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1. INTRODUCTION AND SUMMARY 

1.1 Summary o f  S i g n i f i c a n t  Events 

A n u c l e a r  s h i p  w a s  f i r s t  proposed by P r e s i d e n t  Eisenhower 
i n  1955 as evidence o f  t h i s  coun t ry ' s  i n t e r e s t  i n  t h e  peace fu l  
uses  o f  atomic energy. I n  1956, Congress au thor ized  t h e  
program i n  P u b l i c  Law 848#  which provided funds for t h e  des ign  
and c o n s t r u c t i o n  o f  a v e s s e l ,  subsequent ly named t h e  N S  Savannah. 

On October 15 ,  1956, t h e  P r e s i d e n t  d i r e c t e d  t h e  Atomic 
Energy Commission (AEC) and t h e  Maritime Administrat ion (Marad) 
t o  proceed wi th  des ign  and cons t ruc t ion .  To complement t h i s  
e f f o r t ,  t h e  e n t i r e  p r o j e c t  w a s  p laced  under t h e  d i r e c t i o n  of 
a ' d u a l  s t a t u s  s t a f f  chosen j o i n t l y  by Marad and t h e  AEC. The 
v e s s e l  w a s  designed by George G o  Sharp, Inc . ,  Naval A r c h i t e c t s  
of  New ~ o r k ;  and The Babcock and Wilcox Company (BSW) w a s  
awarded a f i x e d  p r i c e  c o n t r a c t  f o r  t h e  des ign  and c o n s t r u c t i o n  
of t h e  n u c l e a r  power p l a n t  a u x i l i a r i e s .  The New York 

L 
Shipbui ld ing  Corpora t ion  (NYS) w a s  s e l e c t e d  t o  c o n s t r u c t  and 
test t h e  s h i p  a t  t h e i r  Camden, New J e r s e y  shipyard.  I n  1958, 
t h e  S t a t e s  Marine Lines ,  Inc . ,  was engaged a s  t h e  opera t ing  
agent  f o r  t h e  s h i p .  Todd Shipyard Corporat ion w a s  chosen t o  
provide t h e  maintenance f a c i l i t y  i n  May 1960. I n  1963, 
American Export I sb rand t sen  Lines  Inc . ,  (AEIL) became t h e  
opera t ing  agent .  F i r s t  A t o m i c  Sh ip  Transpor t  Inc. ,  (FAST) 
a s u b s i d i a r y  o f  AEIL, p laced  t h e  NS Savannah i n  r o u t i n e  cargo  
s e r v i c e  i n  September 1965. The s h u f f l e  o f  C o r e  I f u e l  elements 
began i n  August 1968 and was completed l a t e  t h a t  yea r .  

The N S  Savannah, a v e s s e l  o f  t h e  P-2 c l a s s  ( s p e c i f i c a l l y  
P2-N1-MA40a) i s  powered by a pressur ized-water  n u c l e a r  r e a c t o r  
and has  a des ign  speed o f  22  kno t s  a t  22,000 s h a f t  horsepower. 
The normal c r u i s i n g  speed i s  20.25 kno t s  a t  20,000 s h a f t  
horsepower. The s h i p  w a s  in tended t o  promote i n t e r n a t i o n a l  
goodwill  by being d i sp layed  i n  t h e  s e a p o r t s  o f  t h e  world. 

L 
Consequently, it was made as a t t r a c t i v e  and modern as any 



v e s s e l  a f l o a t ,  and its n u c l e a r  power p l a n t  was des igned  w i t h  a n  
e x c e p t i o n a l  deg ree  of r e l i a b i l i t y  and s a f e t y .  

