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PREFACE

T h e  T R IE S T E  p r o g r a m  i s  p r e s e n t ly  a d m in is te r e d  u n d e r  
B U SH IPS p ro b le m  n u m b e r  S -R 0 0 4  03 01, T a s k  052 8 (N E L  
L 4 -2 ) . S u p p o rt f o r  f i s c a l  y e a r  1960 w a s  p ro v id e d  by  th e  
O ffice  of N a v a l R e s e a r c h ,  and  f o r  f i s c a l  y e a r s  1961 an d  1962 
jo in t ly  by  O NR an d  B U S H IP S . T h e  te c h n ic a l  and  o p e ra t io n a l  
c o n tr o l  of th e  p r o g r a m  w a s  a s s u m e d  by  B U SH IPS  in  A u g u s t 
1959.

T h e  r e p o r t  c o v e r s  w o rk  u n ti l  th e  end  of c a le n d a r  1961, 
and  w a s  a p p ro v e d  fo r  p u b lic a tio n  27 J u ly  1962. In th e  fu tu re ,  
i t  i s  p la n n e d  to  i s s u e  a n n u a l r e p o r t s  to  c o v e r  s u c c e s s iv e  
f i s c a l  y e a r s .

T h e  a u th o r  w is h e s  to  th a n k  D r . G . H. C u r l ,  D r .  A . B . 
R e c h n i tz e r ,  CD R R . D. P lu n k e t t ,  an d  L T  L . A. S h u m a k e r  
f o r  t h e i r  a s s i s t a n c e  and  f o r  c r i t i c a l  re v ie w  of th i s  m a n u ­
s c r ip t .
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INTRODUCTION

A d e e p  s e a  d iv in g  p r o g r a m  w ith  a  v e h ic le  su c h  a s  th e  
N a v y 's  f i r s t  t r u e  s u b m e r s ib le ,  th e  b a th y s c a p h  T R IE S T E , 
can  p ro v id e  th r e e  b a s ic  " p r o d u c ts " :

1. S c ie n t if ic  in f o rm a t io n

2. T e c h n o lo g ic a l  in f o rm a t io n

3. O p e ra t io n a l  in f o rm a t io n  an d  te c h n iq u e s

T he q u a n ti ty  an d  q u a l i ty  of e a c h  of th e s e  w il l  v a r y  w ith  th e  
d e s ig n  an d  m i s s io n  of th e  p a r t i c u l a r  v e h ic le .  T h e  b a th y ­
sc a p h  T R IE S T E  i s  p r i m a r i l y  a  s c ie n t i f ic  v e s s e l ,  and  i t s  
s c ie n t i f ic  p ro d u c t  h a s  a l r e a d y  b e e n  c o v e re d  b y  v a r io u s  
p u b lic a t io n s  m a n y  of w h ic h  a r e  c ite d  in  th e  B ib l io g ra p h y  
a t  th e  end  of th i s  r e p o r t .  T h e  m a jo r  p u rp o s e  of th e  p r e s e n t  
r e p o r t  i s  to  c o v e r  th e  o th e r  tw o  p r o d u c ts  of th e  T R IE S T E  
p r o g r a m , n a m e ly  th e  t e c h n ic a l  an d  o p e ra t io n a l  in f o rm a t io n  
th a t  th e  d e e p  s e a  d iv in g  p r o g r a m  h a s  y ie ld e d . T h is  r e p o r t  
d e a ls  w ith  th e  p e r io d  1958 to  1961; i t  in c lu d e s  a  te c h n ic a l  
d e s c r ip t io n  of T R IE S T E , a  s u m m a r y  of th e  1960 -1961  
r e c o n s t r u c t io n ,  a n  o u tl in e  of th e  p e r s o n n e l  o rg a n iz a t io n  
and  su p p o r t  f a c i l i t i e s  th a t  w e r e  found  n e c e s s a r y  f o r  o p e r a ­
t io n  of th e  v e s s e l  and , a s  a p p e n d ix e s ,  a  c h ro n o lo g y  of th e  
T R IE S T E  p r o g r a m  an d  a  d iv in g  lo g .

I t i s  hoped  th a t  th e  in f o rm a t io n  g iv e n  h e r e ,  p a r t i c u l a r ly  
th e  te c h n iq u e s  d e v e lo p e d  and  th e  le s s o n s  l e a r n e d  a t  se a , 
w il l  b e  of h e lp  to  th o s e  c h a rg e d  w ith  d e v e lo p in g  th e  n ex t 
g e n e ra t io n  of r e s e a r c h  s u b m e r s ib le s ,  f o r  n o th in g  e ls e  can  
r e p la c e  th e  e x p e r ie n c e  o b ta in e d  w h ile  w o rk in g  d e e p  in  th e  
o c e a n  in  su ch  a  c r a f t .
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OPERATIONAL PRINCIPLES OF TRIESTE
T h e  p r in c ip le  of th e  b a th y s c a p h  T R IE S T E  i s  b a s i c a l l y  

th e  s a m e  a s  th a t  of a  f r e e  b a llo o n  o p e ra t in g  in  a i r .  T he 
tw o  m a jo r  a s s e m b l i e s  of th e  b a th y s c a p h , th e  f lo a t  an d  th e  
s p h e r e ,  a r e  a n a lo g o u s  to  th e  b a llo o n  (g a s  b a g ) and  th e  cab in  
of th e  f r e e  b a llo o n . T h e  d i f f e r e n c e s  in  c o n s t ru c t io n  of th e  
s u b m e r s ib le  an d  th e  a i r b o r n e  b a llo o n  a r i s e  o n ly  f r o m  th e  
d i f f e r e n t  e n v ir o n m e n ts  in  w h ic h  th e  v e h ic le s  o p e ra te .

T h e  b a llo o n  (f lo a t)  o f th e  b a th y s c a p h  i s  f i l l e d  w ith  a 
b u o y a n t s u b s ta n c e  th a t  i s  c o n s id e ra b ly  h e a v ie r  th a n  th e  
h e liu m  o r  h y d ro g e n  n o r m a l ly  u s e d  in  th e  a e r o n a u t ic a l  f r e e  
b a llo o n . B e c a u s e  th e  b a th y s c a p h  h a s  to  fu n c t io n  in  a n  e n v i­
ro n m e n t w h e re  p r e s s u r e  i n c r e a s e s  w ith  d e p th , th e  b u o y a n t 
s u b s ta n c e  m u s t  h av e  low  c o m p r e s s ib i l i ty ;  th u s , h e liu m  o r  
h y d ro g e n  a r e  to ta l ly  u n s u i ta b le .  A lso , th e  b u o y a n t s u b s ta n c e  
m u s t  n o t ad d  so  m u c h  o n -b o a r d  w e ig h t th a t  i t  w o u ld  b e  
im p o s s ib le  to  l i f t  th e  c r a f t  ou t of w a te r  an d , p r e f e r a b ly ,  i t  
sh o u ld  b e  a  l iq u id  th a t  c a n  b e  p u m p ed  f r o m  th e  b a llo o n  c a s in g . 
T h e  flu id  u s e d  in  T R IE S T E  an d , f o r  th a t  m a t te r ,  a l l  b a th y -  
s c a p h s  a t  p r e s e n t  i s  a v ia t io n  g a s o l in e , a  l iq u id  w ith  a  s p e c if ic  
g r a v i ty  of a p p ro x im a te ly  0. 7, w h ic h  i s  r e a d i ly  o b ta in a b le  
a lm o s t  a n y w h e re  in  th e  w o r ld  an d  c a n  b e  e a s i ly  h a n d le d  and  
s to r e d .

W ith  th e  g a s o l in e  r e m o v e d , T R IE S T E 'S  w e ig h t i s  a 
m a n a g e a b le  50 to n s ;  w ith  th e  g a s o l in e  a b o a rd , th e  c r a f t  
w e ig h s  s o m e  150 to n s .  B e c a u s e  of i t s  w e ig h t, e v e n  in  th e  
u n lo a d e d  (50 to n ) c o n d itio n , i t  i s  n o t f e a s ib le  to  t r a n s p o r t  
th e  c r a f t  to  th e  d iv in g  s i te  on sh ip b o a rd  a s  few  s h ip s  h av e  
s u f f ic ie n t l i f t in g  c a p a c i ty .  In s te a d , th e  c r a f t  m u s t  b e  to w ed  
an d , in  f a c t ,  i t  m u s t  r e m a in  w a te r b o r n e  a t  a l l  t i m e s  w h en  
i t  i s  o p e ra t io n a l .  T h e r e f o r e ,  th e  b a th y s c a p h 's b a llo o n  w a s  
m a d e  s a u s a g e - s h a p e d  to  p ro v id e  a  s t r e a m l in e d  bod y  f o r  
to w in g . If i t  w e re  p o s s ib le  to  ta k e  th e  c r a f t  to  th e  d iv in g  
s i t  e on  b o a rd  a  s h ip  an d  th e r e  lo w e r  i t  in to  th e  w a te r ,  a  
s p h e r ic a l  sh a p e  w o u ld  p ro v id e  b e t t e r  s t r e a m l in in g  f o r  th e  
d iv in g  o p e ra t io n .

S in ce  th e  b a th y s c a p h  m u s t  be  to w ed  a t  s e a  and  m o o re d  
a lo n g s id e  p i e r s  in  p o r t ,  th e  r u b b e r iz e d  f a b r ic  u s e d  f o r  c o n ­
s t r u c t io n  of th e  c o n v e n tio n a l a i r b o r n e  b a llo o n  i s  n o t s a t i s ­
f a c to r y  f o r  i t s  f lo a t .  In s te a d , th e  f lo a t  of T R IE S T E  i s  m a d e  
of th in  s t e e l  (0. 2 in c h  th ic k ) , w h ic h  p r o v id e s  a  l ig h tw e ig h t 
b u t s t ro n g  s h e l l  an d  p r e v e n t s  lo s s  of i t s  c o n te n ts  f r o m  a b r a ­
s io n  a g a in s t  th e  p i e r  o r  to w in g  s t r a in .
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T he u s e  of a v ia t io n  g a s o l in e  d o e s  p o se  s o m e  p ro b le m s  
in  th a t  i t  i s  m o r e  c o m p r e s s ib le  th a n  w a te r .  S in ce  i t s  s te e l  
s h e l l  i s  r ig id , th e  f lo a t h a s  to  b e  p r e s s u r e - c o m p e n s a t e d  to  
a v o id  i t s  b e in g  c ru s h e d  a s  th e  g a s o l in e  i s  c o m p r e s s e d  d u r in g  
d e s c e n t .  A s th e  c r a f t  d e s c e n d s  in to  th e  s e a , a  tw o -w a y  
" b r e a th in g "  v a lv e  f i t t e d  in  th e  f lo a t  o p e n s  in w a rd  and  a llo w s  
s e a  w a te r  to  e n te r  th e  f lo a t .  T he  s e a  w a te r ,  b e in g  m o re  
d e n s e  th a n  th e  g a s o l in e , s in k s  to  th e  b o tto m  of th e  f lo a t .
A s th e  c r a f t  r e t u r n s  to  th e  s u r f a c e  and  th e  o u ts id e  p r e s s u r e  
d e c r e a s e s ,  th e  v a lv e  o p e n s  o u tw a rd  and  th e  ex p a n d in g  g a s o ­
lin e  f o r c e s  th e  s e a  w a te r  b a c k  ou t th ro u g h  th e  v a lv e . In 
th i s  w ay , th e  th in - s h e l le d  b a llo o n  i s  p r e s s u r e - c o m p e n s a t e d  
a t  a l l  t im e s .  T h e  c o m p r e s s io n a l  lo s s  of b u o y a n c y  is  of 
su c h  a  m a g n itu d e  th a t  a p p ro x im a te ly  1 to n  of b a l l a s t  m u s t  
b e  d ro p p e d  f o r  e v e ry  3000 f e e t  of d e s c e n t  to  m a in ta in  e q u i l ib ­
r iu m .

T h e  c a b in  ( s p h e re )  s u s p e n d e d  b e n e a th  th e  b a llo o n  of th e  
b a th y s c a p h  i s  q u ite  s i m i l a r  to  th e  c a b in  of an  a i r b o r n e  b a l ­
lo o n . T h e  p r im e  d if f e r e n c e  i s  th a t  th e  l a t t e r  i s  d e s ig n e d  to  
m a in ta in  a tm o s p h e r ic  p r e s s u r e  in s id e  a s  th e  e x te r n a l  p r e s ­
s u r e  d e c r e a s e s ,  w h ile  th e  f o r m e r  is  d e s ig n e d  to  m a in ta in  
a tm o s p h e r ic  p r e s s u r e  a s  th e  e x te r n a l  p r e s s u r e  in c r e a s e s  
(up to  16, 000 p s i  a t  35, 800 f e e t ) .  T h e  s p h e r e  h a s  th ic k  
eno u g h  w a l ls  to  m a in ta in  a tm o s p h e r ic  p r e s s u r e  a t  a l l  t im e s  
i r r e s p e c t iv e  of d e p th . T h e  s p h e r e  i s  th e  on ly  p r e s s u r e -  
r e s i s t a n t  a s s e m b ly  on T R IE S T E ; a l l  th e  o th e r  d e v ic e s  a r e  
p r e s s u r e - c o m p e n s a t e d .  T h e  r e a s o n  f o r  p r e s s u r e - c o m p e n ­
sa t in g  th e  o th e r  d e v ic e s  i s  a s  fo l lo w s . In  T R IE S T E , a l l  
b u o y a n t f o r c e  i s  d e r iv e d  f r o m  th e  l i f t  g e n e ra te d  by  th e  
fix e d  q u a n ti ty  of g a s o l in e ;  th i s  l i f t  d e c r e a s e s  ( th ro u g h  
c o m p r e s s io n )  w ith  th e  d e p th . S u b tr a c t in g  th e  c o n s ta n t 
( s t r u c tu r a l )  w e ig h t of th e  c r a f t  f r o m  th e  v a r ia b le  l i f t ,  w e 
a r e  le f t  w ith  a  v a r i a b le  p a y lo a d . T h e r e f o r e ,  an y  r e d u c t io n  
of th e  s t r u c t u r a l  w e ig h t w il l  b e  r e p a id  in  a b i l i ty  to  c a r r y  
m o r e  p a y lo a d .

F o r  d iv in g , i t  i s  n e c e s s a r y  to  m a k e  th e  c r a f t  on ly  
s l ig h t ly  n e g a t iv e ly  b u o y an t, w h ic h  i s  done  by  f lo o d in g  th e  
tw o  s m a l l  b a l l a s t  ta n k s , one lo c a te d  a t  e a c h  end of th e  
f lo a t .  T h e s e  ta n k s  o p e ra te  in  a  s i m i l a r  fa s h io n  to  b a l l a s t  
ta n k s  on s u b m a r in e s .

P r i o r  to  g o in g  to  s e a ,  th e  b a th y s c a p h  is  g iv e n  an  
e q u il ib r iu m  t e s t  to  d e te r m in e  i t s  e x a c t b u o y a n c y  t r im .  A n 
a c tu a l  t e s t  d iv e  i s  m a d e  a lo n g s id e  a  p i e r  to  d e te r m in e  how 
m u c h  n e g a tiv e  b u o y an cy  th e  c r a f t  w il l  h av e  w h en  th e  end 
ta n k s  a r e  f lo o d e d . T h e  t r im m in g  of th e  c r a f t  i s  a c c o m ­
p lis h e d  th ro u g h  e x te r n a l  a d d it io n  o r  s u b t r a c t io n  of le a d

5



p ig s  and  th e  a d d it io n  o r  s u b t r a c t i o n  of w a te r  b a l l a s t  in s id e  
th e  f lo a t .  T h e  w a te r  b a l l a s t  in  th e  g a s o l in e  ta n k s  p e r m i t s  
v a ry in g  th e  lo a d in g  of T R IE S T E  to  c o m p e n s a te  f o r  a d d it io n  
o r  s u b t r a c t io n  of l a r g e  a m o u n ts  of w e ig h t. F o r  e x a m p le , 
if  th e  f lo a t  w e re  fu l l  of g a s o l in e  and  th e  c r a f t  in  i t s  l ig h t 
lo a d  c o n d itio n  w ith  no  s c ie n t i f ic  e q u ip m e n t a b o a rd  o th e r  
th a n  i t s  b a s ic  in s t r u m e n ta t io n  s u i t ,  th e  c r a f t  w o u ld  r e q u i r e  
a to p s id e  lo a d in g  of s e v e r a l  to n s  of b a l l a s t  to  e n a b le  i t  to  
d iv e . T h is  v a r i a b le  lo a d  a r r a n g e m e n t  a llo w s  th e  c r a f t  to  
c a r r y  a  w id e  r a n g e  of e x te r n a l  e q u ip m e n t f o r  v a r io u s  o p e r a ­
t io n s .

T h e  d iv in g  p r o c e d u r e  i s  s im p le .  W hen  th e  b a th y s c a p h  
h a s  b e e n  c a s t  lo o s e  f r o m  th e  to w in g  v e s s e l ,  th e  h a n d lin g  
c re w  and  th e  p ilo t  go  a b o a rd  and  r a p id ly  go th ro u g h  th e  
p re d iv e  c h e c k s . W hen  th e s e  a r e  s a t i s f a c to r i l y  c o m p le te d , 
th e  p ilo t  an d  o b s e r v e r  e n te r  th e  s p h e r e ,  c lo s in g  th e  h e a v y  
d o o r  b e h in d  th e m . W hen th e  to p s id e  h a n d lin g  c re w  r e c e iv e s  
in f o rm a t io n  f r o m  th e  m e n  in  th e  s p h e r e  th a t  th e y  a r e  r e a d y  to  
d iv e , th e  h a n d lin g  c re w  f lo o d s  th e  e n tr a n c e  tu b e  w ith  w a te r  
an d  th e n  f lo o d s  th e  end  ta n k s  b y  o p en in g  th e  to p s id e  v e n ts  
a t  e a c h  end  of th e  f lo a t .  T h e  e n tr a n c e  tu b e  i s  f lo o d e d  b e ­
c a u s e  it  i s  of no  u s e  to  th e  c re w  d u r in g  th e  d iv e , w h ile  th e  
a l t e r n a t iv e  of m a k in g  i t  p r e s s u r e - r e s i s t a n t  w o u ld  r e s u l t  in  
a  t r e m e n d o u s  s t r u c t u r a l  w e ig h t p e n a lty . T h e  f lo o d e d  e n ­
t r a n c e  tu b e  a c tu a l ly  a c t s  a s  a  th i r d  b a l l a s t  ta n k . U pon 
s u r fa c in g , th e  p ilo t  c a n  b low  th e  w a te r  out of th e  e n tr a n c e  
tu b e  b y  c o m p r e s s e d  a i r ,  a n d  can  l e t  h i m s e l f  and  th e  ob ­
s e r v e r  ou t.

W ith  a l l  th r e e  " ta n k s "  f lo o d e d , th e  b a th y s c a p h  b e g in s  
i t s  s low  d e s c e n t  in to  th e  d e p th s .  A s so o n  a s  i t  s in k s  b e ­
n e a th  th e  s u r f a c e ,  th e  s p r in g - lo a d e d  b r e a th in g  v a lv e  g o e s  
in to  a c t io n  an d  b e g in s  to  a d m i t  s e a  w a te r  to  th e  f lo a t  a s  th e  
g a s o l in e  i s  c o m p r e s s e d .  T h e  d e e p e r  i t  g o e s , th e  m o r e  s e a  
w a te r  flo w s  in to  th e  f lo a t  an d  th e  h e a v ie r  i t  b e c o m e s .  T o  
m o d e r a te  th e  c r a f t 's  s p e e d , i t  i s  n e c e s s a r y  in  so m e  fa s h io n  
to  g e t r i d  of w e ig h t. It i s  n o t f e a s ib le  to  b low  s e a  w a te r  out 
of th e  end  ta n k s  b e c a u s e  v e r y  h ig h  p r e s s u r e  a i r  w o u ld  be 
r e q u i r e d .  O ne can  im a g in e  th e  s iz e  of th e  a i r  b o t t le s  th a t  
w ou ld  b e  n e e d e d  to  b low  th e  end  ta n k s  a g a in s t  a n  a m b ie n t 
p r e s s u r e  of 8 to n s  p e r  s q u a r e  in c h !  T h e r e f o r e ,  th e  b a l l a s t  
s y s te m  e m p lo y s  th e  d ro p p in g  of m a s s  w e ig h ts  f r o m  tw o  
b a l l a s t  tu b s  lo c a te d  in  r e c e s s e s  a t  th e  b o tto m  of th e  f lo a t .  
E a c h  tu b  c o n ta in s  8 to n s  of s t e e l  sh o t b a l l a s t ,  th e  s a m e  
m a t e r i a l  th a t  i s  u s e d  in  in d u s t r i a l  e s t a b l i s h m e n ts  f o r  s c a l in g  
s t e e l ,  e tc .  T h e  s t e e l  i s  h a r d  an d  h a s  good  m a g n e t ic  p r o p ­
e r t i e s .  A t th e  b o tto m  of e a c h  tu b  is  a  f u n n e l - l ik e  o r i f ic e  
s u r ro u n d e d  b y  a  c o il w in d in g . W hen  th e  c o il i s  e l e c t r i c a l l y
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e n e rg iz e d ,  a  m a g n e t ic  f ie ld  is  c r e a te d  in  th e  o r i f ic e  and  
th e  sh o t c a n n o t d ro p . W hen  th e  c i r c u i t  i s  o p en ed , th e  
m a g n e t ic  f ie ld  no  lo n g e r  e x i s t s  an d  th e  b a l l a s t  d ro p s .  B y 
m e a n s  of th e s e  m a g n e t ic  v a lv e s ,  c a r e f u l  c o n tr o l  c a n  be  
m a in ta in e d  of th e  b a l l a s t  d ro p p in g  p r o c e s s .  B e c a u s e  of i t s  
fin e  p a r t i c l e  s iz e  (ab o u t th e  s iz e  of a  "B B "), th e  b a l l a s t  in  
w a te r  a c ts  m u c h  a s  a  d e n s e  f lu id  r a t h e r  th a n  a s  a  c o lle c tio n  
of in d iv id u a l w e ig h ts .  A t th e  r a t e  of 1 to n  p e r  3000 fe e t ,  
th e  16 to n s  of s t e e l  sh o t b a l l a s t  c a r r i e d  by  th e  b a th y s c a p h  
is  m o r e  th a n  en o u g h  f o r  e v e n  th e  d e e p e s t  d iv e s , an d  p r o ­
v id e s  an  a d e q u a te  s a f e ty  f a c to r .  In a d d it io n , sh o u ld  th e  
o r i f i c e s  b e c o m e  c lo g g ed  in  so m e  w ay , th e  b a l l a s t  tu b s  can  
b e  je t t i s o n e d  b y  th ro w in g  a  sw itc h  in s id e  th e  s p h e r e .  
S w itc h e s  a r e  f i t te d  to  th e  m a g n e t ic  v a lv e  an d  th e  tu b  h o ld in g  
c i r c u i t s ,  p e r m i t t in g  r e v e r s a l  of p o la r i t y  in  th e s e  c i r c u i t s  
to  o b v ia te  p r o b le m s  c a u s e d  b y  r e s id u a l  m a g n e t is m . T o  
d a te ,  i t  h a s  n o t b e e n  n e c e s s a r y  to  e m p lo y  e i t h e r  of th e s e  
e m e r g e n c y  m e a s u r e s .

T o  m a in ta in  s t a b i l i ty  of th e  b a th y s c a p h  a t  a  m id w a te r  
p o in t, i t  i s  n e c e s s a r y  to  a l t e r n a t e ly  d ro p  b a l l a s t  an d  r e ­
l e a s e  g a s o l in e .  A t a  d e p th  of 1000 f e e t ,  f o r  e x a m p le , th e  
c r a f t  g r a d u a l ly  b e c o m e s  h e a v ie r  due  to  slo w  co o lin g  of th e  
g a s o l in e . T h e  p ilo t , th e r e f o r e ,  h a s  to  c o n tin u o u s ly  m e te r  
ou t b a l l a s t  to  m a in ta in  h is  p o s i t io n ;  sh o u ld  h e  m e t e r  ou t 
s l ig h t ly  to o  m u c h  b a l l a s t ,  th e  c r a f t  w ou ld  b e g in  to  a s c e n d  
an d , a s  i t  h e a d e d  f o r  th e  s u r f a c e ,  th e  e x p a n d in g  g a s o l in e  
w o u ld  c a u s e  a n  in c r e a s e  in  s p e e d  an d , f in a lly ,  th e  d iv e  
w o u ld  b e  a b o r te d .  T o  p r e v e n t  th i s  h a p p e n in g , th e  f lo a t  i s  
f i t t e d  w ith  a  s e p a r a te  12 00 g a llo n  g a s o l in e  ta n k  c a l le d  th e  
m a n e u v e r in g  ta n k  f r o m  w h ic h  th e  p i lo t  c a n  r e l e a s e  g a s o l in e . 
T h is  ta n k  h a s  a  m a g n e t ic a l ly  a c t iv a te d  v a lv e  th a t  p e r m i t s  
th e  g a s o l in e  to  flow  ou t and  s e a  w a te r  to  d is p la c e  i t .  A lso , 
i t  i s  i s o la te d  f r o m  th e  r e s t  of th e  s y s te m  so  th a t ,  if  th e  
v a lv e  sh o u ld  fa i l ,  th e  c r a f t  co u ld  n o t lo s e  a l l  i t s  g a s o l in e  
lo a d  a n d  b e c o m e  to o  h e a v y  to  c o m e  b a c k  to  th e  s u r f a c e .
W ith  a l l  th e  g a s o l in e  e v a c u a te d  f r o m  th i s  s m a l l  ta n k , th e  
b a th y s c a p h  is  3000 p o u n d s  n e g a t iv e ly  b u o y a n t. T h u s , ev e n  
if  th e  v a lv e  sh o u ld  ja m  o p en , o n ly  3000 p o u n d s  of b u o y a n c y  
w o u ld  b e  lo s t ,  and  th i s  w o u ld  n o t b e  a  p ro b le m  a s  th e  
e m p ty  b a l l a s t  tu b s  w e ig h  m o r e  th a n  1500 p o u n d s  e a c h .

A n a d d it io n a l m a n e u v e r in g  f e a tu r e  w a s  a d d ed  d u r in g  
th e  r e c e n t  r e c o n s t r u c t io n .  V e r t i c a l  m o to r s  w e re  f i tte d , 
one in  e a c h  of th e  tw o b a l l a s t  ta n k s  a t  th e  e n d s  of th e  f lo a t . 
T h e s e  v e r t i c a l  m o to r s  o p e r a te  in  a  tu n n e l o r  tu b e  an d  e x e r t  
a  v e r t i c a l  t h r u s t  of s o m e  2 00 p o u n d s  in  e i t h e r  d i r e c t io n .  
A c tiv a t io n  of th e s e  m o to r s  a s s i s t s  in  m a in ta in in g  th e  b a th y ­
s c a p h  in  a  h o v e r in g  p o s i t io n .  B y  c o m b in e d  u s e  of th e s e

7



d e v ic e s  (b a l la s t ,  g a s o l in e ,  an d  m o to r s ) ,  th e  b a th y s c a p h  
c a n  b e  m a in ta in e d  in  a  m id w a te r  p o s i t io n  w ith in  10 o r  15 
f e e t  of th e  in te n d e d  d e p th . H o w e v e r, m u c h  s t i l l  d e p e n d s  
on th e  p ro f ic ie n c y  an d  e x p e r ie n c e  of th e  p i lo t .

