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On 31  March 1973, t h e  f r e i g h t e r  SS SILVER DOVE, e n  r o u t e  from Guam 

to t h e  Panama Canal w i t h  a bu lk  ca rgo  of raw suga r ,  l i s ted  suddenly  22' 
t o  p o r t  and subsequen t ly  sank about  180 miles southwes t  of Johns ton  Island.-  

The smal l  c r a c k  which p e r m i t t e d  seawater  t o  e n t e r  No. 3 ho ld  was i n  t h e  
SILVER DOVE'S wind and weather zone. 
t h e  l e a k  was no t  d e t e c t e d .  Such sma l l  c r a c k s  cannot  be d e t e c t e d  r e l i a b l y  by 
the v i s u a l  examinat ions  made by the Coast Guard d u r i n g  i t s  p e r i o d i c  s h i p  
i n s p e c t i o n s .  
on l o n g  voyages,  s i n c e  t h e  ca rgo  i t s e l f  o f t e n  impedes d r a i n i n g  t h e  ho ld  of 
wa te r  and s i n c e  seawater  can a l t e r  t h e  c a r g o  c h a r a c t e r i s t i c s  i n  dangerous 
ways. I n  a d d i t i o n ,  the c r a c k s  may grow dur ing  the voyage and cause  t h e  s h i p  
s t r u c t u r e  t o  f a i l .  The methods for d i s c o v e r i n g  such c r a c k s  d u r i n g  t h e  Coast  
Guard p e r i o d i c  s h i p  i n s p e c t i o n s  need t o  be  improved. I n  r e c e n t  y e a r s ,  p o r t -  
a b l e  c r a c k  d e t e c t o r  i n s t r u m e n t s  have been developed t o  d e t e c t  cracks i n  steel  
b r idges .  
s h i p  p l a t i n g .  
d e t e c t i o n  of c r a c k s  i n  s h i p  h u l l s .  

11 

When the empty h o l d  had been i n s p e c t e d ,  

Even small c r a c k s  are a s e r i o u s  t h r e a t  t o  bulk  ca rgo  carriers 

Such i n s t r u m e n t s  may be  a d a p t a b l e  f o r  u s e  i n  d e t e c t i n g  c r a c k s  i n  
If  they a r e  n o t ,  o t h e r  means should  b e  d e v i s e d  t o  improve t h e  

E x i s t i n g  Coast Guard e v a l u a t i o n s  of  h u l l  p l a t i n g  t h i c k n e s s  a r e  in tended  
t o  de t e rmine  i f  t h e  ave rage  s h i p  p l a t i n g  t h i c k n e s s  h a s  d iminished  by more 
than  t h e  a l l o w a b l e  25 p e r c e n t .  However, i f  e x c e s s i v e l y  low gauge r e a d i n g s  
a r e  o b t a i n e d ,  a n o t h e r  r ead ing  i s  taken  i n  t h e  sur rounding  a r e a ,  and t h e  two 
r e a d i n g s  a r e  averaged  b e f o r e  t h e  p l a t i n g  t h i c k n e s s  i s  e v a l u a t e d .  I n  o r d e r  
t o  d i s c o v e r  p o t e n t i a l  h u l l  l e a k s ,  such low read ings  should be  h i g h l i g h t e d  
and n o t  combined w i t h  h ighe r  r ead ings .  Although r e a d i n g s  p robab ly  a r e  
averaged because t h e  accuracy  of  u l t r a s o n i c  t h i c k n e s s  r e a d i n g s  can  va ry  
c o n s i d e r a b l y ,  i t  i s  r i s k y  t o  i n t e g r ;  ::e 1.m- r e a d i n g s  i n t o  h i g h e r  r e a d i n g s  
wi thou t  v e r i f y i n g  t h e  r eason  i o r  thi .  lok ,.eading. An approach  w i t h  less 
r i s k  would be  t o  confirm or deny t h z  exi::...ence of  any suspec ted  e x c e s s i v e l y  

- 1/ For more d e t a i l e d  i n f o r m a t i o n  on t h i s  a c c i d e n t ,  r e a d  "Marine Casua l ty  
- ____ -. . 