The prime o b j e c t i v e s  of t h e  creators of t h e  N S  Savannah 
were t o  demons t ra te  t h e  advanced technology  and p e a c e f u l  u s e  
of n u c l e a r  energy and r e s o l v e  t h e  problems r e s u l t i n g  from marine 
r e a c t o r  o p e r a t i o n .  The o p e r a t i o n  of a working tes t -bed  labora-  
t o r y  s h i p  has  provided a tool  t o  be used i n  t h e  development of 
economical  s h i p s  and is e s t a b l i s h i n g  a c c e p t a b l e  s t a n d a r d s  for  

t h e  d e s i g n  of s h i p  and reactor, o p e r a t i n g  p r a c t i c e s ,  manning, 
p o r t  e n t r y  and o p e r a t i o n ,  and s a f e t y  of crew and t h e  g e n e r a l  
pub l i c .  It is n e c e s s a r y ,  t h e r e f o r e ,  t h a t  e n t r y  i n t o  t h e  

domestic and f o r e i g n  p o r t s  be i n  accordance  w i t h  mutua l ly  
a c c e p t a b l e  r e g u l a t i o n s  and o p e r a t i o n a l  procedures, The 
s u c c e s s f u f  cu lmina t ion  of t h e s e  o b j e c t i v e s  l e d  t o  t h e  g e n e r a l  
acceptancd of t h e  N S  Savannah's  s a f e t y  and r e l i a b i l i t y  by 
governmental  a u t h o r i t i e s ,  c a r g o  s h i p p e r s ,  and t h e  g e n e r a l  
p u b l i c .  

New r e g u l a t o r y  p rocedures ,  i n s p e c t i o n  s t a n d a r d s ,  and 
t r a i n i n g  r equ i r emen t s  have been deve loped ,  The r e l a t i o n  of 
manning t o  t h e  s h i p ' s  l a y o u t ,  d e s i g n ,  and s e r v i c e  h a s  been 
s t u d i e d .  The h i g h  d e g r e e  of s a f e t y ,  r e l i a b i l i t y  and pe r fo r -  
mance h a s  ga ined  f o r  t h e  NS Snvannah a n  accep tance  of n u c l e a r  
s h i p s  i n  t h e  p o r t s  v i s i t e d .  

A chronology of s i g n i f i c a n t  e v e n t s  i n  t h e  N S  Savannah 
program is shown i n  Table  1-1. 

The NS Savannah completed its program of domes t ic  and 
f o r e i g n  p o r t  v i s i t a t i o n  i n  March 1965. S ince  t h a t  time t h e  
s h i p  has  been i n  commercial c a r g o  o p e r a t i o n s ,  The p o r t s  
v i s i t e d  are l is ted i n  Tab le  1-2. 
1.2.  P r i n c i p a l  S a f e t y  F e a t u r e s  of t h e  Ship  

1.2.1. The H u l l  
The h u l l  d e s i g n  of t h e  WS Savannah is t h a t  of a 

conven t ioq .1  v e s s e l  w i t h  t r i m  and modern l i n e s ,  des igned  i n  
accordance  w i t h  t h e  l a t e n t  p r a c t i c e ,  i n  n a v a l  a r c h i t e c t u r e  and 
hydrodynamics. 



Tab le  1-1. Chronolosy o f  S i g n i f i c a n t  Events  

Proposed by P r e s i d e n t  

Approved by Congress 

S e l e c t i o n  o f  t h e  Babcock 6 Wilcox 
Company 

Selection of George G. Sharp, fnc. 

S e l e c t i o n  of  New York S h i p b u i l d i n g  
Corpora t ion  

Keel l a i d  

S e l e c t i o n  o f  Genera l  Agent,  
S t a t e s  Marine L i n e s ,  I n c .  

Launched 

S e l e c t i o n  o f  Todd Sh ipya rd  
Corpora t ion  

Component t e s t i n g  s t a r t e d  

Systems t e s t i n g  s t a r t e d  

P u b l i c  h e a r i n g  

AEC f u e l i n g  a u t h o r i z a t i o n  

P r e f u e l i n g  t e s t i n g  complete  

F u e l i n g  

I n i t i a l  c r i t i c a l i t y  

10% t e s t i n g  complete  

I n i t i a l  sea t r i a l  
De l ive ry  

Commencement o f  i n i t i a l  voyage 

I n i t i a l  voyage complete  

C a n c e l l a t i o n  o f  Gene ra l  Agent 
c o n t r a c t  w i t h  S t a t e s  Marine 
L i n e s ,  I n c .  