L a n d in g  on th e  s e a  f lo o r  i s  a c c o m p lis h e d  e a s i ly  th ro u g h  
th e  u s e  of a  F a th o m e te r  w h ic h  g iv e s  so m e  2 00 fa th o m s  of 
w a rn in g  b e fo r e  a c tu a l  c o n ta c t  w ith  th e  s e a  f lo o r .  T h e  p ilo t  
c an  w a tc h  th e  F a th o m e te r  an d  g au g e  h is  r a t e  of d e s c e n t  so  
th a t ,  a s  h e  a p p ro a c h e s  th e  s e a  f lo o r ,  h e  c a n  s low  dow n to  
a  r a t e  of a  fo o t o r  so  p e r  m in u te  an d  m a k e  a  sm o o th  la n d in g . 
N o rm a lly , a t  a b o u t 2 00 f e e t  f r o m  th e  b o tto m , th e  o u ts id e  
l ig h ts  a r e  tu r n e d  on, an d  a t  60 f e e t  th e  p i lo t  i s  a b le  to  se e  
th e  b a c k  r e f le c t io n  of th e  b o tto m  th ro u g h  th e  f r o n t  w indow .
A t 30 f e e t ,  h e  w il l  s e e  th e  b o tto m . W ith  th i s  slow  r a t e  of 
d e s c e n t ,  he c a n  e a s i ly  a b o r t  th e  la n d in g  by  th e  c o n tr o l  
m e th o d  d e s c r ib e d  in  th e  p r e v io u s  p a r a g r a p h  if  th e  p r e s e n c e  
of a  l a r g e  r o c k  s t r u c tu r e  o r  so m e  o th e r  u n d e s i r a b le  t e r r a i n  
f e a tu r e  sh o u ld  m a k e  la n d in g  u n fe a s ib le .  He w ou ld  th e n  tu r n  
on h is  p ro p u ls io n  m o to r s ,  m o v e  to  a n o th e r  a r e a ,  an d  t r y  
th e  la n d in g  a g a in .

A n o th e r  d e v ic e  b o r r o w e d  f r o m  a e r i a l  b a llo o n  o p e r a ­
t io n s  an d  u s e d  f o r  th e  la n d in g  i s  a  g u id e  ro p e  c o n s is t in g  of 
an  8 0 -fo o t s t e e l  c a b le  th a t  i s  su sp e n d e d  b e n e a th  th e  b a th y ­
sc a p h . If th e  c r a f t  i s  t r im m e d  so  th a t  i t  i s  o n ly  a  few  p o u n d s  
h e a v y  a s  i t  a p p ro a c h e s  th e  s e a  f lo o r ,  i t  sh o u ld  a t t a in  e q u il ib ­
r iu m  r id in g  on th e  end  of i t s  g u id e  ro p e  th ro u g h  th e  lo s s  in  
n e g a tiv e  b u o y a n c y  a s  th e  c a b le  g a in s  s u p p o r t  f r o m  th e  s e a  
f lo o r .  T h is  e q u il ib r iu m , of c o u r s e ,  i s  n o t p e r m a n e n t  
b e c a u s e  co o lin g  of th e  g a s o l in e  w il l  e v e n tu a lly  m a k e  th e  
c r a f t  h e a v y  an d  c a u s e  i t  to  s e t t l e  to  th e  b o tto m . T he  p ilo t,  
b y  m a n ip u la t in g  th e  sh o t v a lv e , c a n  c o u n te r a c t  th i s  e f fe c t . 
T h e  g u id e  ro p e  a l s o  te n d s  to  p ro v id e  a  l a t e r a l  s ta b i l iz in g  
e f fe c t, if  t h e r e  is  an y  c u r r e n t  a t  th e  b o tto m , b y  a c tin g  a s  
a  s o r t  of " s e a  a n c h o r .  " F in a l ly ,  th e  p i lo t  c a n  th ro w  a 
s w itc h  an d  j e t t i s o n  th e  g u id e  ro p e  b y  m e a n s  of a  m a g n e t ic  
r e l e a s e ,  if  i t  sh o u ld  b e c o m e  fo u le d  on th e  b o tto m .

U pon c o m p le tio n  of o b s e r v a t io n s  a t  th e  b o tto m , th e  
p ilo t  r e l e a s e s  b a l l a s t ,  w a tc h in g  th e  F a th o m e te r  an d  th e  
s e a  f lo o r .  A s th e  c r a f t  s t a r t s  to  le a v e  th e  b o tto m , he  s to p s  
d ro p p in g  b a l l a s t .  T h e  c r a f t  w il l  b e c o m e  l i g h te r  o n ce  th e  
a s c e n t  i s  s t a r t e d ,  g r a d u a l ly  a c c e l e r a t i n g  a s  i t  g o e s  u p w a rd . 
R e le a s e  of on ly  a  m o d e s t  a m o u n t of b a l l a s t  i s  n o rm a l ly  
r e q u i r e d  f o r  a s c e n t .  T h e r e  i s  no c o n tr o l  o v e r  th e  a s c e n t ,  
and  th i s  p a r t  of th e  o p e ra t io n  i s  n o rm a l ly  n o t s c ie n t i f ic a l ly  
u s e fu l.  T h e  on ly  w ay  th e  b a th y s c a p h  co u ld  a c tu a l ly  be  
s lo w ed  w ou ld  b e  to  r e l e a s e  g a s o l in e  f r o m  th e  m a in  ta n k



s y s te m , w h ich  w ou ld , of c o u r s e ,  le a d  to  o b v io u s  p ro b le m s  
if th e  p ilo t  w e re  n o t c a r e f u l .  T h e  r e l e a s e  of g a s o l in e  f r o m  
th e  s m a l l  m a n e u v e r in g  ta n k , w h ic h  is  d e p e n d e n t on d i s ­
p la c e m e n t  b y  s e a  w a te r ,  i s  in s u f f ic ie n t  to  a p p r e c ia b ly  slow  
th e  c r a f t 's  a s c e n t  once  i t  s t a r t s  to  a c c e l e r a t e  to w a rd  th e  
s u r f a c e .

T h e  u n c o n tro l le d  a s c e n t  i s  p e r h a p s  th e  m o s t  d a n g e ro u s  
p a r t  of th e  b a th y s c a p h  o p e ra t io n  and  th e  p r im e  r e a s o n  w hy 
th e  s u r f a c e  s h ip s  m u s t  r e m a in  w e ll  c l e a r  of th e  d iv in g  
p o in t. S ta n d a rd  p r o c e d u r e  f o r  th e  s u r f a c e  s h ip s  i s  to  
s ta y  a t  l e a s t  4000 y a r d s  f r o m  th e  d iv in g  p o in t to  av o id  
c o l l is io n  w ith  th e  a s c e n d in g  T R IE S T E . I t  i s  h o p ed  th a t ,  
a t  so m e  t im e  in  th e  fu tu re , a  p o r ta b le  s o n a r  m a y  be  f i t te d  
to  th e  p r o j e c t  w o rk  b o a t to  a llo w  i t  to  " s e e "  T R IE S T E  a s  
i t  a s c e n d s .  P r e s e n t  p r o c e d u r e  c a l l s  f o r  k e e p in g  th e  w o rk  
b o a t a t  th e  d iv in g  p o in t to  m a in ta in  u n d e rw a te r  te le p h o n e  
c o m m u n ic a t io n s  w ith  th e  b a th y s c a p h . T h e  in te n s i ty  of th e  
u n d e rw a te r  te le p h o n e  s ig n a l  i s  a  f a i r l y  good  g au g e  of th e  
p ro x im i ty  of th e  b a th y s c a p h  an d , if th e  l a t t e r  a p p e a r s  to  
b e  to o  c lo s e , th e  w o rk  b o a t c a n  m o v e  aw ay  f r o m  th e  d iv in g  
p o in t.

F in a l ly ,  i t  m u s t  be  r e m e m b e r e d  th a t  th e  b a th y s c a p h  
i s  n o t a  s u b m a r in e .  It h a s  n e i th e r  th e  m o b i l i ty  n o r  th e  
c o n tr o l la b i l i ty  of a  s u b m a r in e .  W h e re a s  a  s u b m a r in e  m a y  
be r e g a r d e d  a s  a n a lo g o u s  to  a  d i r ig ib le  o r  a  b lim p , th e  
b a th y s c a p h  m a y  b e  c o n s id e re d  to  b e  a  l i g h t e r - th a n - w a t e r  
f r e e  b a llo o n . T h e  c r a f t  i s  a t  th e  m e r c y  of c u r r e n t s  an d  is  
l im i te d  m o s tly  to  " e l e v a to r "  ty p e  o p e ra t io n s ,  su c h  a s  in v e s ­
t ig a t io n s  of th e  w a te r  co lu m n  f r o m  th e  s u r f a c e  to  th e  s e a  
f lo o r  and  d e ta i le d  s tu d ie s  of th e  s e a  f lo o r  a t  th e  b a s e  of th e  
w a te r  co lu m n . T h e  b a th y s c a p h  ty p e  of c o n f ig u ra t io n  d o e s  
n o t le n d  i t s e l f  to  s u r v e y  w o rk .
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TECHNICAL DESCRIPTION OF TRIESTE

D IM ENSION S AND W E IG H T S

60 f e e t

11 f e e t  6 in c h e s  

18 fe e t  

2 f e e t

50 to n s

150 to n s

4 k n o ts  m a x im u m
34, 000 g a l lo n s  of 1 1 5 /1 4 5  

a v ia t io n  g a s o l in e  ( le s s  
w a te r  b a l l a s t )

16 to n s  of s t e e l  sh o t

FLOODIAMPS

ED

OBSERVATION
GONDOLA

L e n g th  

D ia m e te r  

D ra f t  (L o ad ed ) 

F r e e b o a r d
W eig h t, w ith o u t b u o y a n t 

s u b s ta n c e  a b o a rd
W eig h t w ith  b u o y a n t 

s u b s ta n c e  a b o a rd

M a x im u m  to w in g  sp e e d  

B u o y an t s u b s ta n c e

B a l la s t  m a t e r i a l

C u t a w a y  o f  TRI ESTE



A s s e m b l y  a t  N a v a l  R e p a i r  F a c i l i t y ,  
Sa n  D i e g o ,  1 9 5 8

T H E  F L O A T *

T h e  f lo a t  fu n c t io n s  a s  th e  " b a l lo o n "  s t r u c tu r e  of 
T R IE S T E . It a l s o  s e r v e s  a s  a  p la t f o r m  f o r  s e v e r a l  of th e  
b a th y s c a p h ’s s y s te m s  to  b e  d e s c r ib e d  l a t e r .  W hen  f i l le d  
w ith  a v ia t io n  g a s o l in e , th e  f lo a t  e x e r t s  a  l i f t in g  f o r c e  of 
s e v e r a l  to n s  f r o m  w h ic h  m a y  b e  s u b t r a c te d  th e  s t r u c tu r a l  
w e ig h t of th e  c r a f t  to  g iv e  th e  c r a f t 's  u s e fu l  p a y lo a d .

T h e  f lo a t  h a s  th e  sh a p e  of a  c y l in d e r  w ith  ta p e r e d  en d s  
( s a u s a g e ) .  It i s  m a d e  of 0. 2 - in c h - th ic k  m ild  s t e e l  p la te  
in  th e  c y l in d r ic a l  s e c t io n  an d  0. 12 - in c h - th i c k  s t e e l  p la te  
in  i t s  e x tr e m e  end  s e c t io n s  (the  b a l l a s t  ta n k s ) .  I t i s  d iv id e d  
in to  tw e lv e  d i f f e r e n t  c o m p a r tm e n ts  in te r n a l ly ,  th ro u g h  th e  
u s e  of t r a n s v e r s e  b u lk h e a d s  m a d e  of 0. 12 - in c h - th i c k  m ild  
s t e e l  p la te .  I t s  w e ig h t e m p ty  i s  16 to n s .

*T he  r e p e t i t io n  in  th i s  r e p o r t  i s  th e  r e s u l t  of a n  a t te m p t  to  
m a k e  th e  m a jo r  s e c t io n s  s e l f - c o n ta in e d .
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A t e a c h  end  of th e  f lo a t  th e r e  is  a  w a te r  b a l l a s t  ta n k  
th a t  i s  s e p a r a te  f r o m  th e  g a s o l in e  ta n k  s y s te m . T h e  b a l l a s t  
ta n k s  p ro v id e  a  n e g a tiv e  b u o y a n c y  f o r  th e  c r a f t  w h en  th e y  
a r e  f lo o d e d  a t  th e  t im e  of d iv in g . T he f o r w a r d  b a l l a s t  ta n k  
i s  in te r n a l ly  r e in f o r c e d  to  w ith s ta n d  th e  s t r e s s e s  of to w in g . 
In  a d d itio n , th e s e  end  ta n k s  s e r v e  a s  " b u m p e r "  p r o te c t io n  
f o r  th e  g a s o l in e  ta n k s ;  th e  r u p tu r e  of one of th e m  th ro u g h  
a c c id e n t  w ou ld  n o t c a u s e  lo s s  of th e  c r a f t  o r  of a n y  of i t s  
g a s o l in e .

T h e  n in e  m a in  g a s o l in e  ta n k s  in  th e  f lo a t  a r e  f i t te d  
w ith  a  c o m p e n s a tin g  s y s te m  so  th a t  i t  i s  p o s s ib le  to  p r e s ­
s u r e - e q u a l i z e  th e  e n t i r e  ta n k  s y s te m  b y  m e a n s  of a  s in g le  
v a lv e  lo c a te d  in  th e  c e n te r  ta n k . A lso  lo c a te d  in s id e  th e  
c e n te r  ta n k  is  a  te n th  ta n k  c a l le d  th e  m a n e u v e r in g  ta n k , 
th a t  s e r v e s  th r e e  v i t a l  p u rp o s e s :  (1) i t  i s  an  in d e p e n d e n t
r e s e r v o i r  f o r  so m e  12 00 g a llo n s  of g a s o l in e  th a t  m a y  be  
s lo w ly  r e l e a s e d  b y  th e  p i lo t  to  c o n tr o l  b u o y an cy ; (2) w ith  
a  w a ll  th ic k n e s s  of 0. 33 in c h  i t  i s  a  s t r e n g th  m e m b e r ,  and  
p ro v id e s  a t  i t s  b o tto m  th e  m o u n tin g  p ad  f o r  th e  c a b in  of 
th e  c r a f t ;  and  (3) i t  s u p p o r ts ,  a t i t s  to p , th e  l i f t in g  p ad  to  
w h ic h  th e  c r a n e  hook  is  a t ta c h e d  f o r  r a i s in g  T R IE S T E  out 
of th e  w a te r .  S in ce  th i s  ta n k  i s  d is c o n n e c te d  f r o m  th e  r e s t  
of th e  g a s o l in e  s y s te m , in a d v e r te n t  r e l e a s e  of th e  g a s o l in e  
f r o m  th i s  ta n k  by  th e  p i lo t  o r  f a i lu r e  of i t s  r e l e a s e  v a lv e  
w ou ld  c a u s e  th e  lo s s  of o n ly  12 00 g a llo n s  of g a s o l in e  and  
n o t of th e  e n t i r e  c o n te n ts  of th e  f lo a t .

A t th e  b o tto m  of th e  f lo a t  a r e  lo c a te d  tw o  r e c e s s e s ,  
one fo r w a rd  of th e  s p h e r e  and  one a f t of th e  s p h e r e ,  f o r  
th e  sh o t b a l l a s t  tu b s .  In  a d d it io n , th e  f lo a t  p r o v id e s  a 
g e n e ro u s  a r e a  f o r  th e  a t ta c h m e n t  of in s t r u m e n ta t io n  and  
v a r io u s  o th e r  f ix e d  an d  t e m p o r a r y  d e v ic e s .

A f r e e - f lo o d in g  s u p e r s t r u c tu r e  on to p  p r o v id e s  a d e ­
q u a te  w o rk in g  ro o m  f o r  th e  h a n d lin g  c re w  and  a l s o  p r o ­
v id e s  p ro te c t io n  f o r  e q u ip m e n t lo c a te d  b e n e a th .

T H E  S P H E R E

T h e  s p h e r e  fu n c t io n s  a s  th e  c a b in  of th e  c r a f t .  It c o n ­
ta in s  a l l  th e  c o n tr o ls  an d  in s t r u m e n ta t io n  r e a d o u ts  n e c ­
e s s a r y  f o r  o p e ra t io n  of th e  c r a f t  and  f o r  p e r f o r m a n c e  of 
i t s  s c ie n t i f ic  m is s io n .  T h e  tw o -m a n  c re w  of th e  c r a f t  
m a in ta in  t h e i r  d iv in g  s ta t io n  in s id e  th e  s p h e r e .  W hen a l l  
th e  o p e ra t in g  c o n tr o ls ,  in s t r u m e n ta t io n ,  and  p o w e r  s u p ­
p l i e s  a r e  in s ta l le d ,  a  l i t t l e  o v e r  17 cu b ic  f e e t  of w o rk in g  
s p a c e  r e m a in s  f o r  th e  c re w .
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B e fo re  d e s c r ib in g  th e  s p h e r e 's  s y s te m s  in  d e ta i l ,  it  
i s  d e s i r a b le  to  in d ic a te  th e  i n t e r i o r  la y o u t . T h e  in s id e  of 
th e  s p h e r e  i s  d iv id e d  in to  s ix  b a y s . B ay  N o. 1 in c lu d e s  
th e  e n tr a n c e  to  th e  s p h e r e ,  th e  h a tc h , and  th e  s e a t  f o r  th e  
s c ie n t i f ic  o b s e r v e r .  B ay  N o. 2 h o u s e s  in s t ru m e n ta t io n ,  
so m e  p o w e r  s u p p l ie s ,  and  th e  u n d e r w a te r  te le p h o n e .
B ay  N o. 3 i s  th e  p i l o t 's  o p e ra t in g  p a n e l w ith  m o s t  of th e  
c o n tr o ls  an d  in s t r u m e n ts  n e c e s s a r y  f o r  o p e ra t io n .  B ay  
N o. 4 c o n ta in s  th e  p r i m a r y  o b s e r v a t io n  w indow , th e  
c a m e r a  m o u n ts , th e  m a n o m e te r  p r e s s u r e  g au g e  s y s te m , 
and  th e  a i r  r e v i t a l i z a t io n  s y s te m . B ay  N o. 5 c o n ta in s , in  
one h a lf , o p e ra t io n a l  c o n tr o ls  su c h  a s  l ig h tin g  c i r c u i t s  and  
F a th o m e te r  and , in  th e  o th e r  h a lf , s c ie n t i f ic  i n s t r u m e n ta ­
t io n . B ay  N o. 6 i s  e n t i r e ly  f r e e  f o r  s c ie n t i f ic  in s t r u m e n ta ­
t io n .

T h e  b a th y s c a p h  i s  a c tu a l ly  e q u ip p e d  w ith  tw o  s p h e r e s :
(1) th e  o r ig in a l  o r  T e r n i  s p h e r e  w h ic h  w a s  p a r t  of th e  c r a f t  
a s  o r ig in a l ly  d e l iv e re d ,  an d  (2) th e  K ru p p  s p h e r e  w h ich  
w a s  p u rc h a s e d  a  few  m o n th s  a f t e r  th e  c r a f t  h ad  b e e n  r e ­
ce iv e d  in  th e  U n ited  S ta te s .  T h e  T e r n i  s p h e r e  can  w ith s ta n d

S p h e r e ,  e x t e r i o r  v i e w
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S p h e r e ,  i n t e r i o r  e n t r a n c e
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S p h e r e  ,
p i l o t  p a n e l  a nd  w i n d o w

S p h e r e ,
b a t t e r i e s  a n d  a i r  s u p p l y
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d e p th s  dow n to  2 0, 000 f e e t ,  w h ile  th e  K ru p p  s p h e r e  h a s  no 
d e p th  l i m i t s  and  w a s  th e  one u s e d  f o r  th e  d e e p  d iv e s  off 
G u am , T h e  e s s e n t i a l  d i f f e r e n c e s  b e tw e e n  th e  tw o  s p h e r e s  
a r e :  (1) th e  m e th o d  of a s s e m b ly  an d  (2) th e  w a ll  th ic k n e s s .  
T h e  T e r n i  s p h e r e  c o n s i s t s  of tw o  h e m is p h e r e s  th a t  a r e  
jo in e d  to g e th e r  a t  a  f la n g e . T h e  K ru p p  s p h e r e  i s  in  th e  
fo r m  of a  c e n t r a l  r in g  w ith  tw o  end  c a p s  jo in e d  to  i t .  On 
th e  K ru p p  u n it th e  o r ig in a l  jo in t  w a s  m a d e  w ith  a n  ep o x y  
g lu e ; h o w e v e r , d u r in g  one  of th e  d iv e s  th i s  jo in t  f a i le d  and  
i t  b e c a m e  n e c e s s a r y  to  s e c u r e  th e s e  tw o  s e c t io n s  w ith  a 
m e c h a n ic a l  f a s te n in g  s y s te m . W a ll th ic k n e s s  of th e  T e r n i  
s p h e r e  i s  a p p ro x im a te ly  f r o m  3-§ to  6 in c h e s  and  of th e  
K ru p p  s p h e r e  f r o m  5 to  7 in c h e s .  T h e  g r e a t e s t  th ic k n e s s  
in  b o th  c a s e s  o c c u r s  a t  th e  r e in f o r c e m e n t  a ro u n d  th e  
w indow  and  th e  e n tr a n c e  h a tc h . In  o r d e r  to  b e  in te r c h a n g e ­
a b le , b o th  s p h e r e s  h a v e  an  e x te r n a l  d ia m e te r  of 7 f e e t  2 
in c h e s .  T h e  s t e e l  u s e d  in  e a c h  i s  a  n o n fa tig u in g  c h ro m e -  
n ic k e l-m o ly b d e n u m  a l lo y  w h ic h  i s  f o r g e d  an d  m a c h in e d  to  
e x a c t  s i z e .  E a c h  s p h e r e  h a s  tw o  d ia m e t r i c a l ly  o p p o s ite  
o p en in g s : th e  p r i m a r y  o b s e r v a t io n  w indow  w ith  th e  12 
h u ll  p e n e t r a to r s  a r r a n g e d  a ro u n d  it , an d  th e  e n tr a n c e  
h a tc h  w h ich  i s  a l s o  f i t t e d  w ith  a  w indow . T h e  w in d o w s 
a r e  P le x ig la s  c o n e s  la m in a te d  to  th e  c o r r e c t  th ic k n e s s .  
A c c e s s  to  th e  s p h e r e  i s  v ia  an  e n tr a n c e  tu b e  (a n te c h a m b e r )  
s t a r t i n g  a t  th e  to p  of th e  f lo a t  a t  th e  co n n in g  to w e r  and  
e n d in g  b e lo w  th e  f lo a t  w ith  an  elbow  th a t  i s  a t ta c h e d  to  th e  
s p h e r e .  T he  w e ig h t of th e  T e r n i  s p h e r e  i s  11 to n s  w h ile  
th e  K ru p p  s p h e r e  w e ig h s  1 4 .2 5  to n s ,  th e  a d d it io n a l  3 .2 5  
to n s  b e in g  th e  r e s u l t  of th e  g r e a t e r  w a ll  th ic k n e s s .

P R IM A R Y  SY STEM S

E le c t r i c a l

T h e  p r i m a r y  24 v o lt  e l e c t r i c a l  s y s te m  of T R IE S T E  is  
p o w e re d  by  56 tw e lv e - v o lt ,  48 a m p e r e - h o u r ,  le a d - a c id  
b a t t e r i e s  lo c a te d  in  fo u r  a lu m in u m  sa d d le  ta n k s  f a s te n e d  
to  th e  to p  of th e  f lo a t  b e n e a th  th e  s u p e r s t r u c tu r e .  E a c h  of 
th e  fo u r  b a t t e r y  ta n k s  o r  b o x e s  is  p r e s s u r e - c o m p e n s a t e d  
th ro u g h  th e  u s e  of t r a n s f o r m e r  o il an d , th e r e f o r e ,  d u r in g  
su b m e rg e n c e  th e  b a t t e r i e s  th e m s e lv e s  a r e  s u b je c te d  to  
fu l l  d e p th  p r e s s u r e . 1 T h r e e  of th e  b o x e s  a r e  a l lo t te d  f o r

1 N avy  E le c t r o n ic s  L a b o r a to r y  R e p o r t  106 3, E v a lu a t io n  of 
E x te r n a l  B a t t e r y  P o w e r  S upply  f o r  B a th y s c a p h  T R IE S T E , 
by  L . A . S h u m a k e r , 18 A u g u s t 1961
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T o p s i d e  b a t t e r y  b o x

p o w e rin g  th e  c r a f t 's  f iv e  3 - h o r s e p o w e r  e l e c t r i c a l  p r o p u l ­
s io n  m o to r s  an d  f o r  p ro v id in g  p o w e r  to  th e  lig h tin g  s y s te m s .  
T h e  fo u r th  b o x  i s  th e  p o w e r  su p p ly  f o r  th e  s p h e r e  an d  i t s  
e q u ip m e n ts .  T h e  e x te r n a l  b a t t e r y  s y s te m  is  so  o rg a n iz e d  
th a t  i t  c a n  b e  c h a rg e d  in  p la c e  f r o m  a  s in g le  p o in t c h a rg in g  
c o n n e c tio n . T h e  fo llo w in g  a d d it io n a l  p o w e r  su p p ly  s y s te m s  
a r e  a l s o  in s ta l le d :

1. 110 v o lt  a e , 1000 w a t ts  c o n v e r te d  f r o m  24 v d c  m a in
p o w e r  a v a i la b le  f o r  in s t r u m e n ta t io n  an d  s c ie n t i f ic  e q u ip ­
m e n t .

2 . 110 v o l t s  a e , 400 c y c le  c o n v e r te d  f r o m  24 v d c  m a in
p o w e r  f o r  o p e ra t io n  of th e  d i r e c t i o n a l  g y ro .

3. 12 v o l t s  d e  p ro v id e d  b y  s i l v e r - z i n c  b a t t e r i e s  c a r r i e d
in te rn a l ly ,  f o r  o p e ra t io n  o f th e  b a l l a s t  r e l e a s e  s y s te m .

