The a i r p l a n e  f e l t  r e l a t i v e l y  s m o t h  
and a l though a s l i g h t  c r a b  was being he ld  t o  o f f z e t  the  

w i t h o u t  d i f f i c u l t y  as planned. 
crosswind. t h e  r i g h t  s i d e  of t h e  c e n t e r  l i n e  was being tracked 

"The l a s t  r ada r  a l t i t u d e  I r e c a l l  s e e i n g  (or perhaps hea r ing  
c a l l e d  by John Harder Lthe  copiloL/)  was 30 f t .  -- t h i s  J u s t  
as :he shore l i n e  passed under t h e  cockpi t .  This was t h e  

would f i t .  I was not  aware o f  any s l i g h t  s ink ing  a t  t h i s  
bottom of my predetermined to l e rance  but  i t  looked l i k e  i t  

o t h e r s  on board and ou t s ide .  I a l s o  understand t h a t  movies 
i n s t a n t ,  al though such was repor ted  l a t e r  by John Harder and 

- 3 /  A speed w h i c h  provides a 30 percent  margin over the  s t a l l  speed is 
c a l l e d  1.3Vs0. This  i s  a l s o  the  " reference  speed" or Vref .  The 
b a s i c  Vre f .  i n c r e a s e s  as the  gross weight inc reases ,  b u t  allowances 
arc made f o r  adverse  f a c t o r s .  

- 4/ R/D: Rate of descent .  
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t aken  by Engineering Tes t  P i l o t  D. C. Knutson, s t and ing  near  

corresponding p i l o t  c o r r e c t i o n  to a n  a d d i t i o n a l  nose up 
t h e  threshold ,  showed not only a s l i g h t  s ink ing  but  a 

a t t i t u d e .  A t  t h i s  i n s t a n t ,  the wheels h i t  the l i p  of t h e  

rulway about 20125 f c .  s h o r t  of the pavement i t s e l f .  The 
lake  bank t h e  top  of which i s  e s s e n t l a l l y  f l u s h  wi th  t h e  

j o l t  i tself was about comparable t o  a rough landing 

f l i g h t  t e s t  recorded IAS Lindica ted  airspee$ a t  con tac t  
(10 f t l s e c )  but  i n  a longieudina l  (drag) d i r k c t i o n .  The 

was 122 k t s .  - 3 k t s .  above Vref." 

The c o p i l o t  descr ibed  the inc iden t  by s t a t i n g :  

" ...Descent on f i n a l  approach was s t a b l e  and we l l- con t ro l l ed  
throughout. Three conf i rmat ions  of aneru id  a l t i m e t r y ,  
r a d i o  a l t i m e t r y ,  and a i r speed  ind ica t ions  were conducted 
p r i o r  to  c ros s ing  the south  end of Mercer I s l and ,  ly v;hich 
tjme the  approach was well  e s t ab l i shed .  Airspeed, a l t i t u d e  
and s ink  rate  c a l l - o u t s  were given, a l l  of which remained 
w i t h i n  n o r m 1  to l e rances .  Both p i l o t s '  V r e f .  ind ices  were 

wind d i r e c t i o n  and v e l o c i t i e s  throughout the  approach, and i t  
set a t  120 knots .  By p r i o r  arrangement, Renton Tower provided 

was ev iden t  t h a t  some v a r i a t i u n  in headwind component was 
present .  I n  response t o  the  e a r l i e r  b r i e f i n g ,  a i r speed  and 
a l t i t u d e  irom the  radio  altimeter 21 were read i n  increments 
of 10 f e e t  below 100 feet ,  and I las t  r e c a l l  mentioning ' 5 0  f e e t ,  
128 knots . '  In my opinion.  the  a i r c r a f t  was s a f e l y  and s t a b l y  
e s t a b l i s h e d  on shor t  f i n a l .  I m d i a t e l y  p r i o r  to  c ros s ing  the  
threshold ,  I f e i t  an abrupt  s i n k  begin, followed by landing  
gear  impact." 

well i n  advance and the  V r e f .  g iven  was 120 knots. He sa id  t h a t  t h i s  wan  
1.5 kno t s  on t h e  conserv-t ive s i d e ,  s ince  120 knots  i s  the  re ference  Epeed 

pounds. He f u r t b e r  s t a t e d  t h a t  t h e  Renton Tower provided a running 
fo r  400,000 pounds whereas the  landing weight determined was 390.000 

account o f  the  wind condi t ions  every  few seconds. The l a s t  wind informa- 
t i o n  h5 remembered was 20 knots  w i th  a s l f g h t  crosswind. The l a s t  r ad io  
altimetc: c a l l o u t  he heard was 30 f e e t ,  a t  which time the nose of t h e  
a i r c r a f t  was over  t h e  runway. 

The f l i g h t  engineer  s t a t e d  t h a t  t h e  landing c h e c k l i s t  was completed 

E igh t  b e i n g  engineers  were on board the aircraft  and seven made 
s ta tements .  S i x  of the sev2n were in the  cock?i t  a r e a  during the approach 
to Renton. Nearly a l l  cOu#?nted t h a t  the  approach appeared "normal" t o  
them. One, however, thought t h a t  t h e  syproach,was slow when a l t i t u d e  50 
f e e t  w a s  c a l l e d  ou t  by the  cop i lo t .  An engineer  seated i n  the f i r s t  
observer  seat ( d i r e c t l y  behind the  l e f t  p i l o t ' s  seat) said t h a t  t h e  

I/ This i s  sometices c a l l e d  "radar al t imter."  In  t h i s  i n s t ance  they arc: 
synonomus, but i n  some s i t u a t i o n s  they a re  not .  In  the 747, t h e  r a d i o  
altimeter Systems have a self- test  f ea tu re  which is checked du r ing  aach 
p r e f l i g h t  i n spec t ion ,  ve r i fy ing  proper  system ope ra t ion  end c a l i b r a t i o n .  
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approach, j u s t  p r i o r  to  flare.  i t  appeared t h a t  the touchdown and aiming 
approach was s t a b l e  and t h a t  when the a i r c r a f t  was nea r  the  end o f  the 

po in t s  sf were c l o s e  to the  end of the runway. He heard the  c o p i l o t  
c a l l  30 feet a l t i t u d e  j u s t  before  flare, and  the  a i r c r a f t  wds s t i l l  not 

o r  " se t t l ed"  j u s t  p r i o r  t o  i t s  reaching t h e  end of the  runway. lbo a l s o  
up t o  the runway. 'bo of the  engineers  t h w p h t  the aircraft "dropped" 

a t  the impact. 
s a id  t h a t  they d i d  not realize t h a t  they were lw and were su rp r i s ed  

One o f  the  ground eyewitnesses i s  a S e n i o r  Engineering Tes t  P i l o t  
f o r  the  Boeing Company and f l i e s  the Boeing 747 as w e l l  as o t h e r  Boeing 
a i r c r a f t .  He was s tanding  a t  the  north end o f  the Renton Airpor t  and 
took rov ie s  of the  approach and landing. !!e s a i d  t h a t  che downwind 
course appeared t o  be a normal p a t t e r n  a l t i t u d e ,  and t h e  a i r c r a f t  turned 

When the  a i r c r a f t  was some d i s t ance  away on f i n a l  approach, he began 
t o  t:le runway heading, making i t s  approach o v e r  bkrcer  I s l and  and the lake. 

w a s  conccn t r a t ing  on keeping the  a i r c r a f t  i n  the view f i n d e r  and d i d  not 
fol lowing i t s  progress  through the  camera view f inder .  He sa id  t h a t  he 

a3ke m n t a l  notes  of the  even t s  t h a t  occurred  during t h e  touchdown and 
r o l l o u t .  He d i d  note t h a t  the  touchdown was shor t  o f  what he had 
a n t i c i p a t e d ,  and t h a t  soon a f t e r  touchdown. t h e  r i g h t  wing went down t o  

sur face .  He s a i d  t h a t  the  main po in t s  he r e c a l l e d  were t h a t  the approach 
the poin t  t h a t  engine n a c e l l e s  Nos. 3 and 4 appeared to con tac t  t h e  runway 

lookcd good, but a b i t  lower than  he had a n t i c i p a t e d ,  when the a i r c r a f t  
was j u s t  shor t  of the runway. He f u r t h e r  s ta ted t h a t  t h e  wind was from 
the southeas t  and gusty. The v i s i b i l i t y  was good and t h e  runway sur face  
was damp. He d i d  not r e c a l l  see ing  any s t a r d i n g  water on  the  runway. 

The movies taken of :he event  revealed t h a t  a "crab" c o r r e c t i o n  fo r  
the wind was nude, and tLat  the  nose o f  t h e  a i r c r a f t  p i t ched  upward, 
j u s t  p r i o r  t o  touchdown. 

A P r inc ipa l  Operat ions Lnspector i n  t h e  S c d t t l e  FAA General Aviat ion 
District Of f i ce  was a t  hone and had been v z t c h i n g  fo r  t h e  Boeing 747 t o  

would be made a t  Renton. His home i o  approximately 200 f e e t  above the 
make i t s  approach af ter  he hcard on a new8 5rondcast  t h a t  a landing 

e l e v a t i o n  of t h e  water  o f  Lake Xashington a d  about a q u a r t e r  o f  a mile 
from Renton Airpor t .  He sa id  t h a t  the  approach appeared to be normal up 
to a poin t  approximately 500 f e e t  from the end of the runway. A t  t h i s  
po in t ,  i t  was obvious t o  him t h a t  the a i r c r a f t  would n o t  w.!ce the  runway. 
He s a i d ,  "As he descended through 50 to 75 f e e t  o f  al t i~. :de,  I noted a 
s l i g h t  r o t a t i o n  a s  though t h e  a i r c r a f t  was s t a r t i n g  to .lair ( f l a r e ) .  A t  

would poss ib ly  f l o a t  up on t o  t h e  runway, b u t  the  r a t e  s f  descent  appeared 
t h i s  poin t  I f e l t  the a i r c r a f t  should be coc ing  i n t o  ground e f f e c t  and 

t.0 i nc rease ,  and t h e  a ircraft  s t r u c k  the bank of the l a k e  s h o r t  o f  the 
runway." 