New s t a f f  fo rmat ion  

S e l e c t i o n  o f  new Gene ra l  Agent,  
American Expor t  I s b r a n d t s e n  
L i n e s ,  Inc .  

AEIL sea t r i a l s  

Resume p o r t  o p e r a t i o n  

P o r t  v i s i t a t i o n  program complete  

Begin schedu led  commercial o p e r a t i o n  

Core S h u f f l e  Ope ra t ion  Completed 

A p r i l  1955 

J u l y  1956 

October  1956 
April 1957 

November 19  57 

May 1958 

September 1958 

J u l y  1959 

May 1960 

J u l y  1960 

November 196 0 

March 1961  

J u l y  1961  

September 1961  

November 1961  

December 1961  

Janua ry  1962 

March 1962 

May 1962 

August 1962 

February  1963 

May 1963 

J u n e  1963 

J u l y  1963 

February  1964 

May 1964 

March 1965 

September 1965 

October  1968 



Tahle 1-2. P o r t s  V i s i t e d  bv NS Savannah 

Pub l i c  V i s i t a t i o n  Program 

Savannah, Georgia 
Norfolk, V i r g i n i a  
Panama Canal ( t r a n s i t  on ly )  
SeattTe, Washinqt~n 
San Francisco ,  C a l i f o r n i a  
Long Beach, C a l i f o r n i a  
Los Anqeles, C a l i f o r n i a  
Honolulu, Hawaii 
Por t l and ,  Oregon 
San Dieqo, C a l i f o r n i a  
Balboa, Canal Zone 
Galveston, Texas 
IIous t o n ,  Texas 
New Orleans,  Louisiana 
Baltimore,  Maryland 
Boston, Massachusetts 
New York, New York 
Bremerhaven , Germany 
Hamburg, Germany 
Dublin, I r e l a n d  
Southampton, England 
Hoboken, N e w  J e r s e y  

Commercial Cargo Operat ion 

Ph i l ade lph ia ,  Pennsylvania 
Baltimore,  Maryland 
Hoboken, New J e r s e y  
R i  lbao,  Spain 
L e  Havre, France 
Bremerhaven , Germany 
Hamburg, Germany 
Bayonne, New J e r s e y  
New York, New York 
Norfolk,  V i r g i n i a  
~ o s t o n ,  Massachusetts 
Marseilles, France 
Savannah, Georgia 
Char les ton ,  South Caro l ina  
Genoa, I t a l y  
Leghorn, I t a l y  
Cadiz, Spain 
Rota, Spain 
Naples, I t a l y  
Barcelona, Spain 
Lisbon, Por tuga l  
P i r a e u s  , Greece 

Providence,  Rhode I s l a n d  
Por t l and ,  Maine 
O s l o ,  Norway 
C%panh@kgan, nsnrnrxk 
Halsinqborg , Sweden 
Malmo, Sweden 
Rotterdam, The Netherlands 
Antwerp, Belgium 
L e  Havre, France 
Brooklyn, Mew York 
Ph i l ade lph ia ,  Pennsylvania 
Lisbon, Por tuga l  
Barcelona, Spain 
Naples, I t a l y  
Wilmington, North Carol ina  
Char les ton ,  South Carol ina  
J a c k s o n v i l l e ,  F l o r i d a  
San Juan ,  Puer to  Rico 
P i r a e u s  , Greece 
P o r t  Everglades,  F l o r i d a  
Mobile, Alabama 

Galveston,  Texas 
Venice, I t a l y  
Trieste, I t a l y  
Ri jeka ,  Yugoslavia 
Tunis ,  Tun i s i a  
Pusan, Korea 
Inchon, Korea 
Hang Kong, BCC 
Keelung , Taiwan 
Kaohsiunq, Taiwan 
Manila, P h i l i p p i n e  I s l a n d s  
A l i c a n t e  , Spain 
New London, Connecticut 
Brunswick , Georgia 
Naha, Okinawa 
G i  jon,  Spain 
New Haven, Connect icut  
Famagusta, Cyprus 
Ashdod, Israel 
Haifa ,  Israel 
B e i r u t ,  Lebanon 
S p l i t ,  Yugoslavia 



The p r i n c i p a l  s a f e t y  f e a t u r e s  i n  t h e  h u l l  d e s i g n  may 

b e  s u m m a r i z e d  a s  f o l l o w s :  
L- 

1. The h u l l  is d i v i d e d  by 1 0  w a t e r t i g h t  b u l k h e a d s  

t e r m i n a t i n g  a t  t h e  B-deck l e v e l .  

