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E X P E R I E N C E  WITH C O N T R O L  ROD S E A L S  

U S E D  ON S O D I U M - C O O L E D  R E A C T O R S  

N .  R. G o r d o n  

A B S T R A C T  

A survey was made t o  determine t h e  s t a t e - o f - t h e - t e c h n o l o g y  

on e l a s tomer i c  r e a c t o r  s e a l s  t o  p rov ide  a  b e t t e r  background 

f o r  des ign  of FFTF s e a l s .  The survey r evea l ed  only  two a p p l i -  

c a t i o n s  o f  e l a s t o m e r i c  s e a l s  w i t h i n  a  r e a c t o r .  Informat ion on 

s i l i c o n e  rubber  and e thy l ene  propylene rubber  i n d i c a t e  t h a t  

they should  be cons idered  f o r  some o f  t he  p e n e t r a t i o n  s e a l s  on 

t h e  FFTF. 
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E X P E R I E N C E  W I T H  C O N T R O L  ROD S E A L S  

U S E D  ON S O D I U M - C O O L E D  R E A C T O R S  

R .  G o r d o n  

I N T R O D U C T I O N  

The V-A c o n c e p t  f o r  c o n t r o l  rods  i n  FFTF r e q u i r e s  t h a t  

t h e  d r i v e  mechanism h o u s i n g  be  removed d u r i n g  t h e  r e f u e l i n g  

c y c l e .  T h i s  r e q u i r e m e n t  d i c t a t e s  a  p e n e t r a t i o n  s e a l  which 

w i l l  p r o v i d e  r e l i a b l e  o p e r a t i o n  a f t e r  many removal o p e r a t i o n s .  

T h i s  r e q u i r e m e n t  can  be b e s t  s a t i s f i e d  by u s i n g  an e l a s t o m e r  

s e a l .  

A s u r v e y  h a s  been made t o  d e t e r m i n e  t h e  s t a t e - o f - t h e -  

t echno logy  on e l a s t o m e r i c  r e a c t o r  s e a l s  t o  p r o v i d e  a  b e t t e r  
* 

background f o r  s e l e c t i o n  and d e s i g n  o f  s e a l s  f o r  FFTF. 

SUMMARY A N D  C O N C L U S I O N S  

A r e q u e s t  f o r  i n f o r m a t i o n  on c o n t r o l  rod  s e a l s  t o  t h e  

L i q u i d  Meta l s  I n f o r m a t i o n  C e n t e r  r e s u l t e d  i n  a  combined b i b l i o g -  

raphy of  264  r e f e r e n c e s .  A b s t r a c t s  of  2 1 1  o f  t h e s e  r e f e r e n c e s  

were rev iewed.  N i n e t e e n  o f  t h e  r e f e r e n c e s  were r e a d  i n  d e t a i l .  

T h i s  l i t e r a t u r e  s e a r c h  r e v e a l e d  o n l y  two u s e s  o f  polymers  f o r  

s e a l s  w i t h i n  a  r e a c t o r .  The c o n t r o l  rod  p e n e t r a t i o n  on t h e  

Fermi r e a c t o r  was s e a l e d  w i t h  a  s i l i c o n e  r u b b e r  g a s k e t  and t h e  

r e c i p r o c a t i n g  e x t e n s i o n  r o d  on t h e  same r e a c t o r  used  Tef lon  

a s  a  backup s e a l .  

The s i m i l a r i t y  o f  t h e  e l a s t o m e r i c  p e n e t r a t i o n  s e a l  u sed  

i n  Fermi and t h a t  p roposed  f o r  FFTF i n d i c a t e  t h a t  s u c c e s s f u l  

u s e  o f  t h e  l a t t e r  i s  p o s s i b l e .  Although we have no p r o o f  t h a t  

t h e  e l a s t o m e r i c  s e a l s  u s e d  i n  Fermi were s u c c e s s f u l ,  we c o u l d  

f i n d  no i n f o r m a t i o n  which i n d i c a t e d  f a i l u r e .  Based on t h i s  

assumed s u c c e s s  w i t h  Fermi i t  i s  r e a s o n a b l e  t o  e x p e c t  t h a t  

t h e  p roposed  e l a s t o m e r i c  s e a l s  f o r  t h e  FFTF concep t  would a l s o  

be  s u c c e s s f u l .  



I n f o r m a t i o n  on s i l i c o n e  r u b b e r  and e t h y l e n e  p r o p y l e n e  

i n d i c a t e s  t h a t  t h e y  a r e  a b l e  t o  r e t a i n  t h e i r  e l a s t o m e r i c  s e a l -  

i n g  p r o p e r t i e s  i n  t h e  t e m p e r a t u r e  and r a d i a t i o n  env i ronment s  

o f  t h e  FFTF. No d a t a  have been  found which d e m o n s t r a t e s  t h e  

c o m p a t i b i l i t y  of  e i t h e r  m a t e r i a l s  w i t h  sodium. However, i n  o u r  

o p i n i o n ,  p u r e  hydroca rbon  m a t e r i a l s  such  a s  e t h y l e n e  p r o p y l e n e  

s h o u l d  e x h i b i t  more s t a b i l i t y  w i t h  sodium t h a n  t h o s e  polymers  

which have oxygen,  h a l o g e n ,  o r  o t h e r  r e a c t i v e  f u n c t i o n a l  g roups .  

R E C O M M E N D A T I O N S  

We recommend t h a t  c o n s i d e r a t i o n  be g iven  t o  t h e  u s e  of  

e l a s  t o m e r i c  s e a l s  f o r  p e n e t r a t i o n s  on t h e  FFTF when c o n d i t i o n s  

a r e  such  t h a t  t h e  t e m p e r a t u r e  i s  below 400 OF and t h e  gamma 

r a d i a t i o n  l e v e l  i s  below 5 x l o 3  R/hr .  
* 

A s  p a r t  o f  t h i s  recommendation we s u g g e s t  t h a t  a  r e s e a r c h  

program b e  i n i t i a t e d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  FFTF con-  

t r o l  r o d  and i n s t r u m e n t  p e n e t r a t i o n  envi ronments  on t h e  s t r e s s  

r e l a x a t i o n  o f  s i l i c o n e  r u b b e r  and e t h y l e n e  p r o p y l e n e .  T h i s  

p r o p e r t y  i s  t h e  most v a l u a b l e  measure o f  a m a t e r i a l ' s  

l o n g - t e r m  s e a l i n g  c a p a b i l i t y .  The proposed  s t u d y  would i n v o l v e  

expos ing  t h e  t e s t  m a t e r i a l s  t o  an envi ronment  o f  e l e v a t e d  tem- 

p e r a t u r e  ( 2 5 0  and 400 OF), expos ing  t h e  t e s t  m a t e r i a l  t o  sodium 

vapor  and  gamma i r r a d i a t i o n  f o r  v a r y i n g  p e r i o d s  o f  t i m e ,  and 

measur ing  t h e  m a t e r i a l  changes i n  s t r e s s  r e l a x a t i o n .  The e v a l u -  

a t i o n  t e c h n i q u e s  would be  b a s e d  on t h e  t i m e / t e m p e r a t u r e  s u p e r -  

p o s i t i o n  p r i n c i p l e  which has  become t h e  a c c e p t e d  method f o r  

measur ing  t h e  v i s c o e l a s t i c  r e s p o n s e s  ( s t r e s s  r e l a x a t i o n ,  c r e e p ,  

e t c . )  o f  e l a s t o m e r s .  T h i s  p r i n c i p l e  i s  based  on t h e  f a c t  t h a t  

v i s c o e l a s t i c  p r o p e r t i e s  a r e  a  f u n c t i o n  o f  b o t h  t ime  and tem- 

p e r a t u r e .  By c o n d u c t i n g  exper imen t s  f o r  s h o r t  p e r i o d s  o f  t ime  

a t  v a r i o u s  t e m p e r a t u r e s ,  a composi te  cu rve  can  be c o n s t r u c t e d  

which r e p r e s e n t s  t h e  r e l a x a t i o n  o r  c r e e p  o f  t h e  m a t e r i a l  f o r  

l o n g  p e r i o d s  o f  t ime  a t  any r e f e r e n c e  t e m p e r a t u r e .  A more 



comple te  d e s c r i p t i o n  o f  t h i s  e x p e r i m e n t a l  t e c h n i q u e  w i t h  

accompanying r e f e r e n c e s  can  be  found i n  Appendix D .  

The i n f o r m a t i o n  d e r i v e d  from t h i s  p roposed  s t u d y  would 

supplement  t h e  e x p e r i e n c e  g a i n e d  from t h e  Fermi s e a l s  t o  

j u s t i f y  u s i n g  e l a s  t o m e r i c  s e a l s  f o r  FFTF. 

D I S C U S S I O N  

A r e q u e s t  f o r  i n f o r m a t i o n  on c o n t r o l  rod  s e a l s  and t y p e s  

o f  m a t e r i a l s  which have been  used  f o r  f a s t  r e a c t o r  a p p l i c a -  

t i o n s  was s u b m i t t e d  t o  t h e  L i q u i d  Meta l s  I n f o r m a t i o n  C e n t e r .  

I n  r e s p o n s e  t o  t h i s  r e q u e s t ,  t h e  f o l l o w i n g  i n f o r m a t i o n  was 

r e c e i v e d :  

"Summary o f  I n f o r m a t i o n  on Exper i ence  w i t h  C o n t r o l  Rod 

S e a l s  Used on Sodium-Cooled R e a c t o r s  ," compiled by 

J .  K .  B a l k w i l l ,  May 1969.  T h i s  r e p o r t  appea r s  a s  

Appendix A .  

A b i b l i o g r a p h y  o f  53  r e f e r e n c e s  on r e a c t i v i t y  c o n t r o l  

d e v i c e s .  T h i s  b i b l i o g r a p h y  a p p e a r s  a s  Appendix B .  

Two hundred  and twe lve  computer p r i n t o u t s  w i t h  b i b l i o -  

g r a p h i c  d a t a  and a b s t r a c t s  o f  documents d e a l i n g  w i t h  

s e a l s  on l i q u i d  m e t a l  c o o l e d  r e a c t o r s .  ( I n f o r m a t i o n  

t a k e n  from t h e s e  p r i n t o u t s  a p p e a r  a s  Appendix C . )  

The above i n f o r m a t i o n  was rev iewed and n i n e t e e n  of  t h e  

r e f e r e n c e s  were r e a d  i n  d e t a i l .  A b i b l i o g r a p h y  o f  t h e s e  

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

P O L Y M E R  S E A L S  

A rev iew o f  t h e  r e f e r e n c e s  c i t e d  above r e v e a l e d  o n l y  

two i n s t a n c e s  where p o l y m e r i c  m a t e r i a l s  have been used  as  

s e a l s  i n  a  l i q u i d  m e t a l  c o o l e d  r e a c t o r .  On t h e  Fermi 

r e a c t o r ,  t h e  s a f e t y  rod  d r i v e  e x t e n s i o n  p e n e t r a t e s  t h e  

r o t a t i n g  s h i e l d  p l u g  by means o f  a  s e a l  t h i m b l e  b o l t e d  i n t o  



t h e  hold-down mounting p l a t e .  Two s i l i c o n e  r u b b e r  quad r i n g  

s e a l s  a r e  used  t o  s e a l  t h e  mounting p l a t e  p e n e t r a t i o n  n e a r  t h e  

upper  end o f  t h e  t h i m b l e .  The t e m p e r a t u r e  a t  t h i s  l o c a t i o n  i s  

250 O F  which w i l l  n o t  a f f e c t  t h e  p r o p e r t i e s  o f  t h e  r u b b e r .  A l s o ,  

on t h e s e  s a f e t y  rods  t h e  bel lorcs  s e a l ,  a t t a c h e d  t o  t h e  t h i m b l e ,  

i s  backed by a  c h e v r o n - t y p e  T e f l o n  s e a l  ~ i h i c h  o p e r a t e s  on t h e  

r e c i p r o c a t i n g  s h a f t .  T e f l o n  was s e l e c t e d  f o r  t h i s  a p p l i c a t i o n  

because  o f  i t s  low c o e f f i c i e n t  o f  f r i c t i o n .  The t e m p e r a t u r e  i n  

t h e  a r e a  o f  t h i s  s e a l  i s  a l s o  250 O F .  

A Fermi s a f e t y  r o d  channe l  mockup was t e s t e d  i n  sodium a t  

r e a c t o r  t e m p e r a t u r e s  f o r  3566 c y c l e s  w i t h  no i n d i c a t e d  s e a l  

problems.  A l s o ,  no problems w i t h  t h e  p o l y m e r i c  s e a l s  have been  

c i t e d  d u r i n g  t h e  o p e r a t i o n  o f  t h e  r e a c t o r .  No r e f e r e n c e s  were 

found which describes any development  programs which l e d  t o  t h e  

s e l e c t i o n  o f  s i l i c o n e  r u b b e r  and T e f l o n  f o r  t h e s e  two s e a l  

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

A P P L I C A T I O N S  TO T H E  V - A  C O N C E P T  

The c o n t r o l  r o d  h o u s i n g  s e a l s  f o r  t h e  V-A c o n c e p t  a r e  

s u b j e c t e d  t o  an a tmosphere  o f  a rgon  gas  and sodium vapor  a t  a  
2 t e m p e r a t u r e  o f  250 O F  and a  r a d i a t i o n  l e v e l  o f  100 n/cm - s e c  

and l o 3  R/hr  gamma. The i n s t r u m e n t  c o v e r  p e n e t r a t i o n  s e a l s  

have a  somewhat h i g h e r  t e m p e r a t u r e  r e q u i r e m e n t  (400 O F )  and 

n e u t r o n  f l u x  (1000 n/crn2-sec)  . The s e a l i n g  c h a r a c t e r i s  t i c s  o f  

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

b e t t e r  and more r e l i a b l e  s e a l  w i l l  be  p r o v i d e d ,  and removal o f  

t h e  c o n t r o l  rods  w i l l  n o t  r e q u i r e  r ep lacemen t  o f  t h e  s e a l .  

Manufac tu re r s  ' d a t a  on e t h y l e n e  p r o p y l e n e  (Du Pon t )  and 

s i l i c o n e  r u b b e r  (Dow Corning)  i n d i c a t e  t h a t  t h e y  a r e  r e s i s t a n t  

t o  t e m p e r a t u r e s  o f  a t  l e a s t  350 O F  i n  a i r  and p r o b a b l y  h i g h e r  

i n  an i n e r t  g a s .  

I n  a s t u d y  conduc ted  f o r  Douglas U n i t e d  Nuc lea r  t o  e v a l u a t e  

s e a l  m a t e r i a l s  f o r  t h e  Hanford r e a c t o r s ,  t h e s e  two m a t e r i a l s  



were shown t o  p r o v i d e  t h e  p r o p e r t i e s  d e s i r a b l e  f o r  t h e  a p p l i -  

c a t i o n ,  i . e . ,  r a d i a t i o n  r e s i s t a n c e  and r e s i s t a n c e  t o  s t r e s s  

r e l a x a t i o n .  ( 2 y 3 )  (Copies  o f  t h e s e  r e p o r t s  a r e  i n c l u d e d  i n  

Appendix D . )  They a p p e a r  t o  r e t a i n  t h e i r  r e l a x a t i o n  p r o p e r -  

t i e s  f o r  l o n g e r  t h a n  1 y e a r ,  and a  r a d i a t i o n  dose  o f  5 x l o 7  R 

does n o t  s i g n i f i c a n t l y  a f f e c t  t h e s e  p r o p e r t i e s .  

Because o f  t h e  s i m i l a r i t y  o f  t h e  FFTF r e q u i r e m e n t s  t o  

t h o s e  o f  t h e  Fermi r e a c t o r  where s i l i c o n e  r u b b e r  s e a l s  have 

been used  s u c c e s s f u l l y  and because  o f  t h e  t e s t  r e s u l t s  j u s t  

d e s c r i b e d ,  i t  a p p e a r s  t h a t  p o l y m e r i c  s e a l s  have p o t e n t i a l  

f o r  FFTF c o n t r o l  r o d s .  I n  l i g h t  o f  t h i s  p o t e n t i a l  and t h e  

advan tages  o f  u s i n g  an e l a s t o m e r i c  m a t e r i a l ,  an e v a l u a t i o n  

program s h o u l d  b e  u n d e r t a k e n  t o  d e t e r m i n e  t h e  r e l i a b i l i t y  of 

t h e s e  m a t e r i a l s  f o r  t h e  d e s i r e d  f u n c t i o n s .  
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S U M M A R Y  O F  I N F O R M A T I O N  ON E X P E R I E N C E  

W I T H  C O N T R O L  ROD S E A L S  U S E D  ON S O D I U M - C O O L E D  R E A C T O R S  

C o m p i l e d  By: J.  K .  B a l k w i l l  

I N T R O D U C T I O N  

A q u i c k  overv iew o f  t h e  c u r r e n t  s t a t u s  o f  t h e  s e a l  problem 

f o r  LMFBR c o n t r o l - r o d  d r i v e s  i s  g iven  i n  t h e  LMFBR Program 

P l a n ;  p e r t i n e n t  pages  a r e  a t t a c h e d .  The complete  c o n t r o l -  

r o d  d r i v e  sys tems f o r  t h e  Dounreay, Fermi ,  and EBR-I1 r e a c t o r s  

a r e  d e s c r i b e d  by Yevick;  h i s  summary t a b l e  i s  a t t a c h e d .  

A l i t e r a t u r e  s u r v e y  o f  mechanica l  d e v i c e s  w i t h  r u b b i n g  

s u r f a c e s  o p e r a t i n g  i n  l i q u i d  m e t a l s  ( 3 )  was p u b l i s h e d  r e c e n t l y  

by t h e  L i q u i d  Metal  E n g i n e e r i n g  C e n t e r .  I t  d i s c u s s e s  t h e  

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

i m p o r t a n t  i n  l i q u i d  m e t a l  a p p l i c a t i o n s  and d e s c r i b e s  m a t e r i a l  

c o m p a t i b i l i t y  and f r i c t i o n / w e a r  t e s t i n g  programs conducted  

s i n c e  1 9 5 0 .  Th i s  r e f e r e n c e  i n c l u d e s  i n f o r m a t i o n  r e l a t e d  t o  

s e a l  m a t e r i a l  problems.  

I n f o r m a t i o n  on t h e  a p p l i c a t i o n  o f  f r e e z e  s e a l s  f o r  t r a . n s -  

l a t i n g  rod  motion may be  o b t a i n e d  from l i t e r a t u r e  c o n c e r n i n g  

v a l v e - s t e m  f r e e z e  s e a l s ,  such  a s  t h o s e  used  on t h e  l a r g e  

t h r o t t l i n g  and b l o c k i n g  v a l v e s  i n  t h e  h e a t  t r a n s f e r  sys tems a t  

HNPF. '') These s e a l s  e x h i b i t e d  s a t i s f a c t o r y  o p e r a t i o n  w i t h  

t h e  e x c e p t i o n  t h a t  t h e  t h r o t t l e - v a l v e  s tem pack ing  had  t o  b e  

r e p l a c e d  o c c a s i o n a l l y  when sodium o x i d e  accumula ted  on t h e  

v a l v e  s tem i n  t h e  v i c i n i t y  of  t h e  f r e e z e  s e a l  i n  a  s u f f i c i e n t  

amount t o  push  t h e  p a c k i n g  o u t  o f  p l a c e  when t h e  v a l v e  was 

o p e r a t e d .  Also t h e r e  was a  s - l i g h t  b i n d i n g  tendency i n  t h e  

b l o c k i n g  v a l v e s  caused  by an accumula t ion  o f  sodium o x i d e  i n  

t h e  s tem f r e e z e  s e a l s .  A s  might  b e  e x p e c t e d  from t h i s  

demons t ra t ed  t endency  t o  b i n d ,  no r e f e r e n c e  t o  t h e  u s e  o f  f r e e z e -  

type  s e a l s  f o r  c o n t r o l - r o d  d r i v e  s h a f t s  was found.  



D e t a i l e d  i n f o r m a t i o n  on c o n t r o l - r o d  s e a l s  f o r  s p e c i f i c  

r e a c t o r s  i s  d i s c u s s e d  below. 

E B R -  I I ( 6 )  

I n  E B R - 1 1 ,  t h e  main s h a f t s  o f  t h e  c o n t r o l - r o d  g r i p p e r s  

o p e r a t e  th rough  l a b y r i n t h -  o r  c l e a r a n c e - t y p e  s e a l s  i n  t h e  

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

v e r t i c a l  movement o f  t h e  s h a f t  w i t h  minimum o u t - l e a k a g e  o f  t h e  

p r i m a r y  sodium c o o l a n t  i n t o  t h e  upper  plenum. Each s e a l  con-  

s i s t s  o f  a  grooved c y l i n d r i c a l  s l e e v e  mounted on t h e  s h a f t  a t  

t h e  p r o p e r  e l e v a t i o n  s o  t h a t  i t  can  s l i d e  a  d i s t a n c e  o f  14  i n .  

w i t h i n  a  companion s l e e v e  i n s t a l l e d  i n  t h e  v e s s e l  c o v e r .  The 

c y l i n d e r  i s  1 2 - i n .  l o n g ,  w i t h  an O D  o f  2 .53  i n . ,  and i s  made o f  

Ampco No. 1 8 - 1 3  a l l o y  ( 1 0 . 6 %  A1:3.6% Fe; ~ 8 5 %  Cu). The OD 

i s  i n t e r r u p t e d  by 23 c i r c u m f e r e n t i a l  g r o o v e s ,  e a c h  0 . 2 5 0 - i n .  

wide and 0 . 0 8 7 - i n .  deep .  The companion s l e e v e  i s  29-1/8  i n .  

l o n g ,  w i t h  an I D  o f  2 .56 i n . ,  and i s  made o f  wrought  S t e l l i t e  

No. 6B. The c a l c u l a t e d  l e a k  r a t e  o f  each  s e a l  i s  3 . 4  gpm o f  

sodium. T h i s  r a t e  i s  b a s e d  on 100% sodium f low th rough  67 c o r e  

s u b a s s e m b l i e s  and a  9 . 6 - p s i  d i f f e r e n t i a l  between t h e  u p p e r  

v e s s e l  plenum f i l l e d  w i t h  900 O F  sodium and t h e  700 O F  b u l k  

sodium i n  t h e  p r i m a r y  t a n k .  The s h a f t  s e a l  h a s  had  problems 

w i t h  o x i d e  accumula t ion  and t h e  c l e a r a n c e s  were i n c r e a s e d  t o  

a s s u r e  f l u s h i n g  by sodium f low th rough  t h e  mechanism. F a b r i -  

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

ma t ing  s l e e v e  a r e  g i v e n  i n  Tab le  1. 

TABLE 1. EBR-I1 Control R o d  L a b y r i n t h  S e a l  

Des ign  I n f o r m a t i o n  O p e r a t i n g  C o n d i t i o n s  
M a t e r i a l  o f  D imens ions  a n d  C l e a r a n c e s ,  T e m p e r a t u r e ,  E x p o s u r e  O p e r a t i n g  

C o n s t r u c -  M a n u f a c t u r i n g  L o a d i n g ,  and O p e r a t i n g  V e l o c i t y ,  E n v i r o n -  C y c l e s  
Component t i o n  T o l e r a n c e s  S p e e d  Medium and  P r e s s u r e  m e n t ,  h r  o r  l I ou r s  

L a b y r i n t h  S e a l  Aluminum 2 .535  i n . / Z .  531 OD, Load:  n e g l i -  Sodium V e l o c i t y :  
-Main S h a f t  t o  Bronze  1 2 - i n .  l e n g t h  g i b l e  L i q u i d  2 . 2 7  f t / s e c  
R e a c t o r  V e s s e l  (Ampco 1 8 -  23 c i r c u m f e r e n t i a l  S p e e d :  max i -  AP :  9 . 6  p s i  
Cove r  1 3 )  g r o o v e s  1 / 4 - i n .  mum 8 . 5  f t / s e c  700 t o  8 4 5  O F  2 8 , 0 5 5  % 8 , 4 7 0  h r  

w i d e  0 . 0 7 6 - i n .  C l e a r a n c e  : ( N e u t r o n  f l u x )  
deep  0 . 0 3 0  i n .  700 " F  %27 ,423  

300 t o  700 O F  2 3 , 9 4 2  

R e a c t o r  Ves-  Wrought 2 .559  i n . / 2 . 5 6 7  I D  Load ,  n e g l i -  Same a s  Same a s  Same a s  Same a s  
s e l  Cove r  S t e l l i t e  2 9 - l / 8  i n .  l e n g t h  g i b l e ;  C l e a r -  above  a b o v e  above  a b o v e  
S l e e v e  6 B a n c e ,  0 . 0 3 0  i n .  



The l a b y r i n t h  s e a l  was i n v o l v e d  i n  one c o n t r o l - r o d - d r i v e  

o p e r a t i n g  f a i l u r e .  The Mark-I o s c i l l a t o r - r o d  d r i v e  b e a r i n g  

assembly o p e r a t e d  i n  t h e  r e g i o n  above t h e  sodium poo l  i n  a rgon 

a t  abou t  150 O F .  The assembly i n c l u d e d  a  b a l l  bush ing  t h a t  

f a i l e d  a f t e r  5800 h r  o f  e x p o s u r e ,  a l l o w i n g  t h e  b a l l s  t o  work 

down t h e  s h a f t ,  o u t  t h e  sodium v e n t  h o l e s ,  and i n t o  t h e  a d j a c e n t  

c o n t r o l - r o d  d r i v e - s h a f t  l a b y r i n t h  s e a l s .  T h i s  r e s u l t e d  i n  t h e  

f a i l u r e  o f  two c o n t r o l  rods  t o  drop  d u r i n g  a  scram.  A new 

d r i v e  w i t h o u t  b a l l  b u s h i n g s  was s u b s e q u e n t l y  d e s i g n e d .  

To p r e v e n t  p r imary  sodium from e n t e r i n g  t h e  main s h a f t  

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

welded t o  s t a i n l e s s - s t e e l  b e l l o w s  which a c t  as  i n t e r n a l  s h a f t  

s e a l s .  The a c t u a t i n g  s h a f t s  a r e  Type 304 SS and t h e  s e a l s  a r e  

two-p ly ,  semi-welded b e l l o w s  o f  Type 347 SS s h e e t ,  0 . 0 1 0 - i n .  

t h i c k .  

Above t h e  b i o l o g i c a l  s h i e l d ,  t h e  annu lus  between t h e  main 

s h a f t  and t h e  g u i d e  b e a r i n g  tube  i n  t h e  r o t a t i n g  p l u g  i s  

t e r m i n a t e d  by a  n e s t i n g - t y p e  b e l l o w s  s e a l .  The purpose  o f  t h e  

s e a l  i s  t o  p r e v e n t  a rgon  gas  l e a k a g e  from t h e  p r imary  t a n k  

w i t h o u t  i m p a i r i n g  v e r t i c a l  motion o f  t h e  main s h a f t .  T h i s  

b e l l o w s  s e a l  i s  composed o f  198 d i s c s  which a r e  welded 

t o g e t h e r  a t  t h e  i n n e r  and o u t e r  e d g e s .  Each d i s c  i s  made o f  

Type 347 SS and measures  2 - 9 / 1 6 - i n .  ID, 4 - 1 / 2 - i n .  O D ,  and i s  

0.010 i n .  t h i c k .  During downward t r a v e l  o f  t h e  main s h a f t ,  

t h e  d i s c  p o r t i o n  o f  t h e  b e l l o w s  i s  compressed from 1 9 - 7 / 8  i n .  

t o  5 - 7 / 8  i n .  During t h e  c o n t r o l  r o d  "pickup" sequence ,  t h e  

b e l l o w s  i s  compressed an a d d i t i o n a l  7/8 i n .  t o  5 i n .  

The lower  f i t t i n g  o f  t h e  b e l l o w s  i s  t h r e a d e d  o n t o  t h e  

t o p  end  o f  t h e  g u i d e  b e a r i n g  t u b e ,  compress ing  an aluminum 

g a s k e t  t o  e f f e c t  a  g a s - t i g h t  s e a l .  Also  p o s i t i o n e d  a t  t h e  

same e l e v a t i o n  i s  a  m a i n - s h a f t  g u i d e  b e a r i n g  and Ampco No. 18 -13  

a l l o y  r i n g  which p r o v i d e s  a  r a d i a l  c l e a r a n c e  o f  0 .011 i n .  



around t h e  main s h a f t .  S e c t i o n s  o f  t h e  i n s i d e  d i a m e t e r  o f  t h e  

r i n g  a r e  r e l i e v e d  t o  p e r m i t  gas  f low i n  and o u t  o f  t h e  b e l l o w s  v 

d u r i n g  c o n t r o l  rod  s t r o k e s  and sc rams .  

The upper  f i t t i n g  o f  t h e  b e l l o w s  i s  t h r e a d e d  t o  t h e  main 

s h a f t ,  whereupon a  g a s - t i g h t  s e a l  i s  e f f e c t e d  by compress ing  a  

g r a p h i t e - a s b e s t o s  p a c k i n g  g l a n d .  A l l  p a r t s  o f  t h e  s e a l  which 

f a s t e n  t o  t h e  main s h a f t  can b e  d i sengaged  t o  f a c i l i t a t e  r e p l a c e -  

ment o f  t h e  b e l l o w s  w i t h o u t  removing t h e  main s h a f t  and t h e  

g r i p p e r  from t h e  p r i m a r y  t a n k .  

An e x a m i n a t i o n  o f  a  c o n t r o l  r o d  which had  been  i n  t h e  

r e a c t o r  f o r  a b o u t  a  y e a r  showed t h a t  t h e  upper  and lower  g u i d e  

bush ings  b o t h  made o f  b e r y l l i u m  copper  were s e v e r e l y  c o r r o d e d  

a n d / o r  e r o d e d .  T h i s  was f e l t  t o  be  s i g n i f i c a n t  b e c a u s e  t h e  
' 

o p e r a t i n g  envi ronment  was rough ly  t h e  same a s  f o r  t h e  l a b y r i n t h  

s e a l .  One aluminum-bronze l a b y r i n t h  s e a l  from a  c o n t r o l - r o d  

d r i v e  t h a t  had  been i n  t h e  r e a c t o r  abou t  2 y e a r s  ( s e e  Tab le  1 )  

showed no i n d i c a t i o n  o f  wear  o r  d i s s o l u t i o n .  P l a n s  a r e  i n  

p r o g r e s s  t o  r e p l a c e  t h e s e  b e r y l l i u m - c o p p e r  gu ide  b u s h i n g s  w i t h  

t h e  same aluminum bronze  used  f o r  t h e  l a b y r i n t h  s e a l .  

S R E  A N D  H A L L A M  

Both t h e  Sodium R e a c t o r  Exper iment  and t h e  Hallam N u c l e a r  

Power F a c i l i t y  were d e s i g n e d  t o  have a  minimum o f  o p e r a t i n g  

mechanisms exposed  t o  a  sodium env i ronment .  Each c o n t r o l - r o d  

assembly o p e r a t e d  i n s i d e  a  t h i m b l e  t h a t  exc luded  r e a c t o r  sodium 

and cover  gas  ; a  s e p a r a t e  h e l i u m  envi ronment  was p r o v i d e d  

i n s i d e  t h e  t h i m b l e .  However, Atomics I n t e r n a t i o n a l  h a s  t e s t e d  

a r e c i p r o c a t i n g - r o d  s e a l  i n  1200 O F  sodium f o r  t h e  Sodium 

G r a p h i t e  R e a c t o r  c o n t r o l  - rod  development  program.  ( 7 )  The assem- 

b l y  c o n s i s t e d  o f  a  2 - i n .  d i a m e t e r  m e t a l  s e a l  u sed  s i m i l a r l y  t o  

an O - r i n g  a p p l i c a t i o n .  I n  o r d e r  f o r  t h e  s e a l  t o  f u n c t i o n  

p r o p e r l y ,  a  f i l m  o f  sodium remained on t h e  c o n t r o l - r o d  s h a f t  a s  



i t  p a s s e d  through t h e  s e a l .  S i n c e  t h e  t e m y e r a t u r e  o f  t h e  

s e a l  and s h a f t  was 1200 O F ,  some v a p o r i z a t i o n  o f  t h e  sodium 

o c c u r r e d  fo l lowed  by c o n d e n s a t i o n  i n  t h e  u p p e r ,  c o o l e r  r e g i o n  

o f  t h e  sys t em.  The r e s u l t i n g  d r e s s  and r a d i o a c t i v i t y  i n  t h i s  

upper  r e g i o n  n e g a t e d  t h e  o t h e r w i s e  a t t r a c t i v e  f e a t u r e s  o f  t h i s  

s e a l .  Also t h e  sodium f i l m  remain ing  on t h e  s h a f t  w a l l s  c o u l d  

be o x i d i z e d  even w i t h  a  low oxygen l e v e l  i n  t h e  cove r  gas  and 

t h i s  sodium o x i d e  accumula t ion  e v e n t u a l l y  cou ld  i n t e r f e r e  w i t h  

t h e  o p e r a t i o n  o f  t h e  p i s t o n .  I f  t h e  s e a l  were c o n t i n u o u s l y  

immersed i n  l i q u i d  sodium, o x i d e  accumula t ion  would n o t  be  a  

problem i f  a  r e a s o n a b l e  sodium p u r i t y  l e v e l  were m a i n t a i n e d .  

F E R M I  

I n  t h e  Fermi r e a c t o r ,  t h e  c o n t r o l - r o d  d r i v e  e x t e n s i o n  

p e n e t r a t e s  t h e  r o t a t i n g - s h i e l d  p l u g  by means of  a  s e a l  t h imble  

b o l t e d  i n t o  t h e  holddown mounting p l a t e .  Two s i l i c o n e - r u b b e r  

s e a l s  a r e  used  i n  t h i s  low t e m p e r a t u r e  (250 O F )  p e n e t r a t i o n .  

The e x t e n s i o n ,  which moves th rough  a  r e c i p r o c a t i n g  s t r o k e ,  i s  

s e a l e d  by a  Type 304 SS s e l f - n e s t i n g ,  welded be l lows  t h a t  does 

n o t  scram.  The be l lows  i s  a t t a c h e d  t o  t h e  s e a l  t h imble  and 

t h e  rod  d r i v e  e x t e n s i o n  and t h u s  i s o l a t e s  t h e  r a d i o a c t i v e  p r i -  

mary sys t em gas from t h e  a tmosphere  o u t s i d e  t h e  r e a c t o r .  A 

chevron- type  T e f l o n  p a c k i n g  s e a l  o p e r a t i n g  on t h e  r e c i p r o c a t i n g  

s h a f t  i s  used  a s  a  back-up  s e a l  i n  c a s e  o f  f a i l u r e  o f  t h e  

be l lows  s e a l .  T e f l o n  was s e l e c t e d  because  o f  t h e  low tempera-  

t u r e  (250 O F )  a t  t h e  l o c a t i o n  and because  i t  e x h i b i t s  t h e  low 

f r i c t i o n  n e c e s s a r y  f o r  r e l i a b l e  o p e r a t i o n  o f  t h e  e x t e n s i o n .  

When t h e  c o n t r o l  rod  was o r i g i n a l l y  d e s i g n e d ,  t h e  m e t a l  

b e l l o w s  appea red  t o  be  t h e  o n l y  s t a n d a r d  s e a l i n g  method a v a i l -  

a b l e  t h a t  was c a p a b l e  o f  m a i n t a i n i n g  z e r o  l e a k a g e  o v e r  a  l o n g  

r e c i p r o c a t i n g  s t r o k e  (54 i n .  i n  t h i s  d e s i g n )  w h i l e  o y e r a t i n g  

f o r  ex tended  t ime  p e r i o d s  i n  a  h i g h - t e m p e r a t u r e  a tmosphere  

c o n t a i n i n g  sodium v a p o r .  However, because  t h e  r e l i a b i l i t y  of 



welded be l lows  was q u e s t i o n a b l e  a t  t h a t  t i m e ,  t h e  d e s i g n  was t o  

p r o v i d e  f o r  q u i c k  r ep lacemen t  o f  t h e  be l lows  from t h e  t o p  o f  

t h e  p l u g  w i t h o u t  removing t h e  rod  d r i v e  e x t e n s i o n  from t h e  

r e a c t o r .  The lower  be l lows  f l a n g e  c o n n e c t i o n  was t h e r e f o r e  

b o l t e d  t o  t h e  rod  d r i v e  e x t e n s i o n ,  b u t  because  o f  d i f f i c u l t i e s  

i n  s e a l i n g  t h e  b o l t e d  f l a n g e ,  i t  was n e c e s s a r y  t o  s e a l  weld  t h e  

f l a n g e ,  and t h e  q u i c k - r e p l a c e m e n t  f e a t u r e  was n e g a t e d .  A s  

e x p e r i e n c e  w i t h  t h e  b e l l o w s  h a s  accumula ted ,  t h e i r  r e l i a b i l i t y  

h a s  been  found t o  be  v e r y  good and t h e  f r e q u e n c y  o f  r ep lacemen t  

i s  e x p e c t e d  t o  be low enough s o  t h a t  removal o f  t h e  assembly by 

c u t t i n g  t h e  s e a l - w e l d  t o  remove t h e  b e l l o w s  can be a c c e p t e d  a s  

s t a n d a r d  r e p a i r  p r o c e d u r e .  