4. 15 v o l t s  d e  p ro v id e d  by  in te r n a l ly  c a r r i e d  s i l v e r - z in c
b a t t e r i e s  f o r  o p e ra t io n  of th e  b a l l a s t  tu b  h o ld in g  s y s te m .
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A ll e x te r n a l  w ir in g  of th e  e l e c t r i c a l  s y s te m  i s  h e a v y  
d u ty  and  i s  p r o te c te d  f r o m  d i r e c t  w a te r  im p in g e m e n t b y  u se  
of w ir e  r u n s  m a d e  of p l a s t i c  p ip e . A s  m u c h  a s  p o s s ib le ,  
a l l  e x te r n a l  c i r c u i t  c o m p o n e n ts  a r e  te s te d  u n d e r  p r e s s u r e  
in  th e  p r o j e c t 's  40, 000 p s i  p r e s s u r e  p o t. A ll to p s id e  c o n n e c ­
t io n s  in  th e  p r i m a r y  o p e ra t in g  c i r c u i t s  su c h  a s  l ig h ts ,  m o to r s ,  
and  b a l l a s t  a r e  m a d e  up, s p l ic e d , and  th e n  p o tte d  in  p la s t i c ,  
to  a v o id  a n y  w a te r  d a m a g e  o r  h o s in g  th ro u g h  th e  s p l ic e s .
Som e 98 s p a r e  w i r e s  a r e  p ro v id e d  f o r  s c ie n t i f ic  e q u ip m e n t. 
T h e s e  w i r e s ,  b e c a u s e  of th e  n e e d  f o r  in te r c h a n g e a b i l i ty ,  a r e  
p ro v id e d  w ith  r u b b e r  h ig h - p r e s s u r e  p lu g - ty p e  c o n n e c to r s  
th a t  a llo w  r a p id  a s s e m b ly  and  d is a s s e m b ly  w ith  a  h ig h  d e g re e  
of r e l i a b i l i t y  a g a in s t  p r e s s u r e  f a i lu r e .

T h e  h e a v y  c u r r e n t  d e m a n d s  of th e  m o to r  an d  lig h tin g  
c i r c u i t s  r e q u i r e  th a t  th e s e  c i r c u i t s  b e  c o n tr o l le d  v ia  a  r e l a y  
s y s te m  s in c e  th e  w i r e s  w h ic h  p a s s  th ro u g h  th e  h u ll  c o n n e c to r s  
a r e  on ly  c a p a b le  of c a r r y in g  a  m a x im u m  lo a d  of 10 a m p e r e s .  
T h e s e  c o n tr o l  r e l a y s  o p e r a te  in  a  p r e s s u r e - c o m p e n s a t e d ,  
o i l - f i l l e d  c o n tr o l  bo x  lo c a te d  ju s t  a f t  of th e  co n n in g  to w e r .

R e l a y  c o n t r o l  b o x

18



T he c o n tr o l  c i r c u i t s  lo c a te d  in  th e  s p h e r e ,  w h en  a c t iv a te d ,  
in  tu r n  a c t iv a te  r e l a y s  m a k in g  an d  b re a k in g  th e  c i r c u i t s  
c o n c e rn e d  w ith  m o to r s  and  l ig h tin g . T h is  s y s te m  h a s  p ro v e d  
to  b e  r e l i a b l e  and  e f f ic ie n t .  T h e  h u ll  c o n n e c to r s  th e m s e lv e s  
a r e  lo c a te d  r a d i a l l y  a ro u n d  th e  p r i m a r y  o b s e r v a t io n  w indow  
a t th e  f r o n t  of th e  s p h e r e .  T h e r e  a r e  12 h u ll  c o n n e c to r s ;  
h o w e v e r , on ly  n in e  of th e s e  a r e  c o n c e rn e d  w ith  e l e c t r i c a l  
w ir in g .  T h re e  ty p e s  of h u ll  c o n n e c to r s  a r e  in s ta l le d :

1. S ix  3 0 -w ir e  c o n n e c to r s  w ith  N o. 17 p o ly e th y le n e  in s u la te d  
s o l id  c o n d u c to r  w i r e .

2 . Tw o 12- w ir e  c o n n e c to r s  w ith  th e  s a m e  c o n d u c to r s  a s  
ab o v e  b u t w ith  th i c k e r  in s u la t io n .

3. T h e  24 v o lt  d e  p o w e r  c a b le  (N o. 0) f r o m  N o. 4 b a t t e r y  
b o x  th a t  s u p p l ie s  th e  s p h e r e  p o w e r .

T h e  h u ll  c o n n e c to r s  th e m s e lv e s  a r e  p l a s t i c - f i l l e d  s t e e l  
c o n e s  p o tte d  w ith  ep o x y  m a t e r i a l  th a t  a d ju s t s  i t s e l f  to  in ­
c r e a s in g  p r e s s u r e  a t  d e p th .

L ig h tin g

T R IE S T E  i s  f i t te d  w ith  tw o  lig h tin g  s y s te m s .  O ne s y s ­
te m  c o n s i s t s  of N E L -d e v e lo p e d  1 5 0 -w a tt in c a n d e s c e n t  la m p s ,  
of w h ich  th e r e  a r e  15 lo c a te d  in  c l u s t e r s  of f iv e  e a c h  b e ­
n e a th  th e  f lo a t .  A ll th r e e  c l u s t e r s  a r e  lo c a te d  fo r w a r d  of 
th e  p r i m a r y  o b s e r v a t io n  w indow . T h e s e  la m p s  o p e ra te  on 
24 v o lt s  a t  6 a m p e r e s .  T h e  se c o n d  s y s te m  i s  th e  E d g e r to n  
lig h tin g  s y s te m  c o n s is t in g  of f iv e  3 0 0 -w a tt in c a n d e s c e n t  
l ig h tin g  u n it s  th a t  p ro v id e  in te n s i f ic a t io n  of l ig h tin g  w h e re  
n e e d e d . F o u r  of th e s e  u n i ts  a r e  lo c a te d  fo r w a r d  of th e  
p r i m a r y  o b s e r v a t io n  w indow , and  one in  th e  v ic in i ty  of th e  
te l e v is io n  c a m e r a  w h ic h  i s  a f t  and  b e n e a th  th e  e n tr a n c e  tu b e . 
A d d itio n a l lig h tin g  m a y  b e  a d d e d  o r  th e  e x is t in g  u n its  m a y  
b e  m o v ed  to  s u i t  v a ry in g  r e q u i r e m e n ts .  T h e  l im i t  i s  d e t e r ­
m in e d  b y  th e  n u m b e r  and  r a t in g  of th e  c o n tr o l  r e l a y s  in  th e  
r e l a y  bo x . In v e s t ig a t io n s  a r e  now  b e in g  c a r r i e d  ou t to  
d e v e lo p  im p ro v e d  lig h tin g ; h o w e v e r , a t  p r e s e n t  i t  a p p e a r s  
th a t  p r e s  s u r e - e n c a p s u la te d  in c a n d e s c e n t  la m p s  a r e  th e  on ly  
so lu tio n  f o r  r e l i a b i l i t y  in  lo n g  p e r io d s  of u s e . 3

3 N avy  E le c t r o n ic s  L a b o r a to r y  R e p o r t  1094, E v a lu a t io n  of 
E x te r n a l  L ig h tin g  S y s te m s  f o r  th e  B a th y s c a p h  T R IE S T E ~ b y  
L . A. S h u m a k e r , 21 D e c e m b e r  1961
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A r t i s t ' s  c o n c e p t  o f  T R I ES TE l a n d i n g  u p o n  
t h e  s e a  f l o o r

P r o p u ls io n

T h e  p ro p u ls io n  s y s te m  c o n s i s t s  of f iv e  s p e c ia l  G e n e ra l  
E l e c t r i c  3 -h p  d e  m o to r s .  T h e s e  m o to r s  a r e  d e s ig n e d  to  
o p e ra te  in  in e r t  f lu id  ( s i l ic o n e  o il) an d  a r e  s u b je c te d  to  fu l l  
a m b ie n t p r e s s u r e  d u r in g  d iv in g  o p e ra t io n s .  T h e  m o to r s  
th e m s e lv e s  a r e  in  f iv e  d i f f e r e n t  lo c a t io n s .  T w o of th e m  
p ro v id e  h o r iz o n ta l  m o tio n  f o r w a rd  an d  b a c k w a rd , tw o
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p ro v id e  v e r t i c a l  m o tio n  e i t h e r  a s c e n d in g  o r  d e sc e n d in g , and  
one is  in s ta l le d  a th w a r t s h ip s  f o r  tu r n in g .  T h e  m o to r s  a l l  
d r iv e  p r o p e l l e r s  th ro u g h  g e a r  b o x e s . S p e c ia l  f e a t u r e s  of 
th e  m o to r s  in c lu d e  ep o x y  c o a tin g  of th e  a r m a tu r e  to  l e s s e n  
w in d ag e  lo s s e s ,  an d  h e l i c a l  g ro o v in g  of th e  c o m m u ta to r  to  
p ro v id e  a  w ip in g  a c t io n  on th e  c a rb o n  b r u s h e s  to  p r e v e n t  
e x c e s s iv e  b u ild u p  of an  in s u la t in g  o il f i lm  b e tw e e n  b r u s h e s  
an d  c o m m u ta to r .  A s  m e n tio n e d  b e fo r e ,  m o to r  c o n tr o l  is  
e f fe c te d  v ia  c o n tr o l  c i r c u i t r y  f r o m  th e  s p h e r e  to  th e  to p s id e  
c o n tr o l  box .

M o t o r  l o c a t i o n s

B a l l a s t

T h e  b a l l a s t  s y s te m  of th e  b a th y s c a p h  c o n s i s t s  of tw o 
s t e e l  b a l l a s t  tu b s  lo c a te d  in  r e c e s s e s  in  th e  b o tto m  of th e  
f lo a t .  E a c h  tu b  i s  h e ld  in  p la c e  by  a  c h a in  th a t  p a s s e s  up 
th ro u g h  th e  f lo a t  and  i s  a t ta c h e d  to  a  l a r g e  e le c t ro m a g n e t  
on th e  to p s id e  of th e  f lo a t .  T h is  s y s te m  g iv e s  th e  o p e r a to r  
th e  o p p o r tu n ity , in  c a s e  of e m e rg e n c y , of je t t i s o n in g  th e



A f t  b a l l a s t  t u b  a n d  l i g h t  f o r  TV c a m e r a s

c o m p le te  tu b  b y  o p en in g  th e  h o ld in g  m a g n e t ic  c i r c u i t .  T h e  
tu b s  a r e  e a c h  f i l le d  w ith  8 to n s  of s t e e l  sh o t. L o c a te d  a t 
th e  b o tto m  of e a c h  tu b  i s  an  o r i f ic e  s u r ro u n d e d  b y  an  e l e c ­
tr o m a g n e t .  W hen  th e  m a g n e t ic  c i r c u i t  i s  e n e rg iz e d ,  th e  
sh o t i s  h e ld  in  th e  o r i f ic e  an d  c a n n o t flo w . W hen th e  c i r ­
c u it is  tu r n e d  off, th e  sh o t i s  no  lo n g e r  m a g n e t iz e d  and  is  
a b le  to  flo w . T h e  m a g n e t ic  v a lv e  in  e a c h  of th e s e  c i r c u i t s  
i s  d o u b le - w ire d  to  p r e v e n t  a c c id e n ta l  lo s s  of th e  tu b s  
th ro u g h  w ir e  f a i l u r e s .  A n a r r a n g e m e n t  of p in s , t u r n -  
b u c k le s  and  g a te s  m e c h a n ic a l ly  s e c u r e s  th e  s y s te m  d u r in g  
n o n o p e ra t in g  p e r io d s .

C lo s e d - C i r c u i t  T e le v is io n

T h e  c lo s e d - c i r c u i t  te l e v is io n  s y s te m  a llo w s  an  e x p a n ­
s io n  of th e  v ie w in g  a r e a  a t  b o th  th e  s e a  f lo o r  and  in  m id ­
w a te r .  T h e  v id ic o n  tu b e  c a m e r a  u n it, d e s ig n e d  to  w ith s ta n d  
o v e r  16, 000 p s i ,  i s  lo c a te d  b e n e a th  th e  e n tr a n c e  tu b e  of th e
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b a th y s c a p h  lo o k in g  in  a  r e a r w a r d  d i r e c t io n .  T h e  m o n i to r in g  
u n it i s  in s id e  th e  s p h e r e  an d  can  b e  eq u ip p ed  w ith  a  s m a l l  
r o b o t - ty p e  c a m e r a  so  th a t  p i c t u r e s  c a n  b e  ta k e n  d i r e c t l y  
f r o m  th e  v ie w in g  s c o p e . T h e  p r i m a r y  a d v a n ta g e  of th i s  
p a r t i c u l a r  c lo s e d - c i r c u i t  s y s te m  i s  th a t  i t  w o rk s  w ith  a 
v e r y  low  p o w e r  su p p ly  (24 v o l t s  d e ) . T h e  c a m e r a  fu n c t io n s  
w e ll  w ith  a  s in g le  3 0 0 -w a tt E d g e r to n  la m p  i l lu m in a t in g  th e  
s e a  f lo o r  in  th e  v ic in i ty  of th e  c a m e r a .  A p a n  and  t i l t  h e a d  
is  p la n n e d  f o r  th i s  u n it in  th e  f u tu re .

M e c h a n ic a l  A rm

T h e  e le c t r o m e c h a n ic a l  a r m  u s e d  on T R IE S T E  w a s  
c o n s t ru c te d  b y  G e n e ra l  M ills  C o rp o ra t io n , M in n e a p o lis , 
M in n e so ta . T h is  a r m  i s  c a p a b le  of a l l  m o t io n s  of th e  
h u m an  a r m ,  b u t h a s  on ly  tw o  f in g e r s .  It c an  c o v e r  a n  a r e a  
4 f e e t  in  d ia m e te r  on th e  s e a  f lo o r  and  i s  c a p a b le  of l i f t in g  
50 p o u n d s . T h e  a r m  i s  in te n d e d  f o r  p ic k in g  up s e le c te d  
s a m p le s  f r o m  th e  s e a  f lo o r .  I t i s  m o u n te d  b e n e a th  th e  
fo r w a rd  sh o t tu b  w h e re  th e  o p e r a to r  of th e  c r a f t  c a n  e a s i ly  
s e e  i t  th ro u g h  th e  fo r w a rd  o b s e r v a t io n  w indow . T he c o n ­
t r o l  b o x  f o r  th e  a r m  is  in  th e  s p h e r e  and  c o n s i s t s  of a

M e c h a n i c a l  arm s t o w e d  u n d e r  f o r w a r d  
b a l l a s t  t u b
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s e r i e s  of s w itc h e s  c o n tr o l l in g  e a c h  of th e  m o t io n s  of th e  
a r m .  O ne of th e  E d g e r to n  3 0 0 -w a tt la m p s  i s  m o u n te d  on 
th e  a r m  i t s e l f ,  e n a b lin g  th e  o p e r a to r  to  c o n c e n t r a te  l ig h t 
upon  th e  a r e a  f r o m  w h ic h  h e  w is h e s  to  ta k e  s a m p le s .  
V a r io u s  s a m p lin g  to o ls  an d  c o n ta in e r s  c a n  b e  p ro v id e d .

A ir  R e v ita l iz a t io n

T h is  s y s te m  i s  d e s ig n e d  to  p ro v id e  th e  p r o p e r  a tm o s ­
p h e r ic  m ix tu r e  w ith in  th e  s p h e r e .  S in ce  th e  b r e a th in g  
p r o c e s s  r e m o v e s  oxygen  f r o m  th e  a i r  and  r e p l a c e s  i t  w ith  
c a rb o n  d io x id e  (C 0 2 ), i t  i s  n e c e s s a r y  to  a g a in  ad d  oxygen  
(0 2 ) to  th e  a tm o s p h e r e  an d  re m o v e  th e  C 0 2 . T h is  i s  
a c c o m p lis h e d  th ro u g h  th e  in s ta l la t io n  of a  3 8 - c u b ic - fo o t 
o x y g en  b o tt le  a t  an  in i t i a l  p r e s s u r e  of 2000 lb  p e r  s q u a r e  
in c h . O xygen  i s  m a n u a l ly  m e te r e d  f r o m  th i s  b o tt le  th ro u g h  
th e  u s e  of a  c o n s ta n t  flow  r e g u la to r .  A s p a r e  b o t t le  i s  
c a r r i e d  in  th e  s p h e r e .  C a rb o n  d io x id e  a b s o r p t io n  i s  a c c o m ­
p lis h e d  th ro u g h  th e  u s e  of a  c h e m ic a l  a b s o r b e n t  s y s te m  
c o n s is t in g  of th r e e  c a n i s t e r s  a t ta c h e d  to  a  m a n ifo ld  th ro u g h  
w h ic h  a i r  i s  p u lle d  by  u s e  of a  s m a l l  e l e c t r i c a l l y  d r iv e n  
fan . In  th e  f u tu re ,  th i s  m a n ifo ld  w il l  b e  f i t te d  w ith  a  s u c ­
t io n  tu b e  le a d in g  to  th e  F a th o m e te r ,  w h ic h  i s  a  p a r t i a l ly  
s e a le d  u n it ,  to  d ra w  off a n y  o zo n e  ( 0 3 ) th a t  i s  g e n e ra te d  by  
th e  e l e c t r i c  s ty lu s  of th e  F a th o m e te r .  A h e a te d  w ir e  c a ta ly z -  
e r  f o r  th e  o zo n e  w il l  b e  lo c a te d  in  th i s  s u c t io n  lin e  b e tw e e n  
th e  F a th o m e te r  an d  th e  s u c t io n  m a n ifo ld  on th e  C 0 2 d e v ic e . 
T h e  a tm o s p h e r e  in  th e  s p h e r e  i s  r e g u la te d  m a n u a l ly  th ro u g h  
o b s e r v a t io n  of in s t r u m e n ta t io n ,  c o n s is t in g  of a n  a i r c r a f t  
a l t im e te r  th a t  in d ic a te s  p o s i t iv e  o r  n e g a tiv e  (v acu u m ) 
p r e s s u r e  in  th e  s p h e r e ,  an d  a  C 0 2 and  O s e n s in g  d e v ic e  
th a t  r e a d s  in  p e r c e n ta g e s .

E x te r n a l  C a m e ra

T h e  b a th y s c a p h  i s  eq u ip p ed  w ith  tw o e x te r n a l  p r e s s u r e -  
e n c a p s u la te d  E d g e r to n  c a m e r a s .  T h e s e  c a m e r a s  a r e  
c a p a b le  of ta k in g  s e v e r a l  h u n d re d  3 5 -m m  s t i l l  p i c t u r e s  p e r  
lo a d in g . T h e  c a m e r a s  o p e ra te  in  c o n ju n c tio n  w ith  tw o 
e x te r n a l ly  c a r r i e d  s t r o b o s c o p ic  l ig h t  u n i t s  th a t  a r e  a ls o  
p r e s s u r e - e n c a p s u la t e d .  T h e  " A - c a m e r a "  is  lo c a te d  a t  
th e  bow  of th e  b a th y s c a p h  and  is  a im e d  v e r t i c a l l y  a t  th e  
b o tto m . T h e  " B - c a m e r a "  i s  lo c a te d  m id w a y  b e tw e e n  th e  
bow  an d  th e  fo r w a rd  b a l l a s t  tu b  an d  i s  a im e d  a t  th e  s a m e  
b o tto m  a r e a  a s  th e  A -u n it ,  b u t a t  an  o b liq u e  a n g le . B o th
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c a m e r a s  a r e  c o n tro l le d  th ro u g h  a  p u s h b u tto n  sw itc h  lo c a te d  
in s id e  th e  s p h e r e .  T h e  f r e q u e n c y  of o p e ra t io n  i s  of th e  o r d e r  
of one p h o to  c y c le  e v e ry  15 s e c o n d s . T h e  b a th y s c a p h  is  
a ls o  f i t t e d  w ith  a  t im in g  d e v ic e  th a t  a llo w s  fo u r  p ic tu r e s  
p e r  m in u te  to  b e  ta k e n  a u to m a t ic a l ly ,  and  c o u n ts  th e  n u m b e r  
of p ic t u r e s  ta k e n . T h is  a r r a n g e m e n t  r e l i e v e s  th e  b u s y  c re w  
of th e  c r a f t  f r o m  m a n u a lly  o p e ra t in g  th e  e q u ip m e n t and  
tim in g  th e  s e q u e n c e s .

H y d ra u lic  P r e s s u r e

T h e  h y d ra u l ic  p r e s s u r e  s y s te m  i s  u s e d  to  s e n s e  th e  
d ep th  an d  to  ta k e  i n s i t u  w a te r  s a m p le s  in  th e  s p h e r e .  T he 
s y s te m  c o n s i s t s  of p r e s s u r e  tu b in g  th a t  e n te r s  th e  s p h e r e  
th ro u g h  one of th e  h u ll  c o n n e c to r s  an d  th e n  i s  c o n n e c te d  to  
a  m a n ifo ld  s y s te m  f o r  g a u g e s , t r a n s d u c e r s ,  an d  s a m p le r .  
T h e  s a m p le r  ( " a q u a ta p  ) f o r  ta k in g  in s i t u  s a m p le s  i s  
lo c a te d  in  th e  w a te r - f i l l e d  s e c t io n  of th e  m a n ifo ld . T h e  
o p e r a to r  c a n  ta k e  w a te r  s a m p le s  a t  an y  p o in t by m e r e ly  
o p en in g  th e  v a lv e  an d  f i l l in g  a  c o n ta in e r .  T h e  s y s te m  is  
f i t te d  w ith  a  s u r g e  c h e c k  so  th a t ,  if  th e  v a lv e  sh o u ld  fa i l ,  
a  f r e e - f lo a t in g  c h e c k  w ou ld  a u to m a t ic a l ly  s e c u r e  th e  l in e . 
T h e  h y d ra u l ic  d e p th - s e n s in g  s y s te m  o p e r a te s  th ro u g h  
w a te r  p r e s s u r e  th a t  i s  a d m i t te d  to  one s id e  of a  f r e e  p is to n  
th a t  o p e r a te s  on  th e  o th e r  s id e  a g a in s t  h y d ra u l ic  f lu id .
T he  w a te r  p r e s s u r e  o p e ra t in g  on th e  p is to n  p r e s s u r i z e s  
th e  h y d ra u l ic  f lu id ; th e  p r e s s u r e  i s  th e n  t r a n s m i t t e d  to  
th e  d i r e c t - r e a d in g  d e p th  ( p r e s s u r e )  g a u g e s  an d  to  th e  
s t r a in - g a u g e - ty p e  p r e s s u r e  t r a n s d u c e r s  th a t  d r iv e  th e  
p e n  r e c o r d e r  lo c a te d  in  th e  s p h e r e .

A ir  B low

T h e  fu n c tio n  of th i s  s y s te m  i s  to  e v a c u a te  th e  e n tr a n c e  
tu b e  of th e  b a th y s c a p h  a f t e r  s u r f a c in g .  T h e  s y s te m  u t i l i z e s  
fo u r  p r e s s u r e - r e s i s t a n t  a i r  f l a s k s  lo c a te d  o u ts id e  and  b e ­
n e a th  th e  e n tr a n c e  tu b e ; th e y  c a r r y  a i r  a t  3000 lb  p e r  s q u a r e  
in c h  and  c o n ta in  a  to ta l  v o lu m e  of 550 c u b ic  f e e t  a t  a tm o s ­
p h e r ic  p r e s s u r e .  T h e  b low  v a lv e  i s  a c tu a te d  f r o m  th e  
in t e r i o r  of th e  s p h e r e  by  m e a n s  of a  sw itc h  w h ich  s t a r t s  
a  s m a l l  e l e c t r i c  m o to r  lo c a te d  in s id e  a  p r e s s u r e - r e s i s t a n t  
c a s e  in  th e  e n tr a n c e  tu b e . A s  th e  v a lv e  o p en s , i t  g r a d u a l ly  
u n c o v e rs  th e  b low  l in e  a llo w in g  th e  h ig h  p r e s s u r e  a i r  to  
e s c a p e  in to  th e  e n tr a n c e  tu b e  and  f o r c e  out th e  w a te r .  It 
ta k e s  s ix  m in u te s  to  b low  th e  a n te c h a m b e r .
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B a l l a s t  T a n k  F lo o d

T h is  s y s te m  v e n ts  th e  a i r  f r o m  th e  end  b a l l a s t  ta n k s  
to  m a k e  th e  b a th y s c a p h  n e g a t iv e ly  b u o y a n t. I t i s  a c tu a te d  
by  m a n u a lly  o p e ra te d  v a lv e s  lo c a te d  a t  e a c h  end  of th e  
f lo a t .  T h e  v a lv e  c o n s i s t s  of tw o  p a r t s :  a  m e c h a n ic a l  s to p  
an d  a  p lu n g e r - d e p r e s s e d  v a lv e  d is k .  F i r s t ,  th e  s to p  is  
o p en ed  an d , w h en  a l l  d iv in g  p r e p a r a t i o n s  h a v e  b e e n  m a d e , 
upon  co m m a n d  f r o m  th e  c re w  in  th e  s p h e r e  th e  s p r in g - lo a d e d  
p lu n g e r  i s  d e p r e s s e d  a llo w in g  a i r  to  v e n t f r o m  th e  end  ta n k s . 
T h e  p lu n g e r s  a r e  c o n s t ru c te d  w ith  a  c o rk  w ed g e  th a t  a llo w s  
th e m  to  s ta y  open  u n ti l  th e  b u o y a n c y  of th e  c o rk  o v e rc o m e s  
th e  f r i c t i o n  w ith  w h ic h  i t  is  w ed g ed  in to  p la c e , and  th e  
v a lv e  c lo s e s .  B y  th i s  t im e  th e  ta n k s  h a v e  b e e n  c o m p le te ly  
v e n te d . E a c h  b a l l a s t  ta n k  i s  f i t te d  w ith  a  b low  lin e  w h ic h  
i s  c o n n e c te d  to  a  c e n t r a l  m a n ifo ld  in  th e  co n n in g  to w e r .
A f te r  s u r f a c in g  f r o m  a  d iv e , a n  a i r  h o s e  f r o m  th e  w o rk  
b o a t i s  c o n n e c te d  to  th e  m a n ifo ld  to  b low  th e s e  ta n k s ;  th e  
a n te c h a m b e r ,  a ls o , c a n  b e  b lo w n  b y  th i s  s y s te m .