2 .  The  s h i p  w i l l  r e m a i n  a f l o a t  i f  a n y  t w o  o f  t h e  

n i n e  c o m p a r t m e n t s  a r e  f l o o d e d  w i t h i n  t h e  m e a n i n g  o f  U . S .  C o a s t  

Guard  (USCG) s t a h i  l i t y  r e q u i r e m e n t s .  

3 .  C o n v e n t i o n a l  a l l - w e l d e d  s t e e l  c o n s t r u c t i o n  is 

employed  w i t h  f u l l - c o n t i n u i t y  o f  s t r u c t u r a l  members ,  e x c e p t  f o r  

a  f e w  l o n g i t u d i n a l  r . i v e t e d  s e a m s  s e r v i n g  a s  c r a c k  a r r e s t e r s  i n  

a c c o r d a n c e  w i t h  l a t e s t  p r a c t i c e s .  

4 .  A 5 - f o o t  d e e p  w a t e r t g g h t  d o u b l e - b o t t o m  e x t e n d s  

u n d e r  a l l  n i n e  c o m p a r t m e n t s  b u t  n o t  u n d e r  f o r e  p e a k  o r  a f t e r  

p e a k  b a l l a s t  t a n k s .  

5 .  S p e c i a l  c a r e  w a s  t a k e n  i n  t h e  s e l e c t i o n  o f  m a t e r -  

i a l s  t o  m i n i m i z e  g a l v a n i c  o o r r o s i o n .  

6 .  The r e a c t o r  c o m p a r t m e n t  is r e i n f o r c e d  o u t b o a r d  

o f  t h e  c o n t a i n m e n t  v e s s e l  w i t h  a d d i t i o n a l  l o n g i t u d i n a l  and  
'"4 

a t h w a r t s h i p  b u l k h e a d s ,  i n  a d d i t i o n  t o  a  l a m i n a t e d  redwood a n d  
L I 

steel  c o l l i s i o n  m a t  o n  e a c h  s i d e ,  t o  minimlize  p e n e t r a t i o n  i n  

t h e  e v e n t  o f  a  c o l l i s i o n  a m i d s h i p s .  

7 .  The d e s i g n  d e t a i l s  and  c q n s t r u c t i o n  o f  a l l  

c o m p o n e n t s  a n d  s y s t e m s  a r e . i n  a c c o r d a n c e  w i t h  t h e  l a t e s t  

r e g u l a t i o n s  o f  t h e  S a f e t y  o f  L i f e  a t  S e a  C o n v e n t i o n  (SOLAS), 

Marad,.USCG, t h e  U . S .  P u b l i c  H e a l t h  S e r v i c e ,  t h e  A m e r i c a n  

B u r e a u  o f  S h i p p i n g  (ABS), a n d  o t h e r  r e g u l a t o r y  b o d i e s .  . 

1 . 2 . 2 .  The Power  P l a n t  

From t h e . b e g i n n i n g  o f  t h e  p r o j e c t ,  a n a l y s e s  o f  

h y p o t h e t i c a l  c a s u a l t i e s  a n d  t o p i c a l  r e p o r t s  c o v e r i n g  e v e r y  

p h a s e  o f  t h e  d e s i g n  w e r e  p r . e p a r e d  and  r e v i e w e d  by t h e  r e g u l a t o r y '  

a g e n c i e s  a s  w e l l  a s  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  (ORNL) . I n  

a d d i t i o n ,  a  c o m p r e h e n s i v e  a n a l y s i s  o f  r e a c t o r  s a f e g u a r d s  w a s  

p r e p a r e d  f o r  r e v i e w  by  t h e  AEC a n d  f o r  t h e  c r i t i c a l  e x a m i n a t i o n  

of t h e  AEC's  A d v i s o r y  C o m m i t t e e  o n  R e a c t o r  S a f e g u a r d s  (ACRS) . 