Refe rence  8 a l s o  s t a t e s  t h a t  t h e  o p e r a t i n g  c o n t r o l - r o d  and 

s a f e t y - r o d  d r i v e  mgchanisms o p e r a t e d  s a t i s f a c t o r i l y  i n  t h e  

r e a c t o r  f o r  n e a r l y  3 y e a r s ,  and t h a t  w i t h  t h e  e x c e p t i o n  o f  a  

s i n g l e  l o w e r - l a t c h  be l lows  f a i l u r e  ( n o t  t o  be  confused  w i t h  

t h e  r e c i p r o c a t i n g  be l lows  d e s c r i b e d  above)  per formance  o f  a l l  

be l lows  s e a l s  ( a p p r o x i m a t e l y  35) was t r o u b l e  f r e e .  The l a t c h  

b e l l o w s  t h a t  f a i l e d  was d e s i g n e d  t o  keep t h e  l a t c h - r o d  c a v i t y  

l e a k  t i g h t  a g a i n s t  t h e  e n t r a n c e  o f  r e a c t o r  sodium; when t h e  

b e l l o w s  f a i l e d ,  l i q u i d  sodium from t h e  poo l  i n  t h e  upper  plenum 

e n t e r e d  t h e  l a t c h - r o d  c a v i t y .  When t h e  c o n t r o l  - r o d  e x t e n s i o n  

was r a i s e d  t o  t h e  f u l l - u p  p o s i t i o n  and h e l d  t h e r e ,  f o r  a  l o n g  

enough p e r i o d ,  enough sodium f r o z e  t o  i n t e r f e r e  w i t h  p r o p e r  r o d  

d e l a t c h i n g .  As a  p r e c a u t i o n ,  a f t e r  t h e  one f a i l u r e  was d i s -  

c o v e r e d ,  a l l  t h e  l a t c h - r o d  b e l l o w s  were r e p l a c e d  w i t h  new b e l -  

lows o f  t h e  same d e s i g n .  A l l  o f  t h e  d i s c a r d e d  b e l l o w s  were 

found t o  b e  c o r r o s i o n - f r e e  and l e a k -  t i g h t .  

Re fe rence  9 summarizes a  l i t e r a t u r e  s e a r c h  on f a b r i c a t i o n  

and o p e r a t i o n  o f  b e l l o w s  i n  sodium and NaK s y s t e m s .  A t e n t a t i v e  

s p e c i f i c a t i o n  f o r  p rocuremen t  o f  t h e  b e l l o w s  s e a l  f o r  t h e  FTR 

c o n t r o l - r o d  d r i v e  i s  p roposed .  



R E F E R E N C E S  

L i q u i d  Meta l  F a s t  B r e e d e r  R e a c t o r  Program P l a n :  Volume 3,  
Components ,  WASH-1103. A tomic  Energy Commiss ion,  
Wash ing ton ,  D . C . ,  Augus t  1968.  

J .  G .  Y e u i c k .  F a s t  R e a c t o r  Techno l o g y :  P l a n t  Des ign .  
The M.I.T. P r e s s ,  Cambridge,  M a s s a c h u s e t t s ,  1966.  

J .  K .  Ba lkwi  Z Z .  Mechanica l  EZements O p e r a t i n g  i n  Sodium 
and O t h e r  A l k a l i  M e t a l s  - VoZ I ,  L i t e r a t u r e  Surve .y ,  
LMEC-68-5. L i q u i d  Meta l  E n g i n e e r i n g  C e n t e r ,  Canoga 
Park ,  C a l i f o r n i a ,  December 31,  1968.  

B .  P .  B r o o k s ,  e t  a l .  The S e l e c t i o n ,  Des ign  M o d i f i c a t i o n  

a l i  f o r n i a ,  December 1 ,  1960.  

S .  B e r g e r  e t ,  aZ.  HaZZam N u c l e a r  Power F a c i Z i t q  R e a c t o r  
O p e r a t i o n s  A n a l y s i s  Program Semi-Annual  P r o g r e s s  R e p o r t  
No. 4  - Februarg 29,  1964 t o  S e p t e m b e r  30 ,  1964,  
NAA-SR-10743. A tomic s  I n t e r n a t i o n a l ,  Canoga Park ,  - 
C a l i f o r ~ n i a ,  May 15,  1965.  

E .  H u t t e r  and G .  G i o r g i s .  Des ign  and Per formance  
C h a r a c t e r i s t i c s  o f  EBR-I1 C o n t r o l  Rod Dr i ve  Mechanisms,  
ANL-6921. Argonne f l a t i o n a l  L a b o r a t o r y ,  Argonne,  
I l l i n o i s ,  Augus t  1964.  

Annual T e c h n i c a l  p r o g r e s s  R e p o r t ,  AEC UncZass i  f i e d  
Programs,  F i s c a l  Y e a r  1963,  NAA-SR-8888. A tomic s  
I n t e r n a t i o n a l ,  Canoga Park ,  C a l i f o r n i a ,  March 1 ,  1964.  

J .  W .  Hess .  Des ign  and O p e r a t i n g  E x p e r i e n c e  w i t h  t h e  
C o n t r o l  and S a f e t q  Rod Dr i ve  Mechanisms f o r  t h e  E n r i c o  
Fermi F a s t  B r e e d e r  R e a c t o r ,  A P D A - 3 0 1 .  A tomic  Power 
Deve lopment  A s s o c i a t e s ,  D e t r o i t ,  M ich igan ,  June 1 ,  1966 .  

R. C .  A u n g s t .  BeZZows S e a l s  f o r  L i q u i d  Metal  S y s t e m s  - 
L i  t e r a t u r e  S e a r c h  f o r  F a b r i c a t i o n  and O p e r a t i o n  
E x p e r i e n c e ,  BNWL-905. B a t t e Z Z e - N o r t h w e s t ,  R i c h l a n d ,  
W a s h i n g t o n ,  November 1968.  





A P P E N D I X  B  

B I B L I O G R A P H Y  OF R E F E R E N C E S  ON R E A C T I V I T Y  

CONTROL D E V I C E S  A N D  S Y S T E M S  





B I B L I O G R A P H Y  OF R E F E R E N C E S  ON R E A C T I V I T Y  

C O N T R O L  D E V I C E S  A N D  S Y S T E M S  

D i r e c t o r y  o f  N u c l e a r  R e a c t o r s ,  Volume I V ,  Power R e a c t o r s ,  
Z;: , ; ~ ~ n c t i o n a l  A t o m i c  Energy Agency ,  V i e n n a ,  Aus t r i a ,  
1962 

APDA-PRDC Y e c h n i c a l  I n f o r m a t i o n  and Hazards  Summarx 
R e p o r t ,  WP- 10458.  D i v i s i o n  o f  T e c h n i c a l  I n f o r m a t i o n  
E x ~ s n s i o n ,  Oak R i d g e ,  T e n n e s s e e ,  June 1961.  

W. ~ 7 .  McCarthy,  J r .  e t  a l .  " R e c e n t  O p e r a t i n g  E x p e r i e n c e  
olC t h e  F n r i c o  Fermi A t o m i c  Power PZant ,"  London Con- 
f s ~ ~ e - q c e  on F a s t  B r e e d e r  R e a c t o r s ,  May 27-29,  1966.  

LMFBR Program O f f i c e  F a s t  R e a c t o r  N e w s l e t t e r ,  No. 26 ,  
Augus t  2 5 ,  1966.  

L. 3 .  Koch, W .  B .  L o e w e n s t e i n ,  and H .  0. Monson. 
Addendum t o  Hazards  Summary R e p o r t ,  E x p e r i m e n t a l  B r e e d e r  
R e a c t o r - 1 1  (EBR-11), ANL- 5719 (Addendum) ,  Argonne 
P ~ ~ a t i o n c l  L a b o r a t o r y ,  Argonne ,  I Z Z i n o i s ,  January  1964.  

B. 8. Monson. EBR-11 I n i t i a l  O p e r a t i o n - - H i g h l i g h t s ,  
London C o n f e r e n c e  on F a s t  B r e e d e r  R e a c t o r s ,  May 17-19,  
1966.  

H .  C a r t w r i g h t  e t  a l .  The Dounreay F a s t  R e a c t o r - - B a s i c  
Prob lems  i n  Des ign ,  P r o c e e d i n g s  o f  Second  U .  llT. I n t .  
C o n f .  on t h e  P e a c e f u l  Uses  o f  A tomic  Energy ,  U n i t e d  
N a t i o n s ,  N .  Y . ,  1958.  

Symposium on t h e  Dounreay F a s t  R e a c t o r ,  J o u r n a l  o f  
B r i t i s h  N u c l e a r  Energy  C o n f e r e n c e ,  J u l y  1961 .  

K .  J .  Henry and A .  G .  Edwards.  A  Rev iew o f  t h e  O p e r a t i o n  
o f  t h e  Dounreay F a s t  R e a c t o r ,  London C o n f e r e n c e  on  F a s t  
B r e e d e r  R e a c t o r s ,  May 17-19,  1966.  

J .  D. Cochran and J .  E .  Owens. I n i t i a l  O p e r a t i o n  o f  
t h e  Sodium G r a p h i t e  R e a c t o r  a t  t h e  Hallam N u c l e a r  
Power ~ a c i  l i t 9 ,  P r o c e e d i n g s  o f  t h e  American Power 
C o n f e r e n c e .  V o l .  XXVI. A v r i l  14-16.  1964 .  n n .  201-209.  

J .  D .  Cochran e t  a l .  O p e r a t i n g  E x p e r i e n c e  w i t h  Large 
Sodium-Cooled R e a c t o r  P l a n t s ,  P r o c e e d i n g s  o f  t h e  Ameri-  
can Power C o n f e r e n c e ,  A p r i l  26-28,  1966 .  



Sodium R e a c t o r  E x p e r i m e n t  Power Expans ion  Program R e a c t o r  
S a f e t y  A n a l y s i s  R e p o r t ,  NAA-SR-9516 ( R e v .  ) .  A t o m i c s  I n t e r -  
n a t i o n a l ,  Canoga Park ,  C a Z i f o r n i a ,  November 2 ,  1964 .  

A .  G .  Frame e t  a l .  Des ign  o f  t h e  P r o t o t y p e  F a s t  R e a c t o r ,  
London C o n f e r e n c e  on F a s t  B r e e d e r  R e a c t o ~ s ,  May 17-19 ,  
1966.  

U.K. A .  E. A .  P r o t o t y p e  F a s t  R e a c t o r  S p e c i f i c a t i o n - -  
Commercial  ( n o  d a t e ) .  

R. V u s t n e r .  Rapsod i e - -A  V i t a l  F a s t  R e a c t o r  P r o j e c t , "  
N u c l e a r  E n g i n e e r i n g ,  p p .  316-321.  Sep t ember  1963 .  

A .  C h a l o t  e t  aZ.  F i r s t  Exper imentaZ  R e s u l t s  on t h e  
E n g i n e e r i n g  Mode Z o f  R a p s o d i e ,  EURFJR-49F. U n i t e d  S t a t e s -  
Euratom F a s t  R e a c t o r  Exchange Program, June 1964.  

A .  I .  L e i p u n s k i i  e t  a l .  The BN-350 and BOR F a s t  R e a c t o r s ,  
London C o n f e r e n c e  on F a s t  B r e e d e r  R e a c t o r s ,  May 17-19,  
1966.  

A .  I .  L e i p u n s k i i  e t  a l .  Sodium-Cooled F a s t  R e a c t o r s ,  Proc .  
T h i r d  U.?J. I n t e r n a t i o n a l  C o n f e r e n c e  on t h e  P e a c e f u l  Uses  
o f  A tomic  Energy ,  U n i t e d  N a t i o n s ,  fl. Y . ,  1964.  

P r e l i , ~ i n a r y  S a f e g u a r d s  Summary R e p o r t - - S o u t h w e s t  E x p e r i -  
m e n t a l  F a s t  Ox ide  R e a c t o r  (SEFOR), P a r t  I .  

20 .  P r o g r e s s  R e p o r t - - F a s t  F l u x  T e s t  R e a c t o r ,  I n t e r i m  R e f e r e n c e  
Conce? t ,  BNWL-CC-400, B a t t e Z Z e - N o r t h w e s t ,  R i c h l a n d ,  
W a s h i n g t o n ,  February  1 ,  1966.  

21.  F a s t  R e a c t o r  T e s t  F a c i l i t y  (FARETj--Volume I - -  D e s c r i p t i o n  
and Program, A N L -  71 68 .  Argonne Nat ionaZ L a b o r a t o r y ,  
Argonne ,  I Z Z i n o i s ,  March 1966 .  

22.  P r e l i m i n a r y  S a f e t y  A n a l g s i s  of t h e  F a s t  R e a c t o r  T e s t  
F a c i l i t y  (FARET), ANL-6813, S u p p l e m e n t  flo. 1 .  Argonne 
N a t i o n a l  L a b o r a t o r y ,  Argonne,  I l l i n o i s ,  J u l y  1965 .  

23.  Proceed ir lgs  o f  t h e  Mee t i ng  on F a s t  R e a c t o r  C o n t r o l  
Mechanisms,  Sep t ember  16 and 17 ,  1964,  WASH-1054 ( P t .  1 ) .  
A t o m i c  Energy Commiss ion ,  W a s h i n g t o n ,  D .  C .  

24 .  J .  W .  Hess .  Des ign  and O p e r a t i n g  E x p e r i e n c e  w i t h  t h e  
C o n t r o l  and S a f e t y  Rod D r i v e  Mechanisms f o r  t h e  E n r i c o  
Fermi B r e e d e r  R e a c t o r ,  APDA-301. A t o m i c  Power Deve lopment  
A s s o c i a t e s ,  I n c . ,  D e t r o i t ,  M ich igan ,  1966 .  



E .  H u t t e r  and G .  G i o r g i s .  Design and Per formance  
~ h a r a c t e r i s t i c s  o f  EBR-II Contro  Z Rod Dr ive  Mechanisms,  
ANL-6921, Argonne N a t i o n a l  L a b o r a t o r y ,  Argonne,  I Z Z i n o i s ,  
Augus t  1964. 

E .  H u t t e r  e t  a l .  FARET Control .  Rod Dr i ve  Mechanism, 
ANL- 7158,  Argonne N a t i o n a l  L a b o r a t o r g ,  Argonne,  

R. 0 .  Haro ldsen  e t  aZ. S a f e t y  A n a l y s i s  R e p o r t  EBR-I, 
Mark I V ,  ANL-6411. Argonne Nat ionaZ L a b o r a t o r y ,  Argonne,  
I l l i n o i s ,  February 1963. 

J .  G .  Y e v i c k  and A .  Amoros i ,  ( e d s .  I ,  F a s t  R e a c t o r  
T e c h n o l o g y - P l a n t  Des ign ,  MIT P r e s s ,  Cambridge,  
M a s s a c h u s e t t s ,  1966.  

R e a c t o r  E n g i n e e r i n g  D i v i s i o n  Annual R e p o r t ,  J u l y  I ,  
1964 t o  June 20 ,  1965,  ANL-7190. Argonne N a t i o n a l  
L a b o r a t o r y ,  Argonne,  I Z l i n o i s ,  March 1966. 

R e a c t o r  Development  Program P r o g r e s s  R e p o r t - J a n u a r y ,  
1964, ANL-6840. p .  34.  Argonne N a t i o n a l  L a b o r a t o r y ,  
Argonne,  I l l i n o i s .  

R e a c t o r  Deve Zopment Program, P r o g r e s s  R e p o r t ,  March 19 66 .  
A N L -  719 3. Arqonne Nat ionaZ L a b o r a t o r y ,  Argonne,  - - 

I l l i n o i s ,  ~ p r k l  22,  1966. 

C .  L. Chern i ck  and A .  GZassner .  R e a c t o r  Development  
Program, P r o g r e s s  R e p o r t ,  June 1967,  A N L -  7349.  
p p .  10-1 1 .  Argonne N a t i o n a l  L a b o r a t o r y ,  Argonne,  
I l l i n o i s .  

33 .  P .  E l i a s  and G .  G o l d f u s s .  A  P r o t o t y p e  P o r t a b l e  Pump 
and Oxide-Cleanup  S y s t e m  f o r  EBR-11 R o t a t i n g  S h i e l d  
P lug  SeaZs ,  ANL-7379. p .  4. Argonne N a t i o n a l  
L a b o r a t o r y ,  Argonne,  I l Z i n o i s ,  Augus t  1967. 

34. A .  V .  Crewe. R e a c t o r  DeveZopment Program, P r o g r e s s  
R e p o r t ,  February 1967,  ANL-7308. p .  2. Argonne 
N a t i o n a l  L a b o r a t o r y ,  Argonne,  I Z Z i n o i s .  

35. A .  V .  Crewe. R. M .  Adams. and A .  GZassner .  R e a c t o r  a - 
Development  Program, P r o g r e s s  R e p o r t ,  March 1967, 
A N L -  731 7 .  p .  4 .  Argonne N a t i o n a l  L a b o r a t o r y ,  Argonne,  
I l l i n o i s .  



C .  H .  S c h e i b e l h u t .  "EBR-11 M a t e r i a l s  ~ x p e r i e n c e ,  " 
P r o c e e d i n g s  o f  Sodium Components D e v e l o p h e n t  program, 
June 16-17.  1965.  CONF-650620. A v a i Z a b Z ~  from CZear7l:na- ~ . -  - -  - - . ~  . . - - -  * - -  - - - - - - -  - 

house  f o r  i e d e r a i  S c i e n t i f i c  and T e c h n i c a l  ~ n f o r m a t i o n :  
s p r i n g f i e  l d ,  V i r g i n i a .  

APDA R e a c t o r  Components T e s t ,  APDA-147. A tomic  Power 
Development  A s s o c i a t e s ,  D e t r o i t ,  Mich igan ,  November 1962.  

A .  A. Shoudy ,  J r .  e t  aZ. "Fermi  M a t e r i a l s  E x p e r i e n c e , "  
~ r o c e e d i n g s -  o f  Sodium Components Development  Program, ~ 

June 16-17,  1965,  CONF-650620. A v a i l a b l e  from C l e a r i n g -  
h o u s e ,  f o r  Federa l  S c i e n t i f i c  and T e c h n i c a l  I n f o r m a t i o n ,  
S p r i n g f i e  Zd, V i r g i n i a .  

J .  L. P h i l l i p s .  F u l l  O p e r a t i o n  o f  t h e  Dounreay P a s t  
R e a c t o r ,  F a s t  R e a c t o r  T e c h n o l o g y ,  N a t i o n a l  T o p i c a l  
M e e t i n g ,  A p r i l  26-28,  1965,  ANS-100. American N u c l e a r  
S o c i e t y ,  Ch icago ,  I l l n o i s .  

L i q u i d  Meta l  F a s t  Breeder  R e a c t o r  Des ign  S t u d y ,  WCAP-3251-1. 
W e s t i n g h o u s e  E l e c t r i c  Company, P i t t s b u r g h ,  Pennsy l v a n i a ,  
January  1964.  

1000 Mwe Me ta l -Fue l ed  F a s t  B r e e d e r  R e a c t o r ,  AIL- 7001 .  
Argonne N a t i o n a l  L a b o r a t o r y ,  Argonne,  I l l i n o i s ,  June 
1966 .  

Annual  T e c h n i c a l  P r o g r e s s  R e p o r t ,  AEC ~ n c l a s s i  f i e d  
Programs- -F i sca l  Y e a r ,  1966,  NAA-SR-12010. A tomics  
I n t e r n a t i o n a l ,  Canoga Park ,  C a l i f o r n i a .  

R e a c t o r  DeveZopment Program P r o g r e s s  R e p o r t  - A u g u s t ,  1966 ,  
ANL- 7249,  p p .  24-36.  Argonne Nat ionaZ L a b o r a t o r y ,  Argonne ,  
I Z Z i n o i s .  

A .  V .  Crewe,  S .  L a w r o s k i ,  R. C .  V o a e l ,  M .  ~ o v i c k ,  
M .  V .  l e v i t ;  e t  a l .  ~ e a c t o r  ~ e v e ~ ; ~ r n e n t  program; P r o g r e s s  
R e p o r t ,  June 1966, ANL- 7230,  p p .  56-57.  Argonne 
Nat ionaZ LaEoraZory,  Argonne,  I Z Z i n o i s .  

Sma l l  N u c l e a r  Power P l a n t s ,  COO 284 (VoZ.  1 ) .  Chicago 
O p e r a t i o n s  O f f i c e  ( A E C ) ,  O c t o b e r  1966.  

B .  J .  G a r r i c k ,  W .  C .  G e k l e r  and H .  P .  Pomrehn. An - 
A n a l y s i s  o f  N u c l e a r  Power P l a n t  O p e r a t i n g  and S a f e t y  
E x p e r i e n c e ,  HN-185. Holmes & N a r v e r ,  I n c . ,  Los A n g e l e s ,  
C a l i f o r n i a ,  December 15,  1966.  



47. Q u a r t e r l y  P r o g r e s s  R e p o r t  on R e a c t o r  Deve lopment  - 
O c t o b e r  1955,  ANL-5514, p .  7 .  Argonne N a t i o n a l  L a b o r a t o r y ,  

~. 

Argonne ,  I l l i n o i s .  

48.  " W o r l d ' s  Power R e a c t o r s  - 1966,  " N u c l e a r  E n g i n e e r i n g .  
A p r i l  1966 .  

49. Q u a r t e r l y  T e c h n i c a l  P r o g r e s s  R e p o r t  - January  - March, 
1966,  NAA-SR-11900. A t o m i c s  I n t e r n a t i o n a l ,  Canoga Park ,  
C a l i f o r n i a .  

5 0 .  R e a c t o r  Deve lopment  Program P r o g r e s s  R e p o r t  - May, 1966,  
ANL- 7 2 1 9 ,  p .  26 .  Argonne N a t i o n a l  L a b o r a t o r y ,  Argonne ,  
1 1  l i n o i s .  

51. " E f f e c t  o f  High T e m p e r a t u r e  Sodium on  A u s t e n i t i c  and 
F e r r i t i c  S t e e l s - M e c h a n i c a l  P r o p e r t i e s  o f  M a t e r i a l s ,  
Q u a r t e r l g  P r o g r e s s  R e p o r t - J u l y  1966,  MSAR 66- 149.  MSA 
R e s e a r c h  C o r p o r a t i o n ,  G a l l e r y ,  P e n n s y l v a n i a .  

5 2 .  L. R. Kelman and R. J .  Dunworth.  S e l e c t i o n  o f  t h e  
S t r u c t u r a Z  M a t e r i a l  f o r  t h e  FARET L i q u i d - M e t a l s  S y s t e m s ,  
ANL-6939. Argonne N a t i o n a l  L a b o r a t o r y ,  Argonne ,  
I l l i n o i s ,  December 1964.  

5 3 .  N .  P. C h i r o n i s .  "Spec iaZ  R e p o r t  - D e s i g n i n g  f o r  Zero  
Wear o r  a P r e d i c t a b l e  Minimum,'' P r o d u c t  E n g i n e e r i n g .  
A u g u s t  15 ,  1966.  





A P P E N D I X  C 

B I B L I O G R A P H I C  A B S T R A C T S  O F  DOCUMENTS 

D E A L I N G  W I T H  S E A L S  ON L I Q U I D  METAL C O O L E D  R E A C T O R S  





T i t l e  

A P P E N D I X  C  

B I B L I O G R A P H I C  A B S T R A C T S  OF DOCUMENTS 

D E A L I N G  W I T H  S E A L S  ON L I Q U I D  M E T A L  C O O L E D  R E A C T O R S  

\ A b s t r a c t  
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f a i l u r e .  Under t h e  s u b j e c t  c o n t r a c t ,  
a  m o d i f i e d  c e l l  d e s i g n  s u b s t i t u t i n g  an 
o x i d e  f i l m  on a  m e t a l l i c  s u b s t r a t e  f o r  
t h e  c e r a m i c  T J B E  w i l l  be  e v a l u a t e d .  
A c t i v i t i e s  d u r i n g  t h i s  f i r s t  r e p o r t  
p e r i o d  were conce rned  p r i m a r i l y  w i t h  
p r o c u r i n g  s p e c i a l  a l l o y  e l e m e n t s ,  modi- 
f y i n g  t h e  sodium l o o p s  t o  a c c e p t  m e t a l -  
l i c  c e l l s ,  and e x p l o r i n g  f i l m  b e h a v i o r  
on a c o n v e n t i o n a l  z i r con ium a l l o y .  
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a r e  p r e s e n t e d  a s  a  s i m p l e  g e n e r a l  work- 
i n g  f o r m u l a e  u s i n g  t h e  example o f  a  
motor  f o r  a  p roposed  50 hp sodium pump. 
The g e n e r a l  c o n c l u s i o n  i s  t h a t  motors  
f o r  t h i s  d u t y  s h o u l d  have a  l a r g e  l e n g t h -  
t o - d i a m e t e r  r a t i o  and  s h o u l d  work a t  
l ower  m a g n e t i c  l o a d i n g  and h i g h e r  e l e c -  
t r i c a l  l o a d i n g  t h a n  i s  normal  p r a c t i c e  
f o r  u n s h e a t h e d  m o t o r s ,  M a i n t a i n i n g  an 
a d e q u a t e  r e s e r v e  o f  p u l l - o u t  t o r q u e  con- 
s t i t u t e s  a  ma jo r  d e s i g n  l i m i t a t i o n  i n  
t h e s e  c i r c u m s t a n c e s .  With t h e  d e s i g n  
p r e s e n t e d ,  a  6 - i n . d i a m e t e r  moto r ,  2 5 - i n .  
l o n g ,  w i t h  a  0 . 0 3 - i n .  t h i c k  Nichrome 
s h e a t h  s h o u l d  b e  a b l e  t o  a t t a i n  50 hp 
a t  1500 rpm. A t  an o v e r a l l  e f f i c i e n c y  
o f  80% i n c r e a s i n g  s h e a t h  t h i c k n e s s  t o  
0 . 0 4 5 - i n .  would d r o p  e f f i c i e n c y  by abou t  
3 % .  Using  a  s o l i d  r o t o r  and p e r m i t t i n g  
t h e  l i q u i d  m e t a l  t o  p e n e t r a t e  t h e  
r o t o r - s h e a t h  gap would i n v o l v e  no s e r i -  
ous  a d d i t i o n a l  l o s s .  An a n a l y s i s  o f  t h e  
problems o f  b e a r i n g  d e s i g n  f o r  u s e  i n  
l i q u i d  m e t a l s  i s  t h e n  made, r e s u l t s  
b e i n g  p r e s e n t e d  i n  t h e  form o f  g e n e r -  
a l i z e d  per formance  c h a r t s  and a  d i s c u s -  
s i o n  o f  t h e i r  i m p l i c a t i o n .  The c o n c l u -  
s i o n  i s  t h a t  a  v e r t i c a l  s h a f t  a r r angement  
w i t h  h y d r o s t a t i c  j o u r n a l s  and a  hydro -  z 
dynamic t h r u s t  b e a r i n g  o f f e r s  g r e a t  r =Z 
a d v a n t a g e s .  Also  shown i s  a  g e n e r a l  I 
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a r rangement  drawing which i n c o r p o r a t e s  w 
t h e  p r e v i o u s l y  d i s c u s s e d  recommendations 2 
f o r  a  p a r t i c u l a r  pump d e s i g n .  
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The des ign  f e a t u r e s  of  t h e  sodium c i r c u -  
l a t i n g  pumps f o r  t h e  Hallam Nuclear  
Power F a c i l i t y  a r e  desc r ibed  i n  d e t a i l .  
R e l a t i v e  c o s t s  of  v a r i o u s  v a r i a b l e -  
speed d r i v e s  and g a s - s e a l i n g  dev i ce s  
a r e  d i s cus sed .  The performance of  one 
pump t e s t e d  wi th  sodium i s  p r e s e n t e d .  , 
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Some m o d i f i c a t i o n s  o f  p r e v i o u s l y  
deve loped  p r e s s u r e  and l e v e l  gages  
f o r  Na and NaK c o o l a n t s  t o  make them 
s u i t a b l e  f o r  u s e  i n  a  B r - 5  f a s t  r e a c t o r  
a r e  d e s c r i b e d .  The t e m p e r a t u r e  r a n g e  o f  
a  rum-type  r ad io -wave  l e v e l  gage was 
r a i s e d  from 250 t o  350 O C  by r e p l a c i n g  
t h e  gage s e a l .  T h i s  m o d i f i c a t i o n  made 
i t  s u i t a b l e  f o r  c o o l a n t  t e m p e r a t u r e s  up 
t o  500 O C .  The r e l i a b i l i t y  o f  a  
p o t e n t i o m e t e r -  t y p e  l e v e l  gage was 
i n c r e a s e d  by r e p l a c i n g  t h e  s e c t i o n a l  
s t r u c t u r e  o f  t h e  s e n s o r  and t u b e s  w i t h  
a s i m p l e  s t a i n l e s s  s t e e l  t u b e ,  t h u s  
s i m p l i f y i n g  t h e  gage d e s i g n  and p r e v e n t -  
i n g  t h e  c o n t a c t  o f  s t e a m  w i t h  sodium o r  
sodium p o t a s s i u m .  The m o d i f i e d  p r e s -  
s u r e  gage  was found t o  b e  s u i t a b l e  f o r  
c o o l a n t  t e m p e r a t u r e s  up t o  500 O C .  Some 
f u t u r e  t r e n d s  i n  development  o f  i n s t r u -  
ments f o r  measur ing  sodium and NaK 
p a r a m e t e r s  a r e  d i s c u s s e d .  
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i n g  M a t e r i a l s )  c y l i n d e r  o p e r a t i n g  t h r o u g h  a  welded 

b e l l o w s  which moves t h e  c a r r i e r  p l a t e  
Document No. and g a t e  i n  a  s i m p l e  r e c t i l i n e a r  p a t h .  

CAPE-1479 
Valve c l o s u r e  i s  accompl i shed  by r o l l e r s  
on ramps n e a r  t h e  end o f  t h e  c a r r i e r  
p l a t e  t r a v e l .  The g a t e  c a r r i e s  a  copper  
d i s k  w i t h  t h e  s e a l  s u r f a c e  machined a t '  
i t s  o u t e r  p e r i p h e r y .  S e a l i n g  i s  accom- 
p l i s h e d  a g a i n s t  a  s u r f a c e  on a  ma t ing  
member e x t e r n a l  t o  t h e  v a l v e  assembly .  
A r e c t a n g u l a r  aluminum f o i l  s e a l  f l a n g e  
p e r m i t s  removal  o f  a l l  v a l v e  components 
f o r  s e r v i c e  o r  r e p l a c e m e n t  w i t h o u t  
removing t h e  v a l v e  from i t s  sys t em.  



T i t l e  

A l k a l i  M e t a l s  B o i l i n g  and Condensing 
I n v e s t i g a t i o n s .  Q u a r t e r l y  P r o g r e s s  
Repor t  I 1  Cover ing  the  P e r i o d  J a n u a r y  1, 
1965 Through hlarch 31 ,  1965. 

Do cumen t No. 

NASA- CR- 5 4 4 0 5  

Authors  

F .  E .  T i p p e t s ,  G .  L .  Converse 

A b s t r a c t  

P r o g r e s s  r e p o r t  f o r  q u a r t e r  e n d i n g  
3 /31 /65 ,  i n  which d e t a i l  d a t a  and a n a l y -  
s i s  a r e  p r e s e n t e d .  Ba lance  of  t h e  b o i l -  
i n g  t e s t  d a t a  o b t a i n e d  i n  t h e  300 KW 
F a c i l i t y  d u r i n g  t h e  p r e v i o u s  q u a r t e r  a r e  
p r e s e n t e d .  B o i l i n g  h e a t  t r a n s f e r  c o e f -  
f i c i e n t s  and two-phase p r e s s u r e  drop  
m u l t i p l i e r s  a p p l i c a b l e  t o  b o i l e r  d e s i g n  
a r e  g i v e n .  R e s u l t s  show dependence on 
t e m p e r a t u r e  l e v e l ,  e x i t  q u a l i t y ,  mass 
v e l o c i t y ,  and h e a t  f l u x ,  c o - c u r r e n t  o r  
c o u n t e r c u r r e n t  f l o w ,  and h e l i c a l  o r  
a x i a l  f l o w .  Var ious  e x p e r i m e n t s  o v e r  
a  r a n g e  o f  p a r a m e t e r s  were per formed i n  
t h e  100 K W  F a c i l i t y ;  i n c l u d e d  were mea- 
su remen t  o f  n u c l e a t e  h e a t  t r a n s f e r  c o e f -  
f i c i e n t s  and e x p l o r a t i o n  o f  h e a t e d  
s u r f a c e  o s c i l l a t i o n s  beyond c r i t i c a l  
h e a t  f l u x  w i t h  h e l i c a l  f l o w .  V a r i o u s  
condens ing  t e s t s  were pe r fo rmed  i n  t h e  
50 KW F a c i l i t y .  



T i t l e  

A l k a l i  Meta l s  B o i l i n g  and Condensing 
I n v e s t i g a t i o n s .  Q u a r t e r l y  P r o g r e s s  
Repor t  1.2 Cover ing  t h e  P e r i o d  A p r i l  1, 
1965 Through June  30, 1965 

Document No. 

NASA-CR-54739 

Authors  

G .  L .  Converse ,  F .  E .  T i p p e t s  

A b s t r a c t  

T h i s  i s  t h e  P r o g r e s s  Repor t  f o r  q u a r t e r  
end ing  6 /30/56  on program t o  o b t a i n  two- 
p h a s e  h e a t  t r a n s f e r  and f l u i d  f low d a t a  
f o r  p o t a s s i u m  under  b o i l i n g  and con-  
d e n s i n g  c o n d i t i o n s .  I t  p r e s e n t s  
a n a l y s i s  and d e t a i l e d  h e a t  t r a n s f e r  
d a t a .  C r i t i c a l  h e a t  f l u x  c o n d i t i o n s  
and t r a n s i t i o n  b o i l i n g  h e a t  t r a n s f e r  
c o e f f i c i e n t s  c a l c u l a t e d  f o r  t h e  3 / 4 - i n .  
t e s t  s e c t i o n  and t h e  a n a l y t i c a l  t r e a t -  
ment f o r  same a r e  p r e s e n t e d .  B o i l i n g  
d a t a  from t h e  100 KW F a c i l i t y  f o r  v a r i -  
ous  p a r a m e t e r s  and c o n d i t i o n s  i s  
p r e s e n t e d .  The l a s t  o f  t h e  condens ing  
d a t a  o b t a i n e d  i n  t h e  50 KW F a c i l i t y  have 
been  r educed  and a r e  r e p o r t e d .  An 
a n a l y s i s  o f  t h e  v a p o r - p h a s e  t h e r m a l  
r e s i s t a n c e  i n  condens ing  b a s e d  on 
k i n e t i c  gas  t h e o r y  t o  d e r i v e  t h e  h e a t  
t r a n s f e r  c o e f f i c i e n t  i s  p r e s e n t e d  and 
used  f o r  compar ison  w i t h  t h e  d a t a .  An 
a n a l y t i c a l  t r e a t m e n t  o f  n u c l e a t e  b o i l i n g  
h e a t  t r a n s f e r  i s  g i v e n ,  i n c l u d i n g  
t h e o r e t i c a l  p r e d i c t i o n  o f  h e a t  t r a n s f e r  
c o e f f i c i e n t s ;  a n a l y s i s  of  r e l a t i o n s h i p s  
between c a v i t y  s i z e  on h e a t  t r a n s f e r  
s u r f a c e  and t h e  w a l l  s u p e r h e a t  r e q u i r e d  
t o  i n i t i a t e  b u b b l e  n u c l e a t i o n  i n  p o t a s -  
s ium;  compar ison  o f  t h e o r e t i c a l  p r e d i c -  
t i o n s  w i t h  e x p e r i m e n t a l  d a t a ;  and recom- W 

Z 
mendat ions  o f  d e s i g n  p r o c e d u r e  f o r  F d 
c a l c u l a t i n g  n u c l e a t e  b o i l i n g  h e a t  t r a n s -  I 

f e r  c o e f f i c i e n t s  . P 
W 
m 
-4 



T i t l e  

Pumps f o r  High-Tempera ture  L iqu id  Systems 
(Space -Nuc lea r  Confe rence ,  May 3 - 5 ,  1961 ,  
G a t l i n b u r g ,  Tenn. ) (American Rocket 
S o c i e t y )  

Document No. 