Repor t :  SS SILVER DOVE, Cbigo o L . . f ~  ,a S,&ing, North P a c i f i c  Ocean, 
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t h i n  s p o t  by o t h e r  means such a s  d r i l l  t e s t i n g .  F u r t h e r ,  t h e  Coast Guard 
s p e c i f i c a l l y  ought  t o  r e q u i r e  a t h i c k n e s s  r e a d i n g  i n  a r e a s  where t h e  i n n e r  
h u l l  i s  covered w i t h  s h e a t h i n g ,  and such measurements should n o t  be  made by 
u l t r a s o n i c  i n s t r u m e n t s .  ! 

The i n v e s t i g a t i o n  showed t h a t  t h e  v e n t i l a t i o n  systems,  t h e  scupper  
v a l v e s ,  t h e  deck i n  hold  No. 3 ,  and t h e  h u l l  behind t h e  s t a r b o a r d  r e e f e r  
were wasted e x t e n s i v e l y ;  t h i s  d e t e r i o r a t i o n  was n o t  found d u r i n g  t h e  e a r l i e r  
Coast Guard and ABS i n s p e c t i o n s .  The i n s p e c t i o n  of similar a r e a s  which 
could  f a i l  and admit  seawater i n t o  o l d  v e s s e l s  should  be  emphasized t o  
reduce  t h e  r i s k  of f l o o d i n g .  The Coast Guard needs t o  develop s p e c i a l  
i n s p e c t i o n  procedures  f o r  such o l d e r  vessels; o t h e r w i s e ,  t h e  d e t e r i o r a t i o n  
of a r e a s  which a r e  d i f f i c u l t  t o  i n s p e c t  w i l l  c o n t i n u e  t o  escape  d e t e c t i o n .  

The cement pa tch  which t h e  crew p laced  over t h e  c r a c k  b e f o r e  t h e  s h i p  
reached Guam and t h e  cement p a t c h  which s h o r e s i d e  p e r s o n n e l  i n  Guam placed  
over  t h e  c r a c k  both  f a i l e d .  D e s p i t e  t h e  e x t e n s i v e  mar ine  e x p e r i e n c e  of t h e  
p e r s o n s  involved i n  t h e s e  emergency r e p a i r s ,  t h e  f a i l u r e s  i n d i c a t e  l a c k  of 
knowledge of how t o  i n s t a l l  c o n c r e t e  pa tches .  S i n c e  most s h i p s  c a r r y  cement 
f o r  emergency r e p a i r s ,  adequate  i n s t r u c t i o n s  on how t o  make such r e p a i r s  
r e l i a b l y  a l s o  should  be  provided .  

D r a i n  p i p e s  s e r v i c i n g  t h e  repair  area became clogged and t h e  a i r  supply  
was i n s u f f i c i e n t  t o  d r i v e  t h e  p o r t a b l e  pump a t  i t s  c a p a c i t y .  The r e s u l t i n g  
accumulat ion of water complicated r e p a i r  e f f o r t s  and leaked  i n t o  t h e  v e s s e l ' s  
l a r g e s t  c a r g o  hold.  I f  t h e  p o r t a b l e  pump had been a b l e  t o  f u n c t i o n  a t  i t s  
r a t e d  15-gpm c a p a c i t y  (over 75 LT p e r  day) ,  c o n s i d e r a b l y  less water would 
have accumulated to  l e a k  i n t o  t h e  suga r .  

This  a c c i d e n t  demonst ra tes  t h e  l a c k  of u n d e r s t a n d i n g  r e g a r d i n g  t h e  
hazards  t o  a s h i p ' s  s t a b i l i t y  t h a t  occur when water i s  added t o  bulk. sugar .  
The Coast Guard OCMI d i d  n o t  c o n s i d e r  e i t h e r  t h e  h a z a r d  from water which bad 
a l r e a d y  i n f i l t r a t e d  t h e  s u g a r  or t h e  p o t e n t i a l  h a z a r d  of i n g r e s s  through tlie 
pa tch  o r  through a d d i t i o n a l  h u l l  c racks .  The master c r e a t e d  a n  asymmetr ical  
l i q u i d  load t o  c o r r e c t  t h e  s t a r b o a r d  l i s t ,  f a i l e d  t o  c o n t i n u e  h i s  e f f o r t s  t o  
reduce w a t e r  e n t r y ,  and f a i l e d  t o  d i v e r t  t o  t h e  nearest s a f e  r e f u g e  when 
f u r t h e r  leakage w a s  d i s c o v e r e d ;  t h e s e  a c t i o n s  i n d i c a t e  h i s  l a c k  of awareness  
of t h e  hazard.  However, h i s  a c t i o n s  were n o t  s u r p r i s i n g ,  s i n c e  i n f o r m a t i o n  
r e g a r d i n g  t h e  h a z a r d s  of water i n  b u l k  sugar  h a s  n o t  been provided t o  s h i p  
m a s t e r s .  