C a th o d ic  P r o t e c t io n

T h e  p u rp o s e  of th i s  s y s te m  i s  to  r e t a r d  c o r r o s io n  of 
th e  m e ta ls  of th e  f lo a t  a n d  i t s  a s s o c ia te d  e q u ip m e n ts .  A s 
a  r e s u l t  of i t s  e x p e r im e n ta l  m is s io n ,  th e  c r a f t  u t i l i z e s  
m a n y  m e ta l s  and  is  th e r e f o r e  h ig h ly  s u s c e p t ib le  to  c o r r o ­
s io n  d u e  to  g a lv a n ic  a c t io n . A ny lo s s  of th ic k n e s s  of th e  
th in  m e ta l  of th e  f lo a t  w o u ld  in v o lv e  g r e a t  r e d u c t io n  in  
s t r e n g th .  T h e r e f o r e ,  a  p r o te c t io n  s y s te m  m o r e  e f f ic ie n t 
th a n  a  p a in t f i lm  i s  e s s e n t i a l .  T h e  s y s te m  now  in s ta l le d  
on T R IE S T E  is  a  p a s s iv e  one th a t  u s e s  a  s e r i e s  of 40 - 
pound  m a g n e s iu m  C a th a n o d e s . * T h e s e  C a th a n o d e s  g r a d u a l ly  
d e t e r io r a t e ,  d e p e n d in g  on th e  a m o u n t of g a lv a n ic  a c t iv i ty  
th a t  o c c u r s .  H o w ev e r, th e  s e t  th a t  w a s  in s ta l le d  o r ig in a l ly  
on T R IE S T E  d u r in g  th e  s p r in g  of 1959 h a s  p ro v id e d  c o n tin ­
u o u s  p ro te c t io n ,  i s  s t i l l  in  good o r d e r ,  an d  i s  s t i l l  in  u s e . 
T h e  s y s te m  ro u g h ly  c o r r e s p o n d s  to  th e  c i r c u i t  of a  b a t t e r y  
in  th a t  th e  C a th a n o d e  m a y  b e  c o n s id e re d  a s  one p la te  of a 
b a t t e r y ,  t h e  b a th y s c a p h  an d  i t s  a s s o c ia te d  e q u ip m e n ts  a s  
th e  o th e r  p la te ,  and  s e a  w a te r  a s  th e  e le c t r o ly te .  In th e  
C a th an o d e  c i r c u i t  i s  a  v a r i a b le  r e s i s t a n c e  th a t  can  be 
" tu n e d "  to  th e  r e q u i r e d  v a lu e s .  T h e  v a lu e s  of c u r r e n t  and  
v o lta g e  can  be  r e a d  out on in s t r u m e n ts  in s id e  th e  s p h e r e .  
T h is  s y s te m  h a s  v i r tu a l ly  p r e v e n te d  a l l  e x te r n a l  g a lv a n ic  
d e te r io r a t io n  of th e  c r a f t  b e lo w  th e  w a te r l in e  d u r in g  th e  
p a s t  th r e e  y e a r s .

^ P a te n te d  n a m e .
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C a t h o d e  p r o t e c t i o n  C a t h a n o d e s

F u e lin g

T h e  fu n c tio n  of th i s  d i s t r i b u t io n  s y s te m  i s  to  p ro v id e  
ra p id  an d  sa fe  h a n d lin g  of th e  a v ia t io n  g a s o l in e  lo a d  of th e  
b a th y s c a p h . T h e  s y s te m  c o n s i s t s  of a  c e n t r a l  m a n ifo ld  
lo c a te d  on th e  co n n in g  to w e r  w ith  a  4 - in c h  o p e n in g  le a d in g  
in to  i t ,  a  m a s t e r  s to p  v a lv e  f o r  th e  m a n ifo ld , an d  a  m a s t e r  
s to p  v a lv e  on th e  m a n ifo ld  f o r  e a c h  lin e  to  e a c h  fu e l ta n k . 
T h e  l in e s  f r o m  th e  m a n ifo ld  to  e a c h  fu e l  ta n k  r u n  b e n e a th  
th e  s u p e r s t r u c tu r e  of th e  c r a f t  an d  in to  th e  to p  of e a c h  
ta n k . A t th e  ju n c t io n  of th e  fu e l  lin e  an d  th e  ta n k , a  se c o n d  
s to p  v a lv e  is  f i t te d .  W ith  th i s  s y s te m , th e  t im e  r e q u i r e d  
to  fu e l  o r  d e fu e l th e  b a th y s c a p h  c a n  b e  c u t b y  t h r e e - f o u r th s .  
In  a d d it io n , th e  s y s te m  h a s  th e  a d v a n ta g e  of a  s in g le -p o in t  
fu e l in g  a r r a n g e m e n t ,  w h e r e a s  in  th e  p a s t  up  to  f iv e  d i f f e r ­
en t h o s e s  w e re  r e q u i r e d  f o r  e a c h  o p e ra t io n .
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F u e l  d i s t r i b u t i o n  i n s t a l l a t i o n

C O N T R O L  AND IN S T R U M E N T A T IO N  SY STEM S

F a th o m e te r

T h e  e c h o - s o u n d e r  u s e d  on th e  b a th y s c a p h  is  a n  a d a p ta ­
t io n  of a  s m a l l  b o a t c o m m e r c ia l  F a th o m e te r .  I t h a s  a 
d e p th  c a p a b i l i ty  of 2 00 f a th o m s , and  th e  r e a d o u t  i s  on 
e le c t r o s e n s i t iv e  p a p e r .  T h e  F a th o m e te r  e n a b le s  th e  p ilo t  
of th e  c r a f t  to  " s e e "  th e  s e a  f lo o r  a t  so m e  d is ta n c e  b e fo r e  
i t  b e c o m e s  v is ib le  to  th e  ey e . I t s  u s a g e  i s  a n a lo g o u s  to  
th e  u s e  of a n  a l t im e te r  b y  th e  p i lo t  of a n  a i r c r a f t .  T he 
o n ly  m o d if ic a tio n  m a d e  to  th e  u n it w a s  to  i t s  t r a n s d u c e r .  
T h e  o r ig in a l  t r a n s d u c e r  w a s  u n a b le  to  w ith s ta n d  th e  g r e a t  
p r e s s u r e s  of th e  d e p th s , and  th e  b e a m w id th  w a s  to o  w id e .

B a l l a s t  Q u a n tity  In d ic a tio n

T h is  s y s te m  a llo w s  th e  p i lo t  of th e  b a th y s c a p h  to  r e a d  
th e  a p p ro x im a te  q u a n ti ty  of b a l l a s t  in  e a c h  b a l l a s t  tu b , in
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f r a c t io n s  su c h  a s  h a lf  o r  t h r e e - f o u r th s  fu ll, e tc .  T h e  s y s ­
te m  o p e r a t e s  th ro u g h  a  s e r i e s  of th r e e  in d u c tio n  c o ils ,  one 
c o il in  e a c h  b a l l a s t  tu b  and  a  r e f e r e n c e  c o il in  th e  co nn ing  
to w e r . C o m p a r is o n  of th e  c o il  im m e r s e d  in  s t e e l  sh o t w ith  
th e  r e f e r e n c e  c o il  w h ich  i s  r e l a t i v e ly  f r e e  of an y  in d u c tiv e  
in f lu e n c e  p e r m i t s  th e  q u a n t i t i e s  to  b e  r e a d  on an  in s t r u m e n t  
w ith in  th e  s p h e r e  f o r  e a c h  of th e  tu b s .

V e r t i c a l  S peed  In d ic a to r

T h is  d e v ic e  i s  a  v a r i a b le  r e s i s t a n c e  w ith  a  s p r in g -  
lo a d e d  v a n e  a tta c h e d  to  i t .  T h e  v a n e  is  lo c a te d  on an  a r m  
f ix e d  to  th e  co n n in g  to w e r  a t  r i g h t  a n g le s  to  th e  p a th  of 
t r a v e l  of th e  b a th y s c a p h . A s th e  b a th y s c a p h  g o e s  up o r  
dow n, th e  v a n e  i s  d e f le c te d  in  one d i r e c t i o n  o r  a n o th e r ,  
v a ry in g  th e  r e s i s t a n c e  in  th e  c i r c u i t .  T h is  r e s i s t a n c e  
a p p e a r s  on  a  d ia l  in s id e  th e  b a th y s c a p h  a s  e i t h e r  a s c e n t  
o r  d e s c e n t ,  on an  e m p i r i c a l  s c a le .

D ir e c t io n a l  In fo rm a tio n

D ir e c t io n a l  in f o rm a t io n  i s  p ro v id e d  by  th e  u s e  of an  
e le c t r i c a l l y  d r iv e n  a i r c r a f t  g y ro . T h is  u n it  r e q u i r e s  
4 0 0 -c y c le  a e  p o w e r , and  i t  w a s  n e c e s s a r y  to  b u ild  a  s m a l l  
s o l id  s t a te  4 0 0 - c y c le  a e  i n v e r t e r  f o r  th i s  p u rp o s e .  D i r e c ­
t io n a l  in f o rm a t io n  is im p o r ta n t  on  e v e ry  d iv e  of th e  b a th y ­
sc a p h . T h e  s t e e l  m a s s  of th e  s p h e r e  an d  th e  p ro x im i ty  of 
o p e ra t in g  e l e c t r i c a l  e q u ip m e n t m a d e  th e  u t i l i z a t io n  of a 
m a g n e t ic  c o m p a s s  e n t i r e ly  ou t of th e  q u e s t io n .

U n d e rw a te r  T e le p h o n e

T h e  u n d e rw a te r  te le p h o n e  on T R IE S T E  a llo w s  i t s  c re w  
to  c o m m u n ic a te  w ith  th e  s u r f a c e  c r a f t .  T h is  u n it  b a s ic a l ly  
i s  a  v o ic e - m o d u la te d  s o n a r .  T he  f r e q u e n c y  of th e  u n it i s  
c o m p a ra b le  w ith  th a t  of th e  u n d e r w a te r  te le p h o n e s  u se d  in  
ASW v e s s e l s  an d  s u b m a r in e s .  T h e  p r e s e n t  u n it  i s  th e  
s e c o n d  of th i s  ty p e  to  b e  d e s ig n e d  and  b u il t  by  th e  N avy 
E le c t r o n ic s  L a b o ra to ry  f o r  T R IE S T E . I t o p e r a te s  on 24 
v o lt s  an d  h a s  a  p o w e r  o u tp u t of 150 w a t ts  ( f ro m  t r a n s d u c e r ) .  
T w o  t r a n s d u c e r s  a r e  f i t te d  to  th is  s y s te m , one lo c a te d  on 
to p  of th e  co n n in g  to w e r  and  th e  o th e r  b e n e a th  th e  f lo a t . 
T r a n s m is s io n  m a y  b e  a c c o m p lis h e d  e i t h e r  th ro u g h  v o ic e
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o r  th ro u g h  cw . A se c o n d , l ig h tw e ig h t p o r ta b le  u n it  w ith  
t r a n s d u c e r  is  a v a i la b le  f o r  th e  s u p p o r tin g  s u r f a c e  v e s s e l .  
A th i r d  an d  m o r e  p o w e rfu l u n it (300 w a t ts )  i s  now  b e in g  
c o n s t ru c te d  w h ic h  w il l  p ro v id e  n o t o n ly  g r e a t e r  t r a n s ­
m i s s io n  ra n g e  b u t a l s o  d is ta n c e  r a n g in g  in f o rm a t io n  n o t 
now  a v a i la b le  to  th e  b a th y s c a p h  c re w . In  th i s  w a y  th e  
b a th y s c a p h  o p e r a to r  w il l  b e  a b le  to  t e l l  how  f a r  aw ay  th e  
t r a n s m i t t in g  s ta t io n  i s  lo c a te d ,  th o u g h  he  w i l l  n o t know  
i t s  b e a r in g .

T o p s id e  T e le p h o n e

W h ile  on th e  s u r f a c e ,  c o m m u n ic a t io n s  b e tw e e n  th e  
s p h e r e  and  th e  co n n in g  to w e r  a r e  m a in ta in e d  th ro u g h  a 
te le p h o n e  c i r c u i t .  T h e  to p s id e  u n it  i s  lo c a te d  in  a  w a t e r ­
p ro o f  b o x  in  th e  co n n in g  to w e r  an d  c o n s i s t s  of th e  ph o n e  
h a n d s e t ,  b u z z e r  sw itc h , an d  b u z  z e r .  In s id e  th e  s p h e r e ,  
t h e r e  is  e s s e n t i a l ly  th e  s a m e  e q u ip m e n t. P r i o r  to  d iv in g , 
th e  to p s id e  u n it i s  u n p lu g g e d  and  ta k e n  to  th e  s u p p o r t in g  
v e s s e l .  T h e  u n it in  th e  s p h e r e  r e m a in s  in  p la c e  a t  a l l  
t im e s .  T h ro u g h  th e  u s e  of th i s  u n it, r a p id  c o m m u n ic a t io n  
can  b e  m a d e  w h ile  s u r f a c e d  b e tw e e n  to p s id e  an d  th e  
p e r s o n n e l  in  th e  s p h e r e  e v e n  a f t e r  th e  s p h e r e  d o o r  h a s  
b e e n  c lo s e d .

M o to r  C o n tro l

T h is  s y s te m  c o n s i s t s  of a  p a n e l c o n ta in in g  th e  c o n tr o ls  
f o r  a l l  f i v e  p ro p u ls io n  m o to r s .  T h e  s w itc h in g  a r r a n g e m e n t  
fo r  e a c h  m o to r  c o n s i s t s  of a n  e n e rg iz in g  sw itc h  fo r  th e  
c i r c u i t ,  a  sw itc h  th a t  r e m o v e s  th e  s t a r t i n g  r e s i s t a n c e  f r o m  
th e  c i r c u i t ,  a  r h e o s ta t  u s e d  f o r  b u ild in g  up m o to r  sp e e d  
an d , f in a lly ,  a  r e v e r s in g  sw itc h .

L ig h tin g  C o n tro l  P a n e l

T h is  p a n e l c o n tr o ls  a l l  th e  e x te r n a l  l ig h tin g  e x c e p t fo r  
th e  E d g e r to n  s t r o b o s c o p ic  l ig h ts  w h ich  a r e  c o n tr o l le d  th ro u g h  
th e  e x te r n a l  c a m e r a  p a n e l .  T h e  l ig h tin g  p a n e l  i s  so  a r r a n g e d  
th a t  e a c h  l ig h t c lu s t e r  of f iv e  N E L  la m p s  an d  e a c h  E d g e r to n  
3 0 0 -w a tt u n it c a n  b e  c o n tr o l le d  s e p a r a te ly .  In  th i s  w ay , 
m a x im u m  f le x ib i l i ty  i s  a f fo rd e d .
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B a l l a s t  C o n tro l  P a n e l

T h e  b a l l a s t  c o n tr o l  p a n e l c o n s i s t s  of th e  n e c e s s a r y  
s w itc h e s  to  e n e rg iz e  th e  b a l l a s t  tu b  h o ld in g  m a g n e ts  f o r  
c o n tr o l  of th e  d ro p p in g  of b a l l a s t .  In  a d d it io n , s w itc h e s  
a r e  p ro v id e d  to  r e v e r s e  th e  p o la r i t y  in  b o th  c i r c u i t s  in  th e  
c a s e  of f a i lu r e  d u e  to  r e s id u a l  m a g n e t is m . T h e  flow  of 
sh o t i s  m e a s u r e d  b y  u s e  of tw o  e le c t r i c a l l y  a c t iv a te d  s to p ­
w a tc h e s .  W hen  th e  s p r in g - lo a d e d  sw itc h  is  d e p r e s s e d  to  
d ro p  b a l l a s t  f r o m  a  tu b , th e  s to p w a tc h  a u to m a t ic a l ly  tu r n s  
on and  r e m a in s  on a s  lo n g  a s  th e  s w itc h  i s  d e p r e s s e d .  In  
th i s  w ay , a  c u m u la tiv e  t im e  co u n t i s  o b ta in e d , and  i t  i s  
a n  in d e x  of th e  a m o u n t of b a l l a s t  th a t  i s  d ro p p e d  f r o m  e a c h  
tu b . T h e  b a l l a s t  f a l l s  ro u g h ly  a t  a  r a t e  of 2 5 p o u n d s  p e r  
se c o n d  p e r  tu b .

E le c t r i c a l  C h e c k o u t P a n e l

T h e  fu n c t io n  of th i s  p a n e l i s  to  p e r m i t  th e  p i lo t  of th e  
b a th y s c a p h  to  c h e c k  th e  c u r r e n t  and  v o lta g e  in  e a c h  of th e  
k e y  c o n tr o l  an d  in s t r u m e n ta t io n  c i r c u i t s .  T h ro u g h  u s e  of 
r o ta t in g  s w itc h e s , e a c h  c i r c u i t  m a y  b e  r e a d  to  a s c e r t a i n  
i t s  e x a c t s t a te .

E x te r n a l  C a m e ra  P a n e l

T h is  p a n e l c o n ta in s  th e  n e c e s s a r y  e q u ip m e n t f o r  
m a n u a l and  a u to m a tic  o p e ra t io n  of th e  e x te r n a l  E d g e r to n  
c a m e r a s  and  s t ro b o s c o p ic  l ig h t  u n i t s .  In  a d d itio n , i t  p e r m i t s  
th e  s y n c h r o n iz a t io n  of th e  i n t e r i o r  s t i l l  c a m e r a s  w ith  th e  
e x te r n a l  s t r o b o s c o p ic  l ig h ts .  T h e  m a n u a l m o d e  is  o p e ra te d  
b y  p r e s s in g  a  s m a l l  sw itc h . T h e  a u to m a tic  f e a tu r e  is  
o p e ra te d  by  a  low  sp e e d  m o to r  w h ic h  a u to m a t ic a l ly  m a k e s  
and  b r e a k s  th e  c o n ta c t  in  th e  c i r c u i t  a t  a p p ro x im a te ly  15- 
se c o n d  in t e r v a l s .

T e m p e r a tu r e  R e c o rd in g

T h e  t e m p e r a tu r e  r e c o r d in g  s y s te m  c o n s i s t s  of a 
V a r ia n  d u a l- p e n  r e c o r d e r  w h ic h  i s  c a p a b le  of p r in t in g  a 
c o n tin u o u s  te m p e r a t u r e  p r o f i le  f r o m  th e  s u r f a c e  of th e  
o c e a n  to  th e  s e a  f lo o r  in  tw o m o d e s . T h e  c o a r s e  m o d e
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m e a s u r e s  b e tw een  0 and 30 d e g re e s  c e n tig ra d e , w h ile  the 
f ine  m ode p r e s e n ts  w ith  g r e a t e r  a c c u ra c y  any  10 d e g re e  
se c tio n  of th is  w ide ra n g e  s e le c te d  by th e  o p e ra to r .  The 
w a te r  te m p e ra tu re  i s  se n se d  by a  s m a ll  e le m e n t a tta c h e d  
to  th e  o u ts id e  of the  sp h e re  n e a r  the  o b se rv a tio n  w indow.

Oxygen C onten t of Sea W ate r

Oxygen co n ten t m ay  be re a d  d i r e c t ly  f ro m  th e  p a n e l 
co n ta in in g  th e  0 3 -C O a in d ic a to r .  T he sy s te m  is  equ ipped  
w ith  an  e x te rn a l  s e n s o r  lo c a te d  n e a r  th e  sp h e re  w indow.

T ap e  R e co rd in g

T he sp h e re  m ay  be f i t te d  w ith  a  2 2 -c h a n n e l FM  type  
tap e  r e c o r d e r  th a t w as d ev elo p ed  fo r  u se  in  T R IE S T E . 
W hile th is  r e c o r d e r  i s  no t p re s e n t ly  m oun ted , it  m ay  be 
pu t in  a t t im e s  w hen a d d itio n a l d a ta -g a th e r in g  f a c i l i t ie s  
a r e  re q u ir e d .  A lso , v o ice  tap e  r e c o rd in g  m ay  be a c c o m ­
p lish e d  th ro u g h  th e  u se  of a  s m a ll  p o r ta b le  r e c o r d e r  th a t 
i s  n o rm a lly  u se d  to  r e c o r d  th e  p i lo t 's  log  d u rin g  th e  c o u rse  
of a  d iv e . T h is  tap e  p ro v id e s  th e  b a s ic  in fo rm a tio n  fo r  
p re p a r in g  the  r e p o r t  of th e  d ive  upon co m p le tio n . A 
p o r ta b le  d ic tap h o n e  is  a v a ila b le  fo r  th e  u se  of th e  s c ie n tif ic  
o b s e r v e r  in  r e c o rd in g  h is  d a ta .

C u r re n t  M e a su rin g  E q u ip m en t

T h is  sy s te m  p e r m i ts  m e a s u re m e n t  of h o r iz o n ta l  d i r e c ­
tio n  and v e lo c ity  and v e r t i c a l  v e lo c ity  of c u r re n t  flow . 
A c c u ra c y  is  to  1 /100  kno t. R e co rd in g  is  th ro u g h  a  pen  
r e c o r d e r .

P la n k to n  S a m p le r

This e x te rn a l ly  m o u n ted  u n it can  c o lle c t up to  10 s a m p le s  
on 4 - in c h - d ia m e te r  s c r e e n  d is k s .  C o n tro l is  th ro u g h  p u sh ­
b u tto n s  in  th e  sp h e re .

D epth  R e co rd in g

The p r e s s u r e  t r a n s d u c e r s  p ro v id e  dep th  in p u ts  to  the  
V arian  d u a l-p e n  r e c o r d e r ,  w hich  a ls o  u su a lly  r e c o r d s  the  
te m p e ra tu re  t r a c e .
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MODIFICATIONS MADE DURING 
THE 1960-61 RECONSTRUCTION

T h is  s e c t io n  s u m m a r i z e s  th e  m a jo r  a d d it io n s  and  
m o d if ic a t io n s  m a d e  to  T R IE S T E  d u r in g  th e  1960-1961  
r e c o n s t r u c t io n .  A  b r i e f  e x p la n a tio n  of th e  r e a s o n  f o r  e a c h  
p a r t i c u l a r  ch an g e  i s  in c lu d e d . T h e  o v e r - a l l  b a s i s  f o r  th e  
r e c o n s t r u c t io n  w a s , of c o u r s e ,  th e  l e s s o n s  an d  e x p e r ie n c e  
of th e  p r e c e d in g  th r e e  y e a r s  of o p e ra t io n .

It sh o u ld  a l s o  b e  n o ted  th a t ,  in  a d d it io n  to  th e  T R IE S T E  
r e c o n s t r u c t io n ,  a  c o n s id e ra b le  a m o u n t of w o rk  w a s  done  
on th e  s u p p o r tin g  f a c i l i t i e s  b o th  a s h o r e  and  a f lo a t .  T h e  
s e c o n d  shop  b u ild in g  w a s  c o m p le te d , an d  b o th  sh o p  b u ild in g s  
w e re  f in is h e d  on th e  in s id e .  B o th  p r o j e c t  b o a ts  r e c e iv e d  
c o m p le te  o v e rh a u ls  and  so m e  m o d if ic a tio n . W hile  n o t a l l  
o f th i s  w o rk  w a s  d i r e c t l y  a c c o m p lis h e d  by  p r o j e c t  p e r s o n n e l ,  
i t  w a s  p la n n e d  and  s u p e r v is e d  by  th e m .

1. F U E L  D IST R IB U T IO N

In  th e  p a s t ,  T R IE S T E  w a s  fu e le d  th ro u g h  in d iv id u a l 
h o s e s  to  e a c h  of th e  te n  ta n k s  in  th e  f lo a t .  T h is  s y s te m  
w a s  in e f f ic ie n t  in  th a t  m o s t  of th e  t im e  s p e n t  in  fu e l in g  w a s  
a c tu a l ly  u s e d  f o r  s h i f t in g  c o n n e c t io n s , m a k in g  p r e p a r a t i o n s  
f o r  fu e lin g , and  c o n tr o l l in g  th e  fu e l  flow  to  th e  in d iv id u a l 
ta n k s . T h e  d e fu e lin g  p r o c e s s  w a s  t im e -c o n s u m in g  b e c a u s e  
of th e  c o n s id e ra b le  lo s s  of s u c t io n  r e s u l t i n g  f r o m  th e  
n u m e r o u s  f i t t in g s  th a t  w e r e  e m p lo y e d .

I t  w a s  d e c id e d  to  in s ta l l  a  c e n t r a l i z e d  m a n ifo ld  fu e l 
s y s te m  on b o a rd  T R IE S T E  in  s p i te  of th e  s l ig h t  w e ig h t 
p e n a lty  an d  c o n se q u e n t r e d u c t io n  in  o v e r - a l l  p a y lo a d . T h e  
c e n t r a l i z e d  m a n ifo ld  s y s te m  a l lo w s  q u ic k  c o n n e c tio n  and  
d is c o n n e c t io n  and  h ig h  r a t e s  of fu e l flow . T h e  r a t e  of flow  
th ro u g h  th e  4 - in c h  m a in  su p p ly  lin e  to  th e  m a n ifo ld  is  ab o u t 
1000 g a llo n s  p e r  m in u te . T h e  l in e s  to  e a c h  of th e  ta n k s  
h av e  tw o  s to p  v a lv e s ,  one  a t  th e  ta n k  an d  one a t  th e  m a n ifo ld  
T h u s , one m a n  c a n  c o n tr o l  th e  e n t i r e  fu e l in g  o p e ra t io n  f r o m  
th e  m a n ifo ld . T h e  t im e  r e q u i r e d  to  fu e l  th e  b a th y s c a p h  h a s  
b e e n  r e d u c e d  f r o m  o v e r  4 h o u r s  to  a  l i t t l e  l e s s  th a n  1 h o u r .  
A lso , th i s  s y s te m  i s  d e s ig n e d  to  b e  c o m p a tib le  w ith  th e  
p ro p o s e d  m o th e r  sh ip  s y s te m  in  th a t  th e  b a th y s c a p h  c a n  be 
fu e le d  and  d e fu e le d  r a p id ly  f r o m  a  s in g le  p o in t . S m a ll
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im p ro v e m e n ts  w e re  a l s o  m a d e  in  th e  in t e r n a l  fu e l p ip in g , 
su c h  a s  r e p la c e m e n t  of b a d  s e c t io n s  an d  im p ro v e m e n t of 
low  p o in t d r a in s .