ARS-PAPER-1743-61 

Authors  

H .  W .  Savage ,  A .  G .  G r i n d e l l  

A b s t r a c t  

H i g h - t e m p e r a t u r e  pumps have been  
r e q u i r e d  f o r  s e v e r a l  mobi le  and 
s t a t i o n a r y  n u c l e a r  r e a c t o r  power p l a n t  
a p p l i c a t i o n s  u s i n g  sodium,  NaK a l l o y ,  
o r  f u s e d  s a l t  a s  c o o l a n t s .  Some of  
t h e s e  pumps have  o p e r a t e d  a t  tempera-  
t u r e s  above 1500 O F  and some f o r  
p e r i o d s  w e l l  i n  e x c e s s  o f  20,000 h r .  
The i n c i d e n c e  of  f a i l u r e s  h a s  been  
low. A summary and e v a l u a t i o n  o f  t h e  
i n c e n t i v e s ,  c o u r s e s  o f  deve lopment ,  
p r e s e n t  s t a t u s  and a p p l i c a b i l i t y  o f  
t h e  v a r i o u s  t y p e s  o f  pumps used  i n  t h e  
p a s t  o r  now under  development  i n d i c a t e  
d e s i g n  f e a t u r e s  which may be  o f  i n t e r e s t  
i n  d e v e l o p i n g  equipment  f o r  s p a c e  
v e h i c l e s .  The d e s i g n s  and s p e c i a l  f e a -  
t u r e s  o f  t h e s e  pumps, p r i m a r i l y  c e n t r i -  
f u g a l ,  w i l l  p r o v i d e  a  d e s c r i p t i v e  back-  
ground o f  t h e  problems i n h e r e n t  i n  
b e a r i n g s ,  s e a l s ,  l u b r i c a t i o n ,  h y d r a u l i c  
pe r fo rmance ,  c a v i t a t i o n  i n c e p t i o n ,  
c h o i c e s  o f  m a t e r i a l s ,  f a b r i c a t i o n  p r o -  
c e d u r e s ,  d r i v e s ,  l i q u i d  e x p a n s i o n ,  and 
s i z e  and ma in tenance  c o n s i d e r a t i o n s .  



T i t l e  

T e s t i n g  o f  Sodium P i p e  J o i n t s  and 
Development o f  Remote Repa i r  Too l s  f o r  t h e  
SDR 

Document No. 

Authors  

H .  B e l o f s k y ,  S .  L a z a r u s ,  B .  Minushkin 

A b s t r a c t  

Too l s  were d e s i g n e d ,  c o n s t r u c t e d  and 
t e s t e d  o v e r  working  d i s t a n c e s  a p p r o x i -  
m a t i n g  f u l l  s c a l e  r e a c t o r  d imens ions ,  
t h u s  d e m o n s t r a t i n g  t h e  f e a s i b i l i t y  o f  
r e m o t e l y  r e p a i r i n g  and r e p l a c i n g  a  
f u e l - c o o l a n t  tube  i n  an SDR. An expand- 
a b l e  mechan ica l  p l u g  was deve loped  t o  
s e a l  t h e  c o o l a n t  t u b e  t o  e n a b l e  r e p a i r s .  
Mechanica l  j o i n t s  were t e s t e d  u n d e r  
o p e r a t i n g  c o n d i t i o n s .  T e s t  r e s u l t s  a r e  
d e s c r i b e d .  



T i t l e  

Ope r a t i n g  E x p e r i e n c e  w i t h  t h e  Sodium 
R e a c t o r  Exper iment  (P roceed ings  of  t h e  
Second U n i t e d  N a t i o n s  I n t e r n a t i o n a l  Con- 
f e r e n c e  on t h e  P e a c e f u l  Uses o f  Atomic 
Energy Held i n  Geneva September 1 - 1 3 ,  
1958.  Volume 9 ,  Nuc lea r  Power P l a n t s ,  
P a r t  2) 

Document No. 

A/Conf. 15/P/452 

Authors  

F .  E .  F a r i s ,  L .  E .  Glasgow, D .  1 1 .  .Johnson, 
R .  W .  Campbel l ,  J .  E .  Owens 

J 

A b s t r a c t  - 

The main c o n c l u s i o n s  to  t )c  drawn from 
t h e  o p e r a t i o n  o f  t h e  S R E  i n d i c a t e  t h a t  
t h e  p l a n t  h a s  per formed e x t r c m e l y  w e l l  
a t  l e v e l s  up t o  1 / 3  o f  f u l l  power. The 
perfol-rnaricc o f  tlle r e a c t o r  a n d  r e a c t o r  
s team p l a n t  c o r ~ ~ p l e x  i s  e x t r e 1 1 1 ~ ~ 1 y  s t a b l e .  
Excess  the rma l  s t r e s s e s  a r c  n o t  :in 
inhe rc r l t  c h a r : i c t e r i s  t i c  o C sot1 i 11rn--cooled 
r ~ ~ ~ i c t c )  rs . Ctli t h  tht. i 11 f o  rnl:t t i o r 1  g a  i ned 
from t l i v  SHli, i t s l io i l l~ l  hc. ~ ) o ; * , i l ,  l c  t o  
tlcc; ign  a soclium-cool c ~ c l  r cnc- tor  1 ~ 1 1  i cl1 i s  
1 r c e  from tliesc. s t  r c s s e s .  IVi tli t h e  
e x c e p t i o n  o f  t h e  b o i l i n g  t o l u e n e  c o l d  
t r a p s ,  a l l  o f  t h e  L-omponents devc lopcd  
f o r  t h e  SKE have per formed w e l l .  For 
l a r g e  sodium s y s  terns, f r e e  blow through 
1 - 1 / 2 - i n .  and s m a l l e r  l i n e s  i s  de te rmined  
by t h e  sodium o x i d e  p r e c i p i t a t i o n  tem- 
p e r a t u r e  r a t h e r  t h a n  by t h e  m e l t i n g  
p o i n t  o f  sodium. M a i n t a i n i n g  t h e  oxygcn 
c o n c e n t r a t  ion a t  o r  below a n  irltl i c a t  etl 
l e v e l  o f  1 0  ppm can  be e a s i l y  :iccom- 
p l i s h e d  under  normal  o p e r n t  i rig c oricl i - 

t ions  . Ma i n t e n a n c c  and mot1 i f i c ; ~  t i o ~ i  t )  f .  

t h e  main p r i m a r y  and secondary  sodi~trr\  
s y s  tems can  be d i r e c t l y  and c n s  i l y  a c  ( - c > m -  
p l i s h e d .  The s h i e l d i n g  f o r  tlie SRE i . .  
more t h a n  a d e q u a t e .  I n  p a r t i c u l : l r ,  t t i t 1  

gap t o l e r a n c e s  a r e  more s t r  irigcbl1 t  th;itl 
n e c e s s a r y  and economies can  1)c r v a l  i : t \ t l  t 1 >< i n  f u t u r e  r e a c t o r  d e s i g n s  by r e l a x i n g  - - 
them. The gamma h e a t i n g  o f  c o n c r c t c  I I + 

s t r u c t u r e s  g r e a t l y  a c c c l e r a t c s  t h e  t I 

bl d e h y d r a t i o n  r a t e .  Reasonably good agree- CX, 

ment h a s  been  o b t a i n e d  between t h e  c:i 1 - I 
c u l a t e d  and measured c r i t i c a l  masses ,  
i n d i v i d u a l  w o r t h s  o f  c o r e  e l e m e n t s ,  arld 



A b s t r a c t  ( c o n t d )  

t h e  f l u x  d i s t r i b u t i o n .  The s low- a c t i n g  
o v e r a l l  i s o t h e r m a l  t e m p e r a t u r e  c o e f f i -  
c i e n t  f o r  t h e  SRE i s  p o s i t i v e  b u t  s m a l l .  
The f a s t - a c t i n g  m e t a l  c o e f f i c i e n t  i s  
n e g a t i v e .  



T i t l e  

A l k a l i  M e t a l s  B o i l i n g  and Condensing 
I n v e s t i g a t i o n s  Q u a r t e r l y  P r o g r e s s  Repor t  10 
Cover ing  t h e  P e r i o d  October  1, 1964 Through 
December 31 ,  1964.  

Document No. 

Au thors  

F. E .  T i p p e t s ,  G .  L .  Converse 

A b s t r a c t  

P r o g r e s s  Repor t  No. 10 f o r  q u a r t e r  end-  
i n g  12/31/64  i n  which d e t a i l  d a t a  and 
a n a l y s i s  a r e  p r e s e n t e d .  A l l  s c h e d u l e d  
t e s t i n g  i n  t h e  300 KW F a c i l i t y  was com- 
p l e t e d  - i n c l u d e d  was o p e r a t i o n  w i t h  
two t u b e  s i z e s ,  t h r e e  d i f f e r e n t  i n s e r t  
combina t ions  and w i t h  b o t h  c o u n t e r c u r r e n t  
and c o c u r r e n t  f low.  P o t a s s i u m  tempera-  
t u r e s  e x c e e d i n g  1700 OF and v a r i o u s  
e x i t  q u a l i t i e s  were o b t a i n e d .  B o i l i n g  
d a t a  o v e r  a r ange  o f  v a r i a b l e s ,  o b t a i n e d  
w i t h  a f f e r e n t  s i z e  L-605 t u b e s  c o n t a i n -  
i n g  h e l i c a l  i n s e r t s ,  a r e  p r e s e n t e d .  
P r imary  e f f o r t  on t h e  300 KW P r o j e c t  i s  
now d i r e c t e d  toward d a t a  r e d u c t i o n  and 
a n a l y s i s  w i t h  no immediate  t e s t i n g  
p l a n n e d .  Improvements t o  t h e  p r e b o i l e r  
h e a t e r  e l e m e n t  i n  t h e  100 KW F a c i l i t y  
were made and b o i l i n g  o p e r a t i o n  began.  
Data  w i t h  a  3 / 4 - i n .  t e s t  s e c t i o n  w i t h  
no i n s e r t  a r e  r e p o r t e d .  I n  t h e  50  KW 
F a c i l i t y  p o t a s s i u m  condens ing  d a t a  
o b t a i n e d  w i t h  a  5 / 8 - i n .  I D  t u b e  w i t h o u t  
i n s e r t  f o r  a  r a n g e  o f  v a r i a b l e  a r e  p r e -  
s e n t e d .  Comparisons a r e  made o f  a n a l y t i -  
c a l  p r o d u c t i o n ,  and e x p e r i m e n t a l  d a t a  
f o r  condens ing  p r e s s u r e  agreement  i s  
good - t h e  c o r r e l a t i o n  c o n s i d e r s  b o t h  
momentum p r e s s u r e  r i s e  and f r i c t i o n  
p r e s s u r e  d rop .  



T i t l e  

Torus A n a l y s i s  

Do cumen t No. 

KAPL- 1072 

Authors  

R .  L .  Mathews, G .  Horvay 

A b s t r a c t  

An a n a l y s i s  i s  p r e s e n t e d  o f  a  6 0 - i n . -  
d i a m e t e r  t o r u s  and a  c o n t i n u o u s ,  hol low 
p i s t o n  r i n g  made o f  s t e e l  t u b i n g  w i t h  
a  3 / 8 - i n .  t u b e  d i a m e t e r  and a  1 0 - m i l  
w a l l  t h i c k n e s s .  I t  i s  used  t o  r e s t r i c t  
l i q u i d  sodium f low i n  t h e  r o t a t i n g  
p l u g s  assembly .  



T i t l e  

Bore S e a l  Technology T o p i c a l  Repor t .  
Resea rch  and Development Program on 
Magne t i c ,  E l e c t r i c a l  Conductor ,  E l e c t r i -  
c a l  I n s u l a t i o n ,  and Bore S e a l  M a t e r i a l s  

Document No. 

Au thors  

P .  E .  Kuese r ,  J .  W .  To th ,  R .  C .  McRae 

A b s t r a c t  

Thermophys ica l  c o m p a t i b i l i t y ,  and mechani-  
c a l  p r o p e r t y  d a t a  on c e r a m i c - t o - m e t a l  
s e a l  t e c h n o l o g y  o f  i n t e r e s t  t o  t h e  
d e s i g n  o f  advanced s p a c e  e l e c t r i c  power 
s y s  tems a r e  p r e s e n t e d .  I t  r e p r e s e n t s  
a  tho rough  s e a r c h  o f  t h e  r e c e n t  wor ld  
l i t e r a t u r e  on t h i s  s u b j e c t  and a  b i b l i o -  
g r a p h i c  r e c o r d  on t h i s  t o p i c .  The 
a p p l i c a t i o n  o f  c e r a m i c - t o - m e t a l  b o r e  
s e a l s  t o  a c t u a l  d e s i g n s  i s  d e s c r i b e d  and 
d i s c u s s e d .  The t h e r m o p h y s i c a l  and 
mechan ica l  p r o p e r t i e s  a t  e l e v a t e d  tem- 
p e r a t u r e s  o f  s e l e c t e d  ce ramic  and 
m e t a l l i c  members a r e  r e p o r t e d .  The 
m a t e r i a l s  i n c l u d e  h i g h - p u r i t y  a l u -  
minum Sub 203, h i g h - p u r i t y  b e d ,  
N B - 1 Z R  a l l o y ,  Ta T-111 ,  and N B  D-43. 
Two major  methods o f  j o i n i n g  c e r a m i c  
t o  m e t a l s  were i n v e s t i g a t e d  - t h e  
m e t a l i z i n g  b r a z e  method and t h e  d i r e c t -  
b o n d i n g ,  a c t i v e - m e t a l  b r a z e  p r o c e s s .  
The j o i n t s  produced by t h e  m e t a l i z i n g  
method were t o o  b r i t t l e  t o  e n s u r e  an 
a d e q u a t e  s e a l .  The a c t i v e - m e t a l  b r a z e  
was u s e d  on t h e  r e p r e s e n t a t i v e  b o r e  
s e a l s .  O f  t h e  a c t i v e - m e t a l  sys t ems  
s t u d i e d  f o r  t h e  c e r a m i c - t o - m e t a l  s e a l ,  
t h e  5 6 %  Zr, 2 8 %  V ,  1 6 %  Ti  sys t em proved 
t o  be  t h e  most s a t i s f a c t o r y .  A l k a l i -  
m e t a l  exposure  t e s t s  show t h a t  f o r  b e s t  
r e s u l t s ,  t h e  s i l i c a  c o n t e n t  o f  t h e  c e r -  w 
amic must b e  h e l d  below 50 p a r t s  p e r  z s 
m i l l i o n .  S t a t i c  c a p s u l e  t e s t s  were P I 

used  f o r  t h e  q u a n t i t a t i v e  e v a l u a t i o n  a t  F 

1000 O F  and 1600 O F  f o r  c o m p a t i b i l i t y  o f  2 
t h e  b o r e  s e a l  m a t e r i a l s  and b r a z e d  assem- 
b l i e s  w i t h  v e r y  h i g h - p u r i t y  K ,  L i ,  and 



T i t l e  

E f f e c t s  o f  Alka l i -Meta l s  on Ceramic- 
to -Meta l  S e a l  Systems (AEC-NASA Liqu id  
Metals  In format ion  Meeting, h e l d  A p r i l  2 1 -  
2 3 ,  1965,  Gat l inburg ,  Tenn.) 

Do cumen t No. 

CONF-650411, PG. 344/358 

Author 

b P .  E .  Kueser 
V) 

A b s t r a c t  (contd)  

NaK e u t e c t i c  a l l o y .  Emphasis was p laced  
upon ma in t a in ing  very low 0 sub 2 l e v e l  
o f  t h e  a l k a l i  meta l s  throughout  t h e  
l oad ing  procedure .  

A b s t r a c t  

The e l e v a t e d  was t e - h e a t  temperature  
d e s i r e d  f o r  high-powered,  space  e l e c t r i c  
power systems has n e c e s s i t a t e d  t h e  
s e l e c t i o n  of potass ium,  sodium o r  cesium 
as  t h e  t u r b i n e  working f l u i d  i n  rank ine  
c y c l e s .  Because t h e  t u r b i n e  d r iven  
a l t e r n a t o r  c o n t a i n s  i n s u l a t i o n  m a t e r i a l s  
s e n s i t i v e  t o  c o r r o s i v e  a t t a c k  by a l k a l i  
m e t a l s ,  they must be e i t h e r  i s o l a t e d  
by a  quote  bore  s e a l  unquote o r  by s h a f t  
s e a l s .  A bore  s e a l  i s  used i n  a  r a d i a l -  
gap i n d u c t o r  a l t e r n a t o r  t o  p r o t e c t  t h e  
s t a t o r  from a l k a l i - m e t a l  vapor .  A s imi -  
l a r  c o n f i g u r a t i o n  i s  used i n  e l e c t r i c  
motors t o  p r o t e c t  t h e  s t a t o r  assembly. 
The motor a l s o  r e q u i r e s  a  second s e a l  
f o r  t he  r o t o r  assembly. In  a  l i g h t -  
weight  d e s i g n ,  h igh- f requency  o p e r a t i o n  
i s  used which r e q u i r e s  a  m a t e r i a l  i n  the  
gap wi th  h i g h - e l e c t r i c a l  r e s i s t i v i t y  t o  
minimize eddy-cu r r en t  l o s s e s .  A ceramic 
m a t e r i a l  b e s t  s u i t s  t h i s  requ i rement .  
To p rov ide  a  he rme t i c  c o n s t r u c t i o n ,  
ceramic- to -meta l  s e a l s  a r e  r e q u i r e d .  w 
This d i s c u s s i o n  r e p r e s e n t s  a  funda- z e 
mental  i n v e s t i g a t i o n  on smal l  ceramic- r 
to -meta l  s e a l s  and t h e i r  c o n s t i t u e n t s  t o  & 
determine c o n s t r u c t i o n  g u i d e l i n e s .  w 03 



T i t l e  A b s t r a c t  

Some M e t a l l u r g i c a l  C o n s i d e r a t i o n  i n  t h e  Some m e t a l l u r g i c a l  c o n s i d e r a t i o n s  i n  t h e  
Des ign  and  O p e r a t i o n  o f  L i q u i d - M e t a l  S e a l s  d e s i g n  and  o p e r a t i o n  o f  t h e  EBK-I1 r o t a r y  
( T r a n s a c t i o n s  American Nuc lea r  S o c i e t y  , s e a l  a r e  d e s c r i b e d .  A r t i c l e  w i t h  same 
1964 Annual M e e t i n g ,  P h i l a d e l p h i a ,  Pa .  ) t i t l e  and a u t h o r s  i s s u e d  a s  ANL-6837 

Document No. 

TANS-7-190-64 

Au tho r s  

B .  B l u m e n t h a l ,  L .  R .  Kelman, H .  V. Rhude 

T i t l e  A b s t r a c t  
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I I les ign  and O p e r a t i o n  o f  F r e e z e - S e a l  Va lves  
P and  Pumps 

Document No. 

CEPK-52-157-56 

Au tho r s  

K .  Cygan, A .  M.  S t e l l e  

F reeze  s e a l s  have  been  d e v e l o p e d  f o r  
s e a l i n g  s t a t i o n a r y  and r o t a t i n g  s h a f t s ,  
a f f o r d i n g  a  s i m p l e  means o f  a d a p t i n g  
commerc ia l  equ ipmen t  f o r  u s e  i n  h i g h -  
t e m p e r a t u r e  l i q u i d - m e t a l  s y s t e m s .  
S e v e r a l  d e s i g n s  f o r  s e a l i n g  sodium a t  
t e m p e r a t u r e s  up t o  1200 OF have  been  
s a t i s f a c t o r i l y  t e s t e d .  Under d i f f e r e n t  
o p e r a t i n g  c o n d i t i o n s  c o o l i n g  l o a d s ,  
t o r q u e ,  and t e m p e r a t u r e  d i s t r i b u t i o n  
were  measured .  L o c a t i n g  t h e  f r e e z e  s e a l  
away from t h e  h i g h - t e m p e r a t u r e  r e g i o n  
a l l o w s  t h e  f o r m a t i o n  o f  an a n n u l u s  o f  
f r o z e n  m e t a l  a round  t h e  s h a f t  w i t h  
s m a l l  c o o l i n g  l o a d s .  



T i t l e  A b s t r a c t  

T e s t  o f  a 2 4 - i n c h  Diameter  Model o f  t h e  HNPF Top s h i e l d  o f  t h e  HNPF c o r e  i s  t o  b e  
Cer robend  S e a l  s e a l e d  a g a i n s t  l e a k a g e  o f  he l ium c o v e r  

gas  by Cerrobend a l l o y  m e t a l  i n  a  tongue-  
Document No. and-groove  s e a l  a t  t h e  o u t e r  edge  o f  

NAA-SR-MEMO-4682 t h e  s h i e l d .  Cerrobend i s  a  commercial  
a l l o y  c o n t a i n i n g  50% B i ,  2 7 %  Pb,  1 3 %  Sn,  

Author  and 1 0 %  Cd. T h i s  a l l o y  m e l t s  a t  1 5 8  OF. 
A 2 4 - i n .  d i a m e t e r  s e a l  model was u s e d .  

B .  W .  Admire The p e r m i s s i b l e  h e l i u m  l e a k a g e  r a t e  was 
1 . 0  x 10 t o  t h e  minus 5  cm3/sec.  V a r i -  
ous  t i n n i n g  a l l o y s  and f l u x e s  were 
e v a l u a t e d .  A t i n n i n g  p r o c e s s ,  i n v o l v -  
i n g  50-50 s o l d e r  and a  c o a t i n g  of  
Cerrobend r e s u l t e d  i n  a  l e a k - t i g h t  s e a l .  
Dur ing  and a f t e r  f o u r  m e l t  and f r e e z e  
t e s t s ,  t h e  s e a l  remained  l e a k  t i g h t .  
Due t o  d i f f i c u l t i e s  e n c o u n t e r e d  i n  
t i n n i n g  t h e  t e s t  s e a l ,  i t  i s  v e r y  d o u b t -  
f u l  t h a t  comple te  w e t t i n g  o f  t h e  s e a l -  
i n g  s u r f a c e s  can  b e  accompl ished  a t  t h e  
t ime  t h e  s e a l  i s  i n s t a l l e d  a t  t h e  f u l l  
s i z e  r e a c t o r .  T u b u l a r  h e a t e r s  p l a c e d  
around p e r i p h e r y  o f  s e a l  were used  t o  
m e l t  t h e  s e a l .  I n s t a l l e d  h e a t  d e n s i t y  
f o r  t h e  t e s t  r i g  was 544 W/ft  o f  s e a l .  
The r e a c t o r  i n s t a l l a t i o n  w i l l  have  
666 W/ft  o f  s e a l .  



T i t l e  

Summary Repor t  " P r o j e c t  F reeze  
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Do cumen t No. 
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n Design and Per formance  C h a r a c t e r i s t i c s  
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P 
o f  EBR-I1 C o n t r o l  Rod Drive Mechanisms 

CO 

Document No. 

Authors  

E .  I l u t t e r ,  G .  G i o r g i s  

A b s t r a c t  

Des igns  o f  f i v e  s h a f t  f r e e z e  s e a l s  f o r  
t h e  SRE main sodium pumps a r e  d e s c r i b e d .  
Data  from t e s t s  o f  t h e s e  s e a l s  a r e  
p r e s e n t e d .  

A b s t r a c t  

The d e s i g n  and per formance  of  t h e  d r i v e  
mechanisms f o r  t h e  EBR-I1 c o n t r o l  r o d s  
a r e  d e s c r i b e d .  I d e n t i c a l  d r i v e  mecha- 
n isms a r e  p r o v i d e d  f o r  each  o f  t h e  
1 2  c o n t r o l  r o d s .  A b r i e f  d e s c r i p t i o n  
o f  a s s o c i a t e d  r e a c t o r  components and 
s y s  terns i s  g i v e n .  Per formance  t e s t  
r e s u l t s  a r e  p r e s e n t e d  i n  t a b u l a r  and 
g r a p h i c a l  form. 



T i t l e  A b s t r a c t  

Mark A C o n t r o l  A c t u a t o r  S h a f t  F r e e z e - S e a l  I n v e s t i g a t i o n s  were conducted  t o  d e t e r -  
mine t h e  mechan ica l  p r o p e r t i e s  o f  

Document No. sodium s h e a r e d  i n  a  narrow annu lus  a t  

KAPL-M-EDL- 75  

Authors  

P .  W .  B i s s o n n e t t e ,  R .  D .  V a l l e e  

c o n t r o l l e d  t e m p e r a t u r e  g r a d i e n t s  and 
s h e a r  v e l o c i t i e s .  The t e s t  f i x t u r e  
c o n s i s t e d  o f  a  1 - i n .  d i a m e t e r  s t a i n -  
l e s s - s t e e l  s h a f t  c e n t e r e d  i n  a 1 . 0 9 9 - i n .  
I D  Type-304 SS t u b e .  Sodium s h e a r  
v a l u e s  were  found t o  be  dependent  upon 
t h e  t e m p e r a t u r e  and s h e a r  v e l o c i t y  a t  
a  g i v e n  t e s t  c o n d i t i o n .  Sodium s h e a r  
v a l u e s  o b t a i n e d  were found t o  be  con-  
s i s t e n t ,  whereve r  w e t t i n g  o f  components 
had  been  a s s u r e d  by c o n t a c t  w i t h  h o t  
sodium a t  t e m p e r a t u r e s  above 500 O F  
f o r  p e r i o d s  o f  1 / 2  h r  o r  g r e a t e r .  
T e s t s  conduc ted  showed sodium s h e a r  t o  
have o c c u r r e d  i n t e r n a l l y ,  r a t h e r  t h a n  
a t  f r e e z e - s e a l  i n t e r f a c e s  w i t h i n  t h e  
r a n g e  o f  s h a f t  v e l o c i t i e s  t e s t e d .  The 
a p p a r e n t  s h e a r  s t r e n g t h  o f  sodium was 
found t o  f a l l  o f f  r a p i d l y  w i t h  s u c c e s -  
s i v e  s h e a r i n g  c y c l e s  t o  s t e a d y - s t a t e  
v a l u e s  c o r r e s p o n d i n g  t o  p a r t i c u l a r  
s h e a r i n g  v e l o c i t i e s .  T e s t s  showed t h a t  
t h e  f r e e z e - s e a l  a t  r e s t ,  a  h e a l i n g  
a c t i o n  o c c u r r e d  a s  a  f u n c t i o n  o f  t i m e ,  
r e s u l t i n g  i n  s u b s t a n t i a l l y  comple te  
r e g a i n i n g  o f  i n i t i a l  s h e a r  s t r e n g t h .  



A b s t r a c t  T i t l e  

Components 

P R E T -  7 /3 -269 /275 -64  

I i igh T e m p e r a t u r e  Me ta l  Bel lows S e a l s  f o r  
0 

A i r c r a f t  a n d  M i s s i l e  A c c e s s o r i e s  

Document No. 

,JI1FT - 85-  281 - 63  

A d e s c r i p t i o n  o f  t h e  c o o l a n t  c i r c u l a t i l l g  
pumps u s e d  f o r  t h e  l i t h i u m - c o o l e d  r e a c -  
t o r  e x p e r i m e n t  i s  p r e s e n t e d .  P e r f o r m a n c e  
r e q u i r e m e n t s  and t h e  s h a f t - s e a l i n g  
a r r a n g e m e n t  a r e  d i s c u s s e d .  A t h r o t t l i n g  
v a l v e ,  e q u i p p e d  w i t h  a  t o r q u e - t u b e  s t e m  
s e a l ,  i s  d e s c r i b e d .  The v a l v e  was 
t e s t e d  i n  1 0 0 0  OF sod ium.  A f t e r  b e i n g  
s u b j e c t e d  t o  5 0 0  t h e r m a l  s h o c k s  t h e  
v a l v e  s t i l l  p e r f o r m e d  s a t i s f a c t o r i l y .  

A b s t r a c t  

S e v e r a l  d e s i g n s  o f  b e l l o w s  s h a f t  s e a l s  
a r e  i l l u s t r a t e d  and discussed. Problems  
e n c o u n t e r e d  i n  s e r v i c e ,  p a r t i c u l a r l y  
t h o s e  a s s o c i a t e d  w i t h  b e l l o w s  f a t i g u e  
f a i l u r e ,  a r e  r e p o r t e d .  

Aut l ior  -- 

I < .  * J .  Ma t t  
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HNPF-Process Tube-Grid Sea l  

Document No. 

NAA-SR-MEMO-4855 

Author  

J .  R .  C h a r l e s  

A b s t r a c t  

Exper iments  were pe r fo rmed  t o  d e t e r m i n e  
t h e  c h a r a c t e r i s t i c s  o f  two t y p e s  o f  
4 - i n .  d i a m e t e r  p i s t o n  r i n g  s e a l s  and t o  
e v a l u a t e  t h e i r  s u i t a b i l i t y  f o r  u s e  a s  
t h e  HNPF p r o c e s s  t u b e  g r i d  s e a l .  
Requi rements  i n c l u d e d  a  sodium l e a k a g e  
r a t e  o f  0 . 1 9 8 %  o f  c o o l a n t  f low r a t e  
th rough  t h e  c h a n n e l ,  a  10 ,000  c y c l e  
u s e f u l  l i f e  o v e r  a  3 - i n .  s t r o k e  i n  
6 2 5  OF sodium, and t h e  a b i l i t y  t o  w i t h -  
s t a n d  2 5 - c y c l e s  o v e r  a  3 - i n .  s t r o k e  i n  
1000 OF sodium w i t h o u t  damage. These 
r e q u i r e m e n t s  were me t .  However some 
c o r r o s i o n  problems were e n c o u n t e r e d  a t  
1000 OF, which l e d  t o  a  recommendation 
t h a t  t h e  r i n g  s e a l s  b e  n i t r i d e d  p r e v i o u s  
t o  u s e .  T e s t i n g  methods and a p p a r a t u s  
a r e  d e s c r i b e d .  
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Do cumen t No. 
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A b s t r a c t  

The t r a n s p o r t  o f  sodium i n  a  c l o s e d  
sys t em i s  s t u d i e d  and a  l a b y r i n t h -  
t y p e  v a p o r  s e a l  i s  i n v e s t i g a t e d  f o r  
p o s s i b i l i t i e s  o f  l i m i t i n g  sodium 
vapor  t r a n s p o r t .  Theory p r e d i c t s  t h a t  
such  a  s e a l  w i l l  be i n e f f e c t i v e  b e c a u s e  
i t  w i l l  c o l l e c t  sodium v a p o r ,  t h e  l a r g e  
c r o s s - s e c t i o n  does  n o t  l i m i t  d i f f u s i o n  
o r  e v a p o r a t i o n ,  and t h e  s e a l  w i l l  n o t  
o f f e r  r e s i s t a n c e  t o  p r e s s u r e  s u r g e s .  
Sodium T r a n s p o r t  Ra tes  ( a r e a  n o r m a l i z e d )  
g i v e n  i n  t h e  body o f  t h e  r e p o r t ,  page 8 ,  
seem a t  v a r i a n c e  t o  r a t e s  p r e s e n t e d  i n  
t h e  Summary on page 3 .  

A b s t r a c t  

A program i s  b e i n g  p u r s u e d  t o  d e v e l o p  
t e c h n i q u e s  f o r  s e a l i n g  a  h i g h  s p e e d  
r o t a t i n g  s h a f t  unde r  c o n d i t i o n s  o f  h i g h  
t e m p e r a t u r e  l i q u i d  m e t a l  and v a p o r s ,  
h i g h  vacuum env i ronment  o f  s p a c e  and 
t o  p r o v i d e  l o n g  s e a l  l i f e .  Assembly and 
i n s t a l l a t i o n  o f  t h e  s e a l  t e s t  r i g  was 
comple ted  and s a t i s f a c t o r y  o p e r a t i o n  o f  
t h e  s u p p o r t i n g  f a c i l i t i e s  was o b t a i n e d .  
S e a l  t e s t i n g  u s i n g  l i g h t  t u r b i n e  o i l  was 
accompl i shed .  Reduct ion  o f  w a t e r  t e s t  
d a t a  was comple ted .  
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A b s t r a c t  

A program i s  b e i n g  p u r s u e d  t o  deve lop  
t e c h n i q u e s  f o r  s e a l i n g  a  h i g h  s p e e d  
r o t a t i n g  s h a f t  u n d e r  c o n d i t i o n s  o f  
h i g h  t e m p e r a t u r e  l i q u i d  m e t a l  and 
v a p o r s  , h i g h  vacuum envi ronment  of  
s p a c e  and t o  p r o v i d e  l o n g  s e a l  l i f e .  
Assemb l y  and i n s t a l l a t i o n  o f  t h e  
s e a l  t e s t  r i g  was comple ted  and s a t i s -  
f a c t o r y  o p e r a t i o n  o f  t h e  s u p p o r t i n g  
f a c i l i t i e s  was o b t a i n e d .  S e a l  t e s t -  
i n g  u s i n g  l i g h t  t u r b i n e  o i l  was accom- 
p l i s h e d .  Reduc t ion  o f  w a t e r  t e s t  d a t a  
was comple ted .  

A b s t r a c t  

Two a r rangement s  o f  i n t e r n a l  components 
o f  a  f r e e z e  s e a l  model were t e s t e d  i n  
o r d e r  t o  d e t e r m i n e  t h e  h y d r a u l i c  c h a r -  
a c t e r i s t i c s .  The i n t e r n a l  c o n f i g u r a t i o n  
employing c y l i n d r i c a l  k n i t t e d  mesh pack-  
i n g s  i n  t h e  c o n n e c t i n g  p i p e s  p roved  t h e  
most s u i t a b l e  f o r  t h e  sodium s e r v i c i n g  
f r e e z e  s e a l ,  b e c a u s e  t h e s e  p a c k i n g s  a r e  
more e a s i l y  f a b r i c a t e d .  



T i t l e  A b s t r a c t  -- 
Dynamic S h a f t  S e a l s  i n  Space .  Q u a r t e r l y  A p rogram i s  b e i n g  p u r s u e d  t o  d e v e l o p  
R e p o r t  No. 8 .  t e c h n i q u e s  f o r  s e a l i n g  a h i g h - s p e e d  

r o t a t i n g  s h a f t  u n d e r  c o n d i t i o n s  o f  
Do cumen t No. h i g h -  t e m p e r a t u r e  l i q u i d  m e t a l  and 

AD-601338 v a p o r s ,  h igh -vacuum e n v i r o n m e n t  o f  
s p a c e  and t o  p r o v i d e  l o n g  s e a l  l i f e .  
The l i q u i d  m e t a l  s e a l  t e s t  r i g  was 
a s s e m b l e d  and i n s t a l l e d  i n  t h e  t e s t  
f a c i l i t y .  Wa te r  s e a l  t e s t  r e s u l t s  were 
r e d u c e d  w i t h  t h e  a i d  o f  a  c o m p u t e r i z e d  
d a t a  p rog ram.  

T i t l e  

n Torque  Tube S e a l  - O I C  Flow C o n t r o l l e r  
I 
N 

Document No. 

NAA-SR-MEMO-6374 

A u t h o r  

D .  J .  Hovley  

A b s t r a c t  

The t o r q u e  t u b e  s e a l  i n s t a l l e d  i n  t h e  
b o n n e t  o f  t h e  O I C  f l o w  c o n t r o l l e r  was 
c y c l e d  1000  t i m e s  e a c h  a t  1000 OF and 
1200  O F .  No i n d i c a t i o n  o f  l e a k a g e  
t h r o u g h  t h e  s e a l  was n o t e d  d u r i n g  p r e s -  
s u r e  c h e c k s  p e r f o r m e d  p e r i o d i c a l l y  
t h r o u g h o u t  t h e  t e s t .  A s k e t c h  o f  t h e  
t o r q u e  t u b e  a s sembly  i s  i n c l u d e d .  



T i t l e  

HNPF P r o c e s s  Tube - Grid  S e a l  

Do cumen t No. 

Author  

J .  C h a r l e s  

n 
I 

N 

C" T i t l e  

The B u i l d i n g  o f  Dounreay 

A b s t r a c t  

I n  a  t e s t  s e r i e s ,  p i s t o n  r i n g  l e a k a g e s  
o f  w a t e r  and o f  l i q u i d  sodium were  mea- 
s u r e d .  R e s u l t s  o f  t h e  measurements  
were compared and g r a p h i c a l l y  p r e s e n t e d .  
Leakage o f  a  4 .500 d i a m e t e r  p i s t o n  r i n g  
was l e s s  t h a n  0 .140% ( a l l o w a b l e  0 .198%)  
u s i n g  180 O F  w a t e r  which i s  e q u i v a l e n t  
t o  607 O F  sodium. Leakage measurements  
were t a k e n  a t  s t a r t  and a f t e r  1 0 , 0 3 4  
c y c l e s  w i t h  sodium a t  625 O F .  T h i s  
t e s t  was f o l l o w e d  by an a d d i t i o n a l  
25 c y c l e s  i n  1000 O F  l i q u i d  sodium. 
Comparat ive c a l c u l a t i o n s  a r e  added .  
Pho tographs  show c o r r o s i o n  and e f f i -  
c i e n c y  o f  c l e a n i n g  

A b s t r a c t  

The c o n s t r u c t i o n  o f  t h e  Dounreay F a s t  
Breede r  R e a c t o r  i s  d e s c r i b e d .  