- 6/ See sec t ion  1.15 of t h i s  report f o r  a d i scuss ion  of t h e  d i s t i n c t i o n  
between touchdown and aiming point .  
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Runway 15,  s a i d  t h a t  es t h c  a i r c r a f t  neared the end of Runway 15, he 
Another wi tness ,  s tanding  300 f e e t  west of the  approach to 

could see t h a t  i t  was low in the  approach. He s a i d  t h a t  a t  t h i s  time 
the p i l o t  ro t a t ed  gen t ly  and a s  he  approached the  threshold ,  the  r i g h t  
main t r u c k  and o the r  gear  caught the  edgc o f  t h e  d i r t  bank. 

rad io  con tac t  was made by N732PA a t  approximately 1105, a t  which time 
According t o  the  t r a n s c r i p t  o f  the rad io  c o m n i c a t i o n s .  the f i r s t  

the f l i g h t  repgr ted  coming up overhead and dec lared  t h * ? i r  i n t e n t  t o  "go 
down t h e  east channel." A reques t  was made f o r  wind advisor: .es  on shor t  
f i n a l .  The Tower acknowledged and s a i d  t h a t  rrind adv i so r i e s  would be 
provided. Local t r a f f i c  2 r i l e s  n m t h e a s t  was repor ted  by the  Tower and 
the  l o c a l  wind was giver! as being from 120' v a r i a b l e  from 090' LO 15G0 
a t  10 knots ,  w i th  peak g u s t s  as high as 20 knots .  The a l t i m e t e r  sctti . .g 
was 29.64. 

The Tower informed t h e  f l i g h t  t h a t  the r i g h t  or west s ide o f  Runway 
15 appeared t o  be "considerably" dry ,  but  t h e r e  was some water on the 
e a s t  s ide .  N732PA r e p l i e d  t h a t  the  i n t e n t i o n  was t o  favor the r ight-hand 
side. A t  1!07, tne Tower gave landing  c learance  t o  the f I i g h t  and s a i d  
tha t  wind a d v i s o r i e s  would be given on f i f i a l ,  w i th  no need t o  acknowledge. 
The winds were provided on f i n a l  approxiza te ly  every  10 seconds. The 
wind d i r e c t i o n  va r i ed  bet-deen looo and 120°, wi th  v e l o c i t i e s  €rom 1 5  t o  

wind a t  20 knots  from 090°. 
18 knots ,  excrp t  t h a t  t h e  last wind t ransmiss ion  a t  1111:lO repor ted  the  

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

None. 

1.3 DamRs t o  A i r c r a f t  

wheel well ,  t h e  r i g h t  t r a i l i n g  edge f l a p  assemblies ,  the cowling of  
Nos. 3 and 4 engines ,  and the  No. 4 engine. "he r i g h t  wing landing gea r  
s t r u c t u r e  pu l l ed  ou t  of iem t-runnion suppart  f i t t i n g s .  m e  gear  t ruck  
was de f l ec t ed  rearward, b u t  the  top  o f  t h c  landjng gea r  n t ruc tu re  re- 
mained a t tached  t o  t':x a i r c r a f t  by t h e  nain ge?r a c t u a t c r  and l inkages.  
The s i d e  a t r u t  nssewbly also f a i l e d .  

The a i r c r a f t  sus t a ined  damage to t h e  r i g h t  wing landing gear  and 

The r i g h t  inhoard t r a i l i n g  edge f l a p  assembly was bucxled and 
punctured, and t h e  inhoard h a l f  of t h e  r i g h t  f o r e f l a p  separated.  

The r i g h t  wing set .cled and t h e  cowling o f  the  Nos. 3 and 4 enginen 
scraped along the  runway. The No. 3 engine cowling sus ta ined  minw 
damage. However, t h e  cowling of t h e  No. 4 engine was scraped thrcugh m 

damage. The No. 4 engine forward t h r u s c  reverser and f i r s t - s t a g e  
its bottom surface  and r ipped  open. The No. 3 engine 3ustained l i t t l e  

compressor b lades  were damaged. Dirt and fo re ign  o b j e c t s  were found in 
Nos. 3 anJ 4 engines.  

r 
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?he s k i n  of the  r i g h t  wing was punc'tured on the  underside.  This 
puncture was a small ho le  through t h e  win2 s k i n  and i n t o  the  No. 3 

measuring s t i c k ,  and abuut  4 f e e t  ourboard from t h e  body f a i r i n g .  A 
main f u e l  tank a t  a yo ln t  approximately 3 f e e t  forward of the  f u e l  

by the p lacenrnt  of  a s r d l  wax plug i n  the  punctured hole .  
small atmsnt o f  fuel dripped ou t  on  t h e  runway, b u t  the  flow WZR stopped 

the approach end of Runw.ly 15, was broken. 

1 .5  C r e w n f o r m a t i o n  

One r u w a y  l i g h t  s tandard ,  l oca ted  approximately 1,900 f e e t  from 

Pi lo t - in-conmnd Ralph Clyde Cokeley, agcd 44, holds  an a i r l i n e  
t r a n s p o r t  p i l o t  c c r t i l i c n t e  and a c u r r e n t  f i r s t - c l a s s  FAA medical 

and had accumulated 1 2 1  f l y i n g  hours  i n  the  747. His t o t a l  f l i g h t  time, 
c c r t i f i c a t e  xith no l i i n i t a l i o n s .  He was typ2 r a t e d  i n  the  Boeing 747 

a l l  models of  a i r c r a f t ,  was 6,518.7 hours. 

He.had landcd b e i n g  727 and 737 type a i r c r a f t  a t  Renton numerous times, 
and had once f e r r i e d  a b e i n g  7208 t o  Renton. His ? e s t  landing a t  
Renton was made i n  J u l y  1969 i n  a b e i n g  737. 

Cokeley is a n  a e r o n a u t i c a l  eng inee r  and a f o m r  m i l i t a r y  p i l o t .  

p i l o t  c c r t l f i c a t e  and a cu r r rn*  first-class FAA x d i c a l  c e r t i f i c a t e  wi th  

no C i l o t  t i n  i n  a Loeing 747 except  f o r  the  shor t  time involved i n  t h i s  
the  l i m i t a t i o n  t h a t  he wear g l a s s e s  f o r  near  and d i s t a n t  v i s i o n .  He had 

hours ..XI 50 L:i.lutes s i m l a t o r  t r a i n i n g  i n  the  Boeing 747. His t o t a l  
i nc idcn t .  Ilc had a t t ended  companv ground school and had received 11 

f l y i n g  Lime i n  a l l  models of  a i r c r a f t  was 17.92; hours. 

Cupi lo t  John Worthington Harder, aged 46 ,  ho lds  an a i r l i n e  t r anspor t  

F1f.ght Engineer C l i f f o r d  Ray Cumings  holds a f l i g h t  eng inee r ' s  
c e r t i f i c h t e ,  a n  a i r f r ame  and pcwerplant mechanic c e r t i f i c a t e ,  and a 
c u r r e n t  second- class FAA medical c e r t i f i c a t e  wi th  no l i m i t a t i o n s .  He 
had flow(, 14.5.7 hours i n  the  Boeing 747 and a to ta l  of 2.087 hour8 i n  
a l l  models of  a i r c r a f t .  He i s  an i n s t r u c t o r  f l i g h t  engineer .  

1.6 -ft Tnfo rmt ion  

N732PA, a Ro2ins 747-21, ser ia l  No. 19638, wes owned by the  Boeing 
Company. 

Xanufacture was completed i n  J u l y  1969, and t h e  a i r c r a f t  f i r s t  
flown on J u l y  11, 1969. 

A S p e c i a l  A t w o r t h i n e s s  C e r t i f i c a t e  was i s s w d  October 10, 1969. 
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The a i r c r a f t  had been flown 161:42 hours a t  the  time of the i nc iden t .  
It was equipped w i t h  fou r  F'ratt & Vhitney Nodel JT9D-3 (Block 1) engines.  

departlrre of the f l i g h t  in quest ion.  
Basic p o s t f l i g h t  and p r e f l i g h t  checks had been completed p r i o r  t o  t he  

been maintained in accordance w i t h  company and Federal  Aviat ion Admini- 
The miintenance records  f o r  N732PA disc losed  t h a t  t he  a i r c r a f t  had 

s t r a t i o n  procedures. No discrepanc ies  were noted t h a t  would have adversely 
a f f ec t ed  the mechanical o r  s t r u c t u r a l  a i rwor th iness  of t he  a i r c r a f t .  
Required inspec t ions  had been accomplished and nonroutine items had re- 
ceived co r r ec t i ve  a c t i o n .  

The type of  f u e l  used was JP-1. 