2 . N IT R O G E N  IN E R T IN G  SY STE M

T h is  s y s te m  p ro v id e s  an  in e r t  a tm o s p h e r e  in s id e  th e  
f lo a t  p r i o r  and  s u b s e q u e n t to  fu e l in g  an d  d e fu e l in g  o p e ra t io n s .  
I t i s  so  c o n s t ru c te d  th a t  n i t ro g e n  g a s  (Ns ) u n d e r  p r e s s u r e ,  
i s  a d m it te d  to  th e  f lo a t  th r o u g h  th e  h ig h  p o in t v e n t h o le s  in  
e a c h  ta n k . In  th e  c a s e  of fu e lin g , th e  r i s in g  l iq u id  le v e l  
d is p la c e s  n i t r o g e n  p r e v e n t in g  c r e a t io n  of d a n g e ro u s  e x p lo ­
s iv e  v a p o r  c o n c e n t r a t io n s  w ith in  th e  f lo a t .  In  th e  d e fu e l ­
ing  o p e ra t io n , a s  th e  l iq u id  le v e l  d e c r e a s e s ,  th e  e m p ty  s p a c e  
c r e a te d  i s  f i l l e d  by  n i t ro g e n ,  a l s o  r e d u c in g  e x p lo s iv e  v a p o r  
c o n c e n t r a t io n  w ith in  th e  f lo a t .  T h e  flow  of th e  n i t ro g e n  is  
m a n u a lly  r e g u la te d  f r o m  a  c e n t r a l  c o n tr o l  p o in t to p s id e .
T h e  n i t ro g e n  s y s te m  an d  im p ro v e d  fu e l h a n d lin g  p r o c e d u r e s  
f o r  th e  b a th y s c a p h  w e re  th e  r e s u l t  of N E L  r e q u e s te d  c o n ­
s u l ta t io n  by  th e  a i r c r a f t  c a r r i e r  a v ia t io n  g a s  s p e c i a l i s t s  
f r o m  th e  San F r a n c i s c o  N a v a l S h ip y a rd  an d  th e  M a re  I s la n d  
N a v a l S h ip y a rd . 3

3. S U P E R S T R U C T U R E

T he p r e s e n t  s u p e r s t r u c tu r e  d e s ig n  on T R IE S T E  r e s u l t e d  
f r o m  th e  d if f ic u l t  w o rk in g  c o n d itio n s  e x p e r ie n c e d  by  th e  
T R IE S T E  c re w  d u r in g  th e  s e a  o p e ra t io n s  off th e  is la n d  of 
G u am . In  th e  p a s t ,  T R IE S T E  h a d  on ly  a  2 0 - in c h  f r e e b o a r d  
w h ich  w a s  a c tu a l ly  th e  to p  of th e  f lo a t .  W o rk in g  on to p  of 
th i s  r o l l in g  c y l in d e r  a t  s e a  p o se d  c o n s id e ra b le  p r o b le m s  
f o r  th e  to p s id e  c re w  in  m a k in g  t h e i r  p o s t - to w in g  in s p e c t io n s  
and  p r e p a r a t i o n s  f o r  th e  d iv e s . In  f a c t ,  i t  w a s  n o t u n u su a l 
f o r  c re w  m e m b e r s  to  b e  sw e p t o v e r  th e  s id e . W ith  th e s e  
e x p e r ie n c e s  in  m in d , a  l ig h t- w e ig h t  f r e e  f lo o d in g  s u p e r ­
s t r u c tu r e  w a s  d e s ig n e d  f o r  T R IE S T E . T h is  s t r u c tu r e  is  
m a d e  of s t a in l e s s  s t e e l  s u p p o r tin g  m e m b e r s ,  w ith  F i b e r ­
g la s  s id e  p a n e ls  and  a lu m in u m  g r a t in g s  a t  th e  to p . T h e  
s u p e r s t r u c tu r e  c o v e r s  a b o u t 90 p e r  c e n t of th e  le n g th  of 
th e  f lo a t, i s  6 f e e t  w id e , an d  s ta n d s  a p p ro x im a te ly  18 in c h e s

3 San F r a n c i s c o  N a v a l S h ip y a rd  R e p o r t ,  O p e ra t io n a l  S a fe ty  
fo r  th e  G a s o lin e  S y s te m  on B a th y s c a p h  T R IE S T E , by  A . C. 
W ong, 2 3 A p r i l  1961
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I n s t a l l a t i o n  o f  s u p e r s t r u c t u r e

ab o v e  th e  to p - c e n te r  of th e  f lo a t .  T h e  g r a t in g s  a r e  in  s m a l l  
r e m o v a b le  s e c t io n s  f o r  e a s e  of a c c e s s .

T h e  s u p e r s t r u c tu r e  a ls o  p r e v e n t s  d i r e c t  w av e  im p in g e ­
m e n t on th e  d e l ic a te  e q u ip m e n ts  lo c a te d  on to p  of th e  f lo a t .  
S e v e ra l  t im e s  off G u am , e q u ip m e n t w a s  e i t h e r  d a m a g e d  by- 
w av e  a c t io n  o r  c a r r i e d  o v e r  th e  s id e , an d  i t  w a s  m e r e ly  
good fo r tu n e  th a t  no  d iv e s  h ad  to  b e  a b o r te d  th ro u g h  lo s s  of 
v i t a l  e q u ip m e n ts .

R e c e n t s e a  t e s t s  w ith  th e  new  s u p e r s t r u c tu r e  h av e  
p ro v e d  i t  to  b e  e n t i r e ly  s a t i s f a c to r y .  A n a d d it io n a l  a d v a n ­
ta g e  i s  th a t  i t  p r o v id e s  an  id e a l  s u r f a c e  f o r  th e  s m a l l  b o a t 
to  c o m e  a lo n g s id e  f o r  t r a n s f e r  of p e r s o n n e l  and  e q u ip m e n t. 
In  th e  p a s t ,  th e  ro u n d  h u ll  c o n f ig u ra t io n  of th e  f lo a t ,  w h ich  
te n d s  to  l i e  b ro a d s id e  to  th e  p r e v a i l in g  s e a s ,  m a d e  th is  
e x t r e m e ly  d if f ic u l t .  W ith  th e  new  s u p e r s t r u c tu r e  and  w ith  
l i fe  l in e s  r ig g e d  to  p r e v e n t  p e r s o n n e l  f r o m  b e in g  c a r r i e d  
o v e r  th e  s id e , th e  s e a  o p e ra t io n s  a r e  c o n s id e ra b ly  s a f e r .
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4. CON NING  T O W E R  DOOR

T h e conn ing  to w e r  d o o r  w a s  in s ta l le d  on th e  fo r w a rd  
s id e  of th e  to w e r  to  p r o t e c t  th e  i n t e r i o r  f r o m  d i r e c t  w av e  
im p in g e m e n t.  In th e  p a s t ,  th i s  a r e a  w a s  open  and , d u r in g  
to w in g , th e  s e a s  w h ic h  b ro k e  o v e r  th e  b a th y s c a p h  ro l le d  
in to  th e  co nn ing  to w e r ,  c a u s in g  d a m a g e .

5. R E P L A C E M E N T  O F  T H E  E X T E R N A L  
E L E C T R IC A L  SY STE M

T he e n t i r e  e l e c t r i c a l  s y s te m  of T R IE S T E  w a s  r e p la c e d  
d u r in g  th e  r e c o n s t r u c t io n .  T h ough  p a r t  of th e  s y s te m  h ad  
b e e n  r e p la c e d  in  e a r l y  1959, th e  m a t e r i a l  d e l iv e r e d  by th e  
c o n t r a c to r  w a s  n o t of good  q u a li ty  and  c a u s e d  s e v e r e  p r o b ­
le m s .  T h e  p r i m a r y  c o n tr o l  s y s te m s  f o r  l ig h tin g , m o to r s ,  
and  b a l l a s t  s t i l l  u s e d  th e  o r ig in a l  w ir in g  in s ta l le d  in  
T R IE S T E  in  e a r l y  1953 w h en  th e  c r a f t  w a s  b u i l t  in  I ta ly .
It w a s  c o n s id e re d  p ru d e n t  to  r e p la c e  a l l  th i s  w ir in g , a s  it  
w a s  b e g in n in g  to  f a i l  due  to  a g in g . In a d d it io n  to  r e p la c in g  
s u b s ta n d a rd  and  a g in g  w ir e ,  th e  w irin g  s y s te m  w a s  i m ­
p ro v e d  by  p ro te c t in g  a l l  w i r e  ru n s  w ith  p la s t i c  tu b in g  and  
p ip e .

S e v e ra l  c h a n g e s  w e r e  m a d e  in  th e  d e s ig n  of th e  e l e c ­
t r i c a l  s y s te m  in  c o n s id e ra t io n  of th e  new  p o w e r  s y s te m  
and  th e  m a n y  new  e q u ip m e n ts  th a t  w e re  to  b e  p u t a b o a rd  
T R IE S T E . T h e  new  p o w e r  s y s te m  b a s i c a l ly  is  a  2 4 -v o lt  
de  s y s te m  su p p lie d  b y  f o u r  e x te r n a l  b a t t e r y  b o x e s . It 
r e d u c e s  th e  p o s s ib i l i ty  of a n  e l e c t r i c a l  f a i lu r e  a s s o c ia te d  
w ith  h ig h  v o lta g e s  an d  h ig h  p r e s s u r e .  T h u s , i t  w a s  found , 
w ith  th e  p r e v io u s ly  u s e d  5 0 0 -v o lt lig h tin g  c i r c u i t s  and  th e  
2 5 0 -v o lt m o to r  c i r c u i t s ,  th a t  th e  s m a l l e s t  p in h o le  in  th e  
in s u la t io n  of th e  w ir e  w o u ld  c a u s e  im m e d ia te  f a i lu r e  of 
th a t  w ir in g  c i r c u i t .  Of c o u r s e ,  th e  h ig h  c u r r e n t  r e q u i r e ­
m e n ts  of th e  m o to r s  an d  l ig h ts  now  d ic ta te  th e  u s e  of an  
e x te r n a l  r e l a y  c o n tr o l  bo x , a s  th e  h u ll  c o n n e c to r s  can  
on ly  c a r r y  a  m a x im u m  of 10 a m p e r e s .

6 . P R O P U L S IO N  M O TO R S

T R IE S T E  had  tw o  h o r iz o n ta l  p r e s s u r e - c o m p e n s a t e d  
p ro p u ls io n  m o to r s ,  e a c h  of w h ich  d e v e lo p e d  l e s s  th a n  2 hp . 
In th e  th r e e  y e a r s  p r e c e d in g  th e  r e c o n s t r u c t io n  th e y  h ad  
g iv e n  in t e r m i t te n t  s e r v ic e  an d  had  b e c o m e  a c o n tin u o u s
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s o u r c e  of m a in te n a n c e  " h e a d a c h e s .  " It w a s  d e c id e d  to  
s u b s t i tu te  a  b e t t e r  d e s ig n e d  m o to r  and  to  in c r e a s e  t h e i r  
n u m b e r .  S in ce  th e  c r a f t  i s  n o t s t e e r a b l e  a t  i t s  low  s p e e d s , 
i t  w a s  a l s o  d e c id e d  th a t  i t  w o u ld  b e  b e t t e r  to  m a n e u v e r  i t  
by  f o r c e  o r  t h r u s t  co m p o n e n t r a t h e r  th a n  by  t r y in g  to  
" tw is t ,  " i .  e . , g o ing  a h e a d  on one m o to r  and  b a c k in g  on th e  
o th e r .  S om e d if f ic u l ty  w a s  e x p e r ie n c e d  in  f in d in g  a  U. S. 
c o n t r a c to r  w ill in g  to  b u ild  s u i ta b le  m o to r s ,  b u t f in a l ly  th e  
G e n e ra l  E l e c t r i c  C o m p an y  c o n s t ru c te d  s ix  3 -h p , in e r t ,  
f lu id - f i l le d  m o to r s ,  f iv e  of w h ic h  w e re  m o u n te d  on th e  
b a th y s c a p h . T h e s e  m o to r s  a r e  s p e c ia l  2 4 -v o l t  d e  m o to r s ,  
w ith  r o t o r s  p o tte d  in  ep o x y  p la s t i c  to  r e d u c e  w in d a g e  lo s s e s  
and  h e l i c a l - c u t  c o m m u ta to r s  th a t  p ro v id e  a w ip in g  a c tio n  
a t  th e  b r u s h e s  to  p r e v e n t  fo r m a t io n  of in s u la t in g  f i lm  a t 
th a t  a r e a .  T h e  m o to r s  o p e ra te  in  s i l ic o n e  o il.

In  s e r v ic e ,  th e  m o to r s  h a v e  p ro v e d  to  b e  e f f ic ie n t  and  
th e y  p ro v id e  e x c e l le n t  m a n e u v e r a b i l i ty  f o r  th e  c r a f t  a t  low  
s p e e d s .  F o r  m a x im u m  f le x ib i l i ty ,  tw o  m o to r s  a r e  m o u n te d  
in  v e r t i c a l  tu b e s , one in  e a c h  end ta n k  to  p ro v id e  v e r t i c a l  
t h r u s t ,  tw o  a r e  m o u n te d  a s  p ro p u ls io n  m o to r s  a llo w in g  
f o r w a rd  and  a f t  m o v e m e n t, and  one m o to r  is  m o u n te d  
a th w a r t s h ip s  f o r  tu r n in g  p u r p o s e s .  T h e  m o to r s  d r iv e  
g e a re d  p r o p e l l e r s ,  a t  a p p ro x im a te ly  300 r p m  m a x im u m  
sp e e d  f o r  th e  p ro p u ls io n  and  tu r n in g  m o to r s  and  a t  600 rp m  
fo r  th e  v e r t i c a l  t h r u s t  m o to r .  A r h e o s ta t  c o n t r o l l e r  a llo w s  
r e g u la t io n  of th e  m o to r  sp e e d  o v e r  a b o u t h a lf  of i t s  rp m  
ra n g e  and , in  a d d it io n , a l l  m o to r s  c an  b e  r e v e r s e d .

7. L IG H T IN G

T h e o r ig in a l  lig h tin g  s y s te m  on T R IE S T E  c o n s is te d  of 
fo u r  m in ia tu r e  m e r c u r y  v a p o r  la m p s .  O ne u n it w a s  lo c a te d  
fo r w a rd ,  tw o  ab o v e  th e  s p h e r e ,  an d  th e  f o u r th  a f t  n e a r  th e  
f ix e d  r u d d e r .  E a c h  u n it w a s  d e s ig n e d  to  o p e ra te  a t  500 
v o lts ;  h o w e v e r , m a n y  t im e s  in  s e r v ic e  th e  la m p s  w o u ld  n o t 
l ig h t w ith  th i s  v o lta g e  ow ing  to  t h e i r  e x tr e m e  t e m p e r a tu r e  
s e n s i t iv i ty .  T h e  la m p s  w e re  m a d e  b y  th e  P h i l l ip s  C om pany  
of H o llan d  an d  w e re  d if f ic u l t  to  r e p l a c e .  T h e  o n ly  r e a d i ly  
a v a i la b le  m e r c u r y  v a p o r  la m p s  in  th e  U n ited  S ta te s  o p e ra te  
a t  1000 v o lts ,  th u s  c a u s in g  w ir in g  p r o b le m s .

In v e s t ig a t io n s  m a d e  to  so lv e  th e  lig h tin g  p ro b le m  a r e  
th e  s u b je c t  of a  N E L  r e p o r t . 4 T w o ty p e s  of l ig h tin g  w e re

4 S ee fo o tn o te  r e f e r e n c e  2, p a g e  19



f in a l ly  in s ta l le d  on T R IE S T E . T h e  f i r s t  i s  a  la m p  d e v e lo p e d  
a t  N E L  w h ic h  c o n ta in s  a  s m a l l  G e n e ra l  E l e c t r i c  1 5 0 -w a tt 
in c a n d e s c e n t  b u lb  d e s ig n e d  f o r  u s e  in  w in g tip  l ig h ts  of h ig h  
p e r f o r m a n c e  a i r c r a f t .  T h e  la m p s  a r e  h o u se d  in  a  p r e s s u r e -  
r e s i s t a n t  c a s e  w ith  a  P le x ig la s  w indow  an d  a r e  d e s ig n e d  on 
a  u n it  b a s i s  so  th a t  th e y  c a n  b e  r a p id ly  r e p la c e d  b y  a  SCUBA  
d iv e r .  T he  la m p  b u lb s  h a v e  a  l i fe  of a p p ro x im a te ly  100 
h o u r s  and  a r e  a r r a n g e d  in  c lu s t e r s  of f iv e  u n i t s  to  a  c lu s te r .  
T h e  p la s t i c  w indow  i s  p r o te c te d  by  a  th in  l a y e r  of w a te r  and  
a  p ie c e  of h e a t  r e s i s t a n t  g la s s  b e tw e e n  th e  b u lb  an d  th e  w in ­
dow , so  th a t  h e a tin g  of th e  w indow  is  n o t a  p ro b le m . T h e  
s e c o n d  ty p e  of lig h tin g  i s  a n  E d g e r to n  3 0 0 -w a tt u n it w h ich  
is  an  o r d in a r y  p r o je c t io n  la m p  b u lb  e n c lo s e d  in  a  P y r e x  
so ck , w ith  a n  e x te r n a l  r e f l e c t o r  b e h in d  th e  w h o le  u n it .
T h e s e  la m p s  p ro v e d  e x t r e m e ly  u s e fu l  in  th e  e a r ly  t e s t  d iv e s  
and  i t  i s  a n t ic ip a te d  th a t  m o r e  w il l  b e  in s ta l le d .  In  a d d it io n , 
in v e s t ig a t io n s  a r e  s t i l l  b e in g  c a r r i e d  ou t to  d e v e lo p  a  m o r e  
e f f ic ie n t, h ig h e r  in te n s i ty  l ig h tin g  s y s te m .

8 . C O N T R O L  SY STE M

T o a c h ie v e  a  2 4 -v o l t  b a s i c  p o w e r  s y s te m , th e  m o to r  
and  lig h tin g  c i r c u i t s  had  to  a c c e p t  l a r g e r  c u r r e n t s .  S in ce  
th e  h u ll  c o n n e c to r s  w e r e  on ly  c a p a b le  of h a n d lin g  a  m a x im u m  
of 10 a m p e r e s  p e r  w ir e ,  a n  e x te r n a l  c o n tr o l  s y s te m  o p e r a ­
t in g  th ro u g h  a  s y s te m  of r e l a y s  w a s  c o n s t ru c te d .  T h is  
s y s te m  is  c o n ta in e d  in  a  p r e s s u r e - c o m p e n s a t e d ,  o i l - f i l l e d  
bo x  lo c a te d  ju s t  a f t  of th e  co n n in g  to w e r .  T h e  r e l a y  s y s te m  
i s  a c tu a te d  b y  c o n tr o l  c i r c u i t s  f r o m  in s id e  th e  s p h e r e  and , 
th u s ,  th e  h e a v y  c u r r e n t  d e m a n d s  a r e  m e t  w ith o u t h ig h  
c u r r e n t s  b e in g  c a r r i e d  b y  th e  h u ll  c o n n e c to r s  th e m s e lv e s .
In  o p e ra t io n s ,  th e  r e l a y  c o n tr o l  b ox  p ro v e d  to  b e  e f f ic ie n t  
and  r e l i a b l e .

9 . F L O A T  S T R U C T U R E

S e v e ra l  of th e  tu b e s  an d  p ip e s  w ith in  th e  f lo a t  w e re  
found  to  b e  in  d e t e r io r a t e d  c o n d itio n  d u r in g  o v e rh a u l  of th e  
f lo a t  and  w e r e  r e p la c e d  a t  th e  N a v a l R e p a ir  F a c i l i t y  in  
San  D ieg o . In  a d d it io n , th e  end  ta n k  of th e  f lo a t ,  w h e re  th e  
to w in g  f o r c e  is  a p p lie d , n e e d e d  a d d it io n a l  i n t e r n a l  b r a c in g  
to  d i s t r i b u te  to w in g  s t r e s s e s  m o r e  e q u a lly . T h e  in t e r n a l  
b r a c in g  w a s  in s ta l le d  an d  s o m e  d e te r io r a te d  m e ta l  r e p la c e d ,  
a c h ie v in g  c o n s id e ra b ly  m o r e  s t r e n g th  in  th i s  a r e a .  T he
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f lo a t  w a s  c o m p le te ly  s t r ip p e d  of p a in t , c a r e f u l ly  in s p e c te d , 
and  th e n  c o a te d  w ith  D e m e tc o a t p a in t in  th e  i n t e r i o r  and  
L a m in a r  p o ly u re th a n e  p a in t on th e  e x te r io r .  T h e s e  c o a tin g s  
w e re  c h o se n  to  p ro v id e  m a x im u m  p r o te c t io n  of th e  m e ta l  
s u r f a c e s  of th e  f lo a t .  In a d d it io n  to  r e n o v a t io n  m o s t  of 
th e  m e t r i c  s ta n d a rd  h a r d w a r e  and  f i t t in g s  w e re  r e p la c e d  
b y  U. S. s ta n d a rd  m a t e r i a l  f o r  e a s e  of m a in te n a n c e .

10. C A T H O D IC  P R O T E C T IO N

T h e  c a th o d ic  p ro te c t io n  s y s te m  in s ta l le d  on th e  f lo a t  
w a s  m o d if ie d  s l ig h t ly  by  th e  s u b s t i tu t io n  of an  im p ro v e d  
c o n tr o l  b o x  to p s id e .  T h e  o r ig in a l  c o n tr o l  bo x  p ro v e d  
u n s a t i s f a c to r y ,  a s  th e  in e r t  f lu id  w ith in  i t  w a s  lo s t  s e v e r a l  
t im e s  d u r in g  o p e ra t io n s  ow ing to  p o o r  c o n s t ru c t io n .  T he 
new  c o n tr o l  b ox  i s  a  c o m p le te ly  s e a le d  u n it c o n ta in in g  a 
f le x ib le  d ia p h r a g m  f o r  p r e s s u r e  c o m p e n s a tio n . In a d d it io n , 
th e  c i r c u i t  w ir in g  w a s  r e v i s e d  to  p ro v id e  b e t t e r  c o n tr o l  of 
th e  s y s te m .

11. V E R T IC A L  S P E E D

T h e  o r ig in a l  v e r t i c a l  sp e e d  t r a n s m i t t e r  w a s  in o p e r a ­
t iv e  m o r e  o ften  th a n  n o t. T h e  u n it w a s  c o m p le te ly  r e ­
d e s ig n e d , b u t u s in g  th e  s a m e  b a s i c  p r in c ip le .  T h e  r e d e ­
s ig n e d  u n it h a s  p e r f o r m e d  v e r y  w e ll  so  f a r .

12. A IR  B A L L A S T  B L O W  SY STE M

T h e  a i r  b a l l a s t  b low  s y s te m  u se d  to  b low  th e  end  ta n k s  
and  th e  a n te c h a m b e r  su b s e q u e n t to  th e  d iv e  w a s  b a d ly  
d e t e r io r a te d .  T h e r e f o r e ,  a l l  th e  p ip in g  w a s  r e p la c e d  w ith  
s t a in l e s s  s t e e l  p ip in g , and  a  b e t t e r  ty p e  c o n tr o l  v a lv e  s y s ­
te m  w a s  in s ta l le d .

13. H U L L  C O N N N EC TO R S

T h e  h u ll c o n n e c to r s  th a t  w e re  c o n s t ru c te d  f o r  th e  T e r n i  
s p h e r e ,  w h ile  a c tu a l ly  new  a s s e m b l i e s ,  w e re  of th e  s a m e  
d e s ig n  a s  th e  o r ig in a l  P ic c a r d  h u ll  c o n n e c to r s .  T he
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d if f e r e n c e s  w e re  in  th e  p la s t i c  p r e s s u r e  b a r r i e r ,  th e  
ty p e s  of w i r e s ,  and  th e  f a b r ic a t io n  m e th o d . T e s t s  w e re  
m a d e  to  f in d  an  ep o x y  b o n d in g  a g e n t m o r e  s a t i s f a c to r y  th a n  
th e  m a t e r i a l  f o r m e r ly  u s e d .  T h e  o ld e r  m a t e r i a l  h ad  a 
te n d e n c y  to  c r a c k  in te r n a l ly  a f t e r  a  p e r io d  of t im e , and 
te n d e d  to  p u ll  aw ay  f r o m  th e  m e ta l  s id e s  of th e  h u ll  c o n ­
n e c to r  c r e a t in g  a  p o s s ib le  w a te r  le a k a g e  p a th . T o  c o m p e n ­
s a te  f o r  th i s  fa u l t ,  M . P i c c a r d  p u t a  l a y e r  of s y n th e t ic  
b e e s w a x  on  to p  of th e  ep o x y  c a s t in g ,  s o  th a t  if  a n y  c ra c k in g  
o r  p u ll in g  a w ay  o c c u r r e d ,  th e  b e e s w a x  w o u ld  flow  in to  th e  
r e s u l t a n t  gap  an d  s e a l  i t .  I t  w a s  c o n s id e re d ,  h o w e v e r , 
th a t  th e  p r i m a r y  ep o x y  b a r r i e r  i t s e l f  sh o u ld  w ith s ta n d  fu l l  
p r e s s u r e  w ith o u t d e v e lo p in g  an y  le a k a g e  p a th s .  T h e  s e a r c h  
fo r  s u i ta b le  m a t e r i a l s  an d  im p ro v e d  f a b r ic a t io n  m e th o d s  
w a s  t im e  c o n su m in g ; h o w e v e r , e v e n tu a lly ,  a  h u l l  c o n n e c to r  
s y s te m  w a s  d e v e lo p e d  u s in g  im p ro v e d  ep o x y  th a t  w a s  
c a p a b le  of w ith s ta n d in g  o v e r  16, 000 p s i  f o r  a  p e r io d  of 
24  h o u r s  w ith o u t d e v e lo p in g  a n y  le a k a g e .  A f te r  e a c h  of th e  
c o n n e c to r s  h a d  p a s s e d  th i s  t e s t ,  th e  s y n th e tic  b e e s w a x  
m a t e r i a l  w a s  p o u re d  on to p  of th e  ep o x y  a s  a  f u r th e r  s a f e ­
g u a rd .

A n a d d it io n a l h u ll  c o n n e c to r  w a s  a c q u ir e d  f o r  u se  a s  
a  w ir e  p a s s a g e .  F o r m e r ly ,  th i s  c o n n e c to r  h ad  b e e n  u se d  
a s  a  p a s s a g e  f o r  a  s in g le  b low  l in e  f o r  th e  a n te c h a m b e r .
B y  c o n v e r t in g  to  th e  e l e c t r i c a l l y  o p e ra te d  b low  s y s te m  
lo c a te d  e x te r n a l  to  th e  s p h e r e ,  th i s  c o n n e c to r ,  in s te a d  of 
c a r r y in g  one p ie c e  of h ig h - p r e s s u r e  tu b in g , w a s  u s e d  f o r  
one h e a v y  d u ty  c o p p e r  b u s s  th a t  p r o v id e s  2 4 -v o l t  p o w e r  to  
th e  in s id e  of th e  s p h e r e  f r o m  th e  e x te r n a l  b a t t e r y  b o x e s .

14. F A T H O M E T E R

T h e  f i r s t  F a th o m e te r  w a s  c a p a b le  of g iv in g  h e ig h t in ­
fo r m a t io n  on ly  fo r  so m e  40 fa th o m s  ab o v e  th e  b o tto m . In  
th e  s a m e  s iz e d  p a c k a g e , th e  new  F a th o m e te r  g iv e s  a  2 00 
fa th o m  t r a c e ,  th u s  p ro v id in g  th e  p i lo t  w ith  e a r l i e r  w a rn in g  
of th e  a p p ro a c h  of th e  b o tto m . In  a d d it io n , th e  F a th o m e te r  
t r a n s d u c e r  w a s  m o d if ie d  to  m a k e  th e  b e a m w id th  s l ig h t ly  
s m a l l e r  so  th a t  th e  r e p r e s e n ta t io n  of th e  b o tto m  b e n e a th  
w o u ld  be m o r e  a c c u r a t e .
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15. M E C H A N IC A L  A RM

T h is  u n it, b u i l t  by  G e n e r a l  M ills  C o rp o ra t io n , i s  
b a s ic a l ly  t h e i r  M o d el 150 m e c h a n ic a l  a r m  m o d if ie d  f o r  
u s e  u n d e r  h ig h  a m b ie n t p r e s s u r e s .  T h e  a r m  is  lo c a te d  
in  th e  fo r w a rd  f ie ld  of v is io n  b e n e a th  th e  fo r w a rd  b a l l a s t  
tu b . I t i s  c a p a b le  of o p e ra t in g  in  s e v e r a l  a x e s  in  a  c i r c le  
4 f e e t  in  d ia m e te r  on th e  s e a  f lo o r  an d  c a n  p ic k  up 50 
p o u n d s  of w e ig h t. T h e  u n it a l lo w s  th e  s c i e n t i s t s  d iv in g  in  
T R IE S T E  to  o b ta in  s e le c te d  s a m p le s  f r o m  th e  s e a  f lo o r .  
T h e  a r m  is  c o n tro l le d  by  a  p u sh b u tto n  sw itc h  b o x  in s id e  
th e  s p h e r e .