Do cumen t No. 

ATOM-8-201-57 



A b s t r a c t  

SRE E n g i n e e r i n g  D e s c r i p t i o n  (P roceed ings  
o f  t h e  SRE-OMRE Forum. Los Ange les ,  
November, 1956)  

Document No. 

NAA-SR-1804, p p .  7-40 

Author  

W .  E .  P a r k i n s  

T i t l e  

n 
Some M e t a l l u r g i c a l  C o n s i d e r a t i o n s  i n  t h e  

I Design and O p e r a t i o n  of  t h e  Top S e a l  o f  
EBR-I1 cn 

Document No. 

A N L - 6 8 3 7  

Authors  

B .  B lumen tha l ,  L .  R .  Kelman, H .  V .  Rhude 

T h i s  r e p o r t  d e s c r i b e s  t h e  SRE and i t s  
a s s o c i a t e d  s y s t e m s .  I n c l u d e d  a r e  t h e  
r e a c t o r ,  sodium h e a t  t r a n s f e r  s y s  terns, 
sodium s e r v i c e  s y s t e m ,  s e r v i c e  c o o l i n g  
s y s t e m ,  he l ium s y s t e m ,  n i t r o g e n  s y s t e m ,  
v e n t  s y s t e m ,  l i q u i d  w a s t e  s y s t e m ,  and 
c o n t r o l  and s a f e t y  r o d s .  

A b s t r a c t  

The t o p  s e a l  of  EBR-I1 i s  ri l i q u i d  
m e t a l  s e a l .  I t s  d e s i g n  and o p e r a t i o n  
r a i s e d a n u m b e r  o f  q u e s t i o n s  p e r t a i n i n g  
t o  t h e  o x i d a t i o n  o f  t h e  l i q u i d  m e t a l .  
I t s  c o m p a t i b i l i t y  w i t h  t h e  c o n t a i n e r  
m a t e r i a l ,  and s e g r e g a t i o n  d u r i n g  t h e r m a l  
c y c l i n g .  An a p p a r a t u s  was b u i l t  s imu- 
l a t i n g  a r o t a r y  s e a l  which a l lowed  
o b s e r v a t i o n  o f  t h e  b e h a v i o r  o f  t h e  
l i q u i d  m e t a l  o v e r  a  p e r i o d  o f  7 0  d a y s ,  
i t s  d r o s s i n g  c h a r a c t e r i s t i c s ,  and 
c o m p a t i b i l i t y  w i t h  Type 304 SS u n d e r  
t h e  e x p e r i m e n t a l  c o n d i t i o n s  o f  r o t a t i o n  
and t e m p e r a t u r e .  Repeated t h e r m a l  
a n a l y s e s  caused  t h e  a l l o y  t o  s e g r e g a t e  
s u b s  t a n t i a l l y .  The i n f l u e n c e  o f  sodium 
on t h e  s e g r e g a t i o n  was d e t e r m i n e d .  Spe-  
c i f i c  recommendat ions a r e  made r e g a r d -  
i n g  t h e  d e s i g n  and o p e r a t i o n  o f  l i q u i d  
m e t a l  s e a l s .  



T i t l e  

Gas I n g e s t i o n  and S e a l i n g  C a p a c i t y  o f  
H e l i c a l  Groove F l u i d  Film S e a l  ( V i s c o s e a l )  
Using Sodium and Water a s  S e a l e d  F l u i d s  

Document No. 

NASA-TN-D- 3348 

Authors  

L .  P .  Ludwig, T .  N .  S trom, G .  P .  A l l e n  

A b s t r a c t  

An e x p e r i m e n t a l  i n v e s t i g a t i o n  was con-  
d u c t e d  on gas  i n g e s t i o n  and s e a l i n g  
c a p a c i t y  ( e x p r e s s e d  a s  a  d i m e n s i o n l e s s  
s e a l i n g  p a r a m e t e r ,  Lambda G) o f  v i s c o -  
s e a l s  u s i n g  w a t e r  and l i q u i d  sodium a s  
t h e  s e a l e d  f l u i d s .  The i n v e s t i g a t i o n  
c o v e r e d  a  r e y n o l d s  number r ange  o f  
2 , 1 9 9  t o  60 ,500.  R e s u l t s  d i s c l o s e d  
t h a t  a  h e l i c a l l y  grooved r o t o r  v i s c o -  
s e a l  (smooth b o r e  h o u s i n g )  has  i n c r e a s -  
i n g  gas  i n g e s t i o n  r a t e s  w i t h  i n c r e a s i n g  
Reynolds number when t h e  v i s c o s e a l  
l i q u i d  i n t e r f a c e  becomes u n s t a b l e .  
H e l i c a l l y  grooved h o u s i n g  v i s c o s e a l s  
(smooth r o t o r s )  showed no gas  i n g e s t i o n  
when s e a l i n g  sodium (Reynolds numbers 
from 10,400 t o  3 7 , 2 0 0 ) .  When s e a l i n g  
w a t e r ,  g a s  i n g e s t i o n  o c c u r r e d  o n l y  
w i t h i n  a  s p e c i f i c  r ange  o f  Reynolds 
numbers (2 ,300  t o  8 ,400)  . Secondary  
g rooves  on v i s c o s e a l  l a n d  a r e a s  improved 
s e a l i n g  c a p a c i t y  and r educed  power 
a b s o r p t i o n .  Sodium was s e a l e d  a t  
149 t o  329 O C  (300 t o  6 2 5  OF) w i t h o u t  
m e a s u r a b l e  l i q u i d  l o s s  f o r  o p e r a t i o n a l .  
p e r i o d s  up t o  8 h r .  



T i t l e  

Technology  o f  L i q u i d  Me ta l s  

Document No. 

O R N L - T R -  8 5 4  

Au tho r  

t i .  W .  Savage  

A b s t r a c t  

A r e v i e w  o f  t h e  deve lopmen t  o f  l i q u i d  
m e t a l  t e c h n o l o g y  a t  O I W L  was f o l l o w e d  
by summaries  o f  a c t i v i t i e s  a t  o t h e r  
l a b o r a t o r i e s  i n  t h e  U n i t e d  S t a t e s .  A 
g e n e r a l  d i s c u s s i o n  o f  p r o p o s e d  C N E N  
l i q u i d  m e t a l  s t u d i e s  was g i v e n  w i t h  
emphas i s  on f a c i l i t y  r e q u i r e m e n t s .  
C o m p a t i b i l i t y  t e s t s ,  h e a t  t r a n s f e r  t e s t s  
and i n - p i l e  l o o p s .  C o n s i d e r a b l e  d i s -  
' c u s s i o n  was d e v o t e d  t o  h a n d l i n g  o f  
sodium i n c l u d i n g  s t o r a g e ,  c h a r g i n g  o f  
s y s t e m s ,  p u r i f i c a t i o n  o f  sod ium,  p r o t e c -  
t i o n  o f  l o o p s ,  w a s t e  d i s p o s a l  and 
s a f e t y  r e q u i r e m e n t s .  Sodium components  
were  c r i t i c a l l y  r e v i e w e d  i n  l i g h t  o f  
p a s t  c x p e r i e n c e  . Components discussed 
i n c l u d e d  c o l d  t r a p s ,  h o t  t r a p s ,  v a l v e s ,  
p i p e  j o i n t s ,  h e a t e r s ,  h e a t  e x c h a n g e r s ,  
pumps, i n s u l a t i o n  and i n s t r u m s n t a t i o n .  



T i t l e  

Des ign  C r i t e r i a  f o r  Rotary  S e a l s  f o r  a  Space 
a Environment .  P a r t  I .  R o t a t i n g  F l u i d  Ring 

S e a l  E v a l u a t i o n  

Document No. 

AFAPL-TR-65-89, P t .  I 

Au thors  

E .  S c h n e t z e r ,  H.  E r n s t ,  J.  M .  McGrew, 
T. A.  P h i l l i p s  

A b s t r a c t  

T h i s  s t u d y  c o v e r e d  development  o f  non-  
c o n t a c t i n g  f l u i d  r i n g  s e a l s  f o r  minimum 
l e a k a g e  r a t e s  and l o n g  l i f e  u n d e r  s p e c i -  
f i e d  h i g h  t e m p e r a t u r e ,  low vacuum 
o p e r a t i n g  c o n d i t i o n s .  S e a l  development ,  
d u r i n g  Phase  I o f  t h e  program, was s u p -  
p o r t e d  by a n a l y s i s .  Nondimens i o n a l  
p a r a m e t e r s  were  d e r i v e d  t o  d e s c r i b e  ' 

b a s i c  pe r fo rmance  c h a r a c t e r i s t i c s  o f  
r o t a t i n g  f l u i d  r i n g  s e a l s .  Three  
r o t a t i n g  f l u i d  r i n g  s e a l s  were d e s i g n e d  
and e v a l u a t e d  i n  w a t e r .  Depending on 
s e a l  geometry and s u r f a c e  s p e e d ,  t h i s  
t e s t i n g  p roved  t h a t  s u c h  s e a l s  were 
c a p a b l e  o f  s u s t a i n i n g  p r e s s u r e  d i f -  
f e r e n c e s  o f  a p p r e c i a b l e  magn i tude .  
Because an i n t e r f a c e  i n s t a b i l i t y  
phenomenon ( s p u t t e r i n g )  was e n c o u n t e r e d  
i n  t h e  e a s y  f l u i d  t e s t s ,  a  d e t a i l e d  
development  program t o  e l i m i n a t e  t h i s  
s o u r c e  o f  l e a k a g e  was u n d e r t a k e n  which 
r e s u l t e d  i n  a  dynamic z e r o  l e a k a g e  (DZL) 
s e a l  c o n f i g u r a t i o n .  T h i s  c o n f i g u r a t i o n  
was t e s t e d  i n  l i q u i d  m e t a l  d u r i n g  
Phase  I1 o f  t h e  program. A h i g h - s p e e d  
s e a l  t e s t  r i g  was d e s i g n e d  and o p e r a t e d  
s u c c e s s f u l l y  f o r  172 c o n t i n u o u s  h o u r s  
w i t h  a  t o t a l  p o t a s s i u m  l e a k a g e  o f  
3 . 4  o z .  Accoun t ing  f o r  s t a r t - u p  and 
shutdown i n v e n t o r y  l o s s e s ,  t h e  s e a l  
l e a k a g e  r a t e  was e s t a b l i s h e d  t o  b e  W 
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Frozen  Sodium S h a f t  S e a l  

Document No. 

KAPL-1265 

Author  

W .  A .  Heywood 

A b s t r a c t  

The f e a s i b i l i t y  o f  u s i n g  a  f r o z e n  sodium 
a n n u l u s  a s  a  s h a f t  s e a l  was i n v e s t i g a t e d .  
Three  p h a s e s  o f  t h e  i n v e s t i g a t i o n  were :  
(1)  t h e  t o r q u e  r e q u i r e d  t o  t u r n  a  s h a f t  
i n  a  f r o z e n  a n n u l u s ,  ( 2 )  t h e  l e a k a g e  o f  
sodium p a s t  a  f r o z e n  a n n u l u s ,  and 
( 3 )  t h e  l e a k a g e  o f  a rgon  p a s t  a  f r o z e n  
a n n u l u s .  Torques up t o  60 f t - l b  were 
r e q u i r e d  t o  t u r n  a  1 - 5 / 8 - i n .  d i a m e t e r  
s h a f t  i n  a  f r o z e n  sodium a n n u l u s  3 - i n .  
l o n g  and 1 / 1 6 - i n .  t h i c k .  Sodium l e a k  
r a t e s  up t o  4 g p e r  day were o b s e r v e d  
w i t h  a  1 5 - p s i  p r e s s u r e  d r o p  a c r o s s  t h e  
a n n u l u s .  Argon l e a k  r a t e s  o f  t h e  o r d e r  
o f  hundreds  o f  c u b i c  c e n t i m e t e r s  p e r  
minu te  w i t h  p r e s s u r e  d r o p s  up t o  10 p s i  
were o b s e r v e d .  



T i t l e  

Components o f  t h e  F u s e d - S a l t  and Sodium 
C i r c u i t s  o f  t h e  A i r c r a f t  Reac to r  Experiment  

Document No. 

ORNL-2348 

Authors  

H.  W .  Savage ,  G .  D.  Whitman, W. G .  Cobb, 
W .  B .  McDonald 

A b s t r a c t  

The development  o f  component and f a b r i -  
c a t i o n  t e c h n i q u e s  f o r  t h e  a i r c r a f t  
r e a c t o r  e x p e r i m e n t  (ARE) r e a c t o r  con-  
sumed a  4 y r  p e r i o d ,  d u r i n g  which t ime 
t h e  t echno logy  f o r  h a n d l i n g  h i g h -  
t e m p e r a t u r e  f l u i d s ,  i n c l u d i n g  sodium, 
was e x t e n d e d  t o  equipment  o p e r a b l e  
above 1500 O F .  The methods u s e d  f o r  . 
d e t e r m i n i n g  c o m p a t i b i l i t y  o f  m a t e r i a l s  
under  s t a t i c  and dynamic c o n d i t i o n s ,  
s t a n d a r d s  f o r  m a t e r i a l s ,  and t e c h -  
n i q u e s  f o r  w e l d i n g ,  f a b r i c a t i o n ,  and 
assembly and t h e  d e s i g n  c r i t e r i a  f o r  
pumps, s e a l s ,  v a l v e s ,  h e a t  e x c h a n g e r s ,  
c o l d  t r a p s ,  expans ion  t a n k s ,  i n s t r u -  
m e n t a t i o n ,  p r e h e a t i n g  d e v i c e s ,  i n s u l a -  
t i o n ,  e t c . ,  a r e  d e s c r i b e d .  



T i t l e  A b s t r a c t  

T e s t s  o f  a  Mechanica l  P i p e  J o i n t  f o r  
Sodium S e r v i c e  

Document No. 

NAA- SR- 4 2 0 4  

Au tho  r 

C .  S u t h e r l a n d  

Mechanica l  p i p e  j o i n t s  o f  2 - i n . ,  
6 - i n . ,  and 1 2 - i n .  d i a m e t e r  f o r  u s e  
i n  l i q u i d  sodium sys tems  were t e s t e d .  
The j o i n t s  were  s u b j e c t e d  t o  f l e x u r a l ,  
a x i a l ,  t e n s i l e ,  and compress ive  mechani-  
c a l  l o a d s  w h i l e  c o n t a i n i n g  sodium a t  a  
maximum t e m p e r a t u r e  and p r e s s u r e  o f  
1000 OF and 150 p s i g .  Only t h e  2 - i n .  
s i z e  pe r fo rmed  s a t i s f a c t o r i l y .  The 
o t h e r  u n i t s  l e a k e d  sodium d u r i n g  t h e  
mechan ica l  l o a d  t e s t s  a f t e r  h a v i n g  
s e a l e d  1000 O F  sodium u n d e r  n o - l o a d  
c o n d i t i o n s .  T o l e r a n c e  l i m i t s  were n o t  
e s t a b l i s h e d  f o r  f l a n g e  warpage due t o  
w e l d i n g .  However, i t  was found t h a t  
t h e  mechan ica l  p i p e  j o i n t s  t e s t e d  w i l l  
n o t  s e a l  u n d e r  t h e  t e s t  c o n d i t i o n s  i f  
t h e y  become o u t - o f - r o u n d  a s  much a s  
10 m i l s .  

T i t l e  A b s t r a c t  

Improvements i n  o r  R e l a t i n g  t o  Valves f o r  A v a l v e  f o r  h i g h -  t e m p e r a t u r e  l i q u i d  
C o n t r o l l i n g  High Temperature F l u i d s  (sodium) w i t h  a  s e l f - s e a l i n g  l e a k - p r o o f  

g l a n d  o f  ( a  p l u r a l i t y  o f )  0 -Ring  s e a l s  
Do cumen t No . a r r a n g e d  a s  an i n s e r t  o v e r  t h e  s p i n d l e  

on a  s l e e v e - l i k e  e x t e n s i o n  o f  t h e  v a l v e  
Pa tent -UK- 777,039 body.  The e x t e n s i o n  and t h e  s p i n d l e  

a r e  o f  such  l e n g t h  t h a t  combined w i t h  
Author  f i n s  a round t h e  e x t e n s i o n ,  a  t e m p e r a t u r e  w 

d r o p  i s  c a u s e d  between t h e  v a l v e  s e a t  z 
F.  L .  Speed s 

and t h e  g l a n d  which r e s u l t s  i n  l i q u i d  r I 

sodium p a s s i n g  th rough  t h e  v a l v e  P 

becoming s o l i d  a t  t h e  g l a n d .  W 
03 
-4 



T i t l e  

Snap- 8  S e a l s -  t o -Space  Development T e s t  
Program Volume I 1  - Molecular  Pump 

Do cumen t No. 

AGC- 2808/TOPICAL (Vol. 2 )  

Author  

J .  N Hodgson 

T i t l e  
) 
w L i q u i d  Meta l  S e a l  f o r  Sodium Pump S h a f t s  
W 

Document No. 

NAA-SR-MEMO- 2184 

Author  

S .  C .  C a r n i g l i a  

A b s t r a c t  

I n  o r d e r  t o  p r o v i d e  a  s e a l  between t h e  
Snap-8 working  and p r o c e s s  f l u i d s  i n  t h e  
r o t a t i o n  machinery  and t h e  s p a c e  e n v i r o n -  
ment ,  a  m o l e c u l a r  pump o f  t h e  Holweck 
Type ( a  smooth r o t o r  r u n n i n g  i n  a  h e l i -  
c a l  groove  s t a t o r )  h a s  been  i n v e s t i g a t e d .  
Theory was deve loped  t o  d e s c r i b e  pump 
pe r fo rmance  i n  t h e  m o l e c u l a r ,  t r a n s i -  
t i o n ,  and cont inuum f low regimes  and a ,  
computer  program w r i t t e n  t o  pe r fo rm 
t h e  a n a l y s i s .  Pump c o n f i g u r a t i o n s  
b a s e d  on t h e  t h e o r y  were t e s t e d  and t h e  
d a t a  o b t a i n e d  a g r e e d  w e l l  w i t h  t h e o r y .  
A p r o t o t y p e  d e s i g n  c o n f i g u r a t i o n  h a s  
been  s e l e c t e d  b a s e d  on t h e  e x p e r i m e n t a l  
and t h e o r e t i c a l  r e s u l t s  o f  t h i s  s t u d y .  

A b s t r a c t  

A s u r v e y  o f  l i q u i d  m e t a l s  and a l l o y s  
was made t o  s e l e c t  t h e  b e s t  m a t e r i a l  f o r  
u s e  a s  a  l i q u i d  m e t a l  s e a l  f o r  a  
v e r t i c a l  pump s h a f t .  F i f t e e n  d i f f e r e n t  
m e t a l s  and a l l o y s  were c o n s i d e r e d  i n  
t e rms  o f  t h e i r  m e l t i n g  p o i n t s ,  d e n s i -  
t i e s ,  n u c l e a r  c r o s s - s e c t i o n ,  e l e c t r i -  
c a l  r e s i s t i v i t y ,  b e h a v i o r  toward  m a t e r i -  
a l s  o f  c o n t a i n m e n t ,  t endency  toward  
o x i d a t i o n  by a i r  and s o l u b i l i t y  i n  
sodium. Lead-Bismuth and mercury were 
recommended f o r  t h i s  a p p l i c a t i o n .  



T i t l e  

Concep tua l  Des ign  o f  Large Sodium Valves  

Document No. 

A b s t r a c t  

T h i s  r e p o r t  e s t a b l i s h e s  t h e  v a l v e  
r e q u i r e m e n t s  f o r  l a r g e  (1000 MWe) 
sod ium-coo led  f a s t  r e a c t o r  p l a n t s ,  
r ev iews  t h e  p a s t  and  p r e s e n t  sodium v a l v e  
t e c h n o l o g y ,  and d e s c r i b e s  some new 
sodium v a l v e  c o n c e p t s .  A s e a r c h  o f  t h e  
b e s t  a v a i l a b l e  documents i n  sodium 
v a l v e s ,  p e r s o n a l  v i s i t s  t o  v a r i o u s  
sodium f a c i l i t i e s ,  and company e x p e r i -  
ence  i n  t h e  d e s i g n ,  f a b r i c a t i o n ,  and 
u s e  o f  v a l v e s  a r e  t h e  b a s i s  f o r  t h i s  
r e p o r t .  The new c o n c e p t u a l  v a l v e  
d e s i g n s  were  deve loped  f o r  u s e  i n  a  
l a r g e  f a s t  r e a c t o r  p l a n t .  The v a l v e  
c o n c e p t s  i n c l u d e  many f e a t u r e s  
d e s i g n e d  t o  p r e v e n t  t h e  r e c u r r e n c e  
o f  problems which have  been  e n c o u n t e r e d  
w i t h  most v a l v e s  u s e d  f o r  sodium 
s e r v i c e .  Cos t  e s t i m a t e s  a r e  p r e s e n t e d  
f o r  t h e  v a l v e s  s e l e c t e d .  



T i t l e  

M o l t e n - S a l t  Reac to r  Program Q u a r t e r l y  
P r o g r e s s  Repor t  f o r  P e r i o d  Ending 
O c t .  31 ,  1958 

Document No. 

A b s t r a c t  

P r o g r e s s  on t h e  MSRE f o r  t h e  q u a r t e r  
e n d i n g  Oc tobe r  31 ,  1958 i s  r e p o r t e d .  A 
s m a l l  submerged c e n t r i f u g a l  pump w i t h  a  
f r o z e n - l e a d  s h a f t  s e a l  was o p e r a t e d  
f o r  e v a l u a t i o n  t e s t s .  F reeze  f l a n g e  
and i n d e n t e d  s e a l  f l a n g e  j o i n t s  t h a t  
had  s e a l e d  s u c c e s s f u l l y  i n  h i g h -  
t e m p e r a t u r e  mol t en  s a l t  l i n e s  were 
t e s t e d  w i t h  sodium. Three  commerc ia l ly  
a v a i l a b l e  e x p a n s i o n  j o i n t s  were t e s t e d  
and found t o  be  s a t i s f a c t o r y  f o r  u s e  
i n  b o t h  mol t en  s a l t  and sodium l i n e s .  
A s o d i u m - g r a p h i t e  sys t em was u s e d  t o  
p r e p a r e  I n c o n e l  and H a s t e l l o y  N t e n s i l e  
spec imens  f o r  a  s t u d y  o f  t h e  e f f e c t  
o f  c a r b u r i z a t i o n  on t h e  mechan ica l  
p r o p e r t i e s .  



T i t l e  

M o l t e n - S a l t  R e a c t o r  Program Q u a r t e r l y  
P r o g r e s s  Repor t  f o r  P e r i o d  Ending 
J a n u a r y  3 1 ,  1958 

Document No. 

ORNL- 2 4 7 4  

Author  

H .  G .  MacPherson 

A b s t r a c t  

P r o g r e s s  on t h e  MSRE i s  r e p o r t e d  f o r  
t h e  q u a r t e r  e n d i n g  J a n u a r y  31 ,  1958 .  
A h y d r o s t a t i c  b e a r i n g  was d e s i g n e d  f o r  
u s e  i n  l i q u i d  m e t a l  pumps, which d i f -  
f e r s  f rom t h e  c o n v e n t i o n a l  b e a r i n g s  
i n  t h a t  t h e  p o c k e t s  r o t a t e  on t h e  
i m p e l l e r .  A b e a r i n g  o f  t h i s  t y p e  h a s  
t h e  a d v a n t a g e  t h a t  t h e  p r e s s u r e  o f  t h e  
pumped f l u i d  would m a i n t a i n  t h e  cen -  
t e r i n g  o f  t h e  i m p e l l e r  i n  t h e  pump 
c a s i n g .  Both o i l  l u b r i c a t e d  s h a f t  s e a l s  
and b e l l o w s  s e a l s  a r e  b e i n g  t e s t e d  i n  NaK. 
A combina t ion  o f  NaK and g r a p h i t e  i s  
b e i n g  u s e d  f o r  a  c a r b u r i z a t i o n  t e s t  
on H a s t e l l o y  N (INOR-8). Also  NaK 
t e s t i n g  o f  b r a z e s  u s i n g  p r e c i o u s  m e t a l  
a l l o y s  r e v e a l e d  no e v i d e n c e  o f  c o r r o -  
s i o n  a f t e r  500 h r  e x p o s u r e  a t  1200 O F .  



T i t l e  

M o l t e n - S a l t  R e a c t o r  P r o j e c t  Q u a r t e r l y  
P r o g r e s s  Repor t  f o r  P e r i o d  Ending A p r i l  30 ,  
1959 

Document No. 

ORNL-2723 

Author  

H .  G .  MacPherson 

A b s t r a c t  

P r o g r e s s  i s  r e p o r t e d  on t h e  MSRE f o r  
t h e  q u a r t e r  e n d i n g  A p r i l  30 ,  1959.  A 
s m a l l  f r o z e n - l e a d  pump s e a l  on a  
3 / l 6 - i n .  d i a m e t e r  s h a f t  had o p e r a t e d  i n  
sodium f o r  7500 h r  w i t h  no l e a d  l e a k a g e .  
A s i m i l a r  s e a l  on a  3 -1 /4  i n .  d i a m e t e r  
s h a f t  had  o p e r a t e d  i n  sodium f o r  
3600 h r 3 w i t h  an a v e r a g e  l e a k a g e  r a t e  
o f  9 cm / h r .  Redes ign  o f  t h e  s e a l  
was needed t o  p r o v i d e  b e t t e r  c o o l a n t  
c o n t r o l  and p a c k i n g  t o  d e c r e a s e  t h e  
annu lus  between t h e  s e a l  and t h e  s h a f t .  
Endurance t e s t i n g  o f  a  be l lows-mounted  
s e a l  on a  c e n t r i f u g a l  pump i n  a  NaK 
l o o p  c o n t i n u e d .  N e g l i g i b l e  l e a k a g e  had  
o c c u r r e d .  



T i t l e  

E n g i n e e r i n g  Problems P e r t i n e n t  t o  t h e  Use 
o f  Sodium Hydroxide  i n  Reac to r s  ( N u c l e a r  
E n g i n e e r i n g  - P a r t  1 . )  

Do cumen t No. 

CEPS-50/11-139-54 

Authors  

E .  M .  Simons,  J .  H .  S t ang  

A b s t r a c t  

Anhydrous,  mol t en  sodium h y d r o x i d e , h a s  
c o n s i d e r a b l e  promise  a s  a  r e a c t o r  
l i q u i d ,  b e c a u s e  o f  i t s  low vapor  p r e s -  
s u r e  a t  m o d e r a t e l y  h i g h  t e m p e r a t u r e s ,  
i t s  r a t h e r  s m a l l  c r o s s - s e c t i o n  f o r  t h e  
c a p t u r e  o f  t h e r m a l  n e u t r o n s ,  and i t s  
s u b s t a n t i a l  hydrogen c o n t e n t  f o r  neu- 
t r o n  m o d e r a t i o n s .  I t  might  be used  a s  
a  modera to r  a l o n e  i n  an e n r i c h e d  r e a c -  
t o r ,  a s  a  c o o l a n t ,  o r ,  w i t h  t h e  a d d i t i o n  
o f  n u c l e a r  f u e l  i n  t h e  form o f  a  s o l u -  
t i o n  o r  s l u r r y ,  a s  t h e  combined f u e l -  
m o d e r a t o r - c o o l a n t  i n  a  homogeneous 
r e a c t o r .  C h e m i c a l - p l a n t  e x p e r i e n c e  
w i t h  anhydrous  sodium h y d r o x i d e  has  been  
l i m i t e d  t o  more o r  l e s s  s t a t i c ,  open 
sys t ems  w i t h  t e m p e r a t u r e s  n o t  much 
h i g h e r  t h a n  100 O C  above t h e  m e l t i n g  
p o i n t .  A h o s t  o f  new and d i f f i c u l t  
e n g i n e e r i n g  problems a r e  e n c o u n t e r e d  i n  
t h e  d e s i g n  o f  c l o s e d  c i r c u l a t i n g  sys t ems  
f o r  t e m p e r a t u r e s  up t o  850 O C .  T h i s  
p a p e r  d i s c u s s e s  some of  t h e s e  p rob lems ,  
i n c l u d i n g  s u i t a b l e  c o n t a i n e r  m a t e r i a l s ,  
components f o r  h i g h - t e m p e r a t u r e  hydrox-  
i d e  sys t ems  ( e . g . ,  pumps, s e a l s ,  b e a r -  
i n g s ,  v a l v e s ,  and plumbing)  and 
i n s t r u m e n t a t i o n  f o r  s u c h  s y s t e m s ,  i n c l u d -  
i n g  d e v i c e s  f o r  measur ing  p r e s s u r e ,  tem- 
p e r a t u r e ,  f l o w ,  and l i q u i d  l e v e l .  
Ano the r  e n g i n e e r i n g  problem i s  t h a t  of  
s t a r t i n g  up o r  s h u t t i n g  down a  r e a c t o r  
u s i n g  sodium h y d r o x i d e ,  which m e l t s  a t  
318 O C .  S e v e r a l  p o s s i b l e  methods o f  
c h a r g i n g  t h e  sys t em and k e e p i n g  t h e  
hydrox ide  mol t en  a r e  d i s c u s s e d .  



T i t l e  A b s t r a c t  

Wash C e l l s  (Hal lam Nuc lea r  Power F a c i l i t y .  A d e s c r i p t i o n  o f  t h e  HNPF f u e l  and 
P r e o p e r a t i o n a l  T e s t  Completion R e p o r t . )  pump wash c e l l s ,  and  t h e  method o f  t e s t -  

i n g  i s  p r e s e n t e d  a l o n g  w i t h  an a n a l y s i s  
Document No. o f  r e s u l t s  and c o r r e c t i v e  a c t i o n  t a k e n  

NAA-SR-9777, Vol 3(AI-P-1133) t o  r e n d e r  them o p e r a t i o n a l .  

Au thor s  

J. C h a r l e s ,  J .  Donovan 

T i t l e  

R o t a r y  Mechanica l  S e a l  

Document No. 
n 

J 
w Patent-UK-989,794 
a 

A b s t r a c t  

T h i s  i n v e n t i o n  r e l a t e s  t o  r o t a r y  
mechan ica l  s e a l  means a d a p t e d  t o  t r a n s -  
m i t  r o t a r y  mot ion  between d i f f e r i n g  
env i ronment s  s e p a r a t e d  by a t i g h t  
s e a l e d  p r o t e c t i v e  b a r r i e r .  



T i t l e  

Improvements i n  o r  R e l a t i n g  t o  J o i n t s  
Between Tubes o f  Dissimilar M a t e r i a l s  

Document No. 

Patent-UK- 8 3 9 , 7 8 2  

Authors  

S.  F a w c e t t ,  W .  Rodwell 

A b s t r a c t  

A t u b e  j o i n t  w i t h  improved s e a l i n g  
c h a r a c t e r i s t i c s  i s  p r e s e n t e d  f o r  
c o u p l i n g  t u b e s  h a v i n g  d i f f e r e n t  the rmal  
e x p a n s i o n  c h a r a c t e r i s t i c s  and o f  d i f f e r -  
e n t  d i a m e t e r .  Such an a r rangement  i s  
r e q u i r e d  i n  a  sod ium-coo led ,  g r a p h i t e -  
modera ted  n u c l e a r  r e a c t o r  where t h e  
l a r g e r  t u b e  forms p a r t  o f  t h e  s t r u c t u r e  
o f  t h e  r e a c t o r ,  and t h e  s m a l l e r  t u b e  i s  
a  removable s t r u c t u r a l  t u b e .  The i n v e n -  
t i o n  d e s c r i b e d  comprises  a  m e t a l  s e a l i n g  
r i n g  l o c a t e d  between an i n t e r n a l  f l a n g e  
on t h e  l a r g e r  t u b e  and an e x t e r n a l  f l a n g e  
on t h e  s m a l l e r  t u b e .  The means f o r  
c lamping t h e  s e a l i n g  r i n g  between t h e  
e x t e r n a l  and t h e  i n t e r n a l  f l a n g e  h a s  
the rmal  e x p a n s i o n  c h a r a c t e r i s  t i c s  t h a t  
t e n d  t o  s t a b i l i z e  t h e  v a r i a t i o n  o f  l o a d  
i n  t h e  s e a l i n g  r i n g  w i t h  t e m p e r a t u r e  
changes .  D e t a i l s  o f  c o n s t r u c t i o n  and 
a p p l i c a t i o n  o f  t h i s  t y p e  o f  t u b e  j o i n t  
i n  a SGR sys tem a r e  d e s c r i b e d .  



T i t l e  

Development o f  M a t e r i a l s  and F a b r i c a t i o n  
Techn iques .  SNAP- 8  T o p i c a l  M a t e r i a l s  
Repor t  f o r  1963.  Vol.  2 ,  Component 
M a t e r i a l s  Development.  

Do cumen t No. 

AGC-2822, Vol .  2 ,  PG. 11-36 

Author  

R.  S .  Carey 

A b s t r a c t  

T h i s  r e p o r t  i n v e s t i g a t e s  p h y s i c a l  p r o p e r -  
t i e s  o f ,  and f a b r i c a t i o n  t e c h n i q u e s  f o r ,  
a l l o y s  p roposed  f o r  u s e  i n  t h e  SNAP-8 
power c o n v e r s i o n  sys t em.  An e v a l u a t i o n  
o f  t h e  e l e v a t e d - t e m p e r a t u r e ,  l o n g - t i m e  
s t r e n g t h  o f  AM-350 showed t h a t  t h e  
e q u a l i z e d  h e a t  t r e a t m e n t  p r o v i d e d  a  
g r e a t e r  s t r e s s - r u p t u r e  s t r e n g t h  a t  
1300 O F  t h a n  t h e  s o l u t i o n - a n n e a l e d  
h e a t  t r e a t m e n t .  Creep and r u p t u r e -  
s t r e n g t h  d a t a  on 9CR-1MO s t e e l  s o l i c i t e d  
from majo r  m a n u f a c t u r e r s  and u s e r s  were 
s t a t i s t i c a l l y  e v a l u a t e d  t o  d e t e r m i n e  
t h e  optimum chemica l  c o m p o s i t i o n  o f  
9CR-1MO s t e e l  f o r  maximum s t r e n g t h .  A 
chromium c o n t e n t  o f  8 .84% i n  combina- 
t i o n  w i t h  a  molybdenum c o n t e n t  o f  1 . 2 5 %  
would p r o v i d e  maximum c r e e p  r e s i s t a n c e .  
Recommended d e s i g n  v a l u e s  a t  1300 O F  

i n c l u d e d  a  c r e e p  s t r e n g t h  o f  1100 p s i  
( 1 %  i n  10 ,000  h r ) .  



T i t l e  

SGR Component Development Technology 
( P r o c e e d i n g s  o f  t h e  SRE-OMRE Forum, Los 
Ange les ,  Februa ry  1958) 

Do cumen t No. 

Author  

R .  W .  D ick inson  

A b s t r a c t  

S p e c i f i c  examples o f  developments  i n  
pumps, v a l v e  c o n f i g u r a t i o n s ,  and c o l d  
t r a p s  a r e  n o t e d .  E x p e r i e n c e  w i t h  SRE 
l e a d i n g  t o  t h e  development  o f  t h e s e  
d e s i g n s  i s  d i s c u s s e d .  S t u d i e s  o f  
a l t e r n a t e  m a t e r i a l s  o f  c o n s t r u c t i o n  f o r  
SGR s y s t e m s  a r e  c o v e r e d ,  w i t h  a b r i e f  
summary o f  c u r r e n t  r e s u l t s  a t  t h i s  
and o t h e r  l a b o r a t o r i e s  - p r o s p e c t s  f o r  
t h e  u s e  o f  l o w - a l l o y  s t e e l s  a r e  p a r -  
t i c u l a r l y  n o t e d .  The s t a t u s  o f  sodium- 
h e a t e d  s t e a m  g e n e r a t o r s  i s  r ev iewed ,  and 
p r e l i m i n a r y  r e s u l t s  from t h e  o p e r a t i o n  
o f  t h e  "once-  through"  s t eam g e n e r a t o r  
a s  t h e y  a f f e c t  t h e  h e a t  t r a n s f e r  sys t em 
a r e  n o t e d .  Developments i n  t h e  method 
o f  c l e a n i n g  s o d i u m - f i l l e d  c a v i t i e s  a r e  
d i s c u s s e d ,  n o t i n g  an u n u s u a l  p r o c e d u r e  
which h a s  p roved  s a t i s f a c t o r y  i n  p r e -  
l i m i n a r y  t e s t s  . Exper iments  i n  p r o g r e s s  
t o  d e t e r m i n e  t h e  n e c e s s i t y  f o r  e x t e n s i v e  
c l e a n i n g  p r o c e d u r e s  i n  sodium s y s t e m  con-  
s t r u c t i o n  a r e  c o v e r e d .  A b r i e f  r ev iew 
o f  e x p e r i m e n t s  u n d e r  c o n s t r u c t i o n  o r  
p l a n n e d  f o r  t h e  immediate  f u t u r e  i s  made. 