1 . 2 . 2 . 1 .  G e n e r a l  - 
I n  t h e  d e s i g n  and c o n s t r u c t i o n  of t h e  - 

w 
power p l a n t ,  a  s p e c i a l  p h i l o s o p h y  of  s a f e t y  and r e l i a b i l i t y  

was a d o p t e d  a t  t h e  o u t s e t  of t h e  p r o j e c t .  Both p r e p a r a t o r y  

and c o n c u r r e n t  r e s e a r c h  and development  work and s p e c i a l  

o p e r a t i d n a l  t e s t i n g  were u n d e r t a k e n  i n  many a r e a s ,  i n c l u d i n g  
* % 

a s e r i e s  of c r i t i c a l  e x p e r i m e n t s  on v a r i o u s  c o n f i g u r a t i o n s  

and d e s i g n s  f o r  t h e  r e a c t o r  c o r e ,  f u l l  s c a l e  t e s t i n g  of  a 

p r o t o t y p e  c o n t r o l  rod d r i v e  mecha'nism and s y s t e m  under  s i m u l a t e d  

r e a c t o r  c o n d i t i o n s ,  i r r a d i a t i o n  t e s t s  of f u e l  e l e m e n t s  and 

p e l l e t s ,  c o n t a i n m e n t  ve s se l  l e a k  rate  tests, and f i l t e r  , 
1 \ 

e f f i c i e n c y  tes ts  . 
1 ,  

1 . 2 . 2 . 2 .  P a r t i c u l a r  S a f e t y  F e a t u r e s  

O f  t h e  many s a f e t y  f e a t u r e s  i n  t h e  

power p l a n t  d e s i g n  ( d e s c r i b e d  i n  d e t a i l  l a t e r ) ,  37 merit 

. s p e c i a l  m e n t i o n .  

1. R e a c t o r  System Containnlent - 
The r e a c t o r  and p r i m a r y  c o o l a n t  s y s t e m  a r c  l o c a t e d  i n s i d e  a 

c o n t a i n m e n t  v e s s e l .  Any f a i l u r e  of t h e  primary s y s t e m  would ' J 
be c o n t a i n e d .  The c o n t a i n m e n t  s y s t e m ,  c o n s i s t i n g  of a USCG 

approved p r e s s u r e  vesse l .  and a s s o c i a t e d  i s o l a t i o n  v a l v e s ,  is 

d e s i g n e d  and  hydi-os ta  t i c a l l y  t e s t e d  to w i t h s t a n d  a p r e s s u r e  of 

173 p s i g .  I n  pneumat ic  t es t s  a t  60 p s i g ,  t h i s  s y s t e m  is 

r o u t i n e l y  d e m o n s t r a t e d  t o  have a  l e a k  r a t e  of less t h a n  1 . 2 %  

of  t h e  c o n t a i n e d  volume p e r  d a y .  

2 .  Conta inment  Vessel I s o l a t i o n  - 
The r e a c t o r  s y s t e m  is o p e r a t e d  w i t h  t h e  con ta inment  v e s s e l  

h e r m e t i c a l l y  s e a l e d  a t  a l l  times, and t h e  p e n e t r a t i n g  pipe 

l i n e s  a r e  c l o s e d  b y  a u t o m a t i c  v a l v e s  i f  t h e  p r e s s u r e  i n s i d e  

the c o n t a i n m e n t  v e s s e l  rises above 5 p s i $  f o r  any r e a s o n  what- 

s o e v e r .  The s t e e l  c o n t a i n m e n t  v e s s e l ,  moreover,  is s u f f i c i e n t l y  I 

thick t h a t  no  danger  of p e n e t r a t i o n  e x i s t s  as R r e s u l t  of t h e  
f o r m a t i o n  of any h i g h  speed  ~ i l i ~ s i b e s  w i t h i n  t h e  con ta inment  

v e s s e l ,  s u c h  as a the rmocouple  well from t h e  p r imary  s y s t c m .  I 