1.7 Meteorolonical Infom- 

s t a t i o n s  and times indicated:  
Surface weather observa t ions  were, in p a r t ,  a s  follows f o r  the 

Renton 

- 1057 4,500 feec  s ca t t e r ed .  measured 6,500 broken, high overcas t ,  
v i e i b i l t t y  1 3  miles. wind 120° 15 knots ,  a l t i m e t e r  s e t t i n g  29.65 
inches  . 
- 1112 Local, 4.500 f e e t  s c a t t e r e d ,  measured 6,500 f e e t  broken, 
high overcas t ,  v i s j b i l i t y  13 o l l e s ,  wind 120' (true) 20 knots ,  
a l t i m e t e r  s e t t i n g  29.64 inches.  

- 1055 est imated 6,500 f e e t  brokcn, 7,509 f c e t  overcas t .  v i s i b i l i t y  
10 miles ,  temperature 55' F.. dew point  &lo F.,  wind 130' ( t rue )  
13 knots,  altimeter s e t t i n g  29.66 inches. 

- 1155 es t imated  5.500 f e e t  ove rcas t ,  v i s i b i l i t y  10 mi les ,  very 
l i g h t  r a in ,  temperature 56O F.. dew poin t  41' F . .  wind 130' ( t rue)  
11 knots ,  a l t i m e t e r  s e t t i n g  29.65 inches,  breaks south. 

Seattle-Tacoma 

- 1055 measured 5,O:Kl f e e t  broken, 8.000 f c e t  ove rcas t ,  v i s i b i l i t y  
40 mi les ,  tewperature  54' F . ,  dew poin t  42' F., wind 10Go ( t rue )  
12 knots ,  a l t i m e t e r  s e t t i n g  29.66 inches,  r a i n  began a t  0959 and 
ended a t  1028, i n t e r m i t t e n t  very l i g h t  r a i n  showers. 

- 1155 measured 5,500 f e e t  overcas t .  v i s i b i l i t y  40 miles.  very l i g h t  
r a i n ,  temperature 56' F . ,  dew poin t  44' F.. wind 150' 7 knots ,  
a l t i m e t e r  s e t t i n g  29.66 inches. lower Cascades v i s i b l e .  r a i n  
began a t  1117. 
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1.8 Aids t .  Navigation 

AirporL except  f o r  a wind sock and a seguented c i rc le .  
mere are no e l e c t r o n i c  or v i s u a l  a i d s  t o  naviga t ion  a t  the  Renton 

1.9 C o n a M n i c a r i E  

'nic f l i g h t  vas  i n  con tac t  with t h e  FAA c o n t r o l  towers a t  Boeing 
F i e l d  and Kenton Ai rpo r t ,  and wi th  company personnel  i n  radio-equipped 
v e b i c l e s  a t  t h e  ramp a r e a s  o f  both a i r p o r t s .  

No d i f f i c u l t i e s  i n  commnicat ions were repor ted .  

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

Renton Airpor t  has a s i n g l e ,  asphal t- sur faced  runway (15/33), 
5,380 feet  long and 200 feet u ide .  %e e l e v a t i o n  i s  21 f e e t  a t  t h e  
approach end of Runway 1 5  (neares t  Lake Washingcon) and 29 f e e t  a t  the  
o t h e r  cn3. The last 1,000 f e e t  of Runvay 15 is  concre te .  A blas t  s h i e l d  
approximately 20 f e e t  high i s  located o f f  the  south  end of Runway 15, 

A l e v e l  d i r t - f i l l e d  area extends .from the  threshold  of Runway 15 

mately 8 f e e t  above t h e  water l e v e l  of  t h e  lake. 
to the sho re l ine  of Lake Washington. The sur face  of the  f i l l  i s  approxl-  

Boeing bu i ld ings  are loca t ed  a long t h e  lef t  s ide  o f  Runway 15. The 
c l o s e s t  t o  t h e  threshold o f  Runway 15 is  600 f e e t  from the c e n t e r l f n e .  

hangars 1oca;ed 500 f e e t  from t h e  threshold .  
Buildings a r e  a l s o  loca ted  a long the r i g h t  s ide of the  runway, v l t h  

1.11 u h t  Rccordcrs 

cond i t i on .  However. the  informat ion  on the voice  recorder  vas no t  re- 
Both the  f l i g h t  recorder  and cockp i t  voice recorder vere i n  good 

coverable because the  u n i t  had been opera ted  a f t e r  t.he inc iden t  for a 
per iod  longer than i t s  30-minute record ing  capaci ty .  

the  a i r c r a f t ,  and from the f l i g h t  recorder .  
Data vas recovered from the h igh ly  r e f ined  :est e q u i p e n t  on board 

and readable.  The a l t i t u d e  recording wa8 cons t ap t ly  high by approxl-  
matcly 400 feet when c o v a r e d  v i t h  t h e  published a i r p o r t  e l e v a t i o n s  o f  
1 7  f c e t  a t  Boeing F i e l d  and 29 feet a t  Renton Airpor t  (21 f e e t  a c t u a l  
e ln>,a t ion  fit Runvay 15 thrcshold) .  This  was found to be a c a l i b r a t i o n  
problem, whfch was r e a d i l y  co r r ec t ed  to t h e  proper  e l e v a t i o n  f o r  the  

d a t a  poin ts .  The to le rance  f o r  a l t i t u d e  record ing  i n  t h e  area of sea 
readout by s u b t r a c t i n g  400 f e e t  from t h e  e l eva t ion8  ind ica t ed  by the 

l e v e l  i s  f: 100 f e e t .  

The f o i l  of t h e  f l i g h t  recorder  vas i n t a c t ,  w i th  a l l  t r ace8  active 
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Ihe f l i g h t  recorder  readout f o r  the  heading trace revealed t h a t  

approximately 2 minutes p r i o r  to touchdown the  magnetic heading wLa 
161'. The heading reduced t o  140.5O, 1 minute 27 seconds p r i o r  t o  
Loxchdwn. The heading va r i ed  between 142O and 143O during the  30 seconds 
p r i o r  t o  touchdown. During t h e  last 30 seconds. t h e  - 1 t i t u d e  trace read- 
out showed a descent  of 350 f e e t ,  whi lc  t hc  a i r speed  decnycd from approxi-  
mately 128 knots  to  approximately 120 knots. me descent  dur ing  the last 
10 seconds was 100 feet, w i th  the a i r speed  decaying from 1 2 5  knots  t o  
120 knots. 

the p rac t i ce  f l i g h t  a t  Boeing, a t y p i c a l  landing:  and 411 autolandlng.  The 
rudder excursions revea led  of the Henton ldnding were not GO grea t  a s  
thoae of e i r h e r  the  landing a t  Boeing F i e l d  o r  the t y p i c a l  landin?. The 

whereas during the  Boeing landing they were lao,  and on the  t y p i c a l  land- 
a i l e r o n  excursions of the  Renton inc id rnc ,  however. were as high as 22O. 

with those of the  t y p i c a l  landing,  but  s l i g h t l y  h igher  than those of the  
ing they were 12'. The e l e v a t o r  excurs ions  of t h e  inc ident  were i d e n t i c a l  

Boeing landing and t h e  autolanding.  Comparisons of the p i t c h  angle traces 

Field landing, the  same for a t y p i c a l  landing, from +ZO t o  +6O for the  
revealed excurs ions  of 1' e i t h e r  a i d e  of a +Z0 pos i t i on  on the &.sing 

autolanding. and f r o n  -2O t o  +4O f o r  the  inc iden t  landing. 

The Boeing Company provided g raph ica l  test d a t a  from t h i s  f l i g h t ,  

indicated t h a t  dur ing  the  l a s t  2 2  seconds p r i o r  t o  ground contac:. the  
r a t e  of descent  was i n i t i a l l y  700 fee t  per  minute f o r  the inc ident .  
decoying t o  400 f e e t  per minute f o r  t h e  last  4 seconds. The r a t e s  of 
descent f o r  the  sa= pe r iods  f o r  the  Bocing F ic ld  landing,  t y p i c a l  landing,  

minute,  r e spec t ive ly .  The a l t i t u d e s .  22 seconds p r i o r  t o  grou.ld con tac t ,  
and nutolanding were 550 to 300. 750 to 375, and 600 LO 450 f e e t  per 

were 235 f e e t  f o r  the  inc ident  landing ,  140 feet for t h e  Boeing F ie ld  
landing, 235 feet f o r  the  t y p i c a l  lending,  and 201) feet f o r  the  autoland- 
ing . 

Comparison o f  the  f l i g h t  p r o f i l e s  from t h e  test  ins t rumenta t ion  d a t a  

approximately 8,000 to 9,000 pounds u n t i l  about the  l a s t  1 2  seconds of 
f l i g h t ,  a t  which time i t  increased  to apFroximately 10,000 t o  12,000 
pounds. During the  Boeing F i e l d  approach, the  t h r u s t  was approximately 

which ti= i t  increased  t o  approximately 12,000 t o  14,000 pounds. 
9,000 to l 1 , G O O  pourdr u n t i l  about 20 seconds p r i o r  to t o u c h d m .  a t  

1.12 Wreckagq 

The engines '  t h r u s t  dur ing  the  approach to t h e  Rcnton Airport  was 

Except for some p a r t s  which separa ted  from t h e  s t r u c t u r e  of the 
r i g h t  landing gear. w i n g  [laps, and the  engine cowling, the  a i r c r a f t  was 
intact .  
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a i r .  Small parts and p i e c e s  o f  cowling separa ted  from the  engine and 
were found on OK nea r  t h e  runway. 

A witness saw a p a r t  oi a f l a p  "flung" about 40 t o  50 feet i n  the  

required by r egu la l iona  i n  thae no s e r i o u s  damage t o  t h e  f u e l  tanks  
occurred.  