16. C L O SE D  C IR C U IT  T E L E V IS IO N

T h e  p u rp o s e  of th i s  s y s te m  i s  to  in c r e a s e  th e  f ie ld  of 
v is io n  a t  th e  s e a  f lo o r .  T h e  v id ic o n  c a m e r a  u n it  is  
lo c a te d  b e n e a th  th e  e n tr a n c e  tu b e  fa c in g  a ft, and  th e  
m o n i to r  u n it i s  in s id e  th e  s p h e r e .  T h e  s c i e n t i s t  can , by  
lo o k in g  a t  th e  m o n i to r ,  d e te r m in e  th e  c h a r a c t e r i s t i c s  of 
th e  b o tto m  b eh in d  th e  s p h e r e  and  a ls o  o b s e r v e  b io lo g ic a l  
a c t iv i ty .  T h e  m o n i to r  w il l  b e  f i t t e d  w ith  a  s m a l l  a u to ­
m a t ic  c a m e r a  to  p ro v id e  s c o p e  p h o to g ra p h s . S in ce  th e  
T V  c a m e r a  h a s  a  l ig h t s e n s i t iv i ty  b e t t e r  th a n  th a t  of th e  
h u m a n  ey e , i t  r e q u i r e s  m in im u m  i l lu m in a t io n  of th e  s e a  
f lo o r .  A s w itc h -o p  e r a t e  d fo c u s in g  a r r a n g e m e n t  p e r m i t s  
d e ta i le d  in s p e c t io n . P r o v i s io n s  h a v e  b e e n  m a d e  f o r  a  p a n  
and  t i l t  u n it, th o u g h  i t  i s  no t p r e s e n t ly  on b o a rd .

17. S P H E R E

T h e  T e r n i  s p h e r e  w a s  c o m p le te ly  g u tted , r e - t r e a t e d  
f o r  p r e s e r v a t io n ,  and  r e w ir e d .  T h is  2 0, 0 0 0 -fo o t s p h e r e  
i s  m o r e  th a n  a d e q u a te  f o r  th e  p ro je c te d ,  lo c a l  (San D iego) 
d iv in g  p r o g r a m . T h e  K ru p p  s p h e r e  w a s  a l s o  s t r ip p e d  and  
th e n  s e n t  to  M a re  Is la n d  N av a l S h ip y a rd  f o r  r e c o n d itio n in g .

In  th e  T e r n i  s p h e r e  o v e rh a u l ,  e m p h a s is  w a s  on a 
m o r e  fu n c t io n a l la y o u t of th e  c o n tr o ls  fo r  th e  p ilo t  to  
le a v e  m o r e  ro o m  a v a i la b le  f o r  th e  s c i e n t i s t .  A lso  e m p h a ­
s iz e d  w a s  s t a n d a r d iz a t io n  of p a n e l s iz e  and  p o w e r  su p p ly , 
so  th a t  th e  v a r io u s  e q u ip m e n ts  n e e d e d  by  s c i e n t i s t s  w ith  
d i f f e r e n t  s p e c i a l t ie s  cou ld  b e  in te rc h a n g e d  ra p id ly .  T he
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p re v io u s  la y o u t of th e  s p h e r e  c a n  o n ly  b e  d e s c r ib e d  a s  
c h a o tic .  A s w ith  th e  r e s t  of th e  c r a f t ,  m o s t  of th e  d im e n ­
s io n s  of f i t t in g s  an d  d ia l  u n its  w e r e  in  th e  m e t r i c  s y s te m , 
so  th a t  r e p la c e m e n t  p a r t s ,  ev en  a s  s im p le  a s  n u ts  and  
b o lts ,  h a d  to  b e  m e t r i c  an d  s p e c ia l ly  p r o c u r e d .  R e p la c e ­
m e n t of s w itc h e s  and  o th e r  e l e c t r i c a l  a s s e m b l i e s  w a s  
a lm o s t  im p o s s ib le ,  s in c e  th e y  w e re  of E u ro p e a n  m a n u ­
f a c tu r e  an d  v e r y  h a r d  to  p r o c u r e  in  th i s  c o u n try  on an  
"o ff th e  s h e lf"  b a s i s .

T h e  new  in t e r i o r  la y o u t of th e  s p h e r e  h a s  o v e r  th r e e  
t im e s  a s  m u c h  sp a c e  f o r  s c ie n t i f ic  e q u ip m e n t a s  b e fo r e .
In  a d d it io n , a l l  th e  w ir in g  p a r t s  and  a s s e m b l i e s  a r e  s ta n d ­
a r d  s to c k  r e a d i ly  a v a i la b le  on s h o r t  n o tic e  f r o m  lo c a l  
s u p p l ie r s .  T he  la y o u t of th e  o p e r a t io n a l  p a n e ls  i s  m o r e  
fu n c t io n a l , to  p ro v id e  e a s e  of o p e ra t io n  f o r  th e  p ilo t, and  
s e v e r a l  new  s y s te m s  h a v e  b e e n  ad d e d .

18. GAS V A L V E

T h e  g a s  v a lv e  f o r m e r l y  u s e d  on T R IE S T E  w a s  n o t 
s a t i s f a c to r y  ow ing  to  fa u l ty  s e a l s  a ro u n d  th e  v a lv e  
a s s e m b ly  w h ich  c r e a te d  a  c o n s id e ra b le  g a s  le a k a g e  p r o b ­
le m . T h e  v a lv e  w a s  m o d if ie d  an d  r e b u i l t ,  an d  th e  le a k a g e  
d i f f ic u l t ie s  e l im in a te d .

19. B A T T E R IE S

T h e  o r ig in a l  s y s te m  c o n s is te d  of s i l v e r - z in c  b a t t e r i e s  
c a r r i e d  w ith in  th e  s p h e r e .  W h ile  th e s e  b a t t e r i e s  h a d  h ig h  
c a p a c i ty  and  a  s m a l l  v o lu m e  th e y  r e q u i r e d  a n  e x t r a o r d in a r y  
a m o u n t of s e r v ic in g  in  a d d it io n  to  b e in g  e x p e n s iv e  to  
r e p l a c e .  T h e  a n n u a l e x p e n d itu re  on b a t t e r i e s  co u ld  b e  a s  
m u c h  a s  $60, 000 f o r  th i s  ty p e . T h e r e f o r e ,  a n  e x te r n a l  
b a t t e r y  s y s te m  c o n s is t in g  of 12-v o l t ,  l e a d - a c id  b a t t e r i e s  
f r o m  s ta n d a rd  s to c k  s o u r c e s  w a s  in s ta l le d  in s te a d .  T h is  
s y s te m  c o n ta in e d  in  fo u r  e x te r n a l  b a t t e r y  ta n k s  on th e  to p ­
s id e  of th e  f lo a t  p ro v id e s  a p p ro x im a te ly  tw o - a n d - o n e - h a lf  
t i m e s  a s  m u c h  p o w e r a s  th e  o ld  s y s te m , an d  th e  a n n u a l 
b a t t e r y  r e p la c e m e n t  c o s t  i s  now  of th e  o r d e r  of $1, 000.
T h e  b a t t e r i e s  a r e  e a s i ly  s e r v ic e d  in  p la c e  an d  c a n  be 
r a p id ly  c h a rg e d  f r o m  th e  p ie r ,  a s  o p p o sed  to  th e  o ld  m e th o d  
of h a v in g  to  m o v e  a l l  th e  b a t t e r y  t r a y s  to  th e  b a t t e r y  shop  
f o r  r e c h a r g in g .  Som e w e ig h t p e n a l ty  w a s , of c o u r s e ,
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im p o se d  in  s u b s t i tu t in g  h e a v ie r  le a d - a c id  b a t t e r i e s ;  h o w ­
e v e r ,  i t  w a s  r e g a r d e d  a s  w o r th w h ile  in  v iew  of th e  g a in  in  
s im p l ic i ty  in  s u p p o r tin g  th e  s y s te m , in  low  co s t, and  in  
e a s e  of m a in te n a n c e . T h e  new  b a t t e r y  s y s te m  i s  th e  s u b ­
j e c t  of a  N E L  r e p o r t . 5

A n e w e r  ty p e  le a d - a c id  b a t t e r y  is  now  a v a i la b le  w h ich  
w il l  ad d  50 p e r  c e n t m o r e  p o w e r  w ith  o n ly  a  s l ig h t  in c r e a s e  
in  w e ig h t. T h e s e  w il l  b e  in s ta l le d  in  th e  n e a r  f u tu re .

2 0. U N D E R W A T E R  T E L E P H O N E

T h e  p r e v io u s  u n d e r w a te r  te le p h o n e  d e s ig n e d  and  b u il t  
by  th e  N avy E le c t r o n ic s  L a b o r a to r y ,  w h ile  an  e x c e l le n t  u n it, 
w a s  c o m p le te ly  r e d e s ig n e d  a n d  r e b u i l t ,  r e s u l t i n g  in  im p ro v e d  
o u tp u t p o w e r  and  re d u c e d  in t e r n a l  n o is e .  In  a d d it io n , th e  
u n it  w a s  re p a c k a g e d  to  f i t  th e  s ta n d a rd  1 9 - in c h  r a c k  m o u n t 
in s id e  th e  s p h e r e .  S e v e ra l  new  f e a tu r e s  w e r e  a d d ed  w h ich  
m a k e  i t  m o r e  u s e fu l and  e f f ic ie n t  th a n  in  th e  p a s t .

21. SONAR

A h ig h  r e s o lu t io n  s o n a r  u n it  d e s ig n e d  and  b u il t  by  N E L  
w il l  b e  " c h in "  m o u n te d  on th e  b o tto m s id e  of th e  bow of th e  
f lo a t.  T h e  p i lo t  of th e  b a th y s c a p h  w il l  be  a b le  to  " s e e "  up 
to  150 f e e t  in  a n y  d i r e c t io n  w h ile  on th e  s e a  f lo o r .  W ith  th e  
c r a f t 's  in c r e a s e d  m a n e u v e ra b i l i ty ,  th e  s o n a r  u n it i s  h ig h ly  
d e s i r a b le  to  p r e v e n t  c o l l is io n  w ith  o b s t r u c t io n s  on th e  s e a  
f lo o r .

22 . G Y R O  D IR E C T IO N  SY STE M

P r e v io u s ly  th e  b a th y s c a p h  h ad  no d i r e c t i o n a l  r e f e r e n c e  
o th e r  th a n  a  m a g n e t ic  c o m p a s s ,  w h ic h  w a s  u n s a t i s f a c to r y  
ow ing  to  m a g n e t ic  d i s tu r b a n c e  in s id e  th e  s p h e r e .  T h e  
d i r e c t io n a l  s y s te m  u s e d  now  i s  a  c o n v e r te d  a i r c r a f t - i n s t r u -  
m e n t d i r e c t i o n a l  g y ro . I t i s  f i t t e d  w ith  a  s e p a r a te ,  s o l id -  
s ta te  4 0 0 - c y c le  a e  p o w e r  c o n v e r t e r  to  p ro v id e  th e  n e c e s s a r y

5 See fo o tn o te  r e f e r e n c e  1, p a g e  16

43



d r iv in g  p o w e r . T h e  r a t e  of p r e c e s s io n  of th i s  u n it  is  
a c c e p ta b le  o v e r  th e  s h o r t  d u ra t io n  of th e  a v e ra g e  d iv e . 
A s th i s  u n it  i s  n o t a  g y ro c o m p a s s  b u t a  g y r o d i r e c t io n a l  
in d ic a to r ,  th e  h e a d in g  m u s t  b e  s e t  p r i o r  to  d iv in g  so  th a t  
a  t r u e  h e a d in g  r e f e r e n c e  i s  a v a i la b le  w h ile  o p e ra t in g .

23 . E D G E R T O N  C A M ER A  SY STEM

T he E d g e r to n  c a m e r a s  now  f i t te d  to  th e  b o tto m  of th e  
f lo a t  a r e  of im p ro v e d  d e s ig n  c o m p a re d  w ith  th o s e  o r ig in a l ly  
u s e d . T h e  in t e r i o r  c i r c u i t r y ,  th e  d e s ig n  of th e  c a s e ,  and 
th e  d e s ig n  of th e  f r o n t  w indow  h a v e  a l l  b e e n  m o d if ie d  in  
l ig h t  of r e c e n t  e x p e r ie n c e  w ith  th e s e  u n i t s .  T w o c a m e r a s ,  
one o b liq u e  and  one v e r t i c a l ,  a r e  now  c a r r i e d  in s te a d  of th e  
one th a t  w a s  f o r m e r l y  u s e d .  In  a d d it io n , tw o  E d g e r to n  
s t ro b o s c o p ic  u n i t s  a r e  f i t te d  to  p ro v id e  lig h tin g  f o r  th e s e  
c a m e r a s .  T h e s e  s t r o b o s c o p ic  l ig h ts  c a n  b e  s y n c h ro n iz e d  
w ith  th e  in te r n a l ly  c a r r i e d  H a s s e lb la d  c a m e r a  so  th a t  i t  
a ls o  can  u t i l i z e  th e  e x te r n a l  f l a s h  u n its .

24. A IR  R E V IT A L IZ A T IO N  SY STEM

T h e  o r ig in a l  a i r  s y s te m  c o n s is te d  of a n  oxy g en  b o tt le  
f r o m  w h ic h  m e te r e d  ox y g en  w a s  u s e d  to  o p e ra te  a  V e n tu r i  
d e v ic e . T he  v a c u u m  c a u s e d  by  th e  oxy g en  flow  w a s  u s e d  
to  p u l l  a i r  f r o m  th e  s p h e r e  th ro u g h  c a rb o n  d io x id e  a b s o r b e n t  
a r r a n g e d  in  f lo w - th ro u g h  c o n ta in e r s .  T h is  m e th o d  d id  n o t 
p e r m i t  th e  f le x ib i l i ty  th a t  w a s  r e q u i r e d ,  and  th e  a p p a r a tu s  
w a s  b u lk y .

T h e  new  a i r  s y s te m  c o n s i s t s  a c tu a l ly  of tw o  b a s ic  
s y s te m s .  T h e  o x y g en  i s  su p p lie d  by  a  3 8 -c u b ic - fo o t  oxygen  
b o tt le  w ith  a  p r e s s u r e  of 2 000 p s i .  T h e  o x y g en  i s  m e te r e d  
m a n u a lly  th ro u g h  a  r e g u l a to r  v a lv e  and  p r e s s u r e  g au g e  
a r r a n g e m e n t  on th e  b o tt le .  T h e  c a rb o n  d io x id e  a b s o r b e n t  
s y s te m  c o n s i s t s  of t h r e e  a b s o r b e n t  c a n i s t e r s  a t ta c h e d  to  
a  m a n ifo ld  th ro u g h  w h ic h  a i r  i s  d ra w n  b y  a  s m a l l  e l e c t r i c  
fa n . T h e  c h e m ic a l  c a n i s t e r s  th e m s e lv e s  a r e  of th e  s a m e  
f lo w - th ro u g h  d e s ig n . O x y g e n /c a rb o n  d io x id e  r a t io  is  
m a in ta in e d  by  m a n u a lly  o p e ra t in g  th e  r e g u la to r  on th e  
oxygen  b o tt le  an d  th e  s u c t io n  m o to r  on th e  c a rb o n  d io x id e  
a b s o r b e n t  m a n ifo ld . P e r c e n ta g e s  of th e  tw o g a s e s  a r e  
d e te r m in e d  f r o m  a n  in d ic a to r  p a n e l.
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25. O X Y G E N -C A R B O N  D IO X ID E SENSING  SY STE M

T h is  s y s te m  a llo w s  d i r e c t  r e a d in g  of th e  oxygen  p e r ­
c e n ta g e  in s id e  th e  s p h e r e .  T he  c o n c e n tra t io n  of c a rb o n  
d io x id e  in s id e  th e  s p h e r e  i s  show n  on a  s e c o n d  d i r e c t -  
r e a d in g  d ia l .  T h is  s y s te m  i s  s i m i l a r  to  th e  one u se d  in  
n u c le a r  s u b m a r in e s .  T h is  u n i t  c a n  a l s o  m e a s u r e  0 2 in  
th e  w a te r  w h en  an  e x te r n a l  s e n s o r  i s  f i t t e d .

26 . P R E S S U R E  M A N IFO L D

T h e  e n t i r e  p r e s s u r e  m a n ifo ld in g  s y s te m  h a s  b e e n  c o n ­
c e n t r a te d  in to  one p a n e l w h ic h  in c lu d e s  n o t o n ly  th e  tw o  
d i r e c t - r e a d in g  d e p th  g a u g e s , th e  sh a llo w  g au g e  and  th e  
d e e p  g au g e , b u t a l s o  th e  th r e e  p r e s s u r e  t r a n s d u c e r s  f o r  
th e  r e c o r d in g  d e p th  g a u g e s . A n " a q u a ta p "  is  f i t t e d  to  th i s  
m a n ifo ld  a llo w in g  d i r e c t  s a m p lin g  of th e  w a te r  o u ts id e  th e  
s p h e r e .  T h is  s p e c ia l  h ig h - p r e s s u r e  v a lv e  i s  f i t te d  w ith  a 
f lo a tin g  p is to n  su c h  th a t ,  if a  s u r g e  in  th e  l in e  sh o u ld  
o c c u r  d u e  to  b r e a k a g e  of th e  v a lv e  o r  tu b in g , th e  s u r g e  
c h e c k  w ou ld  b e  p u sh e d  sh u t an d  th e  s y s te m  w o u ld  b e  s e ­
c u re d .  T h e  a r r a n g e m e n t  w a s  te s te d  to  24, 000 p s i  a f t e r  
in s ta l la t io n ,  an d  h a s  b e e n  s u c c e s s f u l ly  u s e d  w ith o u t a n y  
s ig n  of le a k .

2 7. A C P O W E R  S U P P L Y

In th e  p a s t ,  th e  a e  p o w e r  s u p p l ie s  f o r  d i f f e r e n t  in v e s ­
t ig a t io n s  h ad  to  b e  f u r n is h e d  b y  th e  in v e s t ig a to r .  T h e  
b a th y s c a p h  now  h a s  1000 w a t ts  of 11 0 -1 1 5  v o lt  " b u i l t - in ” 
a e  p o w e r a v a i la b le ,  p ro v id e d  by  tw o  s o l id - s ta t e  5 0 0 -w a tt 
i n v e r t e r s  p e rm a n e n t ly  in s id e  th e  s p h e r e .  In th i s  w ay , th e  
s c i e n t i s t  h a s  a  fu l l  c h o ic e  of p o w e r  s u p p l ie s  w ith  w h ic h  to  
o p e ra te  h is  e q u ip m e n t.

E le c t r i c a l  n o is e  f r o m  th i s  an d  o th e r  p o w e r  u n its  h a s  
n o t y e t  b e e n  e l im in a te d .  T h e  m a in  n u is a n c e  i s  h ig h  b a c k ­
g ro u n d  n o is e  in  th e  u n d e r w a te r  te le p h o n e  c i r c u i t .  T he 
e x te r n a l  c a m e r a s  and  f la s h  u n its  a r e  p a r t i c u l a r ly  g u il ty  
in  th i s  r e s p e c t .
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2 8. T O P S ID E  T E L E P H O N E

P r i m a r y  c o m m u n ic a t io n  b e tw e e n  to p s id e  and  th e  s p h e re  
w h ile  on th e  s u r f a c e  i s  th ro u g h  a  tw o -w a y  te le p h o n e  s y s te m  
w h ich , in  th e  p a s t ,  w a s  u n r e l ia b le .  T h e  s y s te m  w a s  c o m ­
p le te ly  r e - e n g in e e r e d ,  an d  h a s  p ro v e d  s u c c e s s f u l  in  r e c e n t  
u s e .

2 9. C A M ER A  B R A C K E T S

M o u n tin g  th e  c a m e r a s  in  th e  s p h e r e  w a s  d if f ic u l t  ow ing 
to  th e  m a k e s h if t  a r r a n g e m e n t .  T h e  new  c a m e r a  a r r a n g e ­
m e n t c o n s i s t s  of a  t r o l l e y  th a t  h o ld s  b o th  m o v ie  an d  s t i l l  
c a m e r a s  w ith  t r ip o d  s t e a d in e s s .  W hen n o t in  u s e , th e  
t r o l l e y  can  b e  m o v ed  w e l l  aw ay  f r o m  th e  w indow  w ith o u t 
d is a s s e m b l in g  e i t h e r  c a m e r a .  T h e  tw o  c a m e r a s  p r e s e n t ly  
in  u se  a r e  a  16-m m  A r r i f l e x  m o v ie  c a m e r a  w ith  a  40 0 - 
fo o t m a g a z in e  and  a  12 0 - s iz e  H a s s e lb la d  c a m e r a  w ith  a  
12- p i c tu r e  m a g a z in e .
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THE USNEL SUPPORT FACILITY 
FOR TRIESTE

T h e  p r e s e n t  s u p p o r t  f a c i l i ty  f o r  th e  b a th y s c a p h  T R IE S T E  
is  lo c a te d  a t  th e  N E L  w a te r f r o n t  a r e a  an d  c o n s i s t s  of f o u r  
m a jo r  c o m p o n e n ts :

1. A d m in is t r a t iv e  s p a c e s

2. Shop an d  in d o o r  s to r a g e  a r e a s

3. P i e r  and  o u td o o r w o rk  s p a c e s

4. A flo a t e q u ip m e n t

1. A D M IN IST R A T IV E  S PA C E S

T he a d m in is t r a t io n  of th e  T R IE S T E  p r o g r a m  in c lu d e s  
th e  m a n a g e m e n t of th e  p r o g r a m  fu n d s , p la n n in g  of o p e r a ­
t io n s , an d  m a in te n a n c e  p la n n in g . In  a d d it io n , s in c e  th e  
p r o g r a m  la r g e ly  u s e s  w h a t m a y  b e  te r m e d  " n o n s ta n d a rd "  
p r o c e d u r e s  and  p ro c u r e m e n t ,  c o n s id e ra b ly  m o r e  t im e  th a n  
u s u a l  m u s t  b e  d e v o te d  to  s im p le s t  d e ta i l s .  F u l l  t im e  
a d m in is t r a t iv e  h e lp  is  n o t p r e s e n t ly  a s s ig n e d  to  th i s  p r o ­
g ra m , w ith  th e  r e s u l t  th a t  th e  p r o g r a m  m a n a g e r s  a r e  a ls o  
t h e i r  own s e c r e t a r i e s .  T h e  p r e s e n t  a d m in is t r a t iv e  s p a c e s  
c o n s i s t  of:

a . P r i v a t e  o ff ic e  sp a c e  (156 s q u a r e  f e e t )  f o r  th e  D eep  
S u b m e rg e n c e  R e s e a r c h  P r o g r a m  C o o rd in a to r .

b . P r i v a t e  o ff ic e  sp a c e  (143 s q u a r e  f e e t )  f o r  th e  
O f f i c e r - in - C h a r g e  and  th e  A s s i s ta n t  O f f ic e r - in - C h a r g e .

c . C o n fe re n c e  ro o m  (2 34 s q u a r e  f e e t )  e q u ip p e d  f o r  
u se  of v is u a l  a id s .

d . L obby  a r e a  (143 s q u a r e  fe e t )  a ls o  eq u ip p ed  a s  
s e c r e t a r y 's  o ff ic e .

e . S tudy  r o o m / l i b r a r y  (221 s q u a r e  fe e t )  s i tu a te d  fo r  
m a x im u m  p r iv a c y ,  u se d  f o r  p r e p a r in g  r e p o r t s  and  p r o g r a m  
p r o p o s a ls ,  and  a ls o  f o r  a n a ly z in g  d a ta  f r o m  o p e ra t io n s .  
T h is  s p a c e  c o n ta in s  a l l  te c h n ic a l  and  d iv in g  in f o rm a t io n  
r e l a te d  to  T R IE S T E .

f. V is i t in g  s c i e n t i s t s '  o ff ic e  (168 s q u a r e  fe e t) , f o r  u se  
of v is i t in g  s c i e n t i s t s  w o rk in g  w ith  T R IE S T E .

47



g. D ra f t in g  ro o m  an d  e n g in e e r in g  l i b r a r y  (130 s q u a r e  
fe e t) ,  u s e d  fo r  p r e p a r in g  te c h n ic a l  d ra w in g s  of new  e q u ip ­
m e n ts  and  c o m p o n e n ts  f o r  T R IE S T E . T h is  ro o m  a ls o  
s e r v e s  a s  a  l i b r a r y  f o r  in d u s t r i a l  p ro d u c t  b r o c h u r e s  and  
c a ta lo g u e s .

2. SH O P AND INDOOR ST O R A G E  A REA S

S in ce  m o b i li ty  i s  an  e s s e n t i a l  e le m e n t  of th e  T R IE S T E  
p r o g r a m , m a n y  s k i l l s  m u s t  b e  r e p r e s e n te d  to  so m e  d e g re e  
w ith in  th e  p r o j e c t  o rg a n iz a t io n .  T e c h n ic ia n s  n e e d e d  in ­
c lu d e  m a c h in is t ,  e l e c t r i c i a n ,  e l e c t r o n i c s  te c h n ic ia n ,  w e ld e r ,  
d iv e r ,  p h o to g ra p h e r ,  s o n a r m a n , b o a ts w a in , e n g in e m a n , 
g e n e r a l  m e c h a n ic , an d  d r a f t s m a n .