Bulk cargoes  o t h e r  t h a n  sugar  can t h r e a t e n  a v e s s e l ' s  s t a b i l i t y  when 
water i s  added. 
Nat iona l  Cargo Bureau, Inc. ,  and are i d e n t i f i e d  i n  Appendix B of t h e i r  
manual, "Stowage of Bulk Cargoes," which t h e  Coast  Guard r e c o g n i z e s  as an 
a u t h o r i t a t i v e  document on t h e  suh '?c t .  ' rn  ' s manual, c o n c e n t r a t e s  are 
r e q u i r e d  t o  be  shipped under  ?he ine ~ m c  s l i o u i d s ,  and n o t  as 
"dry" b u l k  c a r g o e s ,  when t h e x  mo :+tux olii L e ' c e e d s  a s p e c i f i e d  l i m i t .  
However, no p r e c a u t i o n s  a re  requi i .ed i i t s ,  sed For s j t u a t i o n s  when t h e s e  

C e r t a i n  b u l k  cargoes  are c l a s s i f i e d  as  c o n c e n t r a t e s  by t h e  
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c o n c e n t r a t e s  a r e  d r y  when loaded and have water (or o t h e r  Liquid)  added 
a c c i d e n t a l l y  w h i l e  a t  sea. Sugar i s  l i s t e d  i n  Appendix A,  " L i s t  of Bulk 
Cargoes Other  Than Concentrates ."  The c a r g o e s  which are l i s t e d  i n  Appendix 
A might b e  c o n s i d e r e d  t o  p o s e  no hazard  when water i s  added. However, t h e r e  
may be  o t h e r  c a r g o e s  l i s t e d  i n  Appendix A and some t h a t  are  n o t  inc luded  i n  
t h e  manual which can t h r e a t e n  a vessel ' s  s t a b i l i t y  when water i s  added. 
T h i s  manual i s  a g u i d e  of condi . t ions which e x i s t  a t  t h e  t i m e  of l o a d i n g ;  i t  
does n o t  c o n s i d e r  changes t o  cargo  which might occur  a f t e r  loading .  Thus, 
t h e r e  i s  a need t o  e v a l u a t e  and document t h e  h a z a r d s  t o  a vessel 's s t a b i l i t y  
t h a t  may develop  when water i s  added t o  bulk  c a r g o e s  a f t e r  l o a d i n g .  T h i s  
i n f o r m a t i o n  should  b e  i n  a format  t h a t  can a i d  s h i p ' s  p e r s o n n e l  and Coast  
Guard f i e l d  marine s a f e t y  p e r s o n n e l  i n  a s s e s s i n g  t h e  r i s k  of w a t e r  i n f i l t r a -  
t i o n  i n t o  a l l  b u l k  cargoes.  The Coast Guard should n o t  wai t  u n t i l  a r e s o l u -  
t i o n  t o  e v a l u a t e  and document such i n f o r m a t i o n  is developed through t h e  
l e n g t h y  d e l i b e r a t e  p r o c e s s e s  of IMCO ( In te rgovernmenta l  Mari t ime C o n s u l t a t i v e  
O r g a n i z a t i o n ) .  

The d r a i n a g e  from p i p e  n i p p l e s  i n  t h e  bulkhead between t h e  No. 3 lower  
hold and t h e  machinery s p a c e  i n d i c a t e d  t h a t  water w a s  mixing w i t h  t h e  b u l k  
sugar .  However, l a c k  of d r a i n a g e  a f t e r  r e p a i r s  were made i n  Guam may have 
l e d  t h e  master t o  b e l i e v e  t h a t  t h e r e  was no f u r t h e r  problem when, i n  f a c t ,  