1.13 Fire 

The ;:din landing gear f a i l e d  as p red ic t ed  by Boring. and as 

Fire t r u c k s  a r r i v e d  a t  t he  a i r c r a f t  i m d i a t e l y  a f t e r  the a i r c r a f t  

i n  t h e  No. 3 crrgine wing s t r u t  and i n  the  No. 4 engine forward o f  the  
stopped approximately 3,500 f s e t  down the  runway. Small f i r e s  s t a r t e d  

t o i l  cone. These f i r e s  Lerc ext inguishcd by t h e  use o f  one 15-pound C02 
f i r 0  ex t iugu iahc r .  Hydraulic f l u i d  was leaking from a broken landing 
gear l ine ,  and fuel. was l eak ing  from a punctured wing tank near  t h e  
fuselage.  

1.14 S u r v i v a l  Aspects 

through the  cockp i t  e x i t  door,  and descended a l adde r  pushed up to the  
door by ground personnel .  

1.15 T e s t s  and Resezrch 

No one was in ju red ,  and a l l  persons  on board evacuated thc a i r c r a f t  

of t h i s  p a r t i c u l a r  approach were examitled. This m a t e r i a l  i s  t r e a t e d  i n  
During the  i n v e s t i g a t i o n ,  d a t a  p e r t a i n i n g  t o  four c r i t i ca l  f a c e t s  

t h e  paragraphs t h a t  follow. 

a.  Approach and Landing Techniques and Procedures. 

During an approach, the  path  desc r ibed  b3 the  main landing gear 

p i l o t ' s  r y e  l e v e l ,  because the  p i l o t  i s  loca ted  above and ahead o f  the  
(on a i r c r a f t  w i th  t r i c y c l e  gear)  d i f f e r s  from t h a t  descr ibed by the  

main landing gea r .  The path  described by t h e  landing gear  u l t i m a t e l y  
terminates  i n  the  touchdown po in t ,  whereas the  pa th  descr ibed by t h e  eye 

po in t .  The aiming point  i s  always some d i s t a n c e  down the  runway from 
l e v e l  of  t he  p i l o t  i n t e r s e c t s  the  runway in what i a  known a s  the  aiming 

the  touchdown po in t .  The d i s t a n c e  between the two varies d i r e c e l y  as 
the  s i z r  o f  the  a i r c r a f t  (d is tance  between the  landing gear  and t h e  
p i l o L ' s  p o s i t i o n ) ,  and inve r se ly  a s  t h e  angle  of  tho g l i d e  slope.  P i l o t s  

use the aiming po in t ,  along wi th  o the r  important  v i s u a l  cues ,  to  execute 
f l y i n g  l a r g e  a i r c r a f t  are aware of the approach and landing geometry, and 

main gear.  The Boeing 747, being l a r g e r  than the  mre f a m i l i a r  a i r c r a f t ,  
t h e i r  approac!les so as t o  a s su re  adequate threshold  c l ea rance  o €  t h e  

n e c e s s a r i l y  invo lves  d i f i c r e n t  approach and landing geometry. (See 
Attzchnrnts  Nos. 1 and 2 ) .  
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A po in t  1,000 f e e t  beyond the  threshold  is u s u a l l y  the  touchdown 

point a s soc ia t ed  w i t h  Instrumenc Landing System (ILS) g l i d e  s lopes ,  
touchdown zotes,  and Visual  Approach I n d i c a t o r  (VASI) l i g h t s .  An ILS 
approach wi th  t h e  747 does not  d i f f e r  Rrea t ly  from t h a t  of  a sma l l e r  
a i r c r a f t  because of antenna locat ion .  However, on  a VASI approach t h i s  

of smaller a i r c r a f t .  Thus t h e  main g e a r  of the  Boeing 747 and o t h e r  verv  
is  not t r u e .  The p resen t  VASI, a v i s u a l  a i d ,  i s  based on a n  aiming po in t  

la rge  a i r c r a f t  would cross the  runway chreshold a t  a much lower a l t i t u d e .  
The VAST. system c o n s i s t s  o f  two rows of th rec  l i -ghts  (usua l ly  on both 
sides of the  runway, but  may be on t h e  l e f t  s i d e  only) .  I f  both the  near  
and f a r  sets of l i g h t s  are red,  the  approach s lope  i s  too low. I f  both 

of l i g h t s  is  white ,  and the  f a r  sec i s  red,  t he  approach s lope  is  c o r r e c t .  
sets of l i g h t s  a r e  whi te ,  t he  approach s lope  i s  too high. If t h e  nea r  set 

One prthod which h a s  been suggested f o r  m d i f y i n g  che present  i n s t a l l a t i o n s  

present ly  i n s t a l l e d  f a r  l i g h t s .  Small a i r c r a f t  could  then use the  two 
i s  to  add an a d d i t i o v a l  row of two l i g h t s  f a r t h e r  down the  runway from the 

near sets and l a r g e r  a i r c r a f t  could uce t he  f a r t h e r  two se.ts. 

sGurce ins t ead  of t h e  s teady state l i g h t  source c o m n  t o  e x i s t i n g  VASI's. 
Use of t h i s  new concept could f u r t h e r  d i s t i n g u i s h  the  smll a i r c r a f t  
system from t h a t  r equ i red  by the  l a r g e r  a i r c r a f t .  

Another proposal  encountered by t h e  Board involved a pulsed l i g h t  

v a r i a t i o n s  i n  p i l o t  eye l e v e l  and main landing gea r  t l l reshold c l ea rances  
for var ious  g l i d e  s lope  and aiming p o i u t s .  

' h e  i l l u s t r a t i o n s  and t a b l e s  i n  Attachment Nos. 1 and 2 show t h e  

These are l o n g i t u d i n a l ,  white.  pa in ted  l i n e s  beginning near  the  threshold  
and proceeding i n  groups of: four,  t h ree ,  two, and one on each s i d e  of the 
runway c e n t e r l i n e .  These l i n e s  a r e  of  a known size and p o s i t i o n ,  and can 
be used as a n  a i d  i n  determining a n  a i a fng  point .  Under indus t ry  con- 
s i d e r a t i o n  is a proposal  t o  expand t h i s  type of c a r k i n g  by doubling the  
groups of t h ree ,  two, and one, and thereby provide r e a d i l y  d i s c e r n i b l e  
markings as much as 3,000 f e e t  from t h e  threshold.  

Other v i s u a l  cues  which a s s i s t  t hc  p i l o t  a r e  the  runway nurkings. 

Also r e l a t e d  t o  t he  approach i s  t h e  a p p l i c a t i o n  of reference  speed 
or Vref . .  One 8-747 c a r r i e r  adds 5 k n o t s  t o  the  b a s i c  V r e f .  of l.3Vso 
and a d j u s t s  accordingly  f o r  o t h e r  f a c t o r s  such as gus t iness .  

pos i t ion  on the  g l i d e  slope.  One a i r  carrier, i n  t r a i n i n g ,  uses a 100- 
foot i n d i c a t i o n  on t h e  r a d i o  a l t i m e t e r  as the  th resho ld  passes  under the  
p i l o t  station, a s  a t a r g e t  t o  a s su re  s a f e  c l ea rance  f o r  the  main ianding 
gear. 

The radio  a l t i m e t e r  i s  being used ex tens ive ly  t o  determine v e r t i c a l  
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h. Windscreen C h a r a c t e r i s t i c s  

c h a r a c t e r i s t i c s  d i f f e r e n t  from those of the  usual  f l a t  design.  However. 
according t o  a b e i n g  study,  dev ia t ion ,  measured normal to t h e  surface  
of curved p a r t s ,  i s  held  t o  c o n t r o l s  s i m i l a r  t o  those of t he  present  f l a t  
assemblies i n  use .  To eva1t;ate curved windshield c h a r a c t e r i s t i c s ,  
Boeing i n s t a l l e d  a windshield similar t o  t h a t  of t h e  Boeing 747 i n  the  
p i l o t ' s  p o s i t i o n  o f  a b e i n g  707. The c o p i l o t ' s  windshield  as not 
changed. The t e s t  program required  th ree  f l i g h t s  du r ing  wh ich  40 touch- 
and-go landings (20 a t  n igh t )  were performed by Boeing s e n i o r  test  p i l o t s .  
The landings W E K C  normal or s m o t h e r  than normal. There i s  always in-  
herent  d e v i a t i o n  21 i n  any curved windshield,  except  when one is  looking 
norm1 t 6  the surface .  lhe d e v i a t i o n  angle  is  cons tan t ,  however, and 

ob jec t  becorns smaller, a s  viewed by t h e  observer ,  as he proceeds toward 
t h e r e f l r e ,  the d i s t a n c e  between t h e  real and apparent  p o s i t i o n  of an 

che ob jec t .  The l aLera l  s h i f t  due t o  t h e  d e v i a t i m  ang le  can be added to 
the minor displacement caused by r e f r a c t i o n ,  g iv ing  a t o t a l  displacenwnt 

viewed s t r a i g h t  ahead and 5* down. ?'his is  approximately the  d i s p l a c e m n t  
t n  the  747 windshie ld  of a p p r o x i m t e l y  9.6 feet i n  1,COO feet ,  when 

a p i l o t  would cxperience when he is  100 f e e t  high and 1,090 feet from 
touchdown. The diaplaccmcnt becomcs smaller as t h e  p i l o t  approaches, and 
is 4.8 ferr  a t  500 f e e t ,  and .J6 f e e t  a t  1G3 f ee t .  

The windshield on the  Boeing 747 i s  curved and has  opt:cal 

? lu l t i p l e  l i g h t  r e f l e c t i o n s  are p resen t  a long the  s i d e s  of  t h e  wind- 
sh ie ld .  This phcnom.,u,e 113s the  e f f e c t  of  s p l i t t i n g  (1 rw of l i g h t s  i n t o  
t W 0  K W S .  