3 .  R a d i o a c t i v e  Waste C o n t r o l  - The 
power p l a n t  operates w i t h  8 minimum of r a d i o a c t i v e  waste d i s p o ~ ~ , l ,  

,d 

'̂."a, 
Y 



Gaseous and l i q u i d  wastes are d i scha rged  i n  accordance w i t h  t h e  

"Standards f o r  P r o t e c t i o n  Against  Radia t ion"  (10CFR P a r t  20) 

and t h e  NS Savannah Technica l  S p e c i f i c a t i o n s ,  S o l i d  wastes 

are kep t  aboard t h e  s h i p  and p e r i o d i c a l l y  d i scha rged  t o  a 

l i c e n s e d  waste d i s p o s a l  f a c i l i t y .  

4 .  S h i e l d i n g  - The r e a c t o r  v e s s e l  is 

surrounded l a t e r a l l y  by 33 i nches  of water and 1 t o  4 i nches  

of l e a d  s h i e l d i n g  s o  t h a t  maintenance work is p o s s i b l e  s h o r t l y  

a f t e r  shutdown. The secondary s h i e l d i n g  around t h e  containment 

v e s s e l  reduces  t h e  s u r f a c e  dose  l e v e l  a t  f u l l  r e a c t o r  power t o  

no more than  PO0 m r  p e r  week. 

5 .  Rad ia t ion  Monitoring - The r a d i a t i o n  

l e v e l  i n  a l l  f l u i d  systems of t h e  power p l a n t ,  a t  s t r a t e g i c  

l o c a t i o n s  i n  t h e  r e a c t o r  compartment and throughout  t h e  s h i p  

is con t inuous ly  monitored such  t h a t  any unusual  rise a t  any 

l o c a t i o n  a c t u a t e s  an  a la rm i n  t h e  c o n t r o l  room and i d e n t i f i e s  

t h e  l o c a t i o n .  The l i v i n g  q u a r t e r s  around t h e  pe r ime te r  of t h e  

r e a c t o r  compartment and o t h e r  a d j a c e n t  l o c a t i o n s  have ORNL 

type  f i l m  badges mounted i n  a p p r o p r i a t e  p l a c e s .  

6 0  P l a n t  R e l i a b i l i t y  by Use of Mul t ip le  

Components - I n  a l l  c a s e s  where i t  is p r a c t i c a l ,  m u l t i p l e  

components i n  p a r a l l e l  are provided s o  t h a t  f a i l u r e  of one 

w i l l  no t  a f f e c t  power t o  t h e  p r o p e l l e r ,  o r  i n  t h e  c a s e  of l o s s  

of one pr imary l o o p ,  w i l l  no t  reduce r e a c t o r  power t o  l e s s  than  

48 M W - t  co r responding  t o  a speed  of 17 k n o t s .  Examples a r e  

2  main b o i l e r s ,  2  independent pr imary l o o p s ,  2  primary pumps 

i n  each  l o o p ,  3 primary wa te r  d e m i n e r a l i z e r s ,  3 primary charg ing  

pumps, 160 p r e s s u r i z e r  h e a t e r s ,  21  a l t e r n a t e  f a i l  s a f e  scram 

mechanisms, an  independent s o l u b l e  poison shutdown system,  

2  main t u r b i n e  g e n e r a t o r s  w i t h  condensers ,  2  a u x i l i a r y  d i e s e l  

g e n e r a t o r s  complete w i t h  s t a r t i n g  and c o o l i n g  sys tems ,  2  b o i l e r  

f eed  pumps, and 2 main e l e c t r i c a l  d i s t r i b u t i o n  sys t ems ,  

7 .  Power P l a n t  R e l i a b i l i t y  by 

D u p l i c a t i o n  of I n s t r u m e n t a t i o n  and Monitors - Dupl i ca t ion  of 

i n s t r u m e n t s ,  bo th  a t  t h e  p o i n t  of d e t e c t i o n  and a t  t h e  c o n t r o l  



p a n e l ,  i s  a l s o  employed i n  numerous i n s t a m m e ,  fw 2he asme 
purpose ale i n  i t e m  6 .  4 