T h e  r e s u l t i n g  s e l f - s u f f i c ie n c y  m a n i f e s t s  i t s e l f  in  th e  
d iv e r s i t y  of sh o p  c a p a b i l i t ie s  m a in ta in e d . A t p r e s e n t  th e  
b a th y s c a p h  p r o j e c t  h a s  th e  fo llo w in g  shop  f a c i l i t i e s  lo c a te d  
in  tw o la r g e  b u ild in g s  a r r a n g e d  in  a n  " L

a . M a c h in e  sh o p  (341 s q u a r e  f e e t ) .  A n o n p ro d u c tio n  
e x p e r im e n ta l  sh o p  c a p a b le  of b u ild in g  e x p e r im e n ta l  e q u ip ­
m e n ts ,  m a in te n a n c e , an d  m a k in g  s p e c ia l  p a r t s  f o r  T R IE S T E .

b . E l e c t r i c a l  shop  (156 s q u a r e  f e e t ) .  U se d  f o r  th e  
c o n s t ru c t io n ,  t e s t  an d  m a in te n a n c e  of T R IE S T E 'S  e l e c ­
t r i c a l  s y s te m  and  c o m p o n e n ts .

c. E le c t r o n ic s  and  in s t r u m e n ta t io n  sh o p  (169 s q u a r e  
f e e t ) .  U sed  f o r  c o n s t r u c t io n , te s t ,  and  m a in te n a n c e  of 
T R IE S T E 'S  o n -b o a rd  e le c t r o n i c s  an d  in s t r u m e n ta t io n  
s u i t .

d. M e c h a n ic a l  s y s te m s  sh o p  (228 s q u a r e  f e e t ) .  U sed  
f o r  r e p a i r  and  m a in te n a n c e  of m e c h a n ic a l  e q u ip m e n ts  su ch  
a s  v a lv e s , g e a r  b o x e s , and  h y d r a u l ic s .

e . H igh  p r e s s u r e  sh o p  (2 99 s q u a r e  f e e t ) .  C o n ta in s  
40, 0 0 0 -p s i  p r e s s u r e  p o t an d  a s s o c ia te d  e q u ip m e n ts .  U sed  
f o r  e x p e r im e n ta l  t e s t i n g  of h ig h  p r e s s u r e  c o m p o n e n ts  p r i o r  
to  in s ta l la t io n  o n -T R IE S T E .

f. E l e c t r i c a l / e l e c t r o n i c s  s to r e r o o m  (60 s q u a r e  fe e t ) .

g. D a rk ro o m  (117 s q u a r e  f e e t ) .  U l t im a te ly  to  be  
u se d  by  p e r s o n n e l  f r o m  N E L  p h o to  la b  f o r  lo a d in g  and  
u n lo a d in g  b a th y s c a p h  c a m e r a s  an d  fo r  s p e c ia l  p r o c e s s in g  
a s  n e e d e d  (not c o m p le te d ) .

48



h . E x p e r im e n ta l  e q u ip m e n t sh o p  (130 s q u a r e  fe e t ) .  
U sed  f o r  r e s e a r c h  into, an d  d e v e lo p m e n t of, new  i n s t r u ­
m e n ta tio n  s y s te m s  f o r  T R IE S T E .

i. Shop s to w ag e  a r e a  (162 0 s q u a r e  f e e t ) .  P r o t e c te d  
s to r a g e  f o r  s p a r e  p a r t s  and  e q u ip m e n t.

j .  F lo o r  w o rk  a r e a  (2175 s q u a r e  fe e t ) .  D o o rs  of 
b o th  shop  b u ild in g s  a r e  of s u f f ic ie n t s iz e  f o r  th e  w h o le  
s p h e r e  of T R IE S T E  to  b e  b ro u g h t in s id e  f o r  o v e rh a u l .

3. P IE R  AND O U TD O O R  W O RK  SPA C E S

T h e s e  a r e a s  c o n s is t  of:
a . C o n c re te  w o rk  p ad  (4067 s q u a r e  fe e t )  a d ja c e n t  to  

th e  sh o p  b u ild in g s , c o m p le te ly  fe n c e d  f o r  d ry d o c k in g  
T R IE S T E  an d  f o r  o u td o o r s to r a g e  of l a r g e r  e q u ip m e n ts .

b . P i e r  sp a c e  w ith  tw o 2 0 b y  40 f e e t  w o rk  f lo a ts .  
W a te r  d e p th  a lo n g s id e  is  2 5 f e e t .  L o c a te d  b e tw e e n  N E L  
f in g e r  p i e r s .

c. O u td o o r s to w ag e  a r e a  lo c a te d  a t  N E L  w a te r f r o n t  
open  s to w a g e  y a rd .  F o r  s to r a g e  of s e ld o m -u s e d  la r g e  
e q u ip m e n ts  and  a s s e m b l i e s .

AUTHORIZED 
PE R S O N N E L  

ONLY H J

T RI ES TE d r y d o c k e d  a t  NEL
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4. A F L O A T  E Q U IP M E N T

a . A 53-foo t w o rk  b o a t .  A c o n v e r te d  L C M  eq u ip p ed  to  
h a n d le  T R IE S T E  d u r in g  h a r b o r  o p e ra t io n s  and  to  s u p p o r t  i t  
d u r in g  c o a s ta l  d iv in g  o p e r a t io n s .

b . A 17-foo t o u tb o a rd  m o to rb o a t .  A n o p en  c o m m e r c ia l  
ty p e  l o b s t e r  sk iff  u s e d  f o r  c a r r y in g  p e r s o n n e l  an d  e q u ip m e n t 
b e tw e e n  T R IE S T E  and  o th e r  s u p p o r tin g  c r a f t  w h ile  a t  s e a .

c . T w o 7 -m a n  r u b b e r  b o a ts  p o w e re d  by  o u tb o a rd  
m o to r s .  U se d  w h en  s e a  c o n d itio n s  p r e v e n t  u s e  of th e  s m a l l  
m o to rb o a t .

TRI ES TE,  t u g ,  a n d  s k i f f  a t  s e a ,  1 9 6 2
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In a d d it io n  to  th e  fo re g o in g , th e  p r o j e c t  h a s  a  c o n s id e r ­
a b le  c a p i ta l  in v e s tm e n t  in  in s t ru m e n ta t io n ,  to o ls ,  and  
s u p p o r t  e q u ip m e n ts .  T h e  m a t e r i a l  in v o lv e d  r a n g e s  f r o m  
s c r e w d r i v e r s  to  o u tb o a rd  m o to r s ,  an d  f r o m  th e  h ig h -  
p r e s s u r e  t e s t  ta n k  to  o s c i l lo s c o p e s .  T h e  n e t  w o r th  of th is  
m a t e r i a l  i s  e s t im a te d  a t  a b o u t $2 00, 000; h o w e v e r , v i r tu a l ly  
a l l  of i t  c an  be  e m p lo y e d  b y  o th e r  v e s s e l s ,  a s  v e r y  l i t t l e  
i s  p e c u l i a r  to  T R IE S T E  r e q u i r e m e n ts  a lo n e .

P la n n e d  e x p a n s io n  f o r  th e  n e a r  fu tu re  in c lu d e s  th e  
in s ta l la t io n  of a  p r e c i s io n  h i g h - p r e s s u r e  t e s t  f a c i l i ty  u s in g  
a  c o n v e r te d  14T nch  n a v a l gun  b a r r e l .  T h is  f a c i l i ty  w il l  
p e r m i t  a c c u r a t e  c a l ib r a t io n  of d eep  s u b m e rg e n c e  i n s t r u ­
m e n ts  and  e q u ip m e n ts  u n d e r  c a r e f u l ly  c o n tro l le d  c o n d itio n s  
of p r e s s u r e ,  t e m p e r a tu r e ,  an d  t im e .

O th e r  m a j o r  a d d it io n s  w i l l  in c lu d e :
1. H ead  and  s h o w e r  f a c i l i t i e s  f o r  T R IE S T E  c re w . A t 

p r e s e n t  o n ly  one h e a d  an d  one w a s h  b a s in  a r e  a v a i la b le  
fo r  n e a r ly  tw e n ty  p e o p le . A lso  th e r e  i s  no  p ro v is io n  
f o r  s h o w e r  f a c i l i t i e s ,  w h ic h  a r e  r e q u i r e d  ow ing to  th e  
f r e q u e n t  la t e  w o rk in g  p e r io d s  of th e  p r o j e c t  SC U B A  d iv e r s  
an d  c re w .

2. P o w e r  t r a n s f o r m e r  and  a i r  s y s te m . T h e  r a p id  g ro w th  
of th e  b a th y s c a p h  p r o j e c t  h a s  ta x e d  th e  p o w e r  s y s te m  
su p p ly in g  th e  p r o j e c t  b u ild in g s , n e c e s s i ta t in g  th e  
in s ta l la t io n  of a n  a d d it io n a l  t r a n s f o r m e r  in  th i s  a r e a .
T h e  a i r  s y s te m  w il l  b e  in s ta l le d  to  p ro v id e  c o n tin u o u s  
a i r  s e r v i c e s  f o r  th e  p r o j e c t  a s  th e  r e g u l a r  N E L  w a t e r ­
f r o n t  m a c h in e  o n ly  o p e r a t e s  d u r in g  n o r m a l  w o rk in g  
h o u r s .  T h e  c o n tin u o u s  a i r  su p p ly  is  p a r t i c u l a r ly  
im p o r ta n t  f o r  m a in ta in in g  low  h u m id ity  in s id e  th e  
s p h e r e .

3. " C a r p o r t"  f o r  p r o j e c t  e n g in e - d r iv e n  e q u ip m e n ts .  A t 
p r e s e n t  o v e r  16 d i f f e r e n t  e n g in e - d r iv e n  e q u ip m e n ts  
a r e  m a in ta in e d  b y  th e  p r o j e c t .  T h e s e  r a n g e  f r o m  o u t­
b o a rd  m o to r s  to  h e a v y  d u ty  p o r ta b le  a i r  c o m p r e s s o r s .
T h e  c a r p o r t  w il l  a llo w  th e m  a l l  to  b e  a s s e m b le d  a t  one 
p o in t, f o r  e a s e  of ro u t in e  p e r io d ic  m a in te n a n c e .

4. M o d if ic a tio n  of 53-foo t w o rk  b o a t. R e c e n t lo c a l  o p e r a ­
t io n s  h av e  show n th e  d e s i r a b i l i t y  of f i t t in g  th e  p r o j e c t  
w o rk  b o a t w ith  b a s ic  h a b i ta b i l i ty  f e a t u r e s  su c h  a s  b u n k s , 
h e a d , a n d  g a lle y . L im ite d  f a c i l i t i e s  on  m o s t  of th e  
to w in g  v e s s e l s  r e q u i r e  th a t  f r o m  fo u r  to  s ix  p r o j e c t  
p e r s o n n e l  liv e  a b o a rd  th e  w o rk  b o a t f o r  p e r io d s  up to
30 h o u r s .
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PERSONNEL ORGANIZATION 
AND JOB DESCRIPTIONS

T he fo llo w in g  d ia g r a m s  l i s t  and  in t e r r e l a t e  th e  p e r s o n n e l  
c o n c e rn e d  w ith  th e  T R IE S T E  p r o j e c t .

1. B U R E A U  O F  SH IPS -  N E L  R E L A T IO N S H IP

B U SH IPS
N E L

T E C H N IC A L  D IR E C T O R SEN IO R  PR O G R A M  O F F IC E R

B U SH IPS 
CO D E 52 5 

SU BM A R IN E 
T Y P E  D ESK

B U SH IPS 
CO D E 340

O C E A N O G R A PH IC  PR O G R A M S 
O F F IC E R

SIG N A L P R O P A G A T IO N  
D IVISION  H EA D

D E E P  S U B M E R G E N C E  
PR O G R A M S C O O R D IN A T O R

A SST. O F F IC E R -IN -C H A R G E  
B A T H Y SC A PH  T R IE S T E

COM M ANDING O F F IC E R  AND 
D IR E C T O R  

U SN E L

E X E C U T IV E  O F F IC E R  AND 
A SST . D IR E C T O R  

U SN E L

SIG N A L PR O P A G A T IO N  
DIVISION, A SSO C IA TE  

D IVISION  H EA D

B U SH IPS 
CO D E 342 

A P P L IE D  SC IE N C E S

O F F IC E R -IN -C H A R G E  
B A T H Y SC A PH  T R IE S T E

(AS O F  1 2 /6 1 )
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2. N E L  - T R IE S T E  PR O G R A M  R E L A T IO N S H IP

E L E C T R IC IA N S
(3)

C IV IL IA N

T E C H N IC IA N  A SSISTA N T

D E E P  SU B M E R G E N C E  
PR O G R A M S CO O R D IN A TO R

M IL IT A R Y

O F F IC E R -IN -  CHA RGE 
T R IE S T E

L EA D IN G  C H IE F  
(SEN IO R  C P O )

A SST. O F F IC E R -IN -C H A R G E  
T R IE S T E

E T  SONARM AN 
(2 ) ( 1 )

E N G IN E M E N
(M A C H IN ISTS)

(3)

CIV . T E C H N IC IA N  
( 1) *

* M r. G. B uono
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JO B  D E SC R IPT IO N S

C iv il ia n

D E E P  S U B M E R G E N C E  R E S E A R C H  PR O G R A M  C O O R D IN A ­
T O R . C o o rd in a te s  an d  p la n s  th e  s c ie n t i f ic  p r o g r a m  f o r  th e  
b a th y s c a p h  T R IE S T E . In  a d d it io n , i s  r e s p o n s ib l e  f o r  th e  
d e v e lo p m e n t and  p u r c h a s e  of new  in s t r u m e n ta t io n  s y s te m s  
fo r  th e  c r a f t .  W hen T R IE S T E  i s  on e x te n d e d  f ie ld  o p e r a ­
tio n , th e  c o o rd in a to r  n o r m a l ly  p e r f o r m s  th e  a d d it io n a l  d u ty  
of C h ie f  S c ie n t is t  f o r  th a t  o p e ra t io n .

A SSISTA N T T O  D E E P  SU B M E R G E N C E  R E S E A R C H  P R O ­
GRAM  C O O R D IN A T O R . E i th e r  a n  in s t r u m e n ta t io n  o r  
e l e c t r o n i c s  te c h n ic ia n  w ho  is  a s s ig n e d  f o r  th e  p u rp o s e  of 
a s s i s t in g  in  th e  d e s ig n , c o o rd in a tio n , a c q u is i t io n ,  and  
in s ta l la t io n  of in s t r u m e n ta t io n  s y s te m s  f o r  u s e  on T R IE S T E .

M il i ta ry

O F F IC E R -IN -C H A R G E , B A T H Y S C A P H  T R IE S T E . E i th e r  
a  l i e u te n a n t  o r  a  l ie u te n a n t  c o m m a n d e r  q u a lif ie d  in  s u b m a ­
r i n e s .  T h e  O f f i c e r - in - C h a r g e  i s  r e s p o n s ib le  f o r  th e  o p e r a ­
t io n s ,  m a in te n a n c e , and  o v e rh a u l  of th e  b a th y s c a p h  T R IE S T E . 
In p o r t  h e  s u p e r v i s e s  th e  u p k eep  of th e  c r a f t ,  an d  a t  s e a  he  
a c t s  e i t h e r  a s  p i lo t  o r  a s  d i r e c t o r  of th e  o p e ra t io n . T h e  
b a s i c  a d m in is t r a t io n  of p r o j e c t  m i l i t a r y  m a t t e r s  an d  a s s ig n e d  
m i l i t a r y  p e r s o n n e l  i s  h is  r e s p o n s ib i l i ty .  In  a d d it io n , he  
m a in ta in s  l i a i s o n  w ith  o p e ra t in g  f o r c e s  an d  th e  te c h n ic a l  
b u r e a u s  th ro u g h  th e  P r o g r a m  O ff ic e r ,  to  in s u r e  p r o p e r  flow  
of te c h n o lo g ic a l  an d  o p e r a t io n a l  in f o rm a t io n  a s  p e r t in e n t  
new  te c h n iq u e s  a r e  d e v e lo p e d .

A SSISTA N T O F F IC E R -IN -C H A R G E , B A T H Y SC A PH  
T R IE S T E . T h is  o f f ic e r  i s  a l s o  q u a lif ie d  in  s u b m a r in e s  and  
i s  a  l i e u te n a n t .  H e a s s i s t s  th e  O f f i c e r - in - C h a r g e  in  p e r ­
fo rm in g  h is  d u t ie s  an d  a c t s  a s  th e  a l t e r n a t e  p i lo t  of th e  
c r a f t  d u r in g  s e a  o p e ra t io n s .
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LEA D IN G  C H IE F  P E T T Y  O F F IC E R . T he s e n io r  ch ie f  of 
th e  a s s ig n e d  m i l i t a r y  p e r s o n n e l .  He a s s i s t s  th e  tw o  o f f ic e r s  
in  th e  a d m in is t r a t io n  of th e  m i l i t a r y  a s p e c t s  of th e  p r o g r a m .

E L E C T R IC IA N S . T h e  fo llo w in g  e l e c t r i c i a n s  a r e  a s s ig n e d  
to  th e  p ro g r a m :  T w o e l e c t r i c i a n s  f i r s t  c l a s s  and  one e le c ­
t r i c i a n  th i r d  c la s s .  T h e  e l e c t r i c i a n s  in s ta l l ,  m a in ta in , and  
r e p a i r  b o th  e x te r n a l  an d  in t e r n a l  w ir in g  on th e  b a th y s c a p h .
In  a d d it io n , th e y  m a in ta in  a l l  e l e c t r i c a l  o p e ra t in g  m a c h in e ry , 
su c h  a s  m o to r s  an d  lig h tin g .

E N G IN E M E N . T h e  fo llo w in g  e n g in e m e n  a r e  a s s ig n e d  to  th e  
p ro g r a m : T w o c h ie f  e n g in e m e n  and  one e n g in e m a n  se c o n d  
c la s s .  T h e s e  p e r s o n n e l  a r e  r e s p o n s ib le  f o r  th e  m a in te n a n c e  
of th e  e n g in e - d r iv e n  e q u ip m e n ts  an d  th e  m e c h a n ic a l  s y s te m s  
on b o a rd  T R IE S T E . T h e i r  w o rk  in c lu d e s  m a c h in e  shop  w o rk  
an d  m a in te n a n c e  of h y d ra u l ic  s y s te m s  and  o th e r  d e v ic e s  
c la s s e d  a s  n o n e le c t r i c  and  n o n e le c tro n ic .

E L E C T R O N IC S  T E C H N IC IA N S. O ne E T  f i r s t  c l a s s  an d  one 
E T  se c o n d  c la s s  a r e  a s s ig n e d .  T h e y  a r e  r e s p o n s ib le  fo r  
th e  in s ta l la t io n  and  m a in te n a n c e  of th e  in s t r u m e n ta t io n  and  
e le c t r o n i c  e q u ip m e n t on b o a rd  th e  b a th y s c a p h .

SO NA RM AN . A s o n a r m a n  se c o n d  c la s s  is  a s s ig n e d  f o r  
m a in ta in in g  and  in s ta l l in g  a c o u s t ic  e q u ip m e n t, in c lu d in g  
u n d e rw a te r  te le p h o n e , s o n a r ,  and  F a th o m e te r s .  In  a d d it io n , 
h e  a s s i s t s  th e  e le c t r o n i c s  te c h n ic ia n s  in  th e  p e r f o r m a n c e  of 
t h e i r  d u t ie s .

C IV IL IA N  T E C H N IC IA N . A c iv i l ia n  te c h n ic ia n  is  a s s ig n e d  
to  th e  m i l i t a r y  g ro u p . He is  M r. G iu se p p e  B uono, a 
m e m b e r  of th e  o r ig in a l  P ic c a r d  g ro u p  th a t  b u i l t  th e  b a th y ­
sc a p h  in  th e  e a r l y  5 0 's .  He w a s  r e c r u i t e d  by N E L  in  1960. 
H is  d u t ie s  in c lu d e  m a in te n a n c e  of th e  c r a f t 's  o p e ra t in g  
s y s te m s  and  c o n s u lta t io n  w o rk  in  d e s ig n  c h a n g e s  and  o p e r a ­
tio n  of th e  v e h ic le ,  and  he a c t s  a s  th e  s e n io r  to p s id e  h a n d le r  
d u r in g  d iv in g  o p e ra t io n s .

S P E C IA L  Q U A L IFIC A T IO N S  O F  P E R S O N N E L

T h e  p e r s o n n e l  a s s ig n e d  to  th i s  p r o g r a m  h a v e  a d d it io n a l
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c a p a b i l i t ie s  a s  fo llo w s:

1. Q u a lif ie d  SCUBA  and  S econd  C la s s  D iv e r s

F o u r  of th e  p r o j e c t  p e r s o n n e l  a r e  q u a lif ie d  N avy  
SCUBA  d iv e r s .  T h e s e  q u a l i f ic a t io n s  a r e  n e e d e d  s in c e  a 
g r e a t  d e a l  of th e  i n - th e - w a t e r  m a in te n a n c e  of T R IE S T E  
in v o lv e s  d iv in g .

2. W eld in g  C a p a b il i ty

O ne m e m b e r  of th e  p r o j e c t  te a m  i s  q u a li f ie d  in  a r c  
an d  a c e ty le n e  w e ld in g . T h e  N E L  s u p p o r t  f a c i l i ty  h a s  
c o m p le te  e q u ip m e n t f o r  l ig h t  w e ld in g  w o rk .

3. S e a m a n s h ip

In  a d d it io n  to  t h e i r  r e p a i r ,  m a in te n a n c e , an d  s u p p o r t ­
ing  fu n c t io n s  a t  N E L , th e  T R IE S T E  m i l i t a r y  te a m  s u p e r ­
v i s e s  th e  s e a  o p e r a t io n s .  T h e s e  in c lu d e  o p e ra t io n s  w ith  
s m a l l  b o a ts ,  a c tin g  a s  to p s id e  h a n d le r s  an d  d iv e r s ,  and  
m a in te n a n c e  of c o m m u n ic a t io n s  b e tw e e n  th e  b a th y s c a p h  
g ro u p  an d  N E L . A s th e r e  a r e  no  s e p a r a te  m a in te n a n c e  
and  o p e ra t in g  c re w s ,  th e  te m p o  of o p e ra t io n s  of T R IE S T E  
i s  n e c e s s a r i l y  l im i te d  m o r e  b y  th e  h u m a n  f a c t o r  th a n  by  
th e  m e c h a n ic a l  f a c t o r .
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APPENDIX A: CHRONOLOGY OF 
TRIESTE PROGRAM 1958-1961

2 S e p te m b e r  1958. B a th y s c a p h  T R IE S T E  a r r iv e d  in  
San D iego , C a li fo rn ia ,  on b o a rd  th e  c o m m e r c ia l  s t e a m ­
sh ip , P&T L e a d e r .

20 D e c e m b e r  1958. B a th y s c a p h  T R IE S T E  m a d e  f i r s t  
o c e a n  d iv e  f o r  U. S. N avy .

3 M a rc h  1959. L ie u te n a n t  D on W alsh , USN, r e p o r te d  
a b o a rd  N E L  a s  O f f i c e r - in - C h a r g e  T R IE S T E .

11 M a rc h  1959. T R IE S T E  w a s  d ry d o c k e d  a t  i t s  new  
d ry d o c k  f a c i l i ty  a t  N E L  W a te r f r o n t  A re a .

22 A p r i l  1959. T R IE S T E  w a s  w a te rb o r n e  a f t e r  a  
f iv e -w e e k  o v e rh a u l  p e r io d .

12 M ay 1959. T R IE S T E  c o m m e n c e d  s p r in g  d iv in g  
s e r i e s  w ith  a  d iv e  to  50 f e e t  d u r in g  th e  p o s t - o v e r h a u l  
h a r b o r  t e s t  d iv e .

19 M ay 1959. F i r s t  o c e a n  d iv e  of th e  s p r in g  d iv in g  
s e r i e s  w a s  m a d e  to  a  d e p th  of 72 0 f e e t .  (F o r  d a te s  and  
d e ta i l s  of d iv e s , s e e  A p p en d ix  B of th i s  r e p o r t .  )

5 Ju n e  1959. F in a l  d iv e  of th e  s p r in g  d iv in g  s e r i e s  
w a s  c o m p le te d .

18 Ju n e  1959. T R IE S T E  a g a in  d ry d o c k e d  a t  N avy  
E le c t r o n ic s  L a b o r a to r y  f o r  m o d if ic a t io n s  p r i o r  to  d e p lo y ­
m e n t to  th e  G u am  a r e a .

Ju n e  th ro u g h  S e p te m b e r  1959. T R IE S T E  u n d e rw e n t 
m o d if ic a tio n  a t  N a v a l R e p a ir  F a c i l i ty ,  San D ieg o , and  
N avy  E le c t r o n ic s  L a b o ra to ry ,  San D ieg o . A l te r a t io n s  
in v o lv e d  le n g th e n in g  of f lo a t to  in c r e a s e  g a s o l in e  c a p a c ­
i t y ,  in c r e a s in g  th e  s iz e  of th e  b a l l a s t  tu b s  to  in c r e a s e  
d ro p p a b le  b a l l a s t  c a p a c i ty , an d  in s ta l la t io n  of th e  new  
d e e p  (K ru p p ) s p h e r e  on th e  f lo a t .

J u ly  1959. P r o p o s a l  f o r  P r o j e c t  N EK T O N  s u b m it te d  
to  O PN A V  f o r  a p p ro v a l .

29 J u ly  1959. L t S h u m a k e r  r e p o r te d  a b o a rd  N E L  
a s  A s s i s ta n t  O f f i c e r - in - C h a r g e  of T R IE S T E .
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8 S e p te m b e r  1959. T R IE S T E  w a s  a g a in  la u n c h e d  a t 
N E L .

11 S e p te m b e r  1959. F i r s t  h a r b o r  d iv e  of th e  new  c o n ­
f ig u r a t io n  w a s  m a d e  in  62 f e e t  of w a te r .

15 S e p te m b e r  1959. O c e a n  t e s t  d iv e  m a d e  w ith  m o d ­
if ie d  T R IE S T E ; w a te r  d e p th , 4900 f e e t .

2 O c to b e r  1959. T R IE S T E  and  i t s  s u p p o r tin g  e q u ip ­
m e n t w e re  lo a d e d  a b o a rd  th e  A m e r ic a n  P r e s id e n t  L in e  
sh ip , SS S a n t a  M a r i a n a  , a t  San D ieg o , C a li fo rn ia ,  f o r  
t r a n s p o r t a t i o n  to  G u am .

10 O c to b e r  1959. T h e  a d v a n c e  p a r ty  of th e  P r o j e c t  
N EK T O N  te a m  a r r iv e d  on th e  is la n d  of G u am  to  e s ta b l i s h  
th e  su p p o r tin g  f a c i l i t i e s  fo r  th e  b a th y s c a p h  an d  i t s  a u x ­
i l i a r y  e q u ip m e n t.

22 O c to b e r  1959. S S  S a n t a  M a r i a n a  a r r iv e d  a t  
G u am . T R IE S T E  an d  i t s  e q u ip m e n t w e re  u n lo a d e d  fo r  
P r o j e c t  N E K T O N . P r o j e c t  h e a d q u a r t e r s  an d  b e r th in g  
f o r  T R IE S T E  w e re  lo c a te d  a t  Ship R e p a ir  F a c i l i ty ,  A p ra  
H a rb o r ,  G u am .

4 N o v e m b e r  1959. T R IE S T E  w a s  w a te r b o r n e  upon  
c o m p le tio n  of r e a s s e m b ly .  F i r s t  h a r b o r  d iv e  w a s  m a d e  
in  A p ra  H a rb o r  to  a  d e p th  of 70 fe e t .