T i t l e  

F i n a l  Per formance  T e s t s  of  Two- 
C o o l a n t -  Region Sodium Pump S h a f t  F r e e z e -  
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F. 0 .  S t r e c k  

A b s t r a c t  

Two-phase,  l i q u i d - s o l i d  sodium s e a l  
was t e s t e d  f o r  a  sodium pump s h a f t .  
Two c o o l a n t  l o o p s  w i t h  c o n s t a n t  f low 
r a t e s  and w i t h  a l m o s t  c o n s t a n t  i n l e t  
t e m p e r a t u r e s  c o u l d  keep  t h e  s o l i d  
s e a l  l e v e l  w i t h i n  an a c c e p t a b l e  n a r -  
row r a n g e  f o r  any o p e r a t i n g  c o n d i t i o n  , 

o f  t h e  pump. The s o l i d - p h a s e  t h i c k -  
n e s s  was always enough t o  r e t a i n  sodium 
i n  t h e  s e a l  a t  10  p s i g  p r e s s u r e  d i f -  
f e r e n c e  a c r o s s  t h e  whole s e a l .  Sodium 
b u l k  t e m p e r a t u r e  was 350 t o  945 O F .  

T e t r a l i n  was t h e  c o o l a n t  i n  b o t h  l o o p s  
w i t h  95 O F  i n p u t  t e m p e r a t u r e  and 
5 . 8  gpm f low i n  t h e  c o o l e r  r e g i o n  and 
w i t h  240 t o  285 OF, 0 . 8  gpm f low i n  
t h e  warmer r a n g e  o f  t h e  s e a l .  A con-  
s t a n t  2 .56  kW c o o l i n g  and 1 . 2  kW 
h e a t i n g  l o a d  c o u l d  be  e s t a b l i s h e d  a t  
a l l  pump s p e e d s  from 0  t o  840 rpm d u r -  
i n g  an 1100 h r  t e s t  run  f o r  t h e  g i v e n  
s h a f t  and s e a l  d imens ions .  The number 
o f  t e s t  r u n s  and t h e  measured p a r a m e t e r  
r a n g e s  were  s t a t i s t i c a l l y  d e t e r m i n e d .  



T i t l e  A b s t r a c t  

I n i t i a l  T e s t  of Sodium Pump and I n s t r u m e n t  An i s o t h e r m a l  l o o p  f o r  t e s t i n g  a  f u l l  
Loop s c a l e  sodium pump f o r  SRE and A s s o c i -  

a t e d  I n s t r u m e n t s  h a s  been  o p e r a t e d  
Document No. f o r  a p p r o x i m a t e l y  600 h r .  A summary 

NAA-SR-MEMO-1178 
o f  d a t a  o b t a i n e d ,  t o g e t h e r  w i t h  
recommendat ions,  i s  g i v e n .  

Author  

R.  Cygan 

T i t l e  

R e a c t o r  E n g i n e e r i n g  D i v i s i o n  Q u a r t e r l y  
Repor t  on t h e  Power Reac to r  Program, 

n J a n u a r y  1, 1955 Through March 31, 1955 
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* Document No. 

ANL-5461, S e c t i o n  I 1  

A b s t r a c t  

C o n s t r u c t i o n  and p r e i n s t a l l a t i o n  p e r -  
formance t e s t s  o f  t h e  EBR- I 1  working  
model a r e  d e s c r i b e d .  Low f r e q u e n c y  
i n d u c t i o n  h e a t i n g  i s  b e i n g  s t u d i e d  f o r  
t h e  sodium p i p i n g  s y s  tem. Convect ion  
h e a t  t r a n s f e r  d a t a  a r e  p r e s e n t e d  on 
e u t e c t i c  NaK. R e s u l t s  o f  an EBR-I1 d e s i g n  
s t u d y  a r e  r e p o r t e d ,  i n c l u d i n g  a  s k e l e -  
t o n  f l o w  c h a r t  of  t h e  e n t i r e  p l a n t  and 
a  t e m p e r a t u r e - e n t h a l p y  d iagram f o r  t h e  
s t eam g e n e r a t o r .  A t h e r m a l  a n a l y s i s  was 
made o f  r a d i a t o r  t y p e  f u e l  e l emen t s  f o r  
t h e  EBR-I1 and r e s u l t s  a r e  p r e s e n t e d .  
R e s u l t s  o f  i r r a d i a t i o n  t e s t s  o f  EBR-I1 
p i n  t y p e  f u e l  e l e m e n t s  a r e  summarized. 
A summary o f  p a c k i n g  g l a n d  t e s t s  i s  
p r e s e n t e d .  



T i t l e  A b s t r a c t  

S e a l i n g  Means f o r  R e c e p t a c l e s  C o n t a i n i n g  
Meta l  i n  L i q u i d  o r  Fused S t a t e  

Document No. 

Patent-UK- 780,151 

The c o n v e n t i o n a l  s o l i d  s e a l i n g  means, 
r i n g s  o f  s o f t  w i r e  l a i d  between f l a n g e s  
o f  t h e  r e c e p t a c l e ,  a r e  s e p a r a t e d  from 
t h e  l i q u i d  m e t a l  by a c u s h i o n  o f  i n e r t  
g a s  i n t r o d u c e d  i n t o  a  chamber between 
t h e  s e a l i n g  means and t h e  i n t e r i o r  o f  
t h e  r e c e p t a c l e .  T h i s  p r o v i d e s  a  s a f e  
s e a l  ( e . g .  f o r  p i p e l i n e s  and r e c e p t a -  
c l e s  c o n t a i n i n g  l i q u e f i e d  sodium a s  
c o o l a n t )  where c o v e r s  have t o  be  remov- 
a b l e ,  and a r e  sometimes moved by remote 
c o n t r o l  

T i t l e  
n 
I The S e l e c t i o n ,  Design M o d i f i c a t i o n ,  and 

A n a l y s i s  o f  Sodium Valves f o r  Hallam 
N u c l e a r  Power F a c i l i t y  

Do cumen t No . 
NAA- SR- 5463 

Authors  

B .  Brooks,  R .  Galantine, F. B e r g o n z o l i  

A b s t r a c t  

Des ign  o f  1 4 - i n .  t h r o t t l i n g ,  b l o c k i n g ,  
and check v a l v e s  - and s m a l l  b l o c k i n g  
v a l v e s  i s  d e s c r i b e d .  Both l i q u i d -  and 
g a s - c o o l e d  v a l v e  s t em f r e e z e  s e a l s  a r e  
d i s c u s s e d .  P r o t o t y p e  t e s t s  i n d i c a t e d  
s a t i s f a c t o r y  pe r fo rmance  e x c e p t  f o r  
a c r o s s - t h e - s e a t  l e a k a g e  - a  d e s i g n  FIX 
i s  d e s c r i b e d .  Thermal and s t r e s s  
a n a l y s e s  a r e  r e p o r t e d .  
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Do cumen t No . 
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A u t h o r  

C .  S u t h e r l a n d  

A b s t r a c t  

The pump component s t u d i e s  r e p o r t e d  
h e r e i n  were  c o n d u c t e d  i n  d i r e c t  s u p p o r t  
o f  t h e  deve lopmen t  o f  a  3000 gpm NaK 
turbopump.  T h i s  turbopump,  which was 
d e s i g n e d  a s  a d i r e c t l y  c o u p l e d ,  v e r -  
t i c a l l y  mounted u n i t ,  w i l l  d e v e l o p  a  
h e a d  r i s e  o f  a p p r o x i m a t e l y  400 f t  a t  
a  s h a f t  s p e e d  o f  8000 rpm. The d e s i g n  
maximum f l u i d  o p e r a t i n g  t e m p e r a t u r e  
i s  1300 O F .  I n c l u d e d ,  i n  t h e  o r d e r  
m e n t i o n e d ,  a r e  t h e  d e s c r i p t i o n s  o f  
t h e  f o u r  mixed f l o w  i m p e l l e r  t e s t s ,  
f u l l  s c a l e  i m p e l l e r  and s c r o l l  ma tch -  
i n g  t e s t  i n  w a t e r ,  f u l l  s c a l e  i m p e l l e r  
and s c r o l l  m a t c h i n g  t e s t  i n  s u b s o n i c  
a i r ,  h y d r o s t a t i c  s t r e s s c o a t  t e s t s  o f  
t h e  p r o t o t y p e  pump s c r o l l  and dynamic 
s e a l  and f a c e  s e a l  t e s t s .  The l a s t  
s e c t i o n s  o f  t h i s  r e p o r t  i n c l u d e  t h e  
t e s t  s t a n d  and  t e s t  u n i t  d e s c r i p t i o n s  
of  t h e  w a t e r  and l i q u i d  m e t a l  c e n t e r  
s e c t i o n  i t e m s ,  r e s p e c t i v e l y .  

A b s t r a c t  

T e s t s  were  c o n d u c t e d  t o  d e t e r m i n e  t h e  
s u i t a b i l i t y  o f  t h e  AN- t y p e  f l a r e d  t u b e  
c o u p l i n g s  f o r  u s e  a t  1 5 0 0 - p s i  s t r e s s  
l e v e l  s e r v i c e  i n  h i g h - t e m p e r a t u r e  
sodium s y s  tems .  R e s u l t s  i n d i c a t e  t h a t  
s u c h  u n i t s  a r e  n o t  s u i t a b l e  f o r  u s e  i n  
t h e s e  s y s t e m s .  
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A s e a l  c o n c e p t  was e v o l v e d  i n  which 
mixing  o f  mercury and o i l  i s  p r e v e n t e d  
by v e n t i n g  a  s e c t i o n  o f  t h e  s h a f t  t o  
s p a c e  and p e r m i t t i n g  a  s m a l l  c o n t r o l l e d  
l e a k a g e  o f  each  l i q u i d  t o  t h e  s p a c e  v e n t  
c a v i t y .  The p a r t i c u l a r  s e a l - t o - s p a c e  
concep t  advoca ted  f o r  u s e  i n  SNAP-8 
i n v o l v e s  u s e  o f  t h e  v i s c o  pump ( a  d e v i c e  
c o n s i s t i n g  o f  a  s h a f t  w i t h  h e l i c a l  
grooves  r o t a t i n g  w i t h i n  a  c l o s e - f i t t i n g  
h o u s i n g ) .  Th i s  s e a l  e l emen t  p r e v e n t s  
p a s s a g e  o f  raw l i q u i d  t h r o u g h  t h e  s e a l .  
I t  e s t a b l i s h e s  a  l i q u i d - v a p o r  i n t e r f a c e  
p a s t  which o n l y  v a p o r s  can  l e a k .  Visco  
pumps f u n c t i o n  i m p r o p e r l y  under  c e r t a i n  
c o n d i t i o n s .  A c o n d i t i o n  known a s  b r e a k -  
down can  p r e v a i l ,  i n  which c a s e  l i q u i d  
d r o p l e t s  can  b e  l o s t  f rom t h e  i n t e r f a c e  
and t h e  e f f e c t i v e n e s s  o f  t h e  s e a l  a s  a  
b a r r i e r  t o  l i q u i d  l e a k a g e  i s  d e s t r o y e d .  
T e s t s  were conduc ted  w i t h  q u a r t z  v i s c o  
pump t e s t  s e c t i o n s  which p e r m i t t e d  
v iewing  and p h o t o g r a p h i n g  o f  t h e  l i q u i d -  
vapor  i n t e r f a c e  d u r i n g  o p e r a t i o n  o f  t h e  
t e s t  r i g .  R e s u l t s  showed t h e  v i s c o  
pump i n t e r f a c e  t o  b e  s t a b l e  f o r  SNAP-8 
o p e r a t i n g  c o n d i t i o n s .  There  were no  
s i g n s  o f  breakdown. Measurements o f  
d r a g  and pumping c o e f f i c i e n t s  were made 
f o r  a v a r i e t y  o f  pump c o n f i g u r a t i o n s .  
The v i s c o  pump w a s  v e r y  w e l l  s u i t e d  f o r  w 
u s e  i n  t h e  SNAP-8 s e a l s - t o - s p a c e .  z 3 
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A b s t r a c t  

T e s t s  were  c o n d u c t e d  t o  d e m o n s t r a t e  
t h a t  dynamic s l i n g e r s ,  u s i n g  o i l  and  
mercury  a s  work ing  f l u i d s ,  a r e  c a p a b l e  
o f  g e n e r a t i n g  s t a b l e  l i q u i d - v a p o r  i n t e r -  
f a c e s  f o r  u s e  i n  t h e  SNAP-8 s e a l -  
t o - s p a c e .  The t e s t  r i g s  c o n t a i n e d  
t r a n s p a r e n t  h o u s i n g  s e c t i o n s  which 
p e r m i t t e d  o b s e r v a t i o n  o f  t h e  l i q u i d -  
v a p o r  i n t e r f a c e s  d u r i n g  o p e r a t i o n .  
R e s u l t s  d e m o n s t r a t e d  t h a t  s t a b l e  
i n t e r f a c e s  c a n  b e  o b t a i n e d  f o r  t h e  
o p e r a t i n g  c o n d i t i o n s  o f  t h e  r o t a t i n g  
a s s e m b l i e s  o f  t h e  SNAP-8 power con -  
v e r s i o n  s y s  tem. 



T i t l e  A b s t r a c t  

High-Tempera ture  C e n t r i f u g a l  Pumps 
( N u c l e a r  E n g i n e e r i n g  - P a r t  3)  
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H i g h - t e m p e r a t u r e  c e n t r i f u g a l  pumps f o r  
l i q u i d s  above 1000 O F  have  p r e s e n t e d  
some u n u s u a l  s t r u c t u r a l ,  m a t e r i a l ,  
s e a l i n g ,  a u x i l i a r y ,  i n s t r u m e n t a t i o n ,  
o p e r a t i o n a l ,  and  r e l i a b i l i t y  p rob lems .  
These a r e  d i s c u s s e d  b r i e f l y  i n  connec-  
t i o n  w i t h  a p p l i c a t i o n s  u s i n g  l i q u i d  
m e t a l s  and f u s e d  s a l t s  e n c o u n t e r e d  a t  ' 

Oak Ridge N a t i o n a l  L a b o r a t o r y .  These 
problems a r i s e  owing t o  t h e  weakening 
o f  s t r u c t u r a l  m a t e r i a l s  and t h e r m a l  
g r a d i e n t s  imposed a t  h i g h  t e m p e r a t u r e s  - 
t h e  p o s s i b i l i t y  of undue mass t r a n s f e r  
o r  chemica l  a t t a c k  - t h e  n e c e s s i t y  f o r  
c o o l i n g  c o n v e n t i o n a l  a s s o c i a t e d  mecha- 
nisms - t h e  n e c e s s i t y  f o r  l e a k t i g h t n e s s ,  
e s p e c i a l l y  i n  r a d i o a c t i v e  a p p l i c a t i o n s  - 
t h e  h i g h  dependence upon i n s t r u m e n t a t i o n  
f o r  d e t e r m i n a t i o n  o f  s a t i s f a c t o r y  o p e r a -  
t i o n  and upon r e l i a b i l i t y  f o r  m a i n t a i n -  
i n g  t h i s  owing t o  t h e  i n a c c e s s i b i l i t y  o f  
such  pumps when u s e d  i n  r a d i a t i o n  f i e l d s .  
G a s - s e a l e d  sump t y p e  v e r t i c a l - s h a f t  
pumps and f r o z e n - s o d i u m - s e a l e d  h o r i -  
z o n t a l - s h a f t  pumps a r e  d e s c r i b e d ,  and 
t h e  d e s i g n  and  o p e r a t i n g  p a r a m e t e r s  a r e  
d i s c u s s e d .  
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A b s t r a c t  

The b a s i c  f a c t o r s  l i m i t i n g  t h e  
e f f i c i e n c y  o f  b o t h  c o n v e n t i o n a l  s t eam 
power p l a n t s  and mercury-vapor  and 
s t eam b i n a r y  c y c l e  p l a n t s  a r e  d i s c u s s e d  
r e l a t i v e  t o  t h e  p o t e n t i a l  o f  a  p o t a s s i u m -  
v a p o r  and s team c y c l e  f o r  n u c l e a r  power 
p l a n t .  a p p l i c a t i o n s .  A c o n c e p t u a l  d e s i g n  
f o r  one  embodiment o f  t h e  l a t t e r  c o u p l e d  
t o  a  m o l t e n - s a l t  r e a c t o r  i s  d e s c r i b e d .  
I t s  t h e r m a l  e f f i c i e n c y  i s  e s t i m a t e d  t o  
b e  5 4 % ,  and t h e  a s s o c i a t e d  c a l c u l a t i o n s ,  
i n c l u d i n g  t h o s e  f o r  t h e  s i z e  o f  t h e  
p r i n c i p a l  components ,  a r e  appended.  The 
q u a n t i t i e s  o f  m a t e r i a l  r e q u i r e d  f o r  t h e  
h e a t  exchanger s  and p i p i n g  f o r  b o t h  a  
c o a l - f i r e d  s u p e r c r i t i c a l - p r e s s u r e  s t e a m  
p l a n t  and a  n u c l e a r - p o w e r e d  p o t a s s i u m  
vapor  and s u p e r c r i t i c a l - s t e a m  p l a n t  a r e  
e s t i m a t e d  a l o n g  w i t h  t h e  a s s o c i a t e d  
c o s t s .  The r e s u l t i n g  c o s t  and p e r f o r -  
mance d a t a  i n d i c a t e  t h a t  t h e  n u c l e a r  
p l a n t  w i t h  a  p o t a s s i u m - v a p o r  and s t eam 
b i n a r y  c y c l e  c o u l d  g i v e  b o t h  lower  
c a p i t a l  c h a r g e s  and a  much h i g h e r  o v e r -  
a l l  e f f i c i e n c y  t h a n  a  c o a l - f i r e d  s u p e r -  
c r i t i c a l - p r e s s u r e  s t eam p l a n t .  



T i t l e  

Resea rch  Program R e l a t e d  t o  Vapor 
Thermion ic  C o n v e r t e r s  f o r  Nuc lea r  
A p p l i c a t i o n s  

Document No. 

EOS-3410-FINAL 

Author  

A.  0 .  J e n s e n  

C;] T i t l e  
VI 
r F i n a l  T e c h n i c a l  Summary Repor t  o f  Research  

and Development Program o f  Thermionic  Con- 
v e r s i o n  o f  Heat t o  E l e c t r i c i t y ,  Volume I 

Document No. 

GEST-2035, Vol .  1 

Authors  

R. H .  B r i s t o w ,  L .  N .  Grossman, 
D r .  A .  J .  Kaznoff 

A b s t r a c t  

The ma jo r  o b j e c t i v e  o f  t h e  r e p o r t e d  
r e s e a r c h  program was t o  s t u d y  t h e  
e f f e c t s  o f  l o n g  t ime a t  t e m p e r a t u r e  on 
t h e  s u r f a c e  c r y s t a l  s t r u c t u r e  o f  p o l y -  
c r y s t a l l i n e  molybdenum s u b s t r a t e s  and 
how t h e s e  changes  i n  s u r f a c e  c r y s t a l  
s t r u c t u r e  r e l a t e  t o  t h e  pe r fo rmance  of  
c e s i a t e d  molybdenum e m i t t e r s  (and 
c o l l e c t o r s )  f o r  u s e  i n  ces ium v a p o r  
t h e r m i o n i c  c o n v e r t e r s  f o r  n u c l e a r  
a p p l i c a t i o n s .  The i n v e s t i g a t i o n s  were 
p r i m a r i l y  l i m i t e d  t o  molybdenum a n d / o r  
v a p o r  d e p o s i t e d  c o a t i n g s  on molybdenum 
a s  a  s t a r t i n g  p o i n t .  

A b s t r a c t  

The m a t e r i a l  p r e s e n t e d  i n  t h i s  volume 
r e s u l t e d  from an e x p e r i m e n t a l  program 
u n d e r t a k e n  t o  s o l v e  some o f  t h e  mate-  
r i a l s  problems on t h e r m i o n i c  c o n v e r t e r  
s y s t e m s .  The e l e c t r i c a l  r e s i s t a n c e  o f  
h i g h  p u r i t y  a luminas  was measured a t  
t y p i c a l  c o n v e r t e r  o p e r a t i n g  t e m p e r a t u r e s .  
Tungs ten  and molybdenum b a s e d  c o a t i n g s  
were d e v e l o p e d ,  m e t a l l i z e d  t o  a lumina  
and t e s t e d  i n  ces ium v a p o r  f o r  o v e r  
2000 h r .  The j o i n i n g  o f  v a r i o u s  r e t r a c t -  
i n g  m e t a l s  t o  m e t a l l i z e d  a lumina  u s i n g  
d i f f e r e n t  bond ing  t e c h n i q u e s  were i n v e s  - 
t i g a t e d .  The ces ium c o r r o s i o n  r e s i s -  z w 
t a n c e  o f  v a r i o u s  m a t e r i a l s  and s e a l s  =Z 
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T i t l e  A b s t r a c t  

F i n a l  T e c h n i c a l  Summary Report  on Vapor 
F i l l e d  Thermionic  C o n v e r t e r  M a t e r i a l s  and 
J o i n i n g  P rob lems ,  Plasma Research P e r t i n e n t  
t o  Thermionic  C o n v e r t e r  O p e r a t i o n  
1 5  November 1961 - 1 5  December 1962 

Do cumen t No . 
AD 617348 

Authors  

M .  J .  S l i v k a ,  R .  1 1 .  B r i s t o w ,  M .  D .  Gibbons 

n 
I 

VI 
N T i t l e  

SNAP-8 S e a l s - t o - S p a c e  Development T e s t  
Program Volume IV - I n t e g r a t e d  S e a l  
S i m u l a t o r  

Document No. 

AGC-2808, Val. 4  

Authors  

R .  L .  L e s s l e y ,  J .  N .  Hodgson, 
E .  A .  Haglund 

An e x p e r i m e n t a l  program t o  d e t e r m i n e  
t h e  c o m p a t i b i l i t y  o f  ces ium vapor  w i t h  
c e r a m i c s ,  m e t a l s ,  and m e t a l - c e r a m i c  
s e a l s  i s  d e s c r i b e d .  Only h i g h - p u r i t y  
a lumina  ce ramic  b o d i e s  e x h i b i t e d  
r e s i s t a n c e  t o  a t t a c k  by ces ium v a p o r  
a t  t e m p e r a t u r e s  up t o  900 O C .  R e s u l t s  
from e x p e r i m e n t a l  s t u d i e s  on t h e  
e m i s s i o n  and d i s c h a r g e  c h a r a c t e r i s t i c s  
o f  t h e  TA-CS sys tem a r e  a l s o  p r e s e n t e d .  
The i n f o r m a t i o n  from t h e  s t u d i e s  i s  
most d i r e c t l y  a p p l i c a b l e  t o  t h e  d e s i g n  
and c o n s t r u c t i o n  o f  ces ium-vapor  
t h e r m i o n i c  c o n v e r t e r s .  

A b s t r a c t  

The d e s i g n ,  f a b r i c a t i o n ,  t e s t  and p e r -  
formance e v a l u a t i o n  o f  a  s h a f t  s e a l  
f o r  mercury was d e s c r i b e d .  The v i s c o  
s e a l ,  m o l e c u l a r  pump and dynamic 
s l i n g e r  were used  t o  m a i n t a i n  an i n t e r -  
f a c e  between mercury l i q u i d  and mercury 
v a p o r .  Three  s e a l i n g  a r rangement s  were 
t e s t e d  s e p a r a t e l y  f o l l o w e d  by a  f i n a l  
t e s t  o f  t h e  u n i t s  combined i n t o  one 
assembly .  



T i t l e  

Summary o f  S h a f t  Face S e a l  Development 
Program 

Document No. 

Author  

D. V .  Manfredi  

A b s t r a c t  

Th i s  r e p o r t  d e s c r i b e s  a  program f o r  t h e  
development  o f  a  gas  s e a l i n g  sys tem 
w i t h  a  minimum o p e r a t i n g  l i f e  o f  
10,000 h r  f o r  s h a f t s  o f  pumps used  t o  
c i r c u l a t e  l i t h i u m ,  p o t a s s i u m ,  o r  NaK 
a t  t e m p e r a t u r e s  up t o  1600 OF. The 
v e r t i c a l  s h a f t s ,  s u p p o r t e d  by o i l -  
l u b r i c a t e d  b a l l  b e a r i n g s ,  were t o  o p e r -  
a t e  up t o  s p e e d s  o f  8500 rpm. The 
p u r i t y  r e q u i r e m e n t s  o f  t h e  c o v e r  gas  
above t h e  l i q u i d  m e t a l  were 2 ppm o r  
l e s s  o f  oxygen o r  m o i s t u r e .  The s e a l -  
i n g  sys tem c o n s i s t e d  o f  two o i l  cermet  
f a c t  s e a l s ,  one d r y  gas cermet  f a c e  
s e a l s ,  a  c e n t r i f u g a l  dynamic s e a l ,  and 
two sweep g a s  sys tems .  T h i s  r e p o r t  
i n c l u d e s  s e a l  m a n u f a c t u r i n g  t e c h n i q u e s ,  
per formance  d a t a  and e x p e r i m e n t a l  
t e c h n i q u e s  evo lved  d u r i n g  t h i s  program. 
A t o t a l  o f  o v e r  150,000 h r  o f  t e s t i n g  
was accumula ted  i n  a c c o m p l i s h i n g  t h e  
o b j e c t i v e s  o f  t h e  o v e r a l l  program. 



A b s t r a c t  

A n a l y s i s  o f  t h e  H e a t  G e n e r a t i o n  i n  t h e  
P r i m a r y  Sodium P i p e  T u n n e l s ,  I n t e r m e d i a t e  
H e a t  Exchange r  C e l l s ,  and  t h e  P r i m a r y  
Sodium F i l l  Tank V a u l t  f o r  HNPF 

Document No. 

NAA-SR-MEMO- 7518 

A u t h o r  

P.  J .  Legend re  

The f o l l o w i n g  r e s u l t s  p o i n t  o u t  t h e  
m a j o r  c h a n g e s  i n  m a g n i t u d e  o f  t h e  h o t  
s p o t  h e a t  g e n e r a t i o n  due  t o  c h a n g e s  
i n  p r i m a r y  sod i um p i p i n g  l a y o u t .  The 
p e a k  h e a t  g e n e r a t i o n  i n  t h e  d i a p h r a g m  
s e a l  a t  t h e  e a s t  end  o f  t h e  r e a c t o r  
c a v i t y  i s  0 . 0 1 1  w/cmZ. P r e v i o u s  c a l -  
c u l a t i o n s  gave  0 .0084  w/cm2. The p e a k  
h e a t  g e n e r a t i o n  i n  t h e  i n t e r m e d i a t e  
h e a t  e x c h a n g e r  c e l l s  i s  0 . 0 3 1  ~ / c m Z .  
The p r e v i o u s  p e a k  h e a t  g e n e r a t i o n  i n  
t h e  IHX c e l l ,  0 . 0 1 3  w/cm2, was l o c a t e d  
on t h e  c e l l  f l o o r  b e n e a t h  t h e  1 6 - i n .  
p r i m a r y  sod ium p i p e .  



T i t l e  

L i q u i d  Meta l  Research a t  NASA-Lewis 
Resea rch  C e n t e r  (P roceed ings  o f  1962 
High Tempera ture  L iqu id  Metal  Heat  
T r a n s f e r  Technology Meet ing ,  
Brookhaven N a t l  . Lab. ) 

Document No. 

BNL 756 (C-35)pg.  262-275 

Author  

J.  P .  Lewis 

A b s t r a c t  

The r e p o r t  summarizes t h e  h e a t  t r a n s f e r  
a s p e c t s  o f  LRC l i q u i d  m e t a l  r e s e a r c h  
a c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  d e v e l o p -  
ment o f  s p a c e  power g e n e r a t i o n  s y s t e m s .  
A s t a i n l e s s  s t e e l  150 kW two-phase  f low 
l o o p  o p e r a t i n g  w i t h  sodium t o  1700 O F  

i s  d e s c r i b e d ,  w i t h  i n i t i a l  per formance  
d a t a .  Nine major  component f a i l u r e s  . 
a r e  l i s t e d .  A sodium t u r b i n e  f a c i l i t y  
u n d e r  c o n s t r u c t i o n  i s  t o  o p e r a t e  w i t h  
a  1500 kW b o i l e r .  Two l o o p s ,  one low 
p r e s s u r e ,  one h i g h  p r e s s u r e  (200 p s i )  
w i l l  t e s t  c e n t r i f u g a l  pumps. B o i l i n g  
and c o n v e c t i v e  h e a t  t r a n s f e r  o f  sodium 
up t o  2250 O F  w i l l  be  s t u d i e d  i n  a  
f o r c e d - f l o w  500 kW l o o p ,  c o n s t r u c t e d  o f  
C B - 1 Z R  above 1500 O F  and 316 SS below 
1 5 0 0  O F .  A l a r g e  r a d i a t o r -  condense r  
t e s t  f a c i l i t y  u s i n g  p o t a s s i u m  h e a t e d  
by a NaK l o o p  is b e i n g  f a b r i c a t e d .  
O p e r a t i o n  o f  b e a r i n g s  and  s e a l s  i n  
l i q u i d  m e t a l s  up t o  1600 O F  w i l l  b e  
s t u d i e d .  A s i m u l a t e d  SNAP-8 l o o p ,  
i n c l u d i n g  NaK and mercury s y s  tems , i s  
b e i n g  c o n s t r u c t e d .  A comprehens ive  
program i s  i n  p r o g r e s s  f o r  m a t e r i a l s  
e v a l u a t i o n  f o r  a l k a l i  m e t a l  con ta inmen t  
i n  t h e  1800 t o  2400 O F  r a n g e .  



A b s t r a c t  

Design and  F a b r i c a t i o n  o f  a  2100 O F  Forced 
Convect ion  L i th ium T e s t  Loop (P roceed ings  
o f  1962 High Tempera ture  L i q u i d  Meta l  
Heat  T r a n s f e r  Technology Meet ing ,  
Brookhaven N a t l .  Lab. ) 

Document No. 

BNL 756(C-35)pg.  326-352 

Author  

I .  L .  Gray 
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Water T e s t s  o f  High Speed C e n t r i f u g a l  
Dynamic S h a f t  S e a l s  

Document No. 

TIM-914 

Author  

High- t e m p e r a t u r e  l i q u i d  m e t a l  t e c h -  
no logy  forms a p a r t  of  t h e  Mar t in  
M a r i e t t a  C o r p o r a t i o n  Research  and 
Development Program on d i r e c t  c o n v e r -  
s i o n  n u c l e a r  r e a c t o r s .  Th i s  p a p e r  
i s  a  p r o g r e s s  r e p o r t  on t h e  d e s i g n ,  
f a b r i c a t i o n  and i n s t a l l a t i o n  o f  a  1 - i n .  
d i a m e t e r ,  n iob ium-1% z i rcon ium a l l o y ,  
f o r c e d  c o n v e c t i o n  l o o p  t h a t  i s  r a t e d  
a t  a  t e m p e r a t u r e  o f  2100 OF and f low 
o f  2 0  gpm l i t h i u m .  The o v e r a l l  sys t em 
i s  b r i e f l y  d e s c r i b e d  and emphasis  i s  
p l a c e d  on t h e  r e s o l u t i o n  o f  problems 
t h a t  a r o s e  d u r i n g  t h e  d e s i g n  and f a b r i -  
c a t i o n  s t a g e s  . 

A b s t r a c t  

C u r r e n t  h i g h e r  s p e e d  l i q u i d  m e t a l  
pumps under  development  r e q u i r e  s m a l l e r  
d i a m e t e r  s h a f t  s e a l s  w i t h  minimum power 
consumption.  Four  models were t e s t e d  i n  
w a t e r  a t  s h a f t  speeds  up t o  13 ,000  rpm. 
A 36-vane  dynamic s e a l ,  d e s i g n a t e d  DS-11, 
w i t h  a  vane h e i g h t  o f  0.200 i n . ,  and 
a x i a l  vane c l e a r a n c e  of  0 .010 i n .  and 
two c i r c u m f e r e n t i a l  t a n k  s l o t s  e x h i b i t e d  
t h e  most s t a b l e  l i q u i d - t o - g a s  i n t e r f a c e  
a t  h i g h  s p e e d s  and p r o v i d e d  optimum 
v a l u e s  o f  vane  and t o r q u e  c o e f f i c i e n t s .  
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T i t l e  

Mechan ica l  Pumps f o r  Power R e a c t o r  
Coo l ing  Systems ( P r o g r e s s  i n  N u c l e a r  
Energy .  S e r i e s  4 .  Technology and 
E n g i n e e r i n g )  

Document No. 

Book-McGraw & H i l l - 1 7 7 - 5 6  

Author  

G .  W .  K .  Ford 

A b s t r a c t  

The p r i n c i p l e s  on which t o  b a s e  t h e  
d e s i g n  o f  mechan ica l  pumps f o r  r e a c t o r  
c o o l a n t s  a r e  rev iewed w i t h  s p e c i a l  
emphas is  on t h e  u s e  o f  s h a f t  s e a l s ,  
s p e c i a l  b e a r i n g  t e c h n i q u e s ,  and gas  
b l a n k e t s .  A t e n t a t i v e  c h o i c e  i s  made 
o f  t h e  b e s t  sys t em t o  employ w i t h  t h e  
c o o l a n t s  o f  major  i n t e r e s t  i n  power . 
r e a c t o r s .  Some o f  t h e s e  p r o p o s a l s  have 
n o t  y e t  been  t e s t e d  on l a r g e - s c a l e  
s y s  terns. 



T i t l e  

SRE Core Recovery Program 

Document No. 

NAA-SR- 6359 

Author  

W .  J .  F r e e d e  

A b s t r a c t  

Dur ing  a n  e x p e r i m e n t a l  n u c l e a r  power 
r u n  a t  t h e  sodium r e a c t o r  expe r imen t  
(SRE) , a  l e a k  o c c u r r e d  which a l lowed  
from 2 t o  10 g a l  o f  o r g a n i c  m a t e r i a l ,  
commerc ia l ly  known a s  t e t r a l i n ,  t o  
e n t e r  and decompose i n  t h e  r e a c t o r  c o r e .  
Carbonaceous r e s i d u e  p r o d u c t s  reduced  
t h e  sodium c o o l a n t  f low i n  f u e l  c h a n n e l s  
t o  s u c h  an e x t e n t  t h a t  1 3  o u t  o f  43 f u e l  
e l e m e n t s  were damaged. A s u b s t a n t i a l  
q u a n t i t y  o f  s p e c i a l  equipment  was 
d e v e l o p e d ,  t e s t e d ,  and u t i l i z e d  t o  
a s s e s s  t h e  s i t u a t i o n ,  remove 81 l o o s e  
f u e l  s l u g s  p l u s  o t h e r  d e b r i s  from t h e  
r e a c t o r  c o r e ,  and r e p l a c e  16 modera to r  
c a n s ,  1 2  o f  which c o n t a i n e d  p o r t i o n s  o f  
f u e l  e l e m e n t s .  O n - s i t e  r e c o v e r y  o p e r a -  
t i o n s  were s a f e l y  and s u c c e s s f u l l y  p e r -  
formed.  Work p r o g r e s s e d  24 h r  p e r  day 
w i t h  t h e  crews f o l l o w i n g  a  r o t a t i n g  
s c h e d u l e .  I n  no i n s t a n c e  d i d  r a d i a t i o n  
e x p o s u r e  exceed  s t a n d a r d  AEC t o l e r a n c e s .  
On t h e  a v e r a g e ,  e x p o s u r e  was l e s s  t h a n  
a  t h i r d  o f  t h i s  t o l e r a n c e .  



T i t l e  

Sodium Pump Development and Pump T e s t  
F a c i l i t y  Design 

Document No. 

WCAP- 2347 

Authors  

H .  G .  A l l e n ,  J .  Boyd, B .  C a m e t t i ,  
D. A .  Maniero ,  D .  R.  Nixon 
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Sodium R e a c t o r  Experiment  I n c i d e n t  

Document No. 

NUSA-1/3- 73-60 

Authors  

W .  B .  McDonald, J .  H .  Devan 

A b s t r a c t  

The s t u d y  d e f i n e s  a  program f o r  t h e  
development  o f  l a r g e  sodium pumps f o r  
u s e  w i t h  sod ium-coo led  r e a c t o r  sys t ems  
o f  1000 t o  1500 W e  c a p a b i l i t y ,  and 
t h e  f u n c t i o n a l  r e q u i r e m e n t s  of a 
r e l a t e d  sodium pump t e s t  f a c i l i t y  f o r  
t e s t i n g  l a r g e  pumps. The f u t u r e  pump 
r e q u i r e m e n t s  o f  l a r g e  power sys t ems  
have been  e s t i m a t e d ,  a  t y p e  o f  sodium 
pump recommended f o r  f u r t h e r  d e v e l o p -  
ment ,  t h e  development  problems i d e n t i -  
f i e d ,  and a  program r e s e a r c h  and 
development  p r e p a r e d  t o  r e s o l v e  t h e s e  
p rob lems .  The f u n c t i o n a l  r e q u i r e m e n t s  
o f  a  sodium pump t e s t  f a c i l i t y  f o r  
t e s t i n g  pumps f o r  l a r g e  r e a c t o r  u s e  
have  been  e s t a b l i s h e d .  