C .  The E f f e c t  of Rain a n  windshields 

Rain has  a n  e f f e c t  on the  o p t i c a l  c h a r a c t e r i s t f c s  of a i r c r a f t  
windshields.  A study by the  USAF School of Aerospace Lledicine w r i t t e n  
by Major [xn.i ld G. P i t t s  and t i t l e d  "Visual Il lusions And A i r c r a f t  
Accidents" 1I;cludes a por t ion  dea l ing  wi th  the  r a i n  e f f e c t .  Major Pi t ts  
s t a t e d  :hat r a i n  changes the  o p t i c a l  c h a r a c t e r i s t i c s  of  a i r c r a f t  wind- 
s h i e l d s .  Ills s tudy s t a t e s :  

"The r i p p l e s  and b l u r s  caused by t he  rain-swept windshield 
e s s e n t i a l l y  a c t  a s  a prism and deceive t h e  p i l o t  i n t o  
th inking t h a t  he is  h igher  than he a c t u a l l y  i s .  

- 7 /  Deviation: When t h e  s u r f a c e  t h a t  the  l i g h t  e n t e r s  is  not p a r a l l e l  t o  

This is  c a l l e d  "wedge" e f f e c t .  
the  su r face  from which i t  leaves ,  the d i r e c t i o n  of t he  l i g h t  is  changed. 

Displacement: A movement o f  an image caused by nnterials having 
d i f f e r e n t  i n d i c e s  of r e f r a c t i o n ,  such a a  a i r / g l a s s / a i r ,  e t c .  
D i s to r t ion :  Very r ap id  chaages i n  l o c a l  d e v i a t i o n  due t o  manufacturing 

See Attechmcnts Nos. 4 and 5 f o r  i l l u s t r a t i o n s .  
imperfec t ions .  
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* * * * * * *  

'I. . . s tudy cn l i g h t  p a t t e r n s  through a rain- swept 
windshield showed tha t  d i s t o r t i o n  was a funct ion  of  

area.- Stedman and Bahrenburg L a u t h o r i t i e s  quoted by 
the rate water in t e rcep tcd  the windshield pe r  u n i t  

P i t t d  have s h w n  t h a t  the  most s e r i o u s  problem wirn 
r a i n  on t h e  windshield is t h a t  o b j e c t s  appear luwrr 

a p i l o t  looking through a r a i n - w e p t  windshield I s  
( f a r the r  away) than they a c t u a l l y  are. In o t h e r  .dords, 

deceived i n t o  thinkin.% t h a t  t h e  a i r c r a f t  is  h ighar  than 
it is i n  a n o r m 1  appraach; thus  he usua l ly  f1if:s a 
lower g l i d e  pa th  than normal. 

* * * * * * *  
"Since t h e  s e J e r i t y  o f  such an  i l l u s i o n  is r e l a t e d  to 
t h e  r a i n  de?os i ted  per u n i t  a r ea ,  t h e  obvious s o l u t i o n  
would be to e l imina te  t h e  r a i n  from the  windshield." 

Rain reuoval from a i r c r a f t  windshields i s  accomplished by th ree  
c o m n  methods, which are windshield wipers ,  pneu ra t i c  equipment, and 
chemical r a i n  r e p e l l e n t s .  The Eoeing 747  is equipped wi th  windshield 
wipers and a r a i n  r e p e l l e n t  s y s t e m  The r a i n  r e p e l l e n t  system can be 
used when the p r e c i p i t a t i o a  i s  so g r e a t  t h a t  t h e  wipers do not adequately 
remove the water.  The r e p e l l e n t  system can be in t eg ra t ed  wi th  the  wiper 
system. 

d. s r m i n a t i o n  of  Wind Drift Correc t ion  

Ihe d r i f t  c o r r e c t i o n  ang le  o f  t h i s  f l i g h t  was determined by 
thrco d i f f e r e n t  methods. Ihe f i r s t  method used data from the  test  
equipmnt on board the  a i r c r a f t  anc? r e s u l t e d  i n  a c o r r e c t i o n  angle o f  
approximately 7' nose l e f t  f o r  t h e  las t  200 f e e t  of descent .  The second 
method involved measurements from the  frames of movie films dep ic t ing  
thz approach, and produced e s t ima ted  c o r r e c t i o n  angles  between 7 . 5 O  and 
13.1~ nose l e f t .  The t h i r d  was a vec to r  c a l c u l a t i o n  us ing  the  t r u e  
airspeed and wind v e l o c i t y  to determine a ground t rack .  The c o r r e c t i o n  
angles thus determined va r i ed  between 4.6' and 5 . 6 O .  

2. ANALYSIS AND CONCLUSIONS 

2.1 Analysis 

One such area was t h e  conduct of t h e  approach. Another was the  a i r c r a f t  
and its r e l a t i o n  t o  the  approach, s ince  i n  theory ,  i t s  newness and g rea t  

In analyzing t h e  evidence. t h e  Sa fe ty  Board focused on s e v e r a l  areas. 
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size could involve  problems and techntques  not  h i t h e r r o  encountered. A 
th i rd 'wns  t h e  environment in which the  a i r c r a f t  was flown and i ts  e f f e c t  
on tile approach. A d i s c u s s i o n  of these  areas follows: 

a. llle Approach 

The p i l o t  planned h i s  approach c a r e f u l l y  s ince  he was to make 
the f i r s t  landing of a Boeing, 7b7 on t h i s  shor t  runway. His p r e f l i g h t  
opera t ions  exceeded those u s u a l l y  required .  The p i l o t  needed to 
e s t a b l i s h  a p a t t e r n  so as to a r r i v e  a t  a p o s i t i o n  on f i n a l  approach which 
would a s su re  the  es tabl ishment  of a proper  g l i d e  s lope  w i t h i n  the  limits 
of a i rspeed and r a t e  of  descen t  appropr i a t e  t o  t h e  a i r c r a f t .  The g l i d e  
slope needed t o  be planned (consider ing e x t e r n a l  a s  well as i n t e r n a l  

and s t i l l  guarantee t h a t  t he  a i r c r a f t  would land and s t o p  w i t h i n  the 
f ac to r s )  so as t o  accomplish runway threshold  c learance  a t  a s a f e  a l t i t u d e  

confines of the  runway. 

Severa l  Boeing per'ionnsl uere  s t and ing  on t he  f l i g h t  deck i n  
t h e  cock.pit a rea  d u r i l g  the  approach, t h e r e  being seats and s z a t b e l t s  
f o r  only th ree  crewmembers and two observers .  The Board b e l i e v e s  t h a t  
al lowing people t o  s tand i n  t h i s  manner dur ing a n  approach is not i n  the  
bes t  i n t e r e s t s  o f  s a f e t y ,  and t h a t  the  p i l o t  should have i n s i s t e d  t h a t  
these persons si . t  i n  the  cabLn whLre seats and b e l t s  were ava i l ab le .  

(1) P r e f l i g h t  Opera t ions  

researched the  f e a s i b i l i t y  and determined t h a t  us ing  t h e  planned weight 
parameters, a 747 could be landed on t h e  Renton a i r p o r t  w i t h i n  the  FAA 

he drove t o  Renton f o r  t h e  purpose of examining t h e  runway, and while 
r e q u i r e m n t s .  The p i l o t  reviewed t h i s  s tudy p r i o r  t o  t h e  f l i g h t .  Also. 

wind condi t ions .  He a l s o  s e l e c t e d  limits f o r  a touchdown zone. A f t e r  
he was t h e r e ,  he determined t h e  anvunt o f  water on the  runway and the  

re turning t o  Boeing F ie ld ,  h e  b r i e f e d  h i s  crew as t o  the  nanner I n  
which he des i r ed  the  d u t i e s  t o  be performed, inc luding the  r e q u i r e r e n t  
t ha t  frequent c a l l o u t  of  approach d a t a  would be made. Before depa r t ing  

Boeing F i e l d  and learned t h a t  the  a i r c r a f t  performed b e t t e r  than 
for  Renton i n  the  a i r c r a f t ,  he e l e c t e d  t o  make a p r a c t i c e  approach a t  

indica ted  by the  d a t a  from t h e  Boeing study.  

The Boeing Company, i n  p l an r ing  f o r  the  f e r r y  f l i g h t s ,  

He se l ec ted  as c o p i l o t ,  one wi th  whom he had flown 
previously - a man not  experienced i n  the  Boeing 7 4 7 ,  but  who had 
simulator and observer  exper ience  a s  well as ground school. i n  ihe  air-  
c r a f t .  Whereas t h i s  lack  of i n - f l i g h t  c o p i l o t  experience could con- 
ceivably be s i g n i f i c a n t  i n  o t h e r  emergency s i t u a t i o n s ,  t he  S a i e t y  Board 
does not  be l i eve  t h a t  the  c o p i l o t ' s  inexper ience  con t r ibu ted  to t h i s  
inc ident .  
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In sumnary, regard ing  p repa ra t ion  f o r  h i s  t a sk ,  the  p i l o t  

went beyond the  usual  p r e f l i g h t  a c t i v i t i e s .  

(2) Establ ishment  of the  Glide Slope 

the f l i g h t  was well e s t a b l i s h e d  on approach when the a i r c r a f t  passed the  

approach. During the approach, the  c o p i l o t  c a l l e d  out  the da t a  a s  he 
eouth end of  the  i s l and .  From t h i s  pos i t i on ,  he could m i n t a i n  a s t a b l e  

was i n s t ruc t ed  t o  do, and the Renton Tower provided wind d i r e c t i o n  and 
v e l o c i t i e s  on f i n a l  a s  requested.  