been absorbed i n t o  t h e  b u l k  sugar .  I f  t h e  s o u r c e  of water e n t r y  had been 
on t h e  p o r t  s i d e  a t  t h e  forward end of t h e  lower h o l d ,  t h e  master might n o t  
have been warned of water i n g r e s s  by l e a k a g e  through a v i s i b l e  c r a c k ,  t h e  
sugar  and water d r a i n a g e  from t h e  n i p p l e ,  and t h e  l a r g e r  than normal star-  
board l i s t .  The o n l y  warning under such c o n d i t i o n s  might have been a sudden, 
l a r g e  l i s t .  A means t o  d e t e c t  water e n t r y  i n t o  b u l k  cargo  o r  t o  de te rmine  
t h e  c a r g o  m o i s t u r e  c o n t e n t  a t  v a r i o u s  p o i n t s  i n  any h o l d  where a cargo  s h i f t  
can endanger t h e  vessel i s  n e c e s s a r y  t o  t h e  master's cont inuous  e v a l u a t i o n  
of h i s  vessel 's s a f e t y .  

, c o n s i d e r a b l e  water a l r e a d y  might have leaked  i n  lower hold No. 3 and 

Even w i t h  t h e  knowledge t h a t  a c a r g o  c o n d i t i o n  may t h r e a t e n  a v e s s e l ' s  
s a f e t y ,  e v a l u a t i o n  of p o s s i b l e  c o r r e c t i v e  a c t i o n s  may r e q u i r e  t e c h n i c a l  
a n a l y s i s  beyond t h e  expected c a p a b i l i t y  of t h e  v e s s e l ' s  personnel  and Coast 
Guard f i e l d  mar ine  s a f e t y  o r  o p e r a t i o n s  p e r s o n n e l  who may become involved.  
Opt ions  a v a i l a b l e  t o  t h e  SILVER DOVE r e q u i r e d  e v a l u a t i o n  both  of s t a b i l i t y  
and of l o n g i t u d i n a l  s t r e n g t h .  I s s u a n c e  of a Naviga t ion  and Vessel Inspec-  
t i o n  C i r c u l a r  t o  a d v i s e  masters of t h e  hazards  of s h i f t i n g  w e i g h t s  o r  counter-  
f l o o d i n g  is n c t  s u f f i c i e n t  to  a s s u r e  t h a t  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  i s  
taken.  The Coast  Guard h a s  t h e  t e c h n i c a l  e x p e r t i s e  t o  e v a l u a t e  such s i t u -  
a t i o n s ;  i . t  should  make t h i s  e x p e r t i s e  a v a i l a b l e  t o  U.S. merchant v e s s e l s  
and t o  i t s  f i e l d  p e r s o n n e l  as soon a s  i t  i s  needed. 

Vessel  m a s t e r s  as w e l l  as Coast  Guard f i e l d  p e r s o n n e l  have  c o n s i d e r a b l e  
p r i d e  i n  t h e i r  a b i . l i t y  t o  perform t h e i r  jobs  ,2 thour  a s s i s t a n c e .  Of ten  they  
do n o t  seek  P s s i s t a n c e  ' i c t i l  . -  i c  '3c ' - E  ' ' G  t h y  are r e q u i r e d  t o  
seek  a s s i s t a n c e  o r ,  a t  least ,  to a l e r t  the C c z s t  Guard when a hazardous  
s i t u a t i o n  i s  f i r s t  i d e n t i f i e d ,  can a s s i s t a n c e  Le m-ir?e a v a i l a b l e  i n  a t i m e l y  
macner . 

I 
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T h e r e f o r e ,  the Nat iona l  T r a n s p o r t a t i o n  S a f e t y  Board recommends t h a t  
t h e  U.S. Coast Guard: 

Develop or adapt  e x i s t i n g  c r a c k  d e t e c t o r s  t o  p r o v i d e  i t s  mar ine  
i n s p e c t o r s  w i t h  a r e l i a b l e  means of d e t e c t i n g  small cracks i n  
s h i p  h u l l s  and u t i l i z e  such d e t e c t o r s  once developed. 
(Class 111, Longer-Term Followup) 

Develop d e t a i l e d  procedures  t o  be  fol lowed i n  making h u l l  t h i c k -  
n e s s  measurements d u r i n g  p e r i o d i c  Coast Guard i n s p e c t i o n s .  
These procedures  should i n s u r e  t h a t  r e l i a b l e  u l t r a s o n i c  r e a d i n g s  
a r e  o b t a i n e d ,  t h a t  low r e a d i n g s  are h i g h l i g h t e d  as p o t e n t i a l  
o r i g i n s  of c r a c k s  or l e a k s ,  and t h a t  areas covered by s h e a t h i n g  
or i n s u l a t i o n  a r e  measured by more r e l i a b l e  means such as d r i l l  
gauging. (M-76-12) ( C l a s s  11, P r i o r i t y  Followup) 