A b s t r a c t  

The SRE was s h u t  down a t  t h e  end o f  
power Run 14 b e c a u s e  t e t r a l i n  had 
l e a k e d  i n t o  t h e  p r i m a r y  sodium sys tem 
v i a  a  thermocouple  w e l l  i n  t h e  pump 
f r e e z e  s e a l .  T e t r a l i n  decompos i t ion  
p r o d u c t s  r e s u l t e d  i n  b l o c k i n g  t h e  
f u e l  c h a n n e l s  and r e d u c i n g  t h e  h e a t  
t r a n s f e r  f rom t h e  f u e l  e l e m e n t s  and 
i n t e r m e d i a t e  h e a t  e x c h a n g e r .  The r e s u l t  
was f u e l  - e l emen t  f a i l u r e s  and r e l e a s e  
o f  f i s s i o n  p r o d u c t s  i n t o  t h e  sodium. 
Power Runs 8 th rough  1 3  were rev iewed 
t o  show s i g n i f i c a n t  c h r o n o l o g i c a l  
e v e n t s  b e f o r e  t h e  shutdown.  



A b s t r a c t  

I n e x p e n s i v e  Way t o  C o n t r o l  Oxygen i n  
Sodium H e a t - T r a n s f e r  Systems 

Do cumen t No. 

NUCL-14-34-56 

Authors  

I .  L .  Gray,  R .  L .  N e a l ,  B .  G .  Voorhees 

T i t l e  

Mechanica l  Pumps f o r  L i q u i d  Meta l s  
(Col loquium on L i q u i d  Meta l s .  Aix- 

n e n - P r o v e n c e ,  F r a n c e ,  September,  1963 )  
I 

~ o c u m e n t  No. 

AEC-TR-6354 

Authors  

J .  Baumier ,  H .  J .  G o l l i o n  

Sodium o x i d e s  i n  sodium f l u i d  a c c e l e r -  
a t e  m e t a l  c o r r o s i o n  and p l u g  sys t ems  i n  
c o l d  r e g i o n s .  Rugged, r e l i a b l e  d e v i c e s  
have been  deve loped  t o  measure 3  t o  
300 ppm oxygen i n  sodium and N a K  
(200 t o  700 OF) and t o  r e d u c e  oxygen 
t o  l e s s  t h a n  1 0  ppm. 

A b s t r a c t  

The p o s s i b l e  s o l u t i o n s  t o  t h e  problems 
o f  pumping l i q u i d  m e t a l s  by c e n t r i f u -  
g a l  pumps a r e  r ev iewed .  The s t u d y  i s  
o r i e n t e d  p r i n c i p a l l y  toward t h e  problem 
o f  s h a f t  s e a l s  and h y d r o s t a t i c  b e a r i n g s .  



T i t l e  

Components - Pumps (P roceed ings  o f  t h e  
1957 F a s t  R e a c t o r  I n f o r m a t i o n  Mee t ing ,  
Chicago.  ) 

Do cumen t No. 

Book-AEC-199-57 

Author  

R.  A .  J a r o s s  

A b s t r a c t  

S e v e r a l  n o t a b l e  advancements  i n  t h e  
f i e l d  o f  sodium pump t echno logy  have  
been  made i n  t h e  p a s t  y e a r .  The s u c -  
c e s s f u l  t e s t i n g  o f  two 5 ,000 gpm, 
4 0  p s i  head  pumps (one a  c e n t r i f u g a l ,  
sump t y p e  and t h e  o t h e r  an a c  l i n e a r  
i n d u c t i o n  pump) a t  Argonne N a t i o n a l  
L a b o r a t o r y  h a s  a f f o r d e d  much v a l u a b l e  
i n f o r m a t i o n  and added g r e a t l y  t o  t h e  
s t o r e  o f  e x p e r i e n c e  needed t o  make an 
i n t e l l i g e n t l y - d e s i g n e d  sodium c o o l a n t  
sys t em.  E x t e n s i v e  t e s t s  on t h e s e  two 
pumps have been  made t o  a s s i s t  i n  t h e  
s e l e c t i o n  o f  pumps f o r  EBR-11. The 
pumps a r e  d e s c r i b e d  and t e s t s  a r e  
r ev iewed .  



T i t l e  

P l u g g i n g  Leaks Between Water and T h i r d  
F l u i d  System (HG) 

Document No. 
< 

MSA Memo Repor t  92 

Authors  

S.  J .  Rodgers ,  J .  V .  F r i e l ,  
J .  W .  M a u s t e l l e r  

T i t l e  

E n g i n e e r i n g  Design o f  EBR- I 1  (Fuel  P r o c e s s  
and F a b r i c a t i o n  Cycle)  (P roceed ings  of t h e  
1957 F a s t  R e a c t o r  I n f o r m a t i o n  Meet ing ,  
Chicago.  ) 

Document No. 

BOOK-AEC-23-57 

Authors  

M .  Levenson,  J .  H .  S c h r a i d t  

A b s t r a c t  

An i n v e s t i g a t i o n  h a s  been  made o f  
methods o f  s e a l i n g  l e a k s  between w a t e r  
( o r  s t eam)  and mercury s y s t e m s .  Leaks 
s i m u l a t i n g  t u b e - t o - t u b e  s h e e t  j o i n t  
c r a c k s  were s u c c e s s f u l l y  p lugged  i n  
l e s s  t h a n  1 h r  by a d d i n g  a  commercial  
b o i l e r  s e a l a n t  (Leakure ,  d i s t r i b u t e d  by 
Woodward-Wanger Co.,  P h i l a d e l p h i a ,  
P a . ) ,  t o  t h e  w a t e r  s i d e .  A d d i t i o n  o f  
1 w t %  magnesium p l u s  1 v o l %  Leakure  
t o  t h e  mercury  sys t em gave p l u g s  i n  
e i t h e r  s t eam o r  w a t e r  l e a k s .  O p e r a t -  
i n g  c o n d i t i o n s  were 500 p s i g  ( 4 6 5  OF) 
on t h e  w a t e r  s i d e  and 300 p s i g ,  500 OF 
on t h e  mercury s i d e .  P r e s s u r e s  were 
a l t e r n a t e d  i n  some c a s e s .  P l u g s  h e l d  
500 t o  800 p s i  d i f f e r e n t i a l  p r e s s u r e  
b o t h  a t  o p e r a t i n g  w a t e r  c o n d i t i o n s  
( a t m o s p h e r i c  p r e s s u r e  on mercury s i d e )  
and a t  room t e m p e r a t u r e .  

A b s t r a c t  

The EBR-11, i n  a d d i t i o n  t o  d e m o n s t r a t i n g  
advances  i n  R e a c t o r  Technology,  w i l l  
d e m o n s t r a t e  t h e  u s e  o f  a  c l o s e d  f u e l  
c y c l e .  The f u e l  c y c l e  s e l e c t e d  f o r  
i n c l u s i o n  i n  t h e  EBR-I1 p l a n t  i s  
d e s i g n e d  f o r  remote  o p e r a t i o n .  Fue l  
p r o c e s s i n g  w i l l  b e  done by  m e l t  r e f i n -  
i n g  and f u e l  f a b r i c a t i o n  by i n j e c t i o n  w 
c a s t i n g .  The f a c i l i t i e s  a r e  b e i n g  z 
d e s i g n e d  t o  a c h i e v e  maximum f l e x i b i l i t y  r =Z 
w h i l e  t h e  equipment  i s  b e i n g  d e s i g n e d  

F I 

a s  s p e c i f i c  and s i m p l e  a s  p o s s i b l e .  w 
The 1 6 - s h i e l d e d  shop i s  d e s c r i b e d .  Co 



T i t l e  

Hal lam N u c l e a r  Power F a c i l i t y  R e a c t o r  
O p e r a t i o n s  A n a l y s i s  Program Semiannual  
P r o g r e s s  Repor t  No. 4 ,  February  29, 
1964 - September  30 ,  1964 

Document No. 

NAA-SR- 10743 

Authors  

D .  T e s z l e r ,  H .  R u b i n s t e i n ,  W .  Debear ,  
0 .  J e n k i n s ,  J r . ,  D .  Dar ley  

A b s t r a c t  

From March 1, 1964,  th rough  September 3 0 ,  
1964,  t h e  HNPF was i n  o p e r a t i o n  
2 ,748 .7  h r ,  g e n e r a t i n g  72 ,547,000 kW/hr 
o f  e l e c t r i c i t y  f o r  an accumula ted  t o t a l  
o f  192 ,460,000 kW/hr. O p e r a t i o n s  a r e  
r ev iewed .  Data  a r e  p r e s e n t e d  i n  t a b l e s  
and g r a p h s  on r e a c t i v i t y  h i s t o r y ,  f u e l  
e l e m e n t  e x p o s u r e ,  modera to r  e l emen t  
f a i l u r e s  , c o n t r o l  r o d s ,  i n - c o r e  tempera-  
t u r e s ,  f u e l  channe l  v a r i a b l e  o r i f i c e s ,  
r e a c t o r  sc ram a n a l y s e s ,  shutdown margin ,  
s p e c i a l  s t u d i e s  r e l a t e d  t o  HNPF modera- 
t o r  e l e m e n t s ,  s y s  tems and component 
a n a l y s i s ,  and t h e  component r e l i a b i l i t y  
program. 



T i t l e  

L iqu id  Metal-Heated Space Radia tor-  
Mounted Thermionic Generator 

Do cumen t No. 

PWA- 2369 , 

Author 

F .  C .  H a r t e r  

A b s t r a c t  

The r e s u l t s  o f  an exper imenta l  program 
t o  e v a l u a t e  thermionic  gene ra to r s  i n  a  
c o n f i g u r a t i o n  a p p r o p r i a t e  f o r  l i q u i d  
metal  h e a t i n g  a t  t empera tures  up t o  
1500 O C  a r e  r e p o r t e d .  The thermionic  
g e n e r a t o r  eva lua t ed  was c y l i n d r i c a l  and 
c o n s i s t e d  of  a  n i c k e l  c o l l e c t o r  s u r -  
rounding a  t r i l a y e r  e m i t t e r  s t r u c t u r e .  
The t r i l a y e r  s t r u c t u r e  c o n s i s t e d  of  a  
t an ta lum-  tungs ten  a l l o y  tube ,  which 
could  c o n t a i n  t h e  l i q u i d  me ta l ,  s u r -  
rounded by a  c o n c e n t r i c  i n s u l a t i n g  
bery l l ium-oxide  tube and a  t ungs t en -  
rhenium a l l o y  e m i t t e r  t ube .  The genera -  
t o r  met o r  exceeded t h e  performance 
goa l s  o f  t h e  program. A t  an e m i t t e r  
temperature  o f  1500 O C ,  t h e  power 
d e n s i t y  measured was 50% g r e a t e r  than  
t h e  des ign  o b j e c t i v e  o f  4 ~ / c m 2 ,  and 
t h e  measured e f f i c i e n c y  matched t h e  goal  
o f  1 0 % .  The power d e n s i t y  of 1 .07  ~ / cm2 ,  
a t  1195 O C  exceeded t h e  performance goa l  
of 1 ~ / c m 2  a t  1200 O C .  



T i t l e  

Development o f  A i r  Turbine  Dr ive  Components 
f o r  t h e  P r a t t  and Whitney A i r c r a f t  L i q u i d  
Meta l  Turbopump, TP- 1 

Document No. 

Authors  

J .  S .  Murphy, R .  S .  Lombard, 
R .  G .  H a s k e l l ,  J .  D .  S u t h e r l a n d  

A b s t r a c t  

The components t e s t i n g  program f o r  
development  o f  t h e  3 - 1  a i r -  t u r b i n e  
d r i v e  c o n s i s t e d  o f :  (1)  f u l l - s c a l e  
f i b e r g l a s s  model t e s t s  of  t h e  TP-1 
t u r b i n e  i n l e t  s c r o l l  u s i n g  s u b s o n i c  
a i r ,  ( 2 )  s u b s o n i c  a i r  t e s t s  o f  f i v e  
t a n g e n t i a l  i n l e t  t y p e  f i b e r g l a s s  t u r -  
b i n e  i n l e t - s c r o l l  mode l s ,  ( 3 )  c o l d  
h y d r o s t a t i c  t e s t s  o f  t h e  p r o t o t y p e  
T P - 1  t u r b i n e  s c r o l l  u s i n g  a  s t r e s s -  
c o a t  t e c h n i q u e ,  (4)  e v a l u a t i o n  t e s t s  
o f  t h r e e  t y p e s  o f  c a r b o n - f a c e  s e a l s ,  
and (5)  a  s i n g l e  endurance  t e s t  of t h e  
most p r o m i s i n g  c a r b o n - f a c e  s e a l .  A s  a  
r e s u l t  o f  t h e s e  component development  
t e s t s ,  s a t i s f a c t o r y  m o d i f i c a t i o n s  t o  
t h e  p r o t o t y p e  t u r b i n e  i n l e t  s c r o l l  were 
e f f e c t e d ,  t h e  o p e r a t i n g  s t r e s s  l e v e l s  
i n  t h e  s c r o l l  a t  d e s i g n  c o n d i t i o n s  were 
d e t e r m i n e d  t o  be  n o n c r i t i c a l ,  and t h e  
per formance  of  t h e  b e s t  c a r b o n - f a c e  
s e a l  t e s t e d  was found t o  be  a c c e p t a b l e  
from a  l e a k a g e  s t a n d p o i n t .  A s u c c e s s -  
f u l  endurance  t e s t  o f  a p p r o x i m a t e l y  
1400 h r  was conducted  on t h i s  s e a l  w i t h  
an ave rage  l e a k a g e  o f  a b o u t  0 . 5  cm3/hr.  



T i t l e  

A D e s c r i p t i o n  o f  SGR T e s t  I n s t a l l a t i o n s  
A v a i l a b l e  a t  Atomics I n t e r n a t i o n a l  

Document No. 

NAA-SR-4411 (REV) ' 

T i t l e  

Pumping L i q u i d  Meta l s  

Document No. 

ATNE-9-48-58 

T i t l e  

Thermal Shock Repor t  15.  Thermal 
Cyc l ing  Appl i ed  t o  One i n .  Socket  Weld Tee 

Document No. 

MSA Memo Repor t  1 2 1  

Authors  

G .  E .  Kennedy, E .  C .  King 

A b s t r a c t  

I l l u s t r a t i o n s  and d e s c r i p t i o n s  o f  sodium 
l a b o r a t o r i e s  and t e s t  i n s t a l l a t i o n s ,  
a v a i l a b l e  a t  t h e  Nuc lea r  F i e l d  T e s t  
L a b o r a t o r y  o f  Atomics I n t e r n a t i o n a l ,  
a r e  p r e s e n t e d .  These i n s t a l l a t i o n s  
were c o n s t r u c t e d  t o  advance sodium- 
c o o l e d  r e a c t o r  r e s e a r c h  and development .  
C o n s i d e r i n g  t h e  amount o f  i n f o r m a t i o n  
g a i n e d  from t h e s e  f a c i l i t i e s ,  conce rn -  
i n g  l i q u i d  m e t a l  h i g h - t e m p e r a t u r e  h e a t  
t r a n s f e r  s y s t e m s ,  t h e  c o s t s  a r e  com- 
p a r a t i v e l y  s m a l l .  The e x c e p t i o n a l  
a b i l i t y  o f  l i q u i d  m e t a l s  t o  t r a n s f e r  
h e a t ,  and t h e  r a p i d  t e m p e r a t u r e  t r a n -  
s i e n t s  e n c o u n t e r e d  i n  sodium components 
under  some c o n d i t i o n s ,  have engendered  
un ique  d e s i g n s  c a l l i n g  f o r  t h e  t e s t  
equipment  d e s c r i b e d  h e r e - i n .  

A b s t r a c t  

Two c e n t r i f u g a l  pumps, u s a b l e  f o r  c i r -  
c u l a t i n g  e i t h e r  NaK o r  a  sodium, a r e  
d e s c r i b e d .  

A b s t r a c t  

A t e e  i s  used  t o  j o i n  two l i q u i d  m e t a l  
s t r e a m s  o f  d i f f e r e n t  t e m p e r a t u r e s .  T h i s  
t e s t  s u b j e c t e d  t h e  t e e  t o  the rmal  and w 

z p r e s s u r e  s t r e s s .  V i s u a l ,  dye check and 
mass s p e c t r o m e t e r  examina t ions  upon com- r 
p l e t i o n  o f  t h e  t e s t  (1829 c y c l e s  and I 

I-' 

1048 h r  o f  o p e r a t i o n )  showed t h a t  t h e  ~ r l  03 

t e s t  s t r e s s e s  were n o t  e x c e s s i v e .  4 



T i t l e  

C o r r o s i o n  o f  Bery l l ium i n  Flowing Sodium 

Document No. 

GEAP- 3 3 3 3  

Author  

W .  W .  Kendal l  

T i t l e  

A Gas S h a f t  S e a l  f o r  t h e  IINPF Sodium Pump 

Document No. 

NAA-SR-MEMO- 2616 

Authors  

B .  W .  Admire,  F.  S .  Nayor 

A b s t r a c t  -- 
Samples o f  seven  t y p e s  o f  f a b r i c a t e d  
b e r y l l i u m  were exposed  t o  sodium f l o w i n g  
a t  20 f t / s e c  a t  900 O F  f o r  4 7  h r  f o l -  
lowed by 520 h r  a t  1000 OF. The o x i d e  
c o n t e n t  o f  t h e  sodium was f i r s t  reduced  
by c o l d - t r a p p i n g  and t h e n  g e t t e r i n g  w i t h  
abou t  1% c a l c i u m .  On comple t ion  of t h e  
t e s t ,  a l l  samples  were found t o  be 
n i t r i d e d  and some were j o i n e d  t o g e t h e r  
a t  p o i n t s  where t h e  b e r y l l i u m  had been  
i n  c o n t a c t  w i t h  b e r y l l i u m .  The 
b e r y l l i u m  n i t r i d e  f i l m  was t h e  t h i c k e s t  
on t h e  f a c e  exposed  t o  h i g h  v e l o c i t y  
sodium b e i n g  a b o u t  50-u t h i c k .  The 
b e r y l l i u m  n i t r i d e  f i l m  was b l a c k ,  h a r d ,  
and a d h e r e n t .  The b e r y l l i u m  below t h e  
s u r f a c e  f i l m  d i d  n o t  a p p e a r  t o  b e  
a f f e c t e d  by exposure  t o  sodium. 

A b s t r a c t  

Development and t e s t i n g  o f  a  l e a t h e r  
l i p - t y p e  gas  s e a l  f o r  a  5 - i n .  d i a m e t e r  
r o t a t i n g  s h a f t  a r e  d e s c r i b e d  and r e s u l t s  
and recommendations a r e  summarized. O i l  
was used  a s  t h e  gas  s e a l i n g  medium. I t  
was conc luded  t h a t  f o r  z e r o  he l ium l e a k -  
age t o  t h e  a tmosphere ,  i t  w i l l  be 
n e c e s s a r y  t o  u s e  a  double  s e a l  a r r a n g e -  
ment and t h a t  t h e  l i p - t y p e ,  o i l  l a b y -  
r i n t h  gas  s h a f t  s e a l s  n o t  be recommended 
f o r  u s e  on HNPF sodium pumps w i t h  l a r g e  z 
r o t a t i n g  s h a f t s .  z 

F 
I 



A b s t r a c t  

HNPF Cold Trap  E v a l u a t i o n  

Document No. 

NAA-SR-4382 

Author  

R.  Cygan 

T i t l e  

Per formance  o f  HNPF P r o t o t y p e  Free-, 
n S u r f a c e  Sodium Pump 

1 

cn 
Document No. 

NAA- SR- 4336 

Author  

R .  W .  Atz  

Two d e s i g n s  o f  sodium c o l d  t r a p s  f o r  
t h e  HNPF have  been  s u b j e c t e d  t o  f u l l  
s c a l e  t e s t s  . Performance f e a t u r e s  t h a t  
were i n v e s t i g a t e d  i n c l u d e d  o x i d e  removal 
e f f i c i e n c y ,  o x i d e  c a p a c i t y ,  p r e s s u r e  
d rop  c h a r a c t e r i s t i c s ,  economizer  e f f e c -  
t i v e n e s s ,  and t e m p e r a t u r e  p r o f i l e s .  
R e s u l t s  i n d i c a t e  t h a t  b o t h  d e s i g n s  
s h o u l d  p e r f o r m  s a t i s f a c t o r i l y  i n  t h e  
Hallam p l a n t .  

A b s t r a c t  

A f r e e - - s u r f a c e  c e n t r i f u g a l  pump, i n c o r -  
p o r a t i n g  n h y d r a u l i c  b e a r i n g  r u n n i n g  i n  
sodium, w a s  o p e r a t e d  a t  t h e  c o n d i -  
t i o n s  r e q u i r e d  f o r  s e r v i c e  i n  t h e  
HNPF. A f t e r  d i f f i c u l t i e s  a r i s i n g  from 
i n a d e q u a t e  s h a f t  c l e a r a n c e s  were a l l e -  
v i a t e d ,  t h e  pump per formed p r o p e r l y  a t  
a  f l o w r a t e  o f  7200 gpm o f  945 OF sodium 
a t  1 5 0 - f t  h e a d .  



T i t l e  

High C o n d u c t i v i t y  F ins  f o r  Gas Cooled 
L i q u i d - M e t a l  Heat Exchangers  

Document No. 

I S -  5 8 7  

Au thors  

W .  F. Brown, R .  W .  F i s h e r ,  H .  M .  B lack  

A b s t r a c t  

Copper f i n s  a r e  n i c k e l  p l a t e d  and 
b r a z e d  t o  t h e  i n c o n e l  t u b e s  o f  an a i r  
c o o l e d  l i q u i d  sodium h e a t  exchanger  f o r  
u s e  up t o  6 0 0  " C .  Methods o f  p l a t i n g  
a n n u l a r  f i n s  f o r  t u b e s  a r e  . d i s c u s s e d  
and t e s t  r e s u l t s  a r e  p r e s e n t e d .  Braz ing  
t e c h n i q u e s  f o r  f i n -  t o -  tube  j o i n t s  a r e  
e x p l o r e d ,  and a  r e s i s t a n c e  b r a z i n g  
p r o c e s s  i s  deve loped  and e x p l a i n e d .  
From t h e  r e s u l t s  o f  t h e  t e s t s  , i t  was 
conc luded  t h a t  r e s i s t a n c e  b r a z i n g  i s  
an a c c e p t a b l e  p r o c e s s  and e l e c t r o -  
p l a t i n g  i s  s u c c e s s f u l  on f i n s  o n l y  under  
v e r y  l i m i t e d  c o n d i t i o n s .  



T i t l e  

Device f o r  S u p p o r t i n g  t h e  Bed of a  
N u c l e a r  R e a c t o r  Which I s  Cooled by 
a  C i r c u l a t i n g  L i q u i d  

Document No. 

Pa ten t -US-3 ,173 ,846  

Authors  

M .  G e n t i l l y  Chauvin,  J .  C .  Margueron 

A b s t r a c t  

T h i s  p a t e n t  c l a i m s :  (1)  a  d e v i c e  f o r  
s u p p o r t i n g  t h e  bed  o f  a  n u c l e a r  r e a c t o r  
c o o l e d  by a  c o r r o s i v e  1 - iqu id  m e t a l  
c o o l a n t ;  a  v e s s e l  f o r  t h e  r e a c t o r ;  an 
i n t e r i o r  a n n u l a r  s h o u l d e r  i n  t h e  v e s s e l ;  
an a n n u l a r  r i n g  mounted on t h e  s h o u l d e r ;  
a  h o r i z o n t a l  a n n u l a r  p r o j e c t i o n  w i t h i n  
t h e  r i n g ;  a  bed mounted on t h e  p r o j e c -  
t i o n ;  a  f l e x i b l e  m e t a l  s k i r t  depend ing  
between t h e  r i n g  and t h e  b e d ;  a  p a i r  o f  
spaced  a d j a c e n t  edges  f o r  t h e  s k i r t  one 
o f  t h e  edges  b e i n g  s e a l e d  t o  t h e  r i n g  
and t h e  o t h e r  b e i n g  s e a l e d  t o  t h e  b e d ,  
and a  p l u r a l i t y  o f  c a l i b r a t e d  o u t l e t s  
i n  t h e  s k i r t  f o r  t h e  l i q u i d  m e t a l  
c o o l a n t .  ( 2 )  A d e v i c e  a s  d e s c r i b e d  i n  
c l a i m  1, a  s k i r t  c o m p r i s i n g  two s i m i l a r  
p a r t s  s e a l e d  t o g e t h e r  a l o n g  a d j a c e n t  
edges  away from t h e  r i n g  and t h e  b e d .  
(3)  A d e v i c e  a s  d e s c r i b e d  i n  c l a i m  1 
i n c l u d i n g  an a n n u l a r  f l a n g e  connec ted  t o  
t h e  v e s s e l ,  t h e  s h o u l d e r  b e i n g  formed 
on t h e  f l a n g e ,  and a  p l u r a l i t y  o f  yokes  
b o l t e d  t o  t h e  f l a n g e  and h o l d i n g  t h e  
r i n g  on t h e  s h o u l d e r .  



Sodium R e a c t o r  Experiment  Pump 
Development 

Document No. 

NAA-SR-1662 

Author  

R .  Cygan 

A b s t r a c t  

O p e r a t i o n  o f  a  6 x 8 x 1 3  f r e e z e  s e a l  
t y p e  c e n t r i f u g a l  pump has  been  c a r r i e d  
o u t  a t  sodium t e m p e r a t u r e s  up t o  1200 OF. 
Measurements have  been  made o f  c o o l i n g  
r e q u i r e m e n t s ,  p r e s s u r e  d r o p ,  t o r q u e ,  
t e m p e r a t u r e  d i s t r i b u t i o n ,  and r e l i a b i l i t y  
o f  t h e  f r e e z e  s e a l s  employed i n  t h e  
pump. Design and o p e r a t i o n a l  t e c h n i q u e s  
a r e  d e s c r i b e d .  Th i s  pump d e s i g n  a p p e a r s  
p r o m i s i n g  f o r  l a r g e - s c a l e  l i q u i d - m e t a l  
s y s  tems.  



A b s t r a c t  

Pump T e s t s  Conducted f o r  t h e  Develop- 
ment o f  t h e  P r a t t  and Whitney A i r c r a f t  
L i q u i d  Meta l  Turbopump, TP-1 

Document No. 

PWAC- 29 7 

Authors  

H .  V .  Marman, R .  S .  Lombard, P .  G .  S t a n d l e y ,  
C .  W .  Grennan, C .  Fuchs 

I n i t i a l  development  t e s t s  o f  t h e  
e l e c t r i c  d r i v e  v e r s i o n s  o f  a  turbopump 
were  conduc ted  i n  b o t h  w a t e r  and 
l i q u i d  m e t a l  i n  t h e  pump t u r b i n e  l a b o r a -  
t o r y  a t  Canel .  The h y d r a u l i c  c h a r -  
a c t e r i s t i c s  o f  t h i s  3000 gpm NaK t u r b o -  
pump were e s t a b l i s h e d  a t  a p p r o x i m a t e l y  
h a l f  d e s i g n  speed  d u r i n g  216 h r  of  
w a t e r  t e s t s .  I n  a d d i t i o n ,  c a l i b r a t i o n  
o f  t h e  g a s  sweep and l u b r i c a t i o n  c i r -  
c u i t s  was accompl i shed .  I t  was e s t a b -  
l i s h e d  t h a t  t h e  o v e r a l l  pump e f f i c i e n c y  
was 74% a t  a  f low r a t e  o f  1500 gpm f o r  
a  s p e e d  o f  4000 rpm. A t o t a l  o f  6 0 . 1  h r  
were accumula ted  i n  h o t  NaK which 
i n c l u d e d  26 .8  h r  a t  a  t e m p e r a t u r e  o f  
1050 OF. The pump s p e e d  d u r i n g  t h e s e  
l a t t e r  t e s t s  was r e s t r i c t e d  t o  3000 rpm 
because  o f  v i b r a t i o n  problems c a u s e d  by 
t h e  t e s t  f a c i l i t y  j a c k s h a f t .  These 
f i r s t  l i q u i d  m e t a l  development  t e s t s  
were p r e m a t u r e l y  s t o p p e d  b e c a u s e  o f  t e s t  
f a c i l i t y  problems and pump assembly 
e r r o r s .  However, t h e s e  t e s t s  s e r v e d  t o  
i n d i c a t e  t h a t  no ma jo r  d e s i g n  d e f i -  
c i e n c i e s  e x i s t  i n  t h e  t e m p e r a t u r e  r ange  
i n v e s t i g a t e d .  To s u p p o r t  t h e  above 
turbopump development  e f f o r t ,  a  s e r i e s  
o f  t e s t s  were  conduc ted  on an a v a i l a b l e  
400 gpm pump, d e s i g n a t e d  model S - 1 ,  
which was m o d i f i e d  t o  i n c o r p o r a t e  t h e  
e s s e n t i a l  d e s i g n  f e a t u r e s  o f  t h e  s e a l i n g  Z s 
scheme o f  t h e  turbopump u n i t .  A t o t a l  r I 

o f  1541 h r  o f  h o t  N ~ K  t e s t i n g  and P 
W 

195 h r  o f  w a t e r  t e s t i n g  were comple ted  co 
on t h i s  model pump. The l i q u i d  m e t a l  -4 

t e s t s  i n c l u d e d  a  s u c c e s s f u l  endurance  
t e s t  f o r  1148 h r  a t  1000 O F .  



T i t l e  A b s t r a c t  

R e a c t o r  E n g i n e e r i n g  D i v i s i o n  Q u a r t e r l y  The a p p a r e n t  the rma l  c o n d u c t i v i t y  o f  
Repor t  O c t o b e r  1,  1954 Through December 31 ,  s t e e l  s h o t  i n  NaK e u t e c t i c  was measured 
1954 i n  a  t e s t  a p p a r a t u s .  The exper imen t  

was d e s i g n e d  t o  s i m u l a t e  t h e  con-  
Document No. d u c t i v i t y  o f  uranium i n  l i q u i d  sodium. 

An a l t e r h a t e  f u e l  e l e m e n t  d e s i g n  f o r  
EBR-I1 c o n s i s t e d  o f  a  r a d i a t o r  t y p e  
e l emen t  i n  which t h e  c o o l a n t  f lowed 
t h r o u g h  c h a n n e l s  i n  a  s t a c k  o f  f u e l  
w a f e r s .  A 4 - i n .  sodium l o o p  w i t h  a  
D - C  e l e c t r o m a g n e t i c  pump d r i v e n  by a  
homopolar  g e n e r a t o r  i s  d e s c r i b e d .  The 
l o o p  was t o  b e  u s e d  t o  t e s t  t h i n - w a l l e d  
s t a i n l e s s  o r  nichrome t u b i n g  w i t h  f a s t  
f l o w i n g  sodium up t o  932 OF. An appa-  
r a t u s  i s  p r e s e n t e d  f o r  d e v e l o p i n g  
sodium-vapor  r o t a r y  s e a l s  and f o r  
t e s t i n g  mechan ica l  components ,  g e a r s ,  
b e a r i n g s ,  and c o u p l i n g s ,  immersed i n  
sodium v a p o r  o r  l i q u i d  sodium. Two 
newly-deve loped  s e a l  sys t ems  were d i s -  
c u s s e d .  A dynamic c o r r o s i o n  l o o p  was 
b u i l t  t o  s t u d y  t h e  e f f e c t  o f  c i r c u l a t -  
i n g  l i q u i d  sodium on i r r a d i a t e d  and non- 
i r r a d i a t e d  uranium. The c o n t e n t  o f  
sodium o x i d e  was s t u d i e d  a s  a  f u n c t i o n  
o f  t i m e .  A d e t a i l e d  d e s i g n  s t u d y  o f  t h e  
E B R -  I1  i s  p r e s e n t e d .  



A b s t r a c t  

R e a c t o r  E n g i n e e r i n g  D i v i s i o n  Q u a r t e r l y  
R e p o r t ,  S e c t i o n  11, A p r i l  1, 1955 Through 
J u n e  3 0 ,  1955 

Do cumen t No. 

The EBR-I1 c o r e  subassemhly  i s  shown. 
Des igns  a r e  g i v e n  f o r  a  sodium bond 
f i l l i n g  d e v i c e  f o r  EBR-I1 p i n  t y p e  f u e l  
e l e m e n t s .  F u r t h e r  a t t e m p t s  were made 
t o  p roduce  a  p r o t e c t i v e  c o a t i n g  f o r  
uranium.  R e s u l t s  o f  e x p e r i m e n t s  o f  t h e  
f i s s i o n  p r o d u c t  c o n t a m i n a t i o n  of NaK 
bond i n  c o n t a c t  w i t h  uranium d u r i n g  
i r r a d i a t i o n  a r e  r e p o r t e d .  Water p r e s -  
s u r e  d rop  t e s t s  o f  EBR-I1 c o r e  s u b -  
a s s e m b l i e s  were made. Heat  c a p a c i t y  
c h a r a c t e r i s t i c s  o f  t h e  EBR-I1 working  
model EM pump a r e  g i v e n ,  a l o n g  w i t h  
summaries o f  p a c k i n g  g l a n d  t e s t s  . A 
dynamic c o l d  t r a p  l i q u i d  m e t a l  p u r i f i -  
c a t i o n  f a c i l i t y  was i n s t a l l e d  i n  t h e  
EBR-I1 working model,  and t h e  i n i t i a l  
r e s u l t s  a r e  r e p o r t e d .  Schemat i c s  a r e  
g i v e n  f o r  t h e  sodium h e a t  t r a n s f e r  
sys t em.  A manual ly  o p e r a t e d  e l e c t r o n i c  
sodium l e v e l  p robe  i s  shown. 



T i t l e  A b s t r a c t  

R e a c t o r  E n g i n e e r i n g  D i v i s i o n  Q u a r t e r l y  A p r e l i m i n a r y  d e s i g n  c o n f i g u r a t i o n  has  
Repor t  J u l y  1, 1954 Through September 30 ,  been  e s t a b l i s h e d  i n  EBR-11, employing 
1954 c e n t r a l  i n n e r  and o u t e r  b l a n k e t s .  Fuel  

g e o m e t r i e s ,  i n c l u d i n g  a  s m a l l e r  p i n  
Do cumen t No. t y p e  e l e m e n t ,  a r e  b e i n g  i n v e s t i g a t e d .  

ANL-5345 (Del .  2 )  
R e s u l t s  a r e  r e p o r t e d  on t e s t s  on a  c u r -  
r e n t  c o n d u c t o r  c o n n e c t i o n  f o r  a  h i g h  
t e m p e r a t u r e  D-C E l e c t r o m a g n e t i c  pump, 
on sodium v a l v e s  w i t h  c o n v e n t i o n a l  pack 
i n g ,  and on a  r o d  g r i p p e r  t e s t  f a c i l i t y  
f o r  t h e  EBR-11. A vacuum cup s a m p l e r  
f o r  h i g h  t e m p e r a t u r e  sodium and NaK 
sys tems  i s  d e s c r i b e d .  L i f t i n g  and 
l o a d i n g  mechanisms f o r  t h e  EBR-I1 work- 
i n g  model a r e  d e s c r i b e d .  

T i t l e  
n 

Design Summary Report  o f  LCRE R e f l e c t o r  
-4 
vl C o o l a n t  Pumps and Sump 

Document No. 

PWAC- 384 

Authors  

C .  Fe rguson ,  L .  Knudsen, R.  Lamers,  
B .  Lucas ,  D .  Manf red i ,  H .  Odom 

A b s t r a c t  

The d e s i g n  and development  o f  t h e  L C R E  
r e f l e c t o r  c o o l a n t  pump u n i t  a r e  sum- 
m a r i z e d .  The pump i n c o r p o r a t e s  t h e  
d e s i g n  f e a t u r e s  o f  a  f l i g h t -  t y p e  c o o l a n t  
pump f o r  a  n u c l e a r  a i r c r a f t  power p l a n t .  
The pump i s  d e s i g n e d  t o  c i r c u l a t e  
175  gpm o f  700 O F  a t  a  head  r i s e  o f  
106 f t .  O p e r a t i n g  l i f e  i s  a n t i c i p a t e d  
t o  b e  10 ,000  h r  w i t h o u t  ma in tenance .  