The p i l o t  repor ted  on base l e g  over  Mercer Is land ,  and 

aiming poin t ,  and had to establish and m i n t a i n  a proper g l i d e  slope. A 
In ca r ry ing  out  h i s  task ,  the  p i l o t  had t o  e a t a b l l s h  an  

touchdown poin t  had been previous ly  chosen between 700 and 1,200 f e e t  
dmn the runway f r o n  the  threshold .  The approach and landing geometry 
for  the 747 is such t h a t  on a 3' g l i d e  slope, the  touchdown po in t  i s  
1,200 f e e t  from the  threshold ,  u s ing  an aiming poin t  of 2,000 f e e t ,  o r  a 
d i f ference  of 780 f e e t  between the aiming and touchdmn po in t s .  S imi lar ly ,  

a t  a poin t  1,480 feet from the  threshold .  A graph (Attachment No. 3) of  
if n p i l o t  wishes t o  touchdown 700 feet from t h e  threshold ,  he must aim 

the Boeing F i e l d  and Renton approaches shows t h a t  the average slope o f  
the g l idepath  a t  Renton was 3 O  dur ing  the last  22 seconds. Applying the  
approach and landing g e o m t r y ,  a landing 20 f e e t  s h o r t  of t h e  threshold  
implies an  aiming poin t  760 f e e t  down the  runway from the  threshold .  

The p i l o t  could have avoided a s h o r t  landing by adding 

descent, and thereby shallowing the  g l i d e  s lope  s u f f i c i e n t l y  to allow the  
parer o r  t r a d i n g  excese a i r speed  (or both) i n  o r d e r  t o  reduce the rate of 

a i r c r a f t  to touch down on the  runway. Such a maneuver took pldce during 
the l a s t  22 seconds of the  Boeing F ie ld  approach. This  p r a c t i c e  approach 
was shallower than t h a t ' a t  Renton. and consequently lower throughout 
most q f  the approach. The Renton approach pa th  was h igher  than t h a t  a t  
b e i n g  F ie ld  u n t i l  i t  reached a poin t  where the  landing gear  was 30 f e e t  
above the  runway e l eva t ion .  Here, a comparibon shows the  two approach 
paths c ross ing .  The pe r spec t ive  o f  the  runway would appear  t o  the p i l o t  

copi lo t  called ou t  30 f e e t .  t h e  p i l o t  bel ieved,  al though 30 f e e t  was h i s  
t o  be s i m i l a r  i n  both cases. This s i t u a t i o n  could exp la in  why, when the  

lowest t o l e r a b l e  limit. t h a t  ". . . i t  looked l i k e  i t  would f i t . "  

standing threshold  c learance  problems. For example, an  a i r c r a f t  which 
is 10 f e e t  h igher  than  a given g l i d e  slope of 3' and descending p a r a l l e l  
t o  i t  w i l l  touchdown approximately 190 f e e t  beyond t h e  i n t e r s e c t i o n  o f  

neces sa r i l y  dep ic t  the  t r u e  performance. A g l i d e  slope as flown i s  not  
the g iven  g l u e  s lope  and the  runway. However, such c a l c u l a t i o n s  do not 

a s t r a i g h t  l i n e .  Many f a c t o r s  such as gus t ines s ,  a i r speed ,  and r a t e  o f  

Approach and landing  geometry is very  important i n  under- 
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descent  v a r t a t i o n ,  rtc.,  can adverse ly  a f f e c t  a s l i d e  s lope .  In  o rde r  
t o  combat advcrdc f a c t o r s ,  proper procedures nust be employed. One such 
procedure i s  t o  selec.. an aiming po in t  s u f f i c i e n t l y  d i s t a n t  so as t o  
a s su re  adequate threshold  c learance .  A most important procedure i s  t o  
r e tu rn  t o  the  g l i d e  slope when movrd from i t  by adverse f a c t o r s ,  o r  
modify i t  a s  necessary  t o  met changing condi t ions .  

aiming po in t  s u f f i c i e n t l y  d i s t a n t  ( i n  keeping v i t h  h i s  g l i d e  s l o : ~ )  t o  
a s su re  a landing on the  runway. Also, no modi f i ca t ion  of the  g l l d e  slope 
was p e r f o r m d  which was s u f f i c i e n t  and t imely,  i n  o r d e r  t o  ovcrcom the  
de f i c i ency  i n  the  g l i d e  slope.  In a l l  o t h e r  a s p e c t s  the  approach was 
flown wi th  good procedures and con t ro l .  

The S a f e t y  Board b e l i s w s  t h a t  t he  g i l o t  d i d  not  Eelec t  an 

"b. The A i r c r a f t  and i t s  Rela t ionship  to t h e  Apprcnch 

eye- level  p o s i t i o n  is a f a c t o r  present  i n  a l l  approach and touchdown 
techniques.  While present  i n  small a i r c r a f t ,  t h i s  f a c t o r  becomes most 
s i g n i f i c a n t  as a i r c r a f t  i nc rease  i n  s ize .  In  the  Boeing 747 ,  a p i t c h  

ward of about 6 f e e t  a t  the  p i l o t ' s  s t a t i o n ,  v h i l e  the  undercarr iage  w i l l  
change of 4' i n  a noseup d i r e c t i o n  w i l l  produce a ver t ica l  change up- 

mov? downward on ly  about 8 inches. Thus, t h e  p i l o t  must be aware of the  
r e l a t i o n s h i p  of the  eye reference  po in t  and t h e  extent  of  the  c o r r e c t i o n s  
f o r  a i r c r a f t  displacement from a des i r ed  g l i d e  slope. 

The r e l a t i o n s h i p  of a i r c r a f t  landing gear placement to the  p i l o t  

The eye l e v e l  of the  p i l o t  was expected to be t h e  b igges t  s ing le  
problem i n  t r a n s i t i o n i n g  t o  t h e  Boeing 747, according t o  one c a r r i e r .  
However, C h i p  c a r r i e r  has  found t h a t  when proper  procedures are followed. 
p i l o t s  adapt  t o  the  new eye l e v e l  e a s i l y .  These procedures involve 
des ignated  a l t i t u d e  t a r g e t s  over  the  threshold  wi th  t h e  use of r a d i o  
a l t i m e t e r s  as an a id .  

The poss ib le  need f o r  c o r r e c t i v e  a c t i o n ,  du r ing  a n  approach wi th  
any a i r c r a f t ,  mst be recognized, and a c t i o n  taken a s  a func t ion  o f  many 
v a r i a b l e s .  I n  t h i s  inc iden t ,  t he  p i l o t  a t t e q t e d  t o  modify the  g l i d e  
s lope  a t  t h e  l a s t  i n s t a n t ,  a s  evidenced by t h e  rapid  f l a r e  a t tempt  j u s t  
before touchdown. The p i l o t ' s  not  taking adequate corrective a c t i o n  

over  wa te r ,  which could have produced an i l l u s i o n  s u f f i c i e n t  f o r  the  
soon enough could have been f o r  s e v e r a l  reasons .  One i s  t he  approach 

need f o r  c o r r e c t i v e  a c t i o n  t o  go undetected u n t i l  too late. Another i s  

d e s i r e  t o  land w i t h  n minimum r o l l o u t  could have induced the  p i l o t  t o  
t h e  s h o r t  runway wi th  t h e  o b s t a c l e  a t  the f a r  end. The psychological  

which e n t a i l s  a minimum f l a r e  process.  Thts i s  p a r t i c u l a r l y  poss ib le  
exe rc i se  f l i g h t  t e s t  d i s c i p l i n e  r e l a t e d  t o  s h o r t  landing procedures,  

s ince  he had been involved w i t h  such procedures i n  o t h e r  test programs 
f o r  the  Boeing Company. F i n a l l y ,  t he  geometric he ight  o f  t he  cockpi t  



above the landing su r f ace  and ahead of the  landing  gear  in t roduces  
addi t ional  perceptua l  problems. For yfampie, experience i n  t a x i i n g  t h e  
Boeing 747 has revealed t h a t  excess ive  t a x i  speed m y  be achieved without  
detect ion.  Thub, i t  would appear t h a t  he ight  cues on approach which are 
associated with motion may a l s o  be undc-tecLod u n t i l  too la te .  