10 N o v e m b e r  1959. F i r s t  p r o g r e s s i v e  o c e a n  t e s t  
d iv e  of P r o j e c t  N E K T O N  to o k  p la c e  3 m i le s  off A p ra  
H a rb o r ,  G u am . D ep th  4900  fe e t .

15 N o v e m b e r  1959. T h e  w o r ld 's  d e p th  r e c o r d  w a s  
b ro k e n  by  T R IE S T E  w ith  a  d iv e  to  18, 150 f e e t  a t  a  p o in t 
30 m i le s  s o u th e a s t  of G u a m . F a i l u r e  of th e  ep o x y  b o n d ­
in g  in  th e  s p h e r e  jo in t  d u r in g  s u r f a c in g  of T R IE S T E  r e ­
q u ir e d  c r a f t  to  be  d ry d o c k e d  upon  r e t u r n  to  S R F , G u am .

18 N o v e m b e r  1959. B a th y s c a p h  d ry d o c k e d  a t  S R F , 
G u am  f o r  th e  p u rp o s e  of m a k in g  r e p a i r s  to  th e  s p h e r e  
jo in ts .  R e p a i r  e q u ip m e n t a v a i la b le  on G u am  w a s  n o t 
a p p r o p r ia te  f o r  d is m a n t l in g  th e  s p h e r e ,  m a c h in in g  and  
re b o n d in g  th e  jo in ts .  T h e r e f o r e ,  th e  th r e e  s p h e r e  s e g ­
m e n ts  w e re  a lig n e d  th ro u g h  th e  u s e  of h y d ra u l ic  ja c k s  and  
th e  s p h e r e  w a s  s e c u r e d  th ro u g h  th e  u s e  of s t e e l  b a n d s  and  
a t ta c h m e n t  r i n g s  f o r  p r o p e r  a lig n m e n t .  T h e  jo in ts  w e re  
c o v e re d  w ith  a  r u b b e r  g a s k e t  w h ich  w a s  g lu e d  in  p la c e  to  
p r e v e n t  a d d it io n a l w a te r  s e e p a g e .
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T B I E S T E ' s  f i r s t  USN d i v e ,  2 0  D e c e m b e r  1 9 5 8

F i r s t  h a u l - o u t  a t  NEL,  11 M a r c h  1 9 5 9 .  N o t e  m a r i n e  
g r o w t h  on f l o a t .
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S e a  f l o o r  a t  4 2 0 0  f e e t ,  d i v e  5 5 ,  2 9  Ma y  1 9 5 9
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V

L e n g t h e n e d  f l o a t  i n  i t s  c r a d  1 e

Mo d i f  i e d TR I E STE l a u n c h e d  a t  NEL, 8 S e p t  e mb e r  
1 9 5 9 ,  w i t h  l o n g  f l o a t ,  n e w  s p h e r e ,  a nd  l a r g e r  
b a i  l a s t  t u b s .
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14 D e c e m b e r  1959. T R IE S T E  w a s  la u n c h e d  w ith  th e  
new  s p h e r e  m o d if ic a t io n s  in  p la c e .  I t w a s  found  th a t  th e  
w e e p in g  h a d  n o t b e e n  c o m p le te ly  a r r e s t e d  e v e n  th o u g h  th e  
s p h e r e  s e g m e n ts  w e r e  in  a p p ro x im a te  a lig n m e n t .  A h a r ­
b o r  d iv e  w a s  m a d e  on th i s  d a te  to  t e s t  th e  r e p a i r  of th e  
j o in t .

18 D e c e m b e r  1959. F i r s t  o c e a n  t e s t  d iv e  of th e  r e ­
p a ir e d  s p h e r e  w a s  m a d e  to  a  d e p th  of 5700 f e e t .  N o s ig ­
n if ic a n t  a m o u n t of w a te r  e n t r y  w a s  n o te d  a t  th e  jo in t .  T h e  
w e e p in g  d id  c o n tin u e  and  g av e  e v id e n c e  of c r e a t in g  so m e  
c o r r o s io n  p r o b le m  a t  th e  jo in t  s u r f a c e s .  U pon c o m p le tio n  
of th i s  t e s t  d iv e , M . P ic c a r d  r e tu r n e d  to  th e  U n ited  S ta te s .

29 D e c e m b e r  1959. T h r e e  h a r b o r  d iv e s  w e re  m a d e  
f o r  t r a in in g  b a th y s c a p h  o p e r a t o r s .  L T  W a lsh , L T  S hu ­
m a k e r ,  an d  D r . A . B . R e c h n i tz e r  e a c h  m a d e  s o lo  d iv e s  
to  a  d e p th  of 100 f e e t  in  A p ra  H a rb o r ,  G u am .

30 D e c e m b e r  1959. T ra in in g  d iv e s  w e re  c o n tin u e d  in  
100 fo o t d e p th s  a t  A p ra  H a rb o r ;  tw o  d iv e s  w e r e  m a d e .

2 J a n u a r y  1960. M. P i c c a r d  r e tu r n e d .  W o rk  c o m ­
m e n c e d  on p r e p a r in g  th e  b a th y s c a p h  f o r  th e  n e x t p r o g r e s ­
s iv e  d e e p  d iv e .

8 J a n u a r y  1960. D ive  N o. 69 of th e  b a th y s c a p h  to o k  
p la c e  in  th e  M a r ia n a s  T r e n c h  to  a  d e p th  of 2 3, 070 f e e t .  
T h is  w a s  th e  f in a l  d e e p  t e s t  d iv e  p r i o r  to  d iv in g  in  th e  
C h a lle n g e r  D eep .

23 J a n u a r y  1960. S u c c e s s fu l  d e e p  d iv e  w a s  m a d e  in  
th e  C h a lle n g e r  D eep  2 00 m i le s  so u th w e s t of G u am  in  a 
w a te r  d e p th  of 35, 800 fe e t .

30 J a n u a r y  1960. D ry d o c k e d  T R IE S T E  a t  SR F  f o r  
in s p e c t io n .

1 F e b r u a r y  1960. D r . A . B . R e c h n i tz e r ,  M.
J .  P ic c a r d ,  L T  D. W a lsh , USN, an d  L T  L . A . S h u m a k e r , 
USN, th e  p r in c ip a l s  in v o lv e d  in  th e  N E K T O N  d iv in g  o p e r a ­
t io n s ,  d e p a r te d  G u am  f o r  o f f ic ia l  c e r e m o n ie s  in  W a sh in g ­
to n , D. C.

19 F e b r u a r y  1960. P r i n c ip a l s  r e tu r n e d  to  G u am  (w ith  
th e  e x c e p tio n  of M . P i c c a r d  w ho t e r m in a te d  h is  a s s o c i a ­
tio n  w ith  th e  p r o je c t )  w h e re  i t  w a s  d e te r m in e d  th a t  f u r th e r  
o p e ra t io n s  f o r  P r o j e c t  N E K T O N  w e re  no  lo n g e r  p o s s ib le
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due to  th e  p o te n t ia l  lo s s  of th e  su p p o r tin g  s h ip s  f o r  to w in g  
and  e s c o r t in g  s e r v ic e s ,  th e  c o n tin u a n c e  of u n fa v o ra b le  
w e a th e r  f o r  d iv in g  o p e ra t io n s ,  and  th e  n e c e s s i ty  to  r e t u r n  
th e  m a jo r i ty  of th e  p r o j e c t 's  t e m p o r a r y  p e r s o n n e l  to  t h e i r  
o r ig in a l  a s s ig n m e n ts  a t  N E L . It w a s  d e c id e d  to  le a v e  th e  
b a th y s c a p h  on i t s  c r a d le  a t  S R F , G u am , an d  to  le a v e  a l l  
e q u ip m e n t in  p la c e  a t  th e  p r o j e c t  h e a d q u a r t e r s  a t  S R F  
w h ile  th e  c re w  r e tu r n e d  to  N E L , S an  D ieg o , f o r  r e o r g a n ­
iz a t io n  and  f o r m u la t io n  of p la n s  f o r  a d d it io n a l d iv in g  
o p e ra t io n s .

M a rc h -M a y  1960. T R IE S T E  c re w  a t  N E L  p r e p a r e d  
p la n s  f o r  P r o j e c t  N E K T O N  II, im p le m e n tin g  p e rm a n e n t  
s ta f f  w ith  a d d it io n a l  m i l i t a r y  and  c iv i l ia n  p e r s o n n e l  p r i o r  
to  r e tu r n in g  to  G u am  f o r  th e  s e c o n d  s e r i e s  of d iv in g  o p e ra  
t io n s .

18 M ay  1960. A d v an ce  g ro u p  of P r o j e c t  N EK T O N  II 
p e r s o n n e l  a r r i v e  a t  G u am  to  e s ta b l i s h  o p e ra t io n s  b a s e .  
L o c a l s u p p o r tin g  s h ip s  w e r e  a v a i la b le .  W e a th e r  w a s  
s u i ta b le  f o r  o p e ra t io n s .

12 Ju n e  1960. T h e  b a th y s c a p h  w a s  la u n c h e d  a f t e r  
c o m p le tin g  so m e  m in o r  r e p a i r  w o rk  and  in s ta l la t io n  of 
e q u ip m e n t.

15 J u n e  1960. T w o h a r b o r  d iv e s  w e re  m a d e  f o r  m a ­
t e r i a l  t e s t  an d  o p e ra t in g  re v ie w  f o r  th e  tw o  p i lo ts ,  L T s  
W a lsh  an d  S h u m a k e r .

21 Ju n e  1960. D ive  N o s . 73 and  74 w e re  m a d e  to  
d e p th s  of 1070 f e e t  an d  1455 fe e t ,  r e s p e c t iv e ly .  F i r s t  
so lo  o c e a n  d iv e s  f o r  L T s  W a lsh  an d  S h u m a k e r . T h e s e  
d iv e s  m a r k e d  th e  c o m m e n c e m e n t of P r o j e c t  N EK T O N  II, 
a  p r o g r a m  to  m e a s u r e  so u n d  v e lo c i ty  p r o f i l e s  a t  v a r io u s  
d e p th s  f r o m  o c e a n  s u r f a c e  to  s e a  f lo o r .  T h e  o r ig in a l  
in te n tio n  w a s  to  c u lm in a te  th i s  d iv in g  s e r i e s  w ith  a  se c o n d  
d iv e  to  35, 800 f e e t  to  o b ta in  a  sound  v e lo c i ty  p r o f i le  in  
th e  d e e p e s t  know n s p o t in  th e  o c e a n .

2 5 Ju n e  1960. T h ird  d iv e  of N E K T O N  II s e r i e s  w a s  
m a d e  to  a  d e p th  of 8530 f e e t .

1 J u ly  1960. L T  L . A . S h u m ak e r,U S N , and  D r. A. B 
R e c h n i tz e r  m a d e  th e  d e e p e s t  d iv e  of P r o j e c t  N EK T O N  II 
to  a  d e p th  of 18, 900 f e e t  in  th e  M a r ia n a s  T re n c h .  I t w a s  
d e c id e d  th a t a  d e e p  d iv e  in  th e  C h a lle n g e r  D eep  w ou ld  no t 
be  p o s s ib le  d u r in g  th i s  d iv in g  s e r i e s  b e c a u s e  of th e



c o n tin u e d  w e e p in g  of th e  s p h e r e  jo in t  and  th e  p o s s ib i l i ty  
th a t  th e  s t r e n g th  of th e  s p h e r e  h ad  b e e n  s u b s ta n t i a l ly  r e ­
d u ced  due  to  c o r r o s io n  w ith in  th e  jo in t .  T h e r e f o r e ,  i t  w a s  
a r b i t r a r i l y  e s ta b l i s h e d  th a t  th e  b a th y s c a p h  w o u ld  o n ly  d iv e  
to  tw o - th i r d s  of i t s  w o rk in g  d e p th . T h e  d iv e  on th i s  d a y  
m a r k e d  a n  o p e ra t io n  to  th i s  s p e c i f ie d  d e p th  an d  th e  d e e p e s t  
d iv e  of th i s  p r o g r a m .

6 J u ly  1960. A d iv e  w a s  m a d e  to  1040 f e e t  f o r  m a k in g  
sound  v e lo c i ty  m e a s u r e m e n ts .

9 J u ly  1960. T h e  f in a l  d iv e  of P r o j e c t  N E K T O N  II w a s  
m a d e  to  a  d e p th  of 7500 f e e t .  P r o j e c t  N E K T O N  II o p e ra t io n s  
w e re  th e n  t e r m in a te d .  T h e  p r i m a r y  r e a s o n  f o r  te r m in a t io n  
of th i s  p r o g r a m  w a s  th e  l o s s  of a l l  e x te r n a l  l ig h tin g  on th e  
c r a f t  th ro u g h  th e  s h o r ta g e  of th e  s p e c ia l ly  c o n s t ru c te d  lig h t 
b u lb s  th a t  w e re  u s e d  f o r  th i s  p u rp o s e .  S in ce  th e s e  s p e c ia l  
b u lb s  w e re  m a d e  in  E u ro p e , i t  w a s  f e l t  th a t  th e  lo n g  d e la y  in  
p r o c u r in g  a d d it io n a l  b u lb s  w ou ld  f o r c e  e v e n tu a l te r m in a t io n  
of th e  p r o g r a m  in  a n y  c a s e .  T h e  b a th y s c a p h  an d  i t s  e q u ip ­
m e n t  w e r e  th e n  p r e p a r e d  f o r  r e t u r n  to  N E L , S an  D ieg o .

13 J u ly  1960. B a th y s c a p h  w a s  d ry d o c k e d  an d  d i s a s s e m ­
b ly  c o m m e n c e d .

19 J u ly  1960. A ll p r o j e c t  m a t e r i a l  w a s  p a c k e d  r e a d y  
f o r  sh ip m e n t . F i r s t  in c r e m e n t  of p e r s o n n e l  le f t  G u am  f o r  
r e t u r n  to  N E L .

2 A u g u s t 1960. B a th y s c a p h  a n d  a l l  s u p p o r t  e q u ip m e n t 
w e re  lo a d e d  a b o a rd  USNS P E N D L E T O N  f o r  sh ip m e n t to  
San D iego , C a li fo rn ia .

3 A u g u s t 1960. L a s t  in c r e m e n t  of p e r s o n n e l  le f t  G u am . 
P r o j e c t  N E K T O N  II t e r m in a te d .

2 8 S e p te m b e r  1960. USNS P E N D L E T O N  a r r iv e d  a t  
San  D ieg o . T R IE S T E  an d  e q u ip m e n t o ff lo ad ed .

S e p te m b e r  1960 th ro u g h  Ju n e  1961. T h e  b a th y s c a p h  
u n d e rw e n t a  c o m p r e h e n s iv e  r e c o n s t r u c t io n  in v o lv in g  r e ­
p la c e m e n t,  r e p a i r ,  and  m o d if ic a tio n  of v a r io u s  s y s te m s ,  
a s s e m b l i e s ,  an d  e q u ip m e n ts .  ( In it ia l  s te p  w a s  a  th o ro u g h  
p h y s ic a l  e x a m in a t io n  of th e  c r a f t  to  d e te r m in e  th e  f e a s ­
ib i l i ty  of in v e s t in g  fu n d s  in  a  r e c o n s t r u c t io n  p r o g r a m . )
T h e  o b je c t iv e  of th e  r e c o n s t r u c t io n  w a s  to  a p p ly  th e  e x p e r ­
ie n c e s  of th e  p a s t  tw o  y e a r s  of N av y  o p e ra t io n  of th e  c r a f t  so  
a s  to  eq u ip  i t  b e t t e r  f o r  i t s  s c ie n t i f ic  m is s io n .  E m p h a s is
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w a s  p u t on u t i l i z in g  th e  lo c a l ly  a v a i la b le  (U .S . ) m a t e r i a l s  
in  l ie u  of fo r e ig n  and  s p e c ia l i z e d  o f f s h o re  p r o c u r e d  i te m s .  
In  a d d itio n , s u f f ic ie n t t im e  w a s  to  b e  a v a i la b le  to  e s ta b l i s h  
l i a i s o n  w ith  v a r io u s  in s t r u m e n ta t io n  c o n t r a c to r s  to  su p p ly  
ex p an d ed  in s t r u m e n ta t io n  c a p a b i l i t i e s  f o r  th e  b a th y s c a p h , 
su c h  th a t  i t  w o u ld  b e  a b le  to  g a th e r  th e  m a x im u m  a m o u n t 
of in f o rm a t io n  on an y  g iv e n  d iv e .

26 Ju n e  1961. T h e  m o d if ie d  T R IE S T E  w a s  la u n c h e d  
an d  p r e p a r e d  f o r  a  r e s u m p tio n  of d iv in g  o p e ra t io n s .  Som e 
d e la y  w a s  in c u r r e d  in  th e  su p p ly  of p ro p u ls io n  m o to r s ,  
b u t i t  w a s  d e c id e d  th a t  l im i te d  o p e ra t io n s  co u ld  c o m m e n c e  
w ith o u t th e  a v a i la b i l i ty  of th e s e  m o to r s .

7 S e p te m b e r  1961. F i r s t  h a r b o r  t e s t  d iv e  of th e  
m o d if ie d  c r a f t  w a s  m a d e .

12 S e p te m b e r  1961. S eco n d  h a r b o r  t e s t  d iv e  w a s  
c o m p le te d  s u c c e s s f u l ly  w ith  a l l  d i s c r e p a n c i e s  b e in g  c o r ­
r e c te d .

14 S e p te m b e r  1961. F i r s t  o c e a n  t e s t  d iv e  of m o d if ie d  
c r a f t  w a s  m a d e  to  a  d e p th  of 492 f e e t  o ff San D iego , C a l i ­
f o r n ia .

11 O c to b e r  1961. A s a t i s f a c to r y  h a r b o r  t e s t  d iv e  w a s  
m a d e  a f t e r  c o r r e c t in g  d e f ic ie n c ie s  of p r i o r  o c e a n  t e s t  
d iv e .

13 O c to b e r  1961. F i r s t  s c ie n t i f ic  o c e a n  d iv e  of f i s c a l  
y e a r  1962 d iv in g  p r o g r a m  w a s  m a d e ; th i s  w a s  a  g e o lo g ic a l  
m e a s u r e m e n t  d iv e  to  a  d e p th  of 192 0 fe e t .

25 O c to b e r  1961. A d iv e  w a s  m a d e  to  a  d e p th  of 3870 
f e e t  f o r  d e e p  c u r r e n t  s tu d ie s .

7 D e c e m b e r  1961. A t e s t  d iv e  w a s  m a d e  in  San D iego  
H a rb o r  to  t e s t  c o m p le tio n  of c e r t a in  i te m s ;  th i s  w a s  th e  
f in a l  d iv e  of c a le n d a r  y e a r  1961.
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PPENDIX B: DIVING LOG OF THE TRIESTE 1958-1961.

ve D ate L o c a tio n
D ep th
(fee t) C rew

S u p p o rt
S h ip (s) P u r p o s e

9 1 2 /1 7 /5 8 San D iego  
H a rb o r

70 P ic c a r d
R e c h n i tz e r

T e s t

0 1 2 /2 0 /5 8 San D ieg o  
3 2 -3 9 . 5N 

1 1 7 -2 3 . 0W

860 P ic c a r d  
J .  L ig h t

Y F U -4 5
(N E L )

P h o to g ra p h y

1 5 /1 2 /5 9 San  D ieg o  
H a rb o r

50 P ic c a r d
W a lsh

T e s t

'2 5 /1 9 /5 9 San  D ieg o  
3 2 -4 0 . 2N 

1 1 7 -2 3 . 1W

72 0 P ic c a r d
R e c h n i tz e r

M A TA C O
(A T F -8 6 )

B io lo g ic a l
o b s e r v a t io n s

3 5 /2 2 /5 9 San D iego  
3 2 -3 7 . 6N 

1 1 7 -2 9 . 7W

4100 P ic c a r d
W a lsh

M A TA C O T e c h n ic a l

'4 5 /2 8 /5 9 San D iego  
H a rb o r

60 P ic c a r d
M a c k e n z ie

E q u ip m e n t ch e c k  
f o r  a c o u s t ic  d iv e

5 5 /2 9 /5 9 San D ieg o  
3 2 -3 3 . 2N 

1 1 7 -2 7 . 0W

42 00 P ic c a r d
M a c k e n z ie

KOKA 
(A T A -185)

A c o u s tic
m e a s u r e m e n ts

6 6 /5 /5 9 S an  D ieg o  
3 2 -3 7 . 6N 

1 1 7 -2 2 . 2W

770 P ic c a r d
R e c h n i tz e r

TAW ASA
(A T F -9 2 )

B io lo g ic a l
o b s e r v a t io n s

7 9 /1 1 /5 9 San D ieg o  
H a rb o r

62 P ic c a r d
S h u m a k e r

T e s t  of new  
(K ru p p ) s p h e r e

8 9 /1 5 /5 9 San D ieg o  
3 2 -4 0 . 2N 

1 1 7 -2 3 . 1W

590 P ic c a r d
R e c h n i tz e r

G E A R
(A R S -34)

B io lo g ic a l  & 
te s t  of s p h e r e

9 1 1 /4 /5 9 A p ra  H a rb o r ,  
G u am

70 P ic c a r d
S h u m a k e r

T e s t  a f t e r  
a s s e m b ly

0 1 1 /1 0 /5 9 G uam  
1 3 -2 9 . 5N 

1 4 4 -3 8 . 2E

4900 P ic c a r d
R e c h n i tz e r

W ANDANK 
(A T A -2 04)

T e s t  and  
o c e a n o g ra p h ic

1 1 1 /1 5 /5 9 G u am  
1 2 - 5 2 .8N 

1 4 5 -1 0 . 2E

18150 P ic c a r d
R e c h n i tz e r

W ANDANK
LEW IS
(D E -5 3 5 )

T e s t  and  
o c e a n o g ra p h ic

2 1 2 /1 4 /5 9 A p ra  H a rb o r ,  
G u am

65 P ic c a r d  
J .  C aw ley

T e s t  of r e p a i r  
of s p h e r e  jo in t
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A P P E N D I X  B: (C on tinued)

D ive D ate L o c a tio n
D ep th
(fe e t) C rew

S u p p o rt
S h ip (s) P u r p o s e

63 1 2 /1 8 /5 9 G uam  
1 3 -3 0 . IN  

1 4 4 -3 7 . IE

5900 P ic c a r d
W a lsh

W ANDANK D eep  t e s t  of 
s p h e r e  r e p a i r

64 1 2 /2 9 /5 9 A p ra  H a rb o r ,  
G uam

100 W alsh
J e n s e n

P i lo t  t r a in in g

65 1 2 /2 9 /5 9 A p ra  H a rb o r ,  
G uam

100 S h u m a k e r
D eG ood

P i lo t  t r a in in g

66 1 2 /2 9 /5 9 A p ra  H a rb o r ,  
G u am

100 W alsh
R e c h n i tz e r

P i lo t  t r a in in g

67 1 2 /3 0 /5 9 A p ra  H a rb o r ,  
G u am

100 W alsh
M ic h e l

P i lo t  t r a in in g

68 1 2 /3 0 /5 9 A p ra  H a rb o r ,  
G u am

100 S h u m a k e r
R e c h n i tz e r P i lo t  t r a in in g

69 1 /8 /6 0 M a r ia n a s  
T re n c h  

1 2 -4 0 . ON 
1 4 5 -2 1 . 5E

22560 P ic c a r d
W alsh

W ANDANK
L EW IS

T e s t  d iv e

70 1 /2 3 /6 0 C h a lle n g e r  
D eep  

1 1 -1 8 . 5N 
1 4 2 -1 5 . 5E

35800 P ic c a r d
W a lsh

W ANDANK
L EW IS

R e c o rd  d iv e

71 6 /1 5 /6 0 A p ra  H a rb o r ,  
G u am

102 W a lsh
W in k le r

T e s t  d iv e

72 6 /1 5 /6 0 A p ra  H a rb o r ,  
G uam

100 S h u m a k e r
K en n ed y

T e s t  d iv e

73 6 /2 1 /6 0 G uam  
1 3 -3 0 . 7N 

1 4 4 -3 7 . 0E

1070 W a lsh
R e c h n i tz e r

W ANDANK Sound v e lo c i ty  
m e a s u r e m e n ts

74 6 /2 1 /6 0 G uam  
1 3 -3 0 . 3N 

1 4 4 -3 6 . 4E

1455 S h u m a k e r
K en n ed y

W ANDANK T ra in in g

75 6 /2 5 /6 0 G uam  
1 3 -2 6 . ON 

1 4 5 -3 1 . 0E

8530 W alsh
R e c h n i tz e r

W ANDANK Sound v e lo c i ty  
m e a s u r e m e n ts

76 7 /1 /6 0 G u am  
12 -4 4 . 5N 

1 4 4 -5 3 . 5E

18900 S h u m a k e r
R e c h n i tz e r

W ANDANK 
H A V E R F IE L D  
(D E R - 393)

Sound v e lo c i ty  
m e a s u r e m e n ts
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A P P E N D I X  B: (C on tin ued )

D ive D ate L o c a tio n
D ep th
(fee t) C rew

S u p p o rt
S h ip (s) P u rp o s e

77 7 /6 /6 0 G uam  
1 3 -2 8 . 2N 

1 4 4 -2 4 . 5E

1140 S h u m a k e r
R e c h n i tz e r

W ANDANK Sound v e lo c i ty  
m e a s u r e m e n ts

78 7 /9 /6 0 G uam  
1 3 -2 7 . ON 

1 4 4 -3 2 . IE

7500 W alsh
R e c h n i tz e r

W ANDANK Sound v e lo c i ty  
and  g r a v i ty  
m e a s u r e m e n ts

79 9 /7 /6 1 San D iego  
H a rb o r

40 W alsh
A d a m s

T e s t

80 9 /1 2 /6 1 San D ieg o  
H a r b o r

69 S h u m a k e r
D evoe

T e s t

81 9 /1 4 /6 1 San D iego  
3 2 -3 7 . 8N 

1 1 7 -2 0 . 9W

492 W a lsh
S hum w ay

TAW ASA G eo lo g y  & 
o c e a n  t e s t

82 1 0 /1 1 /6 1 San D ieg o  
H a rb o r

48 W alsh
C h a n d le r

T e s t

83 1 0 /1 3 /6 1 San  D ieg o  
3 2 -5 5 . 3N 

1 1 7 -2 0 . 9W

192 0 S h u m a k e r
D ill

CHICKASAW
(A T F -8 3 )

G e o lo g ic a l
m e a s u r e m e n ts

84 1 0 /2 5 /6 1 San D iego  
3 2 -3 7 . ON 

1 1 7 -3 0 . 0W

3870 W alsh  
L a  F o n d

M O L A L A
(A T F -1 0 6 )

D eep  c u r r e n t  
s tu d ie s

85 1 2 /7 /6 1 San D ieg o  
H a r b o r

g  J j - r r -  disfj V* 

8 diXf dives <•’-

3 cXecp ^

40

Ie! 5 7 

mo 
\ V I

S h u m a k e r
B e a g le s

T e s t
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