T i t l e  A b s t r a c t  

T e s t  o f  T h i r d  F l u i d  Valve f o r  Use w i t h  NaK A 1 - 1 / 4 - i n .  b e l l o w s  "Hoke" v a l v e  was 
t e s t e d  and p roven  s a t i s f a c t o r y  f o r  

Document No. u s e  w i t h  NaK-78. The v a l v e  was found 
t o  b e  l e a k  t i g h t  on t h e  v a l v e  body and 

MSA Memo Repor t  84 a c r o s s  t h e  s e a t  by mass s p e c t r o m e t e r  

Authors  t e s t s  g i v e n  a f t e r  e a c h  s e r i e s  o f  t h e  
ma jo r  t e s t s  l i s t e d :  (1)  v a l v e  open - 

W .  M i l i c h ,  E .  C .  King 600 p s i g  n i t r o g e n  p r e s s u r e  o v e r  NaK a t  
70,  1 2 5 ,  250, 375, and 500 OF f o r  1 h r  
each  on v a l v e  body. (2)  100 c y c l i c  
t e s t s  o f  open ing  and c l o s i n g  w i t h  NaK 
a t  room t e m p e r a t u r e  a t  40 p s i g ,  f o l -  
lowed by 600 p s i g  a c r o s s  t h e  s e a t  f o r  
1 h r .  



T i t l e  

F i n a l  Repor t  on Development of  LCKE L i q u i d  
Meta l  Pumps and Sumps 

Document No. 

PWAC- 386 

Authors  

C .  Fe rguson ,  D .  Manfredi ,  J .  M i l i c h ,  
H .  Welna 

A b s t r a c t  

The p roposed  ground t e s t  o f  t h e  L i th ium-  
Cooled R e a c t o r ,  d e s i g n a t e d  L C R E ,  
r e q u i r e d  t h e  development  o f  c e n t r i f u g a l  
pumps mounted i n  sumps t o  c i r c u l a t e  
t h e  l i t h i u m  p r i m a r y  c o o l a n t  a t  1000 OF, 
t h e  NaK-78 secondary  c o o l a n t  a t  700 OF 
and t h e  NaK-78 r e f l e c t o r  c o o l a n t  a t  
700 OF. The d e s i g n  o p e r a t i n g  c o n d i t i o n s  
f o r  t h e s e  pumps were :  (1 )  195 gpm a t  a  
head  r i s e  o f  115 f t  f o r  t h e  l i t h i u m  
(LP-1) p r i m a r y  c o o l a n t  pump, ( 2 )  394 gpm 
a t  a  head  r i s e  o f  1 4 3  f t  f o r  t h e  NaK 
(NP-1) secondary  c o o l a n t  pump, 
(3)  175 gpm a t  a  head  r i s e  o f  106 f t  
f o r  t h e  NaK (RP-1) r e f l e c t o r  c o o l a n t  
pump. A l l  t h r e e  pumps u t i l i z e d  a n t i -  
f r i c t i o n  s h a f t  s u p p o r t  b e a r i n g s  l u b r i -  
c a t e d  and c o o l e d  by MIL-L-7808D o i l  
and were powered by g a s - c o o l e d  e l e c t r i c  
m o t o r s .  Pr imary  s e a l i n g  o f  t h e  l i q u i d  
m e t a l  was accompl i shed  w i t h  c e n t r i f u -  
g a l  dynamic s h a f t  s e a l s ,  which main-  
t a i n e d  a  l i q u i d  m e t a l - t o - i n e r t  gas  
i n t e r f a c e  on t h e  r o t a t i n g  vanes  o f  t h e  
dynamic s e a l  i m p e l l e r .  Secondary s e a l -  
i n g  was p r o v i d e d  by i n e r t  gas  sweep 
s y s  tems and c e r m e t - f a c e d  mechan ica l  
s h a f t  s e a l s .  E x t e n s i v e  t e s t i n g  o f  pump 
components ,  a s  w e l l  a s  w a t e r  and l i q u i d  
m e t a l  t e s t s  o f  comple te  pump a s s e m b l i e s ,  
were accompl i shed  t o  meet t h e  program z w 
o b j e c t i v e s  o f  h i g h  per formance  and h i g h  =Z 
r e l i a b i l i t y  f o r  t h e  e x p e c t e d  t o t a l  P 

I 

o p e r a t i n g  l i f e t i m e  o f  15 ,000 h r .  Over w P 

60,000 h r  o f  component f a c e  s e a l  t e s t -  co 
i n g  and o v e r  74,000 h r  of  pump t e s t i n g  4 



A b s t r a c t  ( c o n t d l  

T i t l e  

Des ign  Summary R e p o r t  LCRE Seconda ry  
C o o l a n t  Pump and Sump 

Document No. 

PWAC- 385 

Au tho r s  

" C .  F e r g u s o n ,  L .  Knudsen,  R .  Lamers ,  
B . Lucas  , H .  Odom, H .  Marman 

T i t l e  

Des ign  Summary R e p o r t  o f  LCRE P r imary  
C o o l a n t  Pumps and  Sump 

Do cumen t No. 

PWAC-383 

A u t h o r s  

C .  F e r g u s o n ,  L .  Knudsen,  R .  Lamers ,  
B .  L u c a s ,  D .  M a n f r e d i ,  H .  Odom 

i n  l i q u i d  m e t a l  we re  c o n d u c t e d .  S e v e r a l  
s u c c e s s f u l  l i q u i d  m e t a l  t e s t s  o f  
1 0 , 0 0 0  h r  d u r a t i o n  we re  a c c o m p l i s h e d  
w i t h  t h e  LP-1 l i t h i u m  and  NP-1 NaK 
pumps p r i o r  t o  t e r m i n a t i o n .  

A b s t r a c t  

The d e s i g n  and  deve lopmen t  o f  a  c e n t r i f u -  
g a l  pump f o r  NaK a r e  summar i zed .  T h i s  
pump, o r i g i n a l l y  i n t e n d e d  f o r  1200 OF 
o p e r a t i o n  i n  t h e  ANP p rog ram was s u b -  
s e q u e n t l y  m o d i f i e d  f o r  u s e  on t h e  L C R E .  
The f i n a l  o p e r a t i n g  c o n d i t i o n s  we re  
700 OF w i t h  a  f l o w  o f  394 gpm a g a i n s t  
a  h e a d  r i s e  o f  1 4 3  f t .  O p e r a t i n g  l i f e  
i s  a n t i c i p a t e d  t o  b e  1 0 , 0 0 0  h r  w i t h o u t  
m a i n t e n a n c e .  

A b s t r a c t  

The d e s i g n  and  deve lopmen t  o f  a  c e n t r i f u -  
g a l  pump f o r  l i t h i u m  a r e  summar ized .  
T h i s  pump, o r i g i n a l l y  i n t e n d e d  f o r  
1600  OF s e r v i c e  i n  t h e  ANP p rog ram was 
s u b s e q u e n t l y  m o d i f i e d  f o r  u s e  on t h e  
L C R E .  The f i n a l  o p e r a t i n g  c o n d i t i o n s  
we re  1000 OF w i t h  a  f l o w  o f  1 9 5  gpm 
a g a i n s t  a  h e a d  r i s e  o f  1 1 5 - f t .  O p e r a t -  
i n g  l i f e  i s  a n t i c i p a t e d  t o  b e  1 0 , 0 0 0  h r  w 
w i t h o u t  m a i n t e n a n c e .  z z 

r 
I 

I-' 
W 
OC, 
-4 



A b s t r a c t  T i t l e  

A l k a l i  Meta l  R e s i s t a n t  Wire 

Document No. 

Authors  

E .  S .  Bober ,  R .  E .  S t a p l e t o n ,  
W .  H .  Snave ly  

A c e r a m i c - c o a t e d  c o n d u c t o r  sys t em was 
deve loped  t h a t  was u n a f f e c t e d  by 1 7 2  h r  
e x p o s u r e  t o  K vapor  a t  850 " C .  T h i s  
sys t em was Metco 201 z i r c o n i a  p lasma 
s p r a y e d  on n i c k e l  - a l u m i n i d e - c o a t e d ,  
n i c k e l - c l a d ,  s i l v e r  AWG 8 ( S y l v a n i a )  
w i r e .  Th i s  sys t em i s  n o t  s u i t a b l e  
f o r  e l e c t r i c a l  o p e r a t i o n  a t  850 O C  

s i n c e  t h e  r e s i s t a n c e  o f  t h e  z i r c o n i a  
c o a t i n g  d r o p s  t o  a b o u t  5  ohms a t  
600 O C .  O v e r c o a t i n g  t h e  z i r c o n i a  w i t h  
aluminum n i t r i d e  by a  v a p o r  p l a t i n g  
t e c h n i q u e  r e s u l t s  i n  a  r e s i s t a n c e  a t  
850 O C  i n  a r g o n  f o r  t h e  m u l t i c o a t  o f  
0 .018 m i l l i o n  ohms. The aluminum 
n i t r i d e  o v e r c o a t e d  z i r c o n i a  i s  una f  - 
f e c t e d  by 1 7 2  h r  e x p o s u r e .  A number of  
h i g h  p u r i t y  i n s u l a t o r s  were found t o  b e  
r e s i s t a n t  t o  p o t a s s i u m  vapor  a t  850 O C .  

These were  a l u m i n a ,  magnes ia ,  and 
s t r o n t i u m  z i r c o n a t e .  A p r i m a r y  problem 
w i t h  p lasma s p r a y  c o a t i n g s  o f  t h e s e  mate-  
r i a l s  i s  l o s s  o f  a d h e s i o n  i n  t h e  p o t a s -  
s ium v a p o r  even  when a  n i c k e l  a l u m i n i d e  
u n d e r c o a t  i s  u s e d .  Data  o b t a i n e d  on 
l e a d  i n  i n s u l a t o r s  o f  t e s t  c a p s u l e s  
i n d i c a t e s  a  d e c r e a s e  i n  s u r f a c e  r e s i s -  
t i v i t y ,  however ,  t h e  lowered  r e s i s t a n c e  
o f  t h e s e  i n s u l a t o r s  (0 .010 m i l l i o n  ohms) 
i s  s t i l l  i n  a  u s e f u l  r a n g e .  S t a t o r e t t e  
adhe rence  t e s t s  show s e v e r a l  i n s u l a t e d  w z 
c o n d u c t o r s  w i l l  w i t h s t a n d  v i b r a t i o n ,  s r s h o c k ,  and a c c e l e r a t i o n  c o n d i t i o n s .  A I 

s t a t o r e t t e  c o i l  o f  n i c k e l - c l a d  s i l v e r  P 
W 

w i r e  was p a r t i a l l y  i n s u l a t e d  w i t h  n i c k e l  



A b s t r a c t  f c o n t d l  

T i t l e  

Design and O p e r a t i o n  o f  a  Sodium- 
t o - L i t h i u m - t o - A i r  Heat  T r a n s f e r  System 
( P e r i o d  from September 1949 t o  June  1953) 

Document No. 

APEX-327 
I 

03 Authors  

A .  C r o c k e r ,  R .  P o t t e r ,  R .  S p e r a ,  
T .  McLay, S .  E s l e e c k  

a l u m i n i d e ,  z i r c o n i a ,  and a lumina  ( 9 8 % )  
c o a t i n g .  The r e m a i n i n g  p o r t i o n s  o f  t h e  
c o n d u c t o r  were c o a t e d  w i t h  n i c k e l  
a l u m i n i d e  and v e r y  h i g h  p u r i t y  a lumina  
( 9 9 . 9 % )  . The h i g h  p u r i t y  a lumina  
remained on t h e  c o n d u c t o r  a f t e r  1 7 2 .  

A b s t r a c t  

T h i s  r e p o r t  d e s c r i b e s  t h e  d e s i g n  and 
o p e r a t i o n  o f  a  50-gpm l i q u i d - m e t a l  c i r -  
c u l a t i n g  sys t em t r a n s f e r r i n g  h e a t  from 
sodium t o  l i t h i u m  t o  a i r .  I t  a l s o  
i n c l u d e s  a  d e t a i l e d  l i s t i n g  o f  equipment  
w i t h  i t s  c o s t .  Much d e t a i l  has  been  
i n c l u d e d  s o  t h a t  t h e  r e p o r t  i s  a com- 
p l e t e  h i s t o r y  o f  t h e  work accompl i shed  
and a  modus o p e r a n d i  o f  t h e  sys t em.  
The r e p o r t  i s  d i v i d e d  i n t o  f o u r  s e c -  
t i o n s  : (1 )  t h e  summary p r e s e n t s  t h e  
o v e r a l l  c o n c l u s i o n s  o f  t h e  r e p o r t ,  
p roblems r e v e a l e d  and a s  y e t  u n r e s o l v e d ,  
c o n c l u s i o n s  i n c i d e n t a l  t o  t h e  l i q u i d -  
m e t a l  c i r c u l a t i n g  s y s  tem b u t  s i g n i f i c a n t  
t o  t h e  e x p e r i m e n t a l  methods;  ( 2 )  o v e r -  
a l l  s y s t e m  d e s i g n  d e a l s  w i t h  such  d e s i g n  
a s p e c t s  a s  c i r c u i t r y ,  s i z e ,  and m a t e r i a l s  
o f  t h e  o v e r a l l  s y s t e m ;  ( 3 )  i n  component 
d e s i g n ,  o p e r a t i o n ,  and r e s u l t s  p r i m a r y  
components o f  t h e  l i q u i d  m e t a l  sys t em 
a r e  t r e a t e d  i n d i v i d u a l l y ;  (4)  d e s i g n  w z 
d e s c r i p t i o n s  w i t h  r e v i s i o n s  t h e r e t o  and 
methods of  o p e r a t i o n  a r e  i n c l u d e d ,  and 3 
d i f f i c u l t i e s  and t h e i r  c o r r e c t i v e  mea- P 
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A b s t r a c t  ( c o n t d )  

T i t l e  

o v e r a l l  o p e r a t i o n  shows t h e  i n t e r r e l a -  
t i o n  o f  t h e  components i n  t h e  t h r e e  
s e p a r a t e  c i r c u i t s  t e s t e d .  S p e c i f i c  
components i n v o l v e d ,  o p e r a t i o n  t i m e ,  
and g e n e r a l  r e s u l t s  a r e  g i v e n  f o r  each  
c i r c u i t  w i t h  t h e  p u r p o s e  o f  k e e p i n g  a  
c h r o n o l o g i c a l  r e c o r d  o f  t h e  e n t i r e  t e s t .  

A b s t r a c t  

Sodium R e a c t o r  Experiment Power Expansion Under t h e  power e x p a n s i o n  program ( P E P ) ,  
Program-Heat  T r a n s f e r  Systems M o d i f i c a t i o n s  m o d i f i c a t i o n s  have  been  made t o  t h e  

sodium r e a c t o r  e x p e r i m e n t  (SRE) f a c i l i t y  
Document No. t o  improve p l a n t  r e l i a b i l i t y  and p e r m i t  

an  i n c r e a s e  i n  power t o  30 MW w i t h  a  
n NAA-SR-10379(REV.) r e a c t o r  c o o l a n t  o u t l e t  t e m p e r a t u r e  t '  up t o  

I 

co 1200 O F .  P e r t i n e n t  changes  i n  t h e  h e a t  
r Authors  t r a n s f e r  sys t ems  i n c l u d e :  (1) i n s  t a l l a -  

W .  J .  F r e e d e ,  J .  K .  Rqber ts  t i o n  o f  a  new main i n t e r m e d i a t e  h e a t  
e x c h a n g e r ;  ( 2 )  r ep lacemen t  o f  sodium 
c o o l a n t  pumps ; (3)  i n c r e a s e  i n  d i  ametcr  
o f  c e r t a i n  main p r i m a r y  sodium c o o l a n t  
l i n e s  from 6 t o  8 i n . ;  ( 4 )  r e d u c t i o n  i n  
number o f  v a l v e  and f r e e z e  t r a p s ,  
( 5 )  u t i l i z a t i o n  o f  f l o w i n g  v e n t  l i n e s ;  
and ( 6 )  i n s t a l l a t i o n  o f  a c i l - c u l a t i n g  
n i t r o g e n  a tmosphere  c o o l i n g  s y s  tem f o r  
removing e x c e s s  i n c i d e n t a l  h e a t  from 
g a l l e r i e s .  



A b s t r a c t  

Q u a r t e r l y  S t a t u s  Repor t  on LAMPRE Program 
f o r  P e r i o d  Ending November 20, 1961 

Do cumen t No . 
LAMS-2647 

T i t l e  

Per formance  o f  HNPF Primary Pump 

Do cumen t No . 
NAA- SR-MEMO- 5988 

Author  

H .  P .  S c h r o e d e r  

The o p e r a t i o n s  and a c t i v i t i e s  c a r r i e d  
o u t  i n  c o n j u n c t i o n  w i t h  LAMPRE I a r e  
summarized.  C o r r o s i o n  t e s t i n g  o f  
c o n t a i n e r s  made o u t  o f  v a r i o u s  t a n t a l u m  
a l l o y s  i s  d e s c r i b e d ,  and d a t a  a r e  
p r e s e n t e d  on t h e  t e n s i l e  p r o p e r t i e s  o f  
h i g h - p u r i  t y  t a n t a l u m  s h e e t .  A t e r n a r y  
p h a s e  d iagram i s  p r e s e n t e d  f o r  mol t en  
Pu-Ce-Co a l l o y s .  M e l t i n g  p o i n t s  a r e  
g i v e n  f o r  anumber  o f  t e r n a r y - U  a l l o y s  
and  s y s t e m s .  A p r e l i m i n a r y  t e s t  o f  
5 ce ramic  c r u c i b l e s  w i t h  Pu-U-Mn f u e l s  
was made a t  900 O C .  A p r o c e s s i n g  method 
was d e v i s e d  f o r  r e c o v e r y  o f  uranium and 
p lu ton ium from sodium p a s t e  b l a n k e t s  o r  
p a s t e  c o r e s .  R e s u l t s  o f  an a n a l y s i s  o f  
a  o n e - r e g i o n ,  d i r e c t  c o n t a c t  r e a c t o r  
u s i n g  U-Pu f u e l  i s  g i v e n .  A s m a l l -  
s c a l e  c r i t i c a l  t e s t  o f  a  c i r c u l a t i n g  
f u e l ,  d i r e c t  c o n t a c t  c o r e  c a l l e d  p i n t  
b o t t l e  e x p e r i m e n t  i s  d e s c r i b e d .  Sodium 
t e s t  f a c i l i t y  o p e r a t i o n  i s  d e s c r i b e d  
b r i e f l y .  

A b s t r a c t  

A p r o o f  t e s t  o f  a  p r i m a r y  sodium pump, 
p r i o r  t o  i t s  i n s t a l l a t i o n  i n  HNPF, i s  
d e s c r i b e d .  During t h e  t e s t  pe r fo rmance  
c u r v e s  were  d e v e l o p e d ,  t e m p e r a t u r e  
i n f o r m a t i o n  r e c o r d e d .  Per formance  o f  
t h e  p r e h e a t e r  was a l s o  o b s e r v e d .  A t  
t h e  c o n c l u s i o n  o f  t h e  t e s t ,  t h e  pump 
was d i s m a n t l e d  and i n s p e c t e d .  A l l  d a t a  
i n d i c a t e s  t h e  pump s h o u l d  p e r f o r m  
s a t i s f a c t o r i l y  i n  t h e  HNPF. 



T i t l e  A b s t r a c t  

P e r f o r m a n c e  T e s t  o f  a  Two-Coolan t -Region  
Sodium Pump S h a f t  F r e e z e - S e a l  

Document No. 

NAA-SR-MEMO-4119 

A u t h o r  

F .  0 .  S t r e c k  

T i t l e  

C e n t r i f u g a l  Dynamic S h a f t  S e a l s  

Document No. 

CO 

w A u t h o r s  - 
G .  M .  Wood, D. V .  M a n f r e d i ,  
J .  E .  Cygnor 

The o p e r a t i o n  o f  t h e  f r e e z e - s e a l  t y p e  
sod ium pump r e q u i r e s  a s h a f t  f r e e z e -  
s e a l  c a p a b l e  o f  r e t a i n i n g  sod ium.  A 
p r o t o t y p e  two - c o o l a n t - r e g i o n  f r e e z e  
s e a l  f o r  a p p l i c a t i o n  on HNPF sod ium 
pumps h a d  b e e n  d e s i g n e d  and  con -  
s t r u c t e d .  I t  was t e s t e d  u n d e r  e n v i r o n  
m e n t a l  c o n d i t i o n s  t o  d e t e r m i n e  i t s  
o p e r a t i n g  c h a r a c t e r i s t i c s  and  sod ium 
r e t a i n i n g  c a p a b i l i t i e s .  

A b s t r a c t  

The e s s e n t i a l  f e a t u r e s  o f  c e n t r i f u g a l  
dynamic  s e a l s  a r e  i l l u s t r a t e d .  An 
i m p e l l e r  w i t h  v a n e s  on one  f a c e ,  and  
t h e  o t h e r  f a c e  smooth  i s  mounted on a  
s h a f t  and r o t a t e d  i n s i d e  a  h o u s i n g  w i t h  
c l o s e - f i t t i n g  r a d i a l  and a x i a l  c l e a r -  
a n c e s .  B e s i d e s  s e r v i n g  a s  t h e  p r i ~ n a r y  
s e a l  a g a i n s t  t h e  p r e s s i ~ r i z e d  1 iclu i ( 1 ,  
t h e  c e n t r i f u g a l  t y p e s  o f  dynaniic c , ea l<  
o f f e r  o t h e r  a d v a n t a g e s :  ( I )  t t ~ c  c i l p n  
b i l i t y  o f  d e g a s s i n g  t h e  p11r;ipcd f l l t i d ;  
( 2 )  p o s i t i v e  l i q u i d - l i q u i d  c o n t r o l  d u r -  
i n g  o p e r a t i o n  f o r  a r b i t r a r y  o r i e n t a t i o n  
o f  t h e  s h a f t ,  and  ( 3 )  t h e  c a p a c i t } ,  t o  
accommodate t r a n s i e n t  p r e s s u r e  C l u c t u a -  
t i o n s  o f  m o d e r a t e  d e g r e e  w i t h o u t  l o s i n g  
l i q u i d - l e v e l  c o n t r o l .  



T i t l e  

The Development o f  an I n s u l a t e d  
Thermionic  C o n v e r t e r - H e a t  P i p e  
Assembly, F i r s t  Q u a r t e r l y  T e c h n i c a l  
Repor t  Junc  1 9 6 5  

Document No. 

NP-15433 

Author  

W .  E .  Harbaugh 

A b s t r a c t  

Under a  c o n t r a c t  toward t h e  development  
o f  a  l o n g - l i f e ,  i n s u l a t e d  t h e r m i o n i c  
c o n v e r t e r ,  i n t e g r a t e d  w i t h  an e f f i c i e n t ,  
c o n s t a n t  t e m p e r a t u r e  h e a t  t r a n s f e r  
d e v i c e ,  t h e  c y l i n d r i c a l  c o n v e r t e r ,  RCA 
Type A - 1 1 9 8  B w i l l  be  a d a p t e d  f o r  h e a t -  
i n g  by means o f  a  h e a t  p i p e  t o  o p e r a t i n g  
t e m p e r a t u r e s  of 1500 "C. The module 
a v a i l a b l e  from p r i o r  work was l i f e  
t e s t e d  f o r  more t h a n  1000 h r .  I r r e p a -  
r a b l e  damage was c a u s e d  by equipment  
f a i l u r e  and t h e  t e s t  was h a l t e d .  P rog-  
r e s s  was made i n  t h e  development  o f  
h i g h - t e m p e r a t u r e ,  c e r a m i c - m e t a l  s e a l s .  
A program h a s  been  d e t a i l e d  f o r  t h e  
p r o d u c t i o n  o f  u l t r a - p u r e  ces ium and t h e  
a c c u r a t e  a n a l y s i s  o f  t h e  r e s u l t .  New 
approaches  toward l o w e r i n g  t h e  c o l l e c t o r  
work f u n c t i o n  a r e  b e i n g  i n v e s t i g a t e d .  
The p r o m i s i n g  r e s u l t s  o f  add ing  xenon 
t o  t h e  o p e r a t i n g  c o n v e r t e r  i s  b e i n g  
f u r t h e r  i n v e s t i g a t e d  t o  o p t i m i z e  p e r -  
formance .  The h e a t - p i p e  t e s t  v e h i c l e  
has  been d e s i g n e d  f o r  t h e  e v a l u a t i o n  o f  
p r o c e s s i n g  t e c h n i q u e s .  The p r o c e s s  o f  
i n s u l a t i n g  t h e  e m i t t e r  from t h e  h e a t  
p i p e  a t  h i g h  t e m p e r a t u r e s  i s  p r o c e e d i n g  
on s c h e d u l e .  The c o n v e r t e r  d e s i g n  h a s  
been m o d i f i e d  t o  f a c i l i t a t e  t h e  u s e  of 
a  h e a t  p i p e  a s  t h e  pr ime s o u r c e  o f  h e a t .  



T i t l e  

Developing  Screw Type S h a f t  S e a l s  f o r  
P o t a s s i u m  Environment 

Document No. 

REDE-17-48-66 

Author  

A .  E .  King 

T i t l e  -- 

The F a s t  Neutron Power R e a c t o r .  ( S o l i d  
Fuel  R e a c t o r s .  ) 

Document No. 

BOOK-AW- 1 3 -  58 

Authors  

J .  R .  D i e t r i c h ,  W .  H .  Zinn 

A b s t r a c t  

A s h a f t  s e a l ,  c a l l e d  t h e  v i s c o s e a l ,  i s  
d e s c r i b e d .  I t  i s  a  s c r e w - t h r e a d  pump 
a c h i e v i n g  a  p r e s s u r e  d i  f f e r e n t i a l  by 
pumping a  v i s c o u s  f l u i d  a x i a l l y  a l o n g  
t h e  c l e a r a n c e  between t h e  t h r e a d s  and 
t h e  s h a f t .  The f l u i d  w i t h i n  t h e  pump 
a c t s  a s  t h e  s e a l  between t h e  h i g h  and 
low p r e s s u r e s .  A t  l a m i n a r  c o n d i t i o n s ,  
t h e  maximum p r e s s u r e  head  deve loped  
by t h e  pump v a r i e s  l i n e a r l y  w i t h  s p e e d ,  
v i s c o s i t y ,  and l e n g t h ,  and e x p o n e n t i a l l y  
w i t h  r a d i a l  c l e a r a n c e .  A t  h i g h - s p e e d ,  
t u r b u l e n t  c o n d i t i o n s ,  t h e  head  deve loped  
can  become q u i t e  l a r g e  s i n c e  i t  i s  no 
l o n g e r  a  l i n e a r  f u n c t i o n  o f  s p e e d  b u t  
i n s t e a d  i s  an e x p o n e n t i a l  f u n c t i o n .  
T e s t s  i n  375 O F  p o t a s s i u m  a t  s h a f t  
s p e e d s  t o  20,000 rpm d e m o n s t r a t e d  t h e  
f e a s i b i l i t y  o f  u s i n g  n o n c o n t a c t  l i q u i d  
and v a p o r  s c r e w - t y p e  s h a f t  s e a l s  i n  a  
p o t a s s i u m - c o o l e d  and l u b r i c a t e d  e l e c t r o  
power g e n e r a t o r  f o r  s p a c e  env i ronment .  

A b s t r a c t  

The r e a c t o r  p h y s i c s  and r e a c t o r  s a f e t y  
o f  t h e  f a s t  n e u t r o n  power r e a c t o r  i s  
d i s c u s s e d .  Sodium p l a n t  t echno logy  i s  
rev iewed by p r e s e n t i n g  t h e  p r o p e r t i e s  
o f  sodium and NaK. Also  c u r r e n t  t e c h -  
nology i s  rev iewed f o r  components such  
a s  h e a t  e x c h a n g e r s ,  s t eam g e n e r a t o r s ,  M 

pumps, and sodium h a n d l i n g  s y s  terns. z =z 
r 



T i t l e  A b s t r a c t  

S t a t u s  o f  SNAP-8 E l e c t r i c a l  Genera t ing  The SNAP-8 i s  a  35-kW t u r b o - e l e c t r i c  
System. (Space Power System E n g i n e e r i n g . )  n u c l e a r  s p a c e  power sys t em u s i n g  a  

mercury r a n k i n e  c y c l e .  I t  w i l l  o p e r a t e  
Document No. 

BOOK-AP- 483/502-66 

Author  

R .  W .  Powell  

c o n t i n u o u s l y  f o r  i o , o o o  h r  a f t e r  Eemote 
a u t o m a t i c  s t a r t u p .  P o s s i b l e  a p p l i c a -  
t i o n s  f o r  SNAP-8 i n c l u d e  manned s p a c e  
s t a t i o n s ,  manned l u n a r  b a s e s ,  and- d e e p  
s p a c e  p r o b e s .  The u n i q u e  f e a t u r e s  o f  
t h e  f o u r - l o o p  sys t em a r e  d e s c r i b e d .  A 
b r i e f  r e p o r t  i s  g i v e n  on t h e  s t a t u s  o f  
t h e  program i n c l u d i n g  t h e  n u c l e a r  r e a c -  
t o r  sys t em.  The f a c i l i t i e s  f o r  non-  
n u c l e a r  and n u c l e a r  t e s t i n g  o f  t h e  power 
c o n v e r s i o n  sys t em a r e  d e s c r i b e d .  The 
deve lopmenta l  d e s i g n  f e a t u r e s  and t h e  
c o n f i r m i n g  t e s t  d a t a  a r e  p r e s e n t e d  on 
t h e  f o l l o w i n g  s i g n i f i c a n t  components o f  
t h e  power c o n v e r s i o n  sys t em - t h e  b o i l e r ,  
t h e  c o n d e n s e r ,  t h e  a u x i l i a r y  s t a r t  l o o p  
h e a t  e x c h a n g e r ,  t h e  t u r b i n e - a l t e r n a t o r  
a s sembly ,  t h e  compos i t e  s e a l  t o  s p a c e ,  
t h e  HG motor  pump assembly ,  t h e  NaK 
motor  pump a s s e m b l i e s ,  and t h e  l u b r i c a n t -  
c o o l a n t  pump assembly .  A 1 /16  s c a l e  
f o u r - l o o p  c o r r o s i o n  l o o p  sys t em which 
i s  b e i n g  o p e r a t e d  c o n c u r r e n t l y  w i t h  t h e  
SNAP-8 program w i l l  be  d e s c r i b e d .  
E x t r a p o l a t i o n  o f  t h i s  d a t a  i s  e x p e c t e d  
t o  y i e l d  pe r fo rmance  d a t a  on t h e  mercury 
con ta inmen t  m a t e r i a l s  a b i l i t y  t o  s u r -  
v i v e  t h e  10 ,000  h r  s p a c e  r e q u i r e m e n t .  
The r e s u l t s  o f  t h e  n u c l e a r  r a d i a t i o n  
t e s t s  on m a t e r i a l s  and components a r e  
d i s c u s s e d .  



T i t l e  

Sodium R e a c t o r  Experiment .  (Annual 
T e c h n i c a l  Repor t .  AEC U n c l a s s i f i e d  
Programs,  J a n u a r y  - December 1 9 5 7  .) 

Document No. 

NAA-SR-2400, P t  1, Sec  2 

Author  

L .  E .  Glasgow 

A b s t r a c t  

A program conducted  t o  o b t a i n  e x p e r i -  
men ta l  e n g i n e e r i n g  i n f o r m a t i o n  from 
t h e  SRE and t o  improve t h e  per formance  
o f  SRE i s  d e s c r i b e d .  P e r t i n e n t  a r e a s  
cove red  i n c l u d e  i n s t a l l a t i o n  o f  an 
eddy c u r r e n t  b r a k e  t o  c o n t r o l  p o s t -  
scram f low d e c a y ,  i n s t a l l a t i o n  o f  
an EM pump i n  t h e  modera to r  sys t em t o  
p r o v i d e  compensa t ion  f o r  g r i d  p l a t e  
l e a k a g e ,  t e m p e r a t u r e  d i f f e r e n c e  l i m i t a -  
t i o n s  i n  t h e  i n t e r m e d i a t e  h e a t  e x c h a n g e r ,  
m o d i f i c a t i o n s  o f  t h e  c e n t r i f u g a l  sodium 
pumps t o  p r e v e n t  l e a k a g e  and  jmprove 
t h e i r  pe r fo rmance ,  problems e n c o u n t e r e d  
w i t h  b e l l o w s  s e a l  v a l v e s ,  problems 
e n c o u n t e r e d  w i t h  c o n d u c t i o n  Type EM 
pumps and consequen t  r e p l a c e m e n t  w i t h  
l i n e a r  i n d u c t i o n  pumps, f u e l  e l e m e n t  
damage due t o  f r o z e n  sodium and c o n s e -  
q u e n t  change i n  o p e r a t i n g  and h a n d l i n g  
t e c h n i q u e s ,  and problems e n c o u n t e r e d  i n  
removing m o i s t u r e  from t h e  g a l l e r y  
i n e r t  gas  sys t em.  



SGR Advanced S t u d i e s .  (Annual T e c h n i c a l  
Repor t .  AEC U n c l a s s i f i e d  Programs,  
J a n u a r y  - December 1957. )  

Document No. 

NAA-SR-2400, P t  1, Sec 3 

Author  

R .  W .  D ick inson  

A b s t r a c t  

E v a l u a t i o n  o f  c o n c e p t s  f o r  l a r g e  sodium 
g r a p h i t e  r e a c t o r s  and p r o g r e s s  i n  t h e  
development  o f  s y s  tem components and 
m a t e r i a l s  a r e  d e s c r i b e d .  E v o l u t i o n  o f  
c o r e  v e s s e l  d e s i g n s  and s e l e c t i o n  of  
t h e  c a l a n d r i a  a s  t h e  optimum d e s i g n  a r e  
d i s c u s s e d .  The u s e  o f  a commercial  
t e r p h e n y l  a s  a  c l e a n i n g  a g e n t  f o r  sodium 
v e s s e l s  i s  d e s c r i b e d .  Design o f  a  l a r g e  
component t e s t  l o o p  i s  d i s c u s s e d  a l o n g  
w i t h  t h e  d e s i g n  o f  a  N a K - f i l l e d  c a p s u l e  
f o r  f u e l  e l emen t  i r r a d i a t i o n  t e s t i n g .  
A d e s c r i p t i o n  o f  a  r e - e n t r a n t  t u b e  con-  
s t r u c t i o n  t y p e  s team g e n e r a t o r  and 
p l a n s  f o r  i t s  t e s t i n g  a r e  p r e s e n t e d .  
F reeze  s e a l  and gas  s e a l  developments  
a r e  d i s c u s s e d .  C o m p a t i b i l i t y -  s t u d i e s  
between v a r i o u s  chrome s t e e l s ,  sodium, 
and a u s t e n i t i c  s t e e l s  a r e  d e s c r i b e d .  



T i t l e  A b s t r a c t  

Sodium G r a p h i t e  R e a c t o r s .  (Annual 
T e c h n i c a l  R e p o r t .  AEC U n c l a s s i f i e d  
Programs,  J a n u a r y  - December 1957 .) 

Document No. 

NAA-SR-2400, P t ,  Sec  1 

Author  

R.  W .  D ick inson  

The u s e  of t h e  SRE a s  an e x p e r i m e n t a l  
t o o l  t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  of  
t h e  sodium g r a p h i t e  r e a c t o r  c o n c e p t  i s  
d i s c u s s e d .  Problems and s o l u t i o n s  a r e  
r e l a t e d .  The i n s t a l l a t i o n  o f  an eddy 
c u r r e n t  b r a k e  and t h r o t t l e  v a l v e s  t o  
c o n t r o l  p o s t s c r a m  f low decay  t o  r educe  
t h e r m a l  shock i s  r e p o r t e d .  A new 
d e s i g n  o f  modera to r  e l e m e n t s ,  r e p l a c i n g  
t h e  z i r con ium c l a d d i n g  w i t h  Z i r c a l o y  2 
c l a d d i n g ,  p l u s  o t h e r  improvements i s  
d i s c u s s e d .  O t h e r  a r e a s  o f  i n t e r e s t  
i n c l u d e  sodium component h a n d l i n g  
equ ipmen t ,  c o n t r o l  o f  sodium f i r e s ,  
m o d e r a t o r  h a n d l i n g  f a c i l i t i e s  and 
equ ipmen t ,  c o m p a t i b i l i t y  o f  z i r con ium 
i n  oxygen b e a r i n g  sodium a t  1000 OF, 
t h e  z i r c o n i u m  n i t r i d i n g  problem,  and 
c o m p a t i b i l i t y  o f  low a l l o y  s t e e l s  w i t h  
1000 OF sodium. A r e p l a c e m e n t  c a l a n d r i a  
c o r e  i s  a l s o  d i s c u s s e d .  



A b s t r a c t  

P i p i n g  F l e x i b i l i t y  A n a l y s i s  o f  C a v i t y  
P i p i n g  

Document No. 