The Board considered the p o s s i b i l i t y  t h a t  the curved windshield 
m y  have produced d i s t o r t i o n  or dev ia t ion  s u f f i c i e n t  t o  have caused the  
p i l o t  t o  th ink  t h a t  he was h igher  than he was. A Eoeing study r evea l s  

would be hard ly  d i sce rn ib l e .  
tha t  t h e  t o t a l  displacemtnt  is 9.6 f e e t  i n  1.000 fkeL, an a m u n t  which 

C.  Environment 

(1) Wind 

dming  the approach. Thereforc,  t h e  p i l o t  was well mare of t h i s  factor 
Renton Tower gave wfnd v e l o c i t i e s  and .d i r ec t ions  f requent ly  

and could have planned accordingly.  l'he Eoeiag Company, i n  t h e i r  r e p o r t ,  

approximately 7O nose l e f t .  The var iance  o f  the  th ree  methods vas  from 
determined c rab  ang le s  using th ree  methods, and a r r i v e d  a t  a f igu re  of 

4.6' t o  8 . l0  nose lef t .  While i t  is  t r u e  t h a t  the  win6 was varying i n  
direction as we l l  a s  v e l o c i t y ,  the  changes were not  of such a magnitude 

p i lo t  t o  cope wi th  them. The wind information is obtained from an 
80 a8 to exceed the  c a p a b i l i t y  of the  aircraft or the  a b i l i t y  of the 

anemometer loca ted  on the  Tower and does not  n e c e s s a r i l y  reflect the 
condit ions e x i s t i n g  a t  the threshold .  Buildings loca ted  on both s i d e s  
of the runway, and not  too distrn!:, could have had an e f f e c t .  However, 
if there  was an e f f e c t ,  i t  is  believed t h a t  i t  was probably not  s i g n i f -  
i can t ly  adverse,  s ince  t h e  ground t r a c k  was well maintained,  and the 
a i r c r a f t  a t  touchdown was proper ly  l i n e d  up wiLh the  runway. Af ter  the  
a i r c r a f t  r o l l e d  a c r o s s  the g r a s s  overrun and on t o  the  runway, the p i l o t  
maintained d i r e c t i o n a l  con t ro l  and stopped i t  on the runway c e n t e r l i n e .  
The Eoard,therefcre.believes t h a t  t h e  wind c h a r a c t e r i s t i c s  were only a 
a l igh t  f a c t o r ,  i f  any, i n  t h i s  i n s t ance ,  par t ic t* l ;? r ly  in view of .:he 
p i l o t ' s  experience and h i s  knoxlsdge of  the e x i s t i n g  coed i t i ons .  

(2) Rain 

It i s  known t h a t  r a i n  on a windshield can deceive a p i l o t  
in to  t h h k i n g  t h a t  he i s  higher  t.han he r e a l l y  is. This d i s t o r t i o n  i s  
a funct ion  o f  t h e  r a t e  t h a t  water  i n t e r c e p t s  the  windshield per  un i t  
area.  Thus, had N732PA been f l y i n g  i n  r a i n ,  i t  i s  poss ib l e  t h a t  such an 
i l l u s i o n  could have been Dresent.  However, t h e  evidence is t h a t  i t  was 
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I n  t h i s  regard,  t he  p i l o t  d w s  not  remember whether or 

was not  su re  whether the  wiper was on, but  b e l i e v e s  t h a t  if. i t  had been, 
not  he had h i s  windshie ld  wiper on. Also, t he  c o p i l o t  s a i d  t h a t  he 

he would have remembered. Moreover, a ground wi tness .  a l s o  a Boeing 

he d id  not recal l  see ing  any s tanding water  on i t .  Furtherm>re,  t h e  
s e n i o r  engincer ing t e s t  p i l o t ,  s a i d  t h a t  t he  runway was damp. but t h a t  

weather r e p o r t s  f o r  Renton, a t  t he  time o f  the . in t : ident ,  do not  c o n t a i n  
any references  to r a i n .  Accordingly, t he  Board concludes t h a t  d i s t o r t i o n  
due t o  r a i n  on the  windshie lo  was not a f a c t o r  i n  t h i s  inc ident .  

(3) I l l u s i o n s  Created by Fixed Environment 

sperd,  riist,ance to touchdown, and g l i d e  slope.  Throughout an  approach, 
As discussed prrv ious ly .  h e i s h t  Judgment i s  a f f e c t e d  by the 

nnii.on wi th  p a s t  cxper icncc .  One of t he  three f a c t o r s  which lnvolves 
a p i l o t  c o n s t a n t l y  integrates the  changing v i s , l a l  cues and cockpi t  i n fo r -  

v i s u a l  or phys ica l  i v r e s s i o n s  from o u t s i d e  the  a i r c r a f t  i s  the  judgwnt  
0.: d i s t ance .  Airspeed, r a t e  of  descent .  and a l t i t u d e  inforawtion can be 
obcaincd from t h e  a i r c r a f t ' s  instruments.  Distance judgwnt ,  obta inable  
only  from o u t s i d e  s t i m u l i ,  i s  what a p i l o t  u ses  t o  a d j u s t  t he  a i rspeed 
and rBfe  of desr'rnt necessary f o r  a proper  v i s u a l  approach. 

t o  touchdown dcierminat ion ,  and lead  a p i l o t  t o  be l i eve  t h a t  he is higher  

does  s lopc  upward: s l i g h t l y ,  s i n c e  the  th resho ld  of Runway 15 i s  a t  a n  
than  he r e a l l y  is. One o f  these  is  runway slope.  The Renton a i r p o r t  

e l c v a t i o n  of 21 feet  w h i l e  t he  oppos i t e  end i s  29 f e e t .  A rise of 8 f e e t  

Oo 5' of ans le .  The Board b e l i e v e s  t h i s  ' t o  be an i n s i g n i f i c a n t  amount. 
i n  5,380 f e e t  is  an upslopc o f  approximately 0.149 percent ,  o r  about 

Anotlicr c h a r a c t e r i s t i c  o f  runways i s  t h a t  a p i l o t  may th ink  he is higher  
and i a r t h c r  ou t  when approaching a s h o r t ,  narrow runway than when approach- 
irrq a lunp,wi ie  runway of 'he same propor t ions .  The runway a: Renton i s  
the s a w  width (200 f e e t )  as t h e  runway a t  Boeing F ie ld ,  but  the  Renton 
runway i s  considcrably  s h o r t e r  (5,330 f e e t  ve r sus  10,000 f e e t ) .  

Severa l  runway c h a r a c t e r i s t i c s  can adverse ly  a f f e c t  d i s t ance  

a n  i l l u s i o n .  The e t f e c t  of  such i l l u s i o n s  can be minimized, but not  
n c c c s s a r i l y  e l imina ted ,  by a p i l o t ' s  being f a m i l i a r  wi th  the  a i r p o r t  and 
prrpor ing f o r  i t s  c h a r a c t e r i s t i c s .  The p i l o t  of N732PA was fami l i a r  
with t h e  appearance of t h e  runway on approach, having landed the re  
p r rv ious ly .  Ilis l a s t  landing,  however. was i n  J u l y  of 1969. A p i l o t ,  

a t  the f a r  c o d ,  has  a s t r c n g  urge t o  land c l o s e  t o  the  threshold  i n  order  
faced w ~ t h  landing a l a r g e  a i r c r a f t  on a s h o r t  runway wi th  an obs tac le  

t o  provide the  maximum a v a i l a b l e  dis:ance t o  s t o p  the  a l r c r a f t  a f t e r  
touchdown. Such a landing results i n  small threshold  c learance  margins. 
and only a smll v e r t i c a l  e r r o r  awy r e s u l t  i n  a touchdown shor t  of  the  
runw3y. An i l l u s i o n  could  produce such a n  error. The Board, t he re fo re ,  

Aa discussed e a r l i e r ,  approaching over  water can produce 
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believes t h a t  notwi ths tanding the  p i l o t ' s  f a m i l i a r i t y  w i t h  the  a i r p o r t .  
a shor t  runway i l l u s i o n  might have been p resen t ,  and t h a t ,  coupled wi th  

to the  inc iden t .  
the psychological  motive to land c l o s e  t o  t h e  threshold .  vas con t r ibu to ry  

The evidence suppor ts  a f inding t h a t  t h i s  inc iden t  r e s u l t e d  

recognlzcd t h a t  f a c t o r s  such a s  r a i n ,  i l l u s i o n s ,  and wind have been 
from s p a t i a l  mis!udgment on the  p a r t  of  t he  p i l o t .  tiowever. i t  i s  

best expressed by the  p i l o t ' s  own words a s  he s t a t e s ,  "There are rany 
involved in s i m i l a r  occurrences.  I n  t h i s  i n c t a e n t ,  t h e i r  involvemcnt is 

small c o n t r i b u t i n g  in f luences  t o  t h i s  inc id2nt  - r:xtremcly shor t  runway 
( r r l a t i v e l y  speaking) w i t h  hazards  a t  each end, wet braking,  crosswinds, 
gur;ts, d w n d r a l t s .  The undersigned was we l l  experienced i n  a l l  of  these  
and well ur,derstood th2 abso lu te  s topping c a p a b i l i t y  wi th  r e spec t  t o  t h c  
margins a v a l l a b l e  - t he  p i t f a l l s  should have b len  avoided." 

tha t  even the  h ighes t  q u a l i f i e d  p i l o t s  can err  i f  t h e  r i g h t  comtinat ion  
of f a c t o r s  i s  present .  

This i n t r o s p e c t i v e  a n a l y s i s  s e r v e s  to emphasize thc  f a c t  

even less s k i l l e d  p i l o t s  should have few problems in adapt ing to the  
The above po in t  notwithstanding.  t he  Board b e l i e v e s  :hat 

a i r c r a f t ' s  approach c h a r a c t e r i s t i c s  provided t h a t  adequate v i s u a l  cues  
are a v a i l a b l e  and Froper t r a i n i n g  i n  t h e i r  use is  conducted. iiowever, 

can be s t rong  and mst be guarded aga ins t .  
the  tendency t o  r e v e r t  t o  earl ier  h a b i t  p a t t e r n s  formed i n  o t h e r  a i r c r a f t  

a i r c r a f t  should be well equipped w i t h  a i d s  t h a t  a p i l o t  can  use t o  
e s t a b l i s h  and mainta in  a g l i d e  s lope  c o n s i s t e n t  with the  c h a r a c t e r i s t i c s  
of h i s  a i r c r a f t .  I n  a d d i t i o n  t o  the  e l e c t r o n i c  a i d s  r e l a t e d  t o  instrument 
approaches, v i s u a l  a i d s ,  such a s  improved VAS1 systems and wel l- def ined 
runway markings, should be a p a r t  of  the  runway i n s t a l l a t i o n .  The une of 
r ad io l r ada r  a l t i m e t r y  i s  p a r t i c u l a r l y  important .  P i l o t  t r a i n i n g  inc ludes  
i n s t r u c t i o n  on t he  approach and landing geometry of a i r c r a f t ,  and p i l o t s  
are taught to use a l l  a v a i l a b l e  a i d s .  in and ou t  of  t h e  a i r c r a f t ,  t o  
assist them in performing t h e i r  t a sks .  Zhe p i l o t  of N732PA s t a t e d  t h a t  
i f  any lesson could be learned from t he  i n c i d e n t ,  i t  is t o  recognize 
tha t  we w i l l  take  another s t e p  forward i n  a i r  s a f e t y  when we can d i s p l a y  
t o  the  p i l o t  the  projec ted  f l i g h t p a t h  touchdown point  of the  wheels. 