8 .  O p e r a b i l i t y  of t h e  Bower P l a n t  WAth 
F a i l e d  Fue l  Elements - The reactor system has  adequate  waste 
c o n t a i n i n g  and d i l u t i n g  f e a t u r e s  t o  a l l ow o p e r a t i o n  wi th  liaited 

f u e l  e lement  f a i l u r e  and consequent  l eakage  of f i s s i o n  produc ts  

t o  t h e  pr imary sys t em,  

9 .  Emergency P ropu l s ion  - A 750-horse- 
power r e v e r s i b l e  e l e c t r i c  motor powered by t h e  a u x i l i a r y  d i e s e l  
g e n e r a t o r s  is provided f o r  p ropu l s ion  i n  t h e  even t  of loss of 
a l l  r e a c t o r  power. 

10,  Emergency Steam - I n  t h e  even t  of 
loss of a l l  sh ipboa rd  s e r v i c e  steam, a small b o i l e r  of 7500 
pounds p e r  hour c a p a c i t y  p rov ides  steam f o r  h e a t i n g  and h o t e l  
s e r v i c e s .  

11. Emergency E l e c t r i c  Power - I n  t h e  
even t  of l o s s  of a l l  e l e c t r i c a l  g e n e r a t i o n  below decks ,  a 
bridge-deck l e v e l  300-ki lowat t  d i e s e l  g e n e r a t o r  w i l l  a u t o m a t i c a l l y  
con t inue  t o  provide e l e c t r i c i t y  t o  v i t a l  s e r v i c e s .  4 

12 .  Reac tor  Decay Heat Removal - A t  
least two d i f f e r e n t  means of h e a t  removal are a v a i l a b l e  f o r  
removing decay h e a t  a f t e r  r e a c t o r  shutdown. 

13. Reactor  Shutdown - A r e a c t o r  s a f e t y  
system w i l l  a u t o m a t i c a l l y  s h u t  down t h e  r e a c t o r  on occurrence 
of any one of s e v e r a l  abnormal c o n d i t i o n s  be fo re  any consequent 
damage can  occu r .  The r e a c t o r  w i l l  a l s o  remain s h u t  down, 
r e g a r d l e s s  of t h e  s h i p ' s  a t t i t u d e ,  u n t i l  s t a p t e d  up a g a i n  
manual ly .  

1 4 .  S h i p  Maneuvering Rates  - The r e a c t o r  
system is capab le  of responding  t o  t h e  t u r b i n e  t h r o t t l e  demand 
a t  rates f a s t e r  t han  t h e  b e s t  t h a t  can  be achieved i n  convan- 
t i s n a l  marine power p l a n t s .  

15. C e n t r a l i z e d  Power P l a n t  Cont ro l  - 
The power p l a n t  is c o n t r o l l e d  a t  a l l  t i m e s  from a c e n t r a l  c o n t r o l  
room w i t h  s u f f i c i e n t  i n s t r u m e n t a t i o n  t o  keep t h e  o p e r a t o r s  
informed a t  a l l  t i m e s  of t h e  performance of a l l  power p l a n t  4 

sys t ems .  
I 
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1 6 .  S k i p  Movement - The power p l a n t  is 

des igned  t o  o p e r a t e  s a t i s f a c t o r i l y  under  t h e  customary c r i t e r i a  

of p i t c h  and r o l l  f o r  a  modern merchant s h i p .  

1 7 .  P r o t e c t i o n  of Reactor  System From 

Ch lo r ides  - Means are provided by which a sea-water l e a k  through 

any condenser  tube-shee t  is d e t e c t e d .  Chlor ide  l e v e l s  i n  bo th  

t h e  pr imary and secondary systems a r e  mainta ined a t  s a f e  v a l u e s  

o r  t h e  p l a n t  is s h u t  down t o  p reven t  t h e  p o s s i b i l i t y  of c h l o r i d e  

stress c o r r o s i o n  i n  t h e  pr imary o r  secondary l o o p s .  
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