Conduct a one-time s p e c i a l  i n s p e c t i o n  of a l l  c e r t i f i c a t e d  U.S. 
seagoing  break-bulk vessels c o n s t r u c t e d  b e f o r e  1965 t o  d e t e c t  
was tage  of h u l l  p l a t i n g  t h a t  i s  covered by i n s u l a t i o n  and 
s h e a t h i n g  and wastage of v e n t i l a t i o n  systems and p i p i n g  systems 
t h a t  have openings o u t s i d e  t h e  h u l l .  T h i s  s p e c i a l  i n s p e c t i o n  
should  be  completed w i t h i n  2 y e a r s .  (M-76-13) (Class  11, 
P r i o r i t y  Followup) 

Develop, w i t h  t h e  a s s i s t a n c e  of t h e  P o r t l a n d  Cement A s s o c i a t i o n ,  
g u i d e l i n e s  f o r  t h e  use  of cement f o r  making w a t e r t i g h t  temporary 
r e p a i r s  aboard s h i p  and i n s p e c t i o n  of such r e p a i r s  and i s s u e  
these g u i d e l i n e s  i n  a Navigat ion and Vessel I n s p e c t i o n  C i r c u l a r .  
(M-76-14) (Class 11, P r i o r i t y  Followup) 

Develop s t a n d a r d s  f o r  and r e q u i r e  p o r t a b l e  pump(s) w i t h  t h e  
n e c e s s a r y  a n c i l l a r y  equipment t o  remove seawater which may leak 
i n t o  t h e  cargo  h o l d s  of s h i p s  which c a r r y  bulk  cargoes .  (M-76-15) 
(Class 111, Longer-Term Followup) 

I d e n t i f y  t h o s e  "dry" bulk  c a r g o e s  which can t h r e a t e n  a s h i p ' s  
s t a b i l i t y  when water i s  added and p u b l i s h  t h i s  i n f o r m a t i o n  w i t h  
a d e s c r i p t i o n  of t h e  hazard  i n  a Navigat ion and Vessel I n s p e c t i o n  
C i r c u l a r .  (M-76-16) ( C l a s s  TI, P r i o r i t y  Followup) 

E s t a b l i s h ,  w i t h  t h e  a s s i s t a n c e  of t h e  N a t i o n a l  Cargo Bureau, I n c . ,  
p r o c e d u r e s  f o r  d e t e c t i n g  water i n f i l t r a t i o n  i n t o  b u l k  c a r g o e s  
w h i l e  t h e  v e s s e l  i s  a t  sea. (M-76-17) (Class  111, Longer-Term 
Followup) 

E s t a b l i s h  a means t o  p r o v i d e  r a p i d  t e c h n i c a l  a d v i c e  t o  v e s s e l  
masters and t o  Coast Guard f i e l d  personnel  rzgard i i ig  vessel 
s t a b i l i t y  and t h e  e f f e c t s  of wate' en" j i. LL i h ~ g : ~ .  
(M-76-18) (Class 11, P r i o r i t y  Followup) 

(M-76-11) 
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Advise masters of vessels t h a t  c a r r y  b u l k  c a r g o e s  t h a t  may 
a f f e c t  s h i p  s t a b i l i t y  a d v e r s e l y  when water i s  added t o  alert  
t h e  Coast  Guard immediately i f  Water l e a k s  i n t o  t h e  cargo.  
(M-76-19) ( C l a s s  11, P r i o r i t y  Followup) 

TODD, Chairman, BAILEY, Vice Chairman, McADAMS, HOGDE, and HALEY, 
members, concur red  i n  t h e  above recommendations. 

By: WP e b s t e r  B. Todd, J r  
Chairman 

THESE RECOMMENDATIONS WILL BE RELEASED TO THE PUBLIC ON THE DATE 
SHOWN ABOVE. N O  PUBLIC DISSEMINATION OF THE INFORMATION CONTAINED HEREIN 
SHOULD BE MADE BEFORE THAT DATE. 

I 