I n  o r d e r  t o  f a c i l i t a t e  proper approaches, runways for l a r g e  

Of a d d i t i o n a l  utmost importance i s  the exchange of in fo r-  
mation i n  the  e a r l y  p a r t  of a new a i r c r a f t ' s  in t roduct ion .  The i n v e s t i -  

p a r t i e s ,  r e s u l t i n g  in s i g n i f i c a n t  m e t i n g s  a m n g  these  p a r t i e s  and the  
gat ion  of t h i s  inc iden t  s t imula ted  a marked i n t e r e s t  on the  p a r t  of  many 

Safety Board. It may well be t h a t  t h e  Renton inc iden t ,  while unfor tunate ,  
w i l l  con t r ibu te  s i g n i f i c a n t l y  to t h e  f u t u r e  of the  Boeing 747 because o f  
the  focus on the  t o t a l  anatomy o f  t h e  occurrence.  
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2 . 2  Conclustona 

x.  Findings  

1. 

2.  

3 .  

4 .  

5. 

6 .  

7.  

8. 

9. 

Cnder e x i s t i n g  r egu la t ions .  Khe crev  vere proper ly  
c e r t i f i c a t e d  and qua l - i i ed  f o r  the  opera t ion .  notvich- 
s t and ing  t h a t  the  cop t loc  had no previous  exper ience  
in  the  a i r c r a f t .  

'.%e a i r c r a f t  was properly c e r t i f i c a t e d  and n i rvor thy .  

'I%? v e i g h t  and balance of t h e  a i r c r a f t  vere v l t h i n  the  
a l l o v a b l e  l i m i t s ,  

A t  the  Rross weight a t  wh ich  the  a t r c r a f t  vas being 
opera ted .  i t  vas  capable of being s a f e l y  landed w i t h i n  
the conf ines  of Renton Airpor t .  

Planning and precaut ionary  measures were well perfo-d 
by thc c rev  p r i o r  to  thelr depa r t ing  from Boeing F i e l d .  

l l ie  approach t o  Renton Airport was s t a b l e  and vel1 con t ro l l ed .  

The a i r p o r t  and mcteoro logica l  cond i t i ons  could have adverse ly  
a f f e c t e d  the  p i l o t ' s  task  i n  t h a t :  

(a) A s h o r t  rdnvay. coupled v i t h  nuking t h e  f i r s t  lnndlng 
w i t h  t h i s  model a i r c r a f r  on a short runvay. can  produce 
a psychological  m t i v e  for attempting to touch d o m a a s  
close to  the  thresh3ld  ac. poss ib l e  i n  order to  o b t a i n  
the maximm poas ib le  s topping  d i s t ance .  

(b) Var iab le  vind condi t ions .  as ex in t ed  here ,  v h i l z  MC 
excess ive ,  can con t r ibv te  Inasmuch as s u f f i c i e n t  
allowance for any v a r i a t i o n  of the winds vas not taken 
into account. 

Tbe s e l e c t e d  atming point  uns not  s u f f i c i e n t l y  d i s t a n t  beyond 

assure a touchdown on the r\:may. 
the  threshold  t o  provide an eye- level  f l i g h t p a t h  which vould 

N73?Pt\ s t r u c k  the bank of t h e  sho re l ine  of Lake Washington 
on the c e n t e r l i n e  of  Runvay 1 5  extended. 30 inches berm 
t h e  top  of the bank and the runway leu-L. The a i r c r a f t  
continued up o n . t h e  f i l l ,  on t o  the ~ n v a y ,  and v a s  success-  

nn te ly  3,500 feet  from the threshold .  
f u l l y  brought to  a s t o p  i n  t h e  center of t h e  runway, approxi- 



- 23 - 
b. Probable Cause 

Thc Board determines t h a t  t he  probable cause of  t h i s  incident  
was the premature t o w h d w n  of  t h e  a i r c r a f t  dur inc  a v i s u a l  approach 
to a r e l a t i v e l y  shor t  runvay. induced by the pi lo t ' s  not e s t a b l i s h-  
i n g  a g l idepath  which votrld assure runvay threshold passage w i t h  an 
adequate s a fe ty  aurgin, under sonrvhat unusual e n v l r o m - n r a l  and 
psychological  condlt ions.  

3. RECOWNDATIONS 

A s  a result  of i t s  study o f  the evidence. the Board recomtends t h a t  
the FAC.: 

1. Require the i n s t a l l a t i o n  and use of a VASI system a t  a l l  a i r p o r t s  
ured by large.  vide-bodied je t  t ranspor t  a i r c r a f t .  

, present  VAS1 system so as to mske the system w e e  compatible wi th  the  
2. I n i t i a t e  a c t i o n  to  insure  t h a t  nud i f i ca t ion r  a r e  made to t h e  

c h a r a c t e r i s t i c s  of l a rge ,  wide-bodied j e t  t ranspor t  a i r c r a f t ,  yet 

pulsed l l & h t  concept is  p a r t i c u l a r l y  encouraged. 
r e t a i n i n g  i ts  u t i l i t y  for the smaller  a i r c r a t t .  Consideration of the 

3. Undertake quan t i t a t i ve  research i n t o  the e f f e c t  of r a i n  on the 
vindshie ld  in order t o  determine more accura te ly  the f i n i t e  r e l a t ionsh ips  
betveen t h e  amount of rain and t h e  degree of displaceuent  between the real 
and apparent  pos i t i ons  of o b j e c t s  viewed through a water-covered windshield. 

4. Undertake research to determine the e f i e c t  of curved v indshie lds  
a d  the  p o s s l b i l i t y  of f a l s e  v i sua l  cueu from n u l t i p l e  l i g h t s  i n  the 
Per iphera l  v l s u a l  areas.  

the approach path t o  the p i l o t ,  i n  the aboence of e x t e r n a l l y  o r ig ina t ed  
information such 8s ILS. VASI. etc.  Such devices. however, m s t  not 
appreciably increase the  c rw cockpit  vorkload, nor d i s t r a c t  the p i l o t  
from proper use of h i s  f l i g h t  i n s t run rn t s .  

5.  Develop and requi re  "in t he  cockpit" devices  which vould d isp lay  
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APPROACH AND LANDING GEOMETRY . 
GROSS WEIGHT 500.wM LBS 

F L W S  30 

Eve Lwel Pah 
Eve Lwcl 

I 

Main Gear Path ' .A 535' iL- / 
L 1OOo' 4 

Main Gear 
Touchdown 

2.5O GLIDE PATH 
Point 

(MINIMUM GLIDE PATH ANGLE) 

/ 
Main Gear Path 

I 
lo--- 1600' 

Touchdown 
Main Gear 

Point 

(NOT RECOMMENDED) 
1.P GLIDE PATH 

RUNWAY THRESHOLD HEIGHT DATA 

Glide Path Body Anitude 
Threshold Clearance-Feet - Eye Level Aim Point 

Degrees DwWS 1OW Ft. I 1500 F t ~  I 2000 Ft. - 
Eye Level Gear Eve Level Gear Eye Level 

1.5 4.0 26.2 1.114.8 
Gear 

2.5 
39.3 141.7 52.4 11.4 

3.5 
2.6 65.5 

61.2 20.2 122.0 
24.4 

91.7 
87.2 

50 7 
46.2 

81.0 

~. .  .. 

3.0 43.4 
2.0 

.- 

ATTACHMENT 1. 

NATIONAL TRANSPOnTATlCVSAFEsY 804~0 
DEPARTMENTOF TRANSPORTATIOK 1 

I BOEING 747 
RENTON.~VASHINGTON-DECEM~ER 15,?969 

N7SlPA I . .  
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DISPLACEMENT 
h"lEN A LIGHT BEAM STRIKES AT AN ANGLE THE INTFRFACF 
BETWEEN TWO MATERIALS HAVING DIFFERENT INDICES OF 
REFRACTION. THE LIGHT BEAM IS BENT. 

~. ~~ ~~.~ 

W E N  THE LIGHT BEAM LEAVES A SURFACE PARALLEL TO THE 
FIRST, I T  IS  PARALLEL TO THE ENTERING BEAM. THE BEAM 
IS DISPLACED A DISTANCE "e" FROM ITS ORIGINAL PATH. 
DISPLACEMENT IS RELATIVELY SMALL. 

. .  

-7- SURFACE PARALLEL f- PARALLEL 
SURFACE 

ATTACHMENT 4. 

BOEING 747 N732PA 
RENTON. WASHINGTON-DECEMBER 13.1959 



DEVIATION 

EXAGGERATED EXAMPLE 

. 

AlTACHMENT 5. 

NATIONAL TRANSPORlATlOh SAFETY BOARD 
DEPARTMENT OF TRAN!~PORTATION 

I 