NAA- SR-MEMO- 3436 

Authors  

C .  P .  Hughes,  C .  P .  C r a i g  

T i t l e  

P r e s s u r e  and Temperature Transduce r s  
f o r  High Tempera ture  and Nuclear  
R a d i a t i o n  Environments  (P roceed ings  

I o f  t h e  1964 N a t i o n a l  Te lemete r ing  Con- a f e r e n c e ,  June  2 ,  3 ,  4  B i l tmore  H o t e l ,  
Los Angeles  , C a l i f .  ) 

Do cumen t No. 

Author  

S .  A .  Hluchan 

An a n a l y s i s  o f  HNPF p i p i n g  c o n f i g u r a -  
t i o n s ,  f o r  t h e  p u r p o s e  o f  e s t a b l i s h i n g  
f o r c e s  and moments on t h e  d iaphragm 
s e a l s  and d e t e r m i n i n g  maximum r e s u l t a n t  
s t r e s s e s  due t o  t h e r m a l  e x p a n s i o n ,  i s  
p r e s e n t e d .  S k e t c h e s  o f  p i p i n g  runs  and 
c a l c u l a t i o n a l  methods a r e  i n c l u d e d .  

A b s t r a c t  

V o l u m e t r i c  t y p e  t r a n s d u c e r s  f o r  h i g h  
t e m p e r a t u r e  (400 t o  1500 O F ) .  N u c l e a r  
r a d i a t i o n  and d i f f i c u l t  env i ronment s  
a r e  d e s c r i b e d .  A h i g h -  t e m p e r a t u r e  f i l l  
f l u i d ,  NaK i s  used  t o  p r o v i d e  a  
h y d r a u l i c  t r a n s m i s s i o n  l i n k  between a  
s e a l  e l emen t  c o n t a c t i n g  t h e  p r o c e s s  
medium and an e l e c t r i c a l  o u t p u t  p r e s s u r e  
s e n s o r  l o c a t e d  i n  a  more f a v o r a b l e  
env i ronment .  The d e s i g n  and pe r fo rmance  
o f  gage and d i f f e r e n t i a l  p r e s s u r e  mea- 
su remen t  s y s  tems u t i l i z i n g  a  comple te  
l i q u i d  f i l l  a r e  d i s c u s s e d .  A l s o ,  
e x p e r i m e n t a l  d a t a  r e l a t i n g  vapor  p r e s -  
s u r e  and t e m p e r a t u r e  f o r  NaK i n  t h e  
t e m p e r a t u r e  r ange  o f  1500 t o  2000 O F .  

i s  p r e s e n t e d  i n  a  d i s c u s s i o n  o f  a  NaK 
vapor  t y p e  t e m p e r a t u r e  t r a n s d u c e r .  



T i t l e  

Sodium G r a p h i t e  Reac to r  Q u a r t e r l y  
P r o g r e s s  R e p o r t ,  September-November , 
1953.  

Document No. 

NAA-SR-956 

Author  

G .  M .  Inman 

A b s t r a c t  

For  a  c e n t r a l  s t a t i o n  r e a c t o r  power 
p l a n t  o f  t h e  s o d i u m - g r a p h i t e  t y p e ,  two 
d e s i g n s  have  been  i n v e s t i g a t e d .  The 
f i r s t  o p e r a t e s  a s  a  c o n v e r t e r  u s i n g  
s l i g h t l y  e n r i c h e d  uranium f u e l  and p r o -  
duces  150 e l e c t r i c a l  Mhr. The second  
o p e r a t e s  a s  a  t h e r m a l  b r e e d e r  u s i n g  
U233-Th a l l o y  f u e l  and p roduces  300 MW . 
C o n s i d e r a t i o n  h a s  a l s o  been  g i v e n  t o  t g e  
problems a s s o c i a t e d  w i t h  t h e  d e s i g n  and 
o p e r a t i o n  o f  t h e  sodium r e a c t o r  e x p e r i -  
ment.  E n g i n e e r i n g  s t u d i e s  s p e c i f i c a l l y  
r e l a t e d  t o  t h e  above r e a c t o r  d e s i g n s  
were c a r r i e d  o u t .  The g r e a t e s t  empha- 
s i s  was on e x p e r i m e n t a l  and a n a l y t i c a l  
work n o t  r e l a t e d  t o  any p a r t i c u l a r  
d e s i g n ,  b u t  o f  g e n e r a l  impor tance  t o  
sod ium-graph i  t e  t y p e  r e a c t o r s .  The 
e x p e r i m e n t a l  work compr ised  v a r i o u s  
t e s t s  r e l a t e d  t o  t h e  p r o p e r t i e s  o f  mate-  
r i a l s ,  a s  w e l l  a s  t h e  o p e r a t i o n  o f  
r e a c t o r  components .  



R e a c t i o n  Rate o f  S o l i d  Sodium w i t h  A i r  

Documen t No. 

Authors  

W .  [ I .  Howland, L .  F .  E p s t e i n  

A b s t r a c t  

T h i s  s t u d y  was u n d e r t a k e n  t o  d e t e r m i n e  
t h e  i n f l u e n c e  o f  t e m p e r a t u r e  and compo- 
s i t i o n  o f  s o l i d  sodium on i t s  r a t e  o f  
r e a c t i o n  w i t h  a i r .  A q u a n t i t a t i v e  r e -  
e x a m i n a t i o n  was made o f  t h e  o b s e r v a t i o n  
t h a t  t h e  r e a c t i o n  s p e e d  o f  a l k a l i  m e t a l s  
and a i r  i s  markedly dependen t  on p u r i t y .  
The r a t e  o f  r e a c t i o n  i s  g r e a t e r  f o r  
f i l t e r e d  sodium t h a n  f o r  t h e  r e l a t i v e l y  
p u r e  d i s t i l l e d  m a t e r i a l ,  p a r t i c u l a r l y  a t  
l ower  t e m p e r a t u r e s ,  and t h e  d i f f e r e n c e  
between t h e  r a t e s  t e n d s  t o  v a n i s h  a t  
t h e  m e l t i n g  p o i n t  o f  t h e  m e t a l .  These 
e x p e r i m e n t a l  r e s u l t s  s u g g e s t  t h a t  t h e  
r e a c t i o n  i s  c a t a l y z e d  by  t h e  p r e s e n c e  o f  
s m a l l  amounts o f  i m p u r i t y  and t h a t  t h e  
c a t a l y s i s  r e a c t i o n  has  a  h i g h  e n e r g y  o f  
a c t i v a t i o n .  



T i t l e  

Research  on L i q u i d  Meta l s  a s  Power 
T r a n s m i s s i o n  F l u i d s  

Do cumen t No. 

WADC-TR-57-294 

Author  

R .  H .  Blackmer 

A b s t r a c t  

The e u t e c t i c  a l l o y  o f  sodium (23 w t % )  
and p o t a s s i u m  (77 w t % ) ,  known a s  NaK- 
77 ,  h a s  been  d e t e r m i n e d  from a  t e c h n i -  
c a l  s u r v e y  o f  l i q u i d  m e t a l s  and s a l t s  
a s  t h e  most  f e a s i b l e  l i q u i d  known f o r  
10 t o  1000 OF h y d r a u l i c  sys t em a p p l i -  
c a t i o n s .  A s i n g l e - c y l i n d e r  t e s t  pump 
i n  an i n e r t  a tmosphere  g love -box  h a s  
pumped NaK-77 up t o  3600 p s i  a t  100 OF 
and up t o  2000 p s i  a t  1000 OF. A t o t a l  
o f  a b o u t  100,000 c y c l e s  a t  1 cps  and 
an a v e r a g e  p r e s s u r e  o f  1500 p s i  have  
been  accumula ted .  R e s u l t s  o f  l i t e r a t u r e  
s u r v e y ,  c o n s u l t a t i o n ,  and l a b o r a t o r y  
t e s t s  a r e  i n c l u d e d  i n  t h i s  r e p o r t .  



T i  t l e  

Sodium R e a c t o r  O p e r a t i n g  Exper ience  

Document No. 

CEPR-57-54-3/61 

Author  

R .  E .  nu rand  

A b s t r a c t  

The SRE i s  d e s c r i b e d ,  and d e t a i l s  o f  i t s  
h e a t  t r a n s f e r  sys t em a r e  g i v e n .  Pumps 
i n  a l l  h e a t  t r a n s f e r  sys t ems  a r e  cen -  
t r i f u g a l  w i t h  f r o z e n  sodium s h a f t  s e a l s .  
R e a c t o r  o p e r a t i o n s  and d e s i g n  m o d i f i c a -  
t i o n s  a r e  d i s c u s s e d .  An eddy c u r r e n t  
b r a k e  was c o n s t r u c t e d  t o  r e d u c e  p o s t -  
scram c o n v e c t i o n  f l o w .  An improved 
sod ium- to - sod ium h e a t  exchanger  was 
made t o  e l i m i n a t e  t e m p e r a t u r e  s t r a t i -  
f i c a t i o n  p rob lems .  A d r y i n g  s y s t e m  was 
i n s t a l l e d  t o  c o n t r o l  t h e  g a l l e r y  mois-  
t u r e  c o n t e n t .  A u x i l i a r y  c o o l a n t  
t e t r a l i n  l e a k e d  i n t o  t h e  sodium s y s t e m ,  
and i t s  decompos i t ion  p r o d u c t s  f o u l e d  
1 3  o f  t h e  43 f u e l  p r o c e s s  c h a n n e l s ,  
r e s u l t i n g  i n  f u e l  j a c k e t  d e s t r u c t i o n .  
The p l a n t  was shutdown and m o d i f i e d  t o  
p r e v e n t  r e c u r r e n c e  o f  hydrocarbon 
i n - l e a k a g e .  A s t e a m / f u e l  washing  
f a c i l i t y  was i n s t a l l e d  t o  remove t h e  
sodium r e s i d u e  from c o r e  e l e m e n t s .  
Equipment was deve loped  f o r  removing 
modera to r  e l e m e n t s  and f u e l  e l emen t  
p i e c e s  from t h e  r e a c t o r .  Maintenance  
and m o d i f i c a t i o n  p r o c e d u r e s  a r e  b r i e f l y  
d i s c u s s e d .  



T i t l e  

E n g i n e e r i n g  and C o n s t r u c t i n g  t h e  Hallam 
N u c l e a r  Power F a c i l i t y  R e a c t o r  S t r u c t u r e  

Document No. 

NAA-SR- 7366 

Authors  

J .  M a h l m e s i t e r ,  W .  Habere r ,  D .  Casey,  
J .  S u s n i r ,  T. R i c c i ,  W .  Peck 

A b s t r a c t  

The Hallam N u c l e a r  Power F a c i l i t y  r e a c -  
t o r  s t r u c t u r e ,  i n c l u d i n g  t h e  c a v i t y  
l i n e r ,  i s  d e s c r i b e d ,  and t h e  d e s i g n  
p h i l o s o p h y  and s p e c i a l  d e s i g n  r e q u i r e -  
ments which were deve loped  d u r i n g  t h e  
p r e l i m i n a r y  and f i n a l  e n g i n e e r i n g  p h a s e s  
o f  t h e  p r o j e c t  a r e  e x p l a i n e d .  The 
s t r u c t u r e  was d e s i g n e d  f o r  600 O F  

i n l e t  and 1000 O F  o u t l e t  o p e r a t i n g  
sodium t e m p e r a t u r e s  and f a b r i c a t e d  o f  
a u s t e n i t i c  and f e r r i t i c  s t a i n l e s s  
s t e e l s .  S u p p o r t  f o r  t h e  r e a c t o r  c o r e  
components and a d e q u a t e  con ta inmen t  
f o r  b i o l o g i c a l  s a f e g u a r d s  were r e a d i l y  
p r o v i d e d  even  though q u i t e  c o n s e r v a t i v e  
d e s i g n  p h i l o s o p h y  was u s e d .  The c a l c u -  
l a t e d  o p e r a t i n g  c h a r a c t e r i s  t i c s ,  
i n c l u d i n g  h e a t  g e n e r a t i o n ,  a r e  sum- 
mar ized .  Shop f a b r i c a t i o n  and f i e l d  
i n s  t a l l a t i o n  e x p e r i e n c e s  a r e  a l s o  
b r i e f l y  r e l a t e d .  R e s u l t s  o f  t h i s  
p r o j e c t  have e s t a b l i s h e d  t h a t  t h e  
sodium g r a p h i t e  r e a c t o r  p e r m i t s  p r a c -  
t i c a l  and economica l  f a b r i c a t i o n  and 
f i e l d  e r e c t i o n  p r o c e d u r e s  - c o n s i d e r -  
a b l y  h i g h e r  o p e r a t i n g  d e s i g n  tempera-  
t u r e s  a r e  b e l i e v e d  p o s s i b l e  w i t h o u t  
r a d i c a l  d e s i g n  changes .  A l s o ,  l a r g e r  
r e a c t o r  s t r u c t u r e s  can  b e  s i m i l a r l y  con- 
s t r u c t e d  f o r  h i g h e r  c a p a c i t y  (300 t o  
1000 MWe) n u c l e a r  power p l a n t s .  



T i t l e  

Sodium G r a p h i t e  R e a c t o r s .  (Annual Tech- 
n i c a l  P r o g r e s s  R e p o r t ,  AEC U n c l a s s i f i e d  
Programs,  F i s c a l  Year 1959.  S e c t i o n s  1 - A ,  
1 - B ,  1 -D . )  

Document No. 

NAA-SR-3850, Sec .  l A , B , D .  

Authors  

L .  E .  Glasgow, R .  W .  Dickinson 

7 T i t l e  
LI3 
o\ Valves f o r  t h e  Hallam Reac to r  

Document No. 

PRET-4 (4-  54) 56-61 

T i t l e  

Sodium Pump and A u x i l i a r y  Components 
f o r  Hallam 

Document No. 

PRET-4(2-59)61-61 

A b s t r a c t  

Genera l  r e s e a r c h  and development  
p r o g r e s s  on t h e  SGR c o n c e p t  i s  r e p o r t e d .  
O p e r a t i o n  of  and e x p e r i m e n t s  conduc ted  
a t  t h e  SRE a r e  d i s c u s s e d .  S u b j e c t s  
cove red  i n c l u d e  m a t e r i a l - s o d i u m  com- 
p a t i b i l i t y ,  improved r e a c t o r  s y s  tem 
and component d e s i g n ,  t e s t i n g  o f  r e a c t o r  
components ,  new o p e r a t i o n ,  ma in tenance  
o r  f a b r i c a t i o n  t e c h n i q u e s ,  and d e v e l o p -  
ment o f  t e s t i n g  l o o p s  and r i g s .  More 
d e t a i l e d  cove rage  i s  g i v e n  i n  t o p i c a l  
r e p o r t s  l i s t e d  a t  t h e  f r o n t  o f  t h e  
s e c t i o n .  

A b s t r a c t  

A s u r v e y  o f  t h e  sodium v a l v e s  t o  b e  u s e d  
i n  t h e  HNPF i s  p r e s e n t e d .  D i s c u s s i o n  
c e n t e r s  on t h e  s e a t i n g  and s t em s e a l i n g  
p r o v i s i o n s  r e q u i r e d  f o r  950 OF sodium 
s e r v i c e .  

A b s t r a c t  

A b r i e f  d e s c r i p t i o n  o f  t h e  p r o t o t y p e  
c e n t r i f u g a l  pumps t e s t e d  f o r  t h e  HNPF 
was p r e s e n t e d .  The s h a f t  f r e e z e  s e a l  
and t h e  h y d r o s t a t i c  b e a r i n g  were  c i t e d  
a s  t h e  p r i n c i p a l  development  i t e m s .  



T i t l e  

Survey o f  Sodium Pump Technology 

Document No. 

Author  

D.  R. Nixon 

r) 
T i t l e  

Reac to r  Coo lan t  Pumps - Sodium Freeze  
S e a l  Coo l ing  Loads 

Document No. 

NAA-SR-MEMO-1843 

A b s t r a c t  

Th i s  r e p o r t  r ev iews  t h e  c u r r e n t  s t a t u s  
o f  sodium pump development  a s  r e l a t e d  
t o  n u c l e a r  power a p p l i c a t i o n s .  The 
r e p o r t  i n c l u d e s  a  d e s c r i p t i o n  o f  t h e  
d e s i g n  f e a t u r e s  and per formance  c h a r -  
a c t e r i s  t i c s  o f  t h e  more i m p o r t a n t  t y p e s  
o f  sodium and sodium-potass ium a l l o y  
(NaK) pumps. Some r e q u i r e m e n t s  f o r  
sodium pumps f o r  f u t u r e  l a r g e  l i q u i d  
m e t a l  r e a c t o r  sys tems  a r e  p r e s e n t e d  
w i t h  some p r e l i m i n a r y  c o n s i d e r a t i o n  of  
t h e  p o t e n t i a l  of  v a r i o u s  pump t y p e s  t o  
meet t h e s e  r e q u i r e m e n t s .  

A b s t r a c t  

A summary o f  t h e  c o o l i n g  l o a d  d a t a  f o r  
t h e  SRE sodium c o o l a n t  pump f r e e z e  
s e a l s  i s  p r e s e n t e d .  

Author  

R .  W. Atz 



H y d r a u l i c  S t u d i e s  of t h e  LSGR P r o c e s s  
Channe 1 

Document No. 

Author  

J .  H .  B r i n d l e y  

A b s t r a c t  

H y d r a u l i c  t e s t s  were  per formed w i t h  
w a t e r  on a  f u l l - s c a l e  mockup o f  t h e  
l a r g e  sodium g r a p h i t e  r e a c t o r  (LSGR) 
p r o c e s s  channe l  c o n s i s t i n g  o f  a  p r o c e s s  
t u b e  c o n t a i n i n g  an 1 8 - r o d  c l u s t e r  o f  
f u e l  r o d s ,  c o o k i e  c u t t e r  s p a c e r s  a t  
l - f t  i n t e r v a l s ,  and a  v a r i a b l e  o r i f i c e  
a s sembly .  Repor t ed  a r e  p r e s s u r e - l o s s  
f l o w - r a t e  c h a r a c t e r i s t i c s  o f  e n t r a n c e  
and e x i t  components - f u e l  rod  s p a c e r s  - 
t h e  f u e l  bund le  - and a  un ique  v a r i a b l e  
f l o w - c o n t r o l  d e v i c e .  P r i n c i p l e s  o f  
d i m e n s i o n a l  s i m i l i t u d e  were used  t o  
c o n v e r t  w a t e r  t e s t  d a t a  t o  t h o s e  o f  
LSGR c o o l a n t  c o n d i t i o n s  . The sodium 
f low r a t e  th rough  t h e  p r o c e s s  channe l  
a t  t h e  d e s i g n  c o r e  p r e s s u r e  drop  of  
21.0 p s i  can  be c o n t r o l l e d  from 45 .5  t o  
1 3 . 4  l b / s e c  w i t h  t h e  v a r i a b l e  o r i f i c e .  
R a d i a l  v e l o c i t y - p r o f i l e  s t u d i e s  i n  t h e  
f u e l  b u n d l e  d e m o n s t r a t e d  t h a t  t h e  maxi- 
mum- t o - a v e r a g e  v e l o c i t y  r a t i o  i s  1 . 3 3 .  
Fuel  r o d  s p a c e r  d r a g  c o e f f i c i e n t s ,  
based  on t h e  De S t o r d e u r  c o r r e l a t i o n ,  
were found t o  be c o n s t a n t  a t  1 . 5  o v e r  
a  Reynolds number r a n g e  o f  1 ,000  t o  
20 ,000.  



T i t l e  

Working F l u i d s  Program (NASA-AEC Liqu id  
Metals  Corros ion Meeting, December, 1961, 
Brookhaven Na t l .  Lab.) 

Document No. 

TID-7626(Pt . l ) ,  pg. 111-114 

Authors 

D. A .  K i rk ,  J .  A .  Roth 

T i t l e  

F i n a l  Repor t ,  LCRE Valve Development 

n ~ocumen t '  No. 
4 
w PWAC-401, P t .  I1 
LO 

Author 

D. E .  Smith 

Abs t r ac t  

Discuss ions  p e r t a i n i n g  t o  t h e  thermo- 
p h y s i c a l  p r o p e r t i e s  o f  ruthenium a t  
2000 OF and below, and p e r t a i n i n g  t o  
de t e rmina t ion  of i m p u r i t i e s  i n  t h i s  
metal  a r e  p r e sen t ed .  Research on 
h igh-  temperature  l i q u i d  metal  condensa 
t i o n  i s  a l s o  r e p o r t e d .  

Abs t r ac t  

The l i t h ium-coo led  r e a c t o r  experiment 
r e q u i r e d  l i q u i d  metal  va lves  capable  
of 10,000 h r  o p e r a t i o n  i n  NaK and 
l i t h i u m  a t  maximum temperatures  o f  
1200 and 1000 O F ,  r e s p e c t i v e l y .  To 
a r r i v e  a t  va lve  des igns  compat ible  with 
t h i s  l i q u i d  metal  s e r v i c e ,  a  develop-  
ment program o f  component and v a l v e  
assembly t e s t s  was i n i t i a t e d .  Approxi- 
mately  38,000 h r  o f  l i q u i d  metal  t e s t -  
i n g  was accumulated on a  t o t a l  o f  11 
va lves  p r i o r  t o  t h e  t e rmina t ion  of the  
program. 



T i t l e  

S e l e c t e d  O p e r a t i n g  Exper i ence  of Com- 
m i s s i o n  Power R e a c t o r s  ( P r e s e n t e d  a t  
American I n s t i t u t e  o f  E l e c t r i c a l  
E n g i n e e r s ,  J u n e  1 9 6 1 ,  I t h a c a ,  N . Y . )  

Do cumen t No. 

TID-13305 

Author  

J .  0 .  R o b e r t s  

T i t l e  
0 
0 

The Design and Development o f  a  L iqu id  
Meta l  Mechanica l  Pump 

Document No. 

A . E . R . E .  R/M 95 

Authors  

F. L .  Speed ,  K .  A .  Tomblin 

A b s t r a c t  

O p e r a t i n g  h i s t o r y  and s t a t i s t i c s  p e r -  
t a i n i n g  t o  t h e  SRE, EBR-I, and SIR a r e  
p r e s e n t e d .  From t h i s  h i s t o r y  i t  i s  
conc luded  t h a t  t h e  f e a s i b i l i t y  o f  u s i n g  
sodium a s  a  h e a t  t r a n s f e r  medium i n  
l a r g e  n u c l e a r  power p l a n t s  i s  e s t a b -  
l i s h e d .  A b r i e f  a c c o u n t  o f  b e l l o w s  
s e a l  v a l v e  f a i l u r e s ,  I H X  s t r a t i f i c a t i o n  
p rob lems ,  f u e l  e l e m e n t  and modera to r  
e l emen t  c l a d d i n g  damage, and f i s s i o n  
p r o d u c t  r e t e n t i o n  by sodium and decom- 
posed  t e t r a l i n  i s  g i v e n .  The EBR-I 
c o r e  meltdown i n c i d e n t ,  and t h e  l a c k  
o f  r e a c t o r  s t a b i l i t y  which caused  t h e  
i n c i d e n t ,  a r e  d e s c r i b e d .  

A b s t r a c t  

A d e s c r i p t i o n  o f  a  s i n g l e - s t a g e  cen-  
t r i f u g a l  pump f o r  l a b o r a t o r y  sodium 
s e r v i c e  i s  g i v e n .  S e a l i n g  o f  a  v e r t i -  
c a l  2 - 5 / 1 6 - i n .  s h a f t  w h i l e  r o t a t i n g  a t  
3000 rpm i s  d e s c r i b e d .  R e s u l t s  o f  a  
h y d r a u l i c  t e s t  u s i n g  w a t e r  a r e  a l s o  
r e p o r t e d .  



T i t l e  

Pumps f o r  Liquid-Metal F l i g h t  Cont ro l s  
(ASME-EIC F lu ids  Engineering Conf. ,  
Denver, Colo . ,  Apr i l  1966) 

Document No. 

Author 

J .  R. Granan, R .  C .  Kumpitsch 

A b s t r a c t  

E f f o r t s  t o  develop a  h y d r a u l i c  system 
f o r  1000 O F  o p e r a t i o n  f o r  a i r c r a f t  
s e r v i c e  u s i n g  NaK-77 a s  t h e  working 
f l u i d  a r e  r e p o r t e d .  P r i n c i p l e  e f f o r t  
has  been concen t r a t ed  on development 
o f  a  pump capable  of g e n e r a t i n g  a  
d i f f e r e n t i a l  p r e s s u r e  o f  3000 p s i  a t  
1000 OF. Both p o s i t i v e - d i s p l a c e m e n t  
and m u l t i - s t a g e  c e n t r i f u g a l  pumps were 
t e s t e d  f o r  t h i s  s e r v i c e .  Tes t  r e s u l t s  
a r e  n o t  d i s c l o s e d  b u t  c e n t r i f u g a l  
pumps a r e  i n d i c a t e d  a s  having t h e  most 
promise f o r  f u t u r e  development. The 
p r i n c i p a l  a r e a s  r e q u i r i n g  f u r t h e r  
development a r e  t h e  s h a f t  s e a l s  and 
b e a r i n g s .  Resu l t s  of  s e v e r a l  s e a l  and 
b e a r i n g  m a t e r i a l  c o m p a t i b i l i t y  t e s t s  
a r e  g iven .  



T i t l e  

Thermionic  R a d i a t i o r  Sys tem (Power 
Systems f o r  Space F l i g h t )  

Document No. 

BOOK-AP- 5 3 5 / 5 4 9 - 6 3  

Author  

K .  E .  Buck 

A b s t r a c t  

C u r r e n t  p l a n s  f o r  h i g h  power l e v e l  s p a c e  
power sys t ems  a r e  b a s e d  on t h e  u s e  o f  
h i g h - t e m p e r a t u r e ,  l i q u i d - m e t a l  c o o l e d  
r e a c t o r s  c o u p l e d  t o  a  r a n k i n e  c y c l e  
power c o n v e r s i o n  s y s t e m .  An a l t e r n a t e  
approach  i s  t h e  t h e r m i o n i c  r a d i a t o r  con-  
c e p t  i n  which s i m i l a r  r e a c t o r s  a r e  u s e d  
t o  s u p p l y  the rma l  e n e r g y  t o  t h e  c a t h o d e s  
of  r a d i a t o r - m o u n t e d  t h e r m i o n i c  con-  
v e r t e r s .  The t h e r m i o n i c  r a d i a t o r  s y s  tern 
c o u l d  be  a  backup t o  dynamic c o n v e r s i o n s  
sys t ems  i f  t h e  l i q u i d  m e t a l  c o o l e d  
r e a c t o r s  under  development  a r e  d e s i g n e d  
t o  s a t i s f y  t h e  r e q u i r e m e n t s  o f  b o t h  
s y s t e m s .  The t h e r m i o n i c  r a d i a t o r  s y s -  
tem s h o u l d  be c o n s i d e r e d  a l s o  as  t h e  
pr ime c o n v e r s i o n  sys t em.  Aero j e t -  
Genera l  Nuc leon ics  i s  engaged i n  a  
program t o  d e t e r m i n e  t h e  f e a s i b i l i t y  
o f  a  t h e r m i o n i c  r a d i a t o r  sys t em.  The 
p r i m a r y  o b j e c t i v e  o f  t h e  f i r s t  phase  was 
t o  d e m o n s t r a t e  t h e  o p e r a t i o n  o f  a  
t h e r m i o n i c  c o n v e r t e r ,  u s i n g  a  l i q u i d  
m e t a l  t o  s u p p l y  the rma l  ene rgy  t o  t h e  
c a t h o d e .  I n  a d d i t i o n ,  some l i m i t e d  
s y s  tems a n a l y s i s  was pe r fo rmed .  The 
f i r s t  p h a s e  j u s t  r e c e n t l y  has  been  com- 
p l e t e d ,  and t h e  o b j e c t i v e s  f u l l y  were 
a t t a i n e d .  



T i t l e  

Cesium Thermionic Converters  and Genera- 
t o r s  f o r  S o l a r  Space Power Systems 
(Power Systems f o r  Space F l i g h t . )  

Document No. 

BOOK-AP- 733/761-63 

Authors 

P.  J.  Brosens ,  S. S .  K i t r i l a k i s  

A b s t r a c t  

The r e s e a r c h  work on thermionic  con- 
v e r t e r s  accomplished a t  thermo e l e c t r o n  
i s  reviewed.  Data ob t a ined  f o r  con- 
v e r t e r s ,  u s i n g  niobium, t an ta lum,  
t u n g s t e n ,  i r i d i u m ,  and rhenium e m i t t e r s ,  
a s  a  f u n c t i o n  of i n t e r e l e c t r o d e  spac ing  
and c o n v e r t e r  o p e r a t i n g  tempera tures ,  
i s  given i n  t h e  form o f  maximum power 
d e n s i t y  maps. General  de s ign  r e q u i r e -  
ments f o r  s o l a r  the rmionic  g e n e r a t o r s  
f o r  space  a p p l i c a t i o n s  a r e  d i s c u s s e d .  
Work done a t  thermo e l e c t r o n  on c y l i n d r i -  
c a l  monodiode and c u b i c a l  mu l t i d iode  gen- 
e r a t o r s  i s  desc r ibed .  Although no 
i n h e r e n t  l i m i t a t i o n  has  been observed 
on t h e  l i f e  and r e l i a b i l i t y  o f  t h e r -  
mionic dev i ce s ,  l i f e  o f  t h e  o r d e r  o f  
s e v e r a l  thousands o f  hours  and h i g h e r  
r e l i a b i l i t y  must be and remains t o  be 
demonstra ted.  E f f e c t s  o f  cesium i n t e r -  
e l e c t r o d e  p r e s s u r e  and h e a t  conduct ion 
a c r o s s  t h e  cesium vapor  were i n v e s t i -  
ga t ed .  No c o r r o s i o n  by t h e  cesium 
vapor was observed.  



T i t l e  

High Tempera ture  A l k a l i  Metal  R e s i s t a n t  
I n s u l a t i o n  

Document No. 

Authors  
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A b s t r a c t  

M a t e r i a l s  were s e l e c t e d  f o r  850 O C  

p o t a s s i u m  v a p o r  e x p o s u r e .  A t r a n s f o r m e r  
was d e s i g n e d  and s e l e c t e d  a s  a  t e s t  
d e v i c e  t o  d e t e r m i n e  t h e  combined 
e f f e c t  o f  600 O C  p o t a s s i u m  v a p o r ,  f l u c -  
t u a t i n g  m a g n e t i c  f i e l d s  and h i g h  a c  
v o l t a g e  on i n s u l a t o r s ,  p o t t i n g  com- 
pounds ,  m a g n e t i c  m a t e r i a l s ,  and e l e c -  
t r i c a l  c o n d u c t o r s .  P o t a s s i u m  vapor  
c o r r o s i o n  t e s t s  a r e  i n  p r o g r e s s  on 
t h e  m a t e r i a l s  t h a t  w i l l  be  used  i n  t h e  
f i n a l  t e s t  t r a n s f o r m e r .  Ceramic t o  
m e t a l  s e a l  development  i s  b e i n g  s t u d i e d  
e x t e n s i v e l y  a s  t e r m i n a l  s e a l s  f o r  e l e c -  
t r i c a l  f e e d  t h r o u g h s  w i l l  be  needed f o r  
e l e c t r i c a l  t e s t i n g  i n  p o t a s s i u m  v a p o r  
a t  e l e v a t e d  t e m p e r a t u r e s .  
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A b s t r a c t  

As p a r t  o f  t h e  program t o  compare v a r i -  
ous sodium p u r i f i c a t i o n  t r e a t m e n t s ,  a  
6-month dynamic co r ros ion  t e s t  employ- 
i n g  thermal  c i r c u l a t i o n  was made w i t h  
aged and f i l t e r e d  sodium t o  determine 
the  c o r r o s i o n  and e r o s i o n  r e s i s t a n c e  o f  
Type-347 SS. The t e s t  was scheduled f o r  
a  y e a r ' s  run b u t  a  l e a k  developed,  
ending t h e  t e s t  a f t e r  6 months. The 
tempera ture  r e l a t i o n s h i p s  were observed 
f o r  i n d i c a t i o n s  o f  p lugging  by metal  o r  
ox ide  d e p o s i t i o n .  No plugging was 
encountered.  The r e s u l t s  showed t h a t  
Type-347 SS was very  r e s i s t a n t  t o  co r -  
r o s i o n  and e r o s i o n  i n  aged and f i l t e r e d  
sodium a t  500 O C  ( 9 3 2  OF). I t  was a l s o  
shown t h a t  such a  system can be ope ra t ed  
w i th  moderate f low r a t e s  (0 .3  f t / s e c )  
and r e l a t i v e l y  smal l  openings ( 3 / 1 6  i n . )  
w i thou t  d i f f i c u l t y .  The a t t a c k  by aged 
and f i l t e r e d  sodium was t o  be compared 
w i t h  t h a t  by ca l c ium-ge t t e r ed  sodium. 
(Due t o  o t h e r  c o n s i d e r a t i o n s ,  t he  t e s t  
w i th  ca l c ium-ge t t e r ed  sodium was n o t  
made). 



A b s t r a c t  

EBR- I  and EBR- I I  O p e r a t i n g  Exper i ence  
( F a s t  R e a c t o r  Technology.  D e t r o i t ,  
A p r i l  1965)  
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EBR-I was s h u t  down a f t e r  o v e r  1 2  y r  
o p e r a t i o n  i n  a  program which p roved  t h e  
f e a s i b i l i t y  o f  t h e  f u e l s  b r e e d i n g  con-  
c e p t ,  d e m o n s t r a t e d  t h e  p r a c t i c a l i t y  
of  o p e r a t i n g  a  r e a c t o r  power p l a n t  w i t h  
a l i q u i d  m e t a l  h e a t  t r a n s f e r  s y s t e m ,  
p r o v i d e d  u s e f u l  i n f o r m a t i o n  r e l a t i v e  
t o  t h e  s a f e t y  o f  f a s t  r e a c t o r s ,  and 
d e m o n s t r a t e d  t h a t  a  f a s t  r e a c t o r  f u e l e d  
p r i n c i p a l l y  w i t h  p l u t o n i u m  c a n  be  s a f e l y  
c o n t r o l l e d  by normal  o p e r a t o r s  w i t h o u t  
any u n u s u a l  s p e c i a l  measures  b e i n g  
t a k e n .  O p e r a t i o n  o f  EBR-I1 h a s  p roved  
t o  be  r o u t i n e  d u r i n g  p e r i o d s  when i t  
was o p e r a b l e .  Normal s t a r t u p  p r o c e d u r e s  
can  b e  comple ted  and t h e  r e a c t o r  made 
c r i t i c a l  i n  a b o u t  2 h r .  C o n t i n u a t i o n  
t o  power p r o c e e d s  smooth ly ,  and t h e  
s y n c h r o n i z a t i o n  o f  t h e  g e n e r a t o r  w i t h  
t h e  o u t s i d e  l i n e s  o f f e r s  no d i f f i c u l t y .  
P r i o r  t o  t h e  shutdown i n  O c t o b e r ,  1964 ,  
t h e  r e a c t o r  had  accumula ted  a  t o t a l  o f  
16 ,928  MWhrt (705 MWd/tonne) o f  o p e r a -  
t i o n  and 3,459 MWhr o f  e l e c t r i c a l  p r o -  
d u c t i o n .  F i l l i n g  o f  EBR-I1 w i t h  t a n k -  
can  s o d i u m i s  d e s c r i b e d .  Use o f  c o l d  
t r a p s  t o  p u r i f y  t h e  sodium and t o  c o l -  
l e c t  p i p e  s c a l e  i s  a l s o  d i s c u s s e d .  The 
u s e  o f  a  p l u g g i n g  m e t e r  t o  m o n i t o r  c o l d  
t r a p  pe r fo rmance  i s  r e p o r t e d .  Resolu-  
t i o n  o f  e a r l y  d i f f i c u l t i e s  e x p e r i e n c e d  w 
w i t h  t h e  5000 gpm p r i m a r y  sodium pumps z 
and t h e  6000 gpm secondary  sodium pumps =z 

r 
i s  a l s o  d e s c r i b e d .  I 
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Do cumen t No. 

OWL-2340, P a r t s  1 - 5  

Authors 

W .  H .  J o rdan ,  S .  J .  Cromer, A. J .  M i l l e r  

Abs t r ac t  

P rog re s s  i s  r e p o r t e d  on r e a c t o r  and 
f a c i l i t y  c o n s t r u c t i o n ,  component 
development and t e s t i n g ,  ins t rument  
and c o n t r o l s  development, eng inee r ing  
des ign  s t u d i e s ,  de s ign  phys i c s ,  mate- 
r i a l s  and components i n s p e c t i o n ,  h e a t  
t r a n s f e r  s t u d i e s ,  phase e q u i l i b r i u m  
s t u d i e s ,  p h y s i c a l  p r o p e r t i e s  o f  molten ' 

m a t e r i a l s ,  p roduc t ion  of  p u r i f i e d  mix- 
t u r e s ,  a n a l y t i c a l  chemis t ry ,  development 
s t u d i e s  o f  Ni-Mo a l l o y s  and I n c o n e l ,  
welding and b r a z i n g ,  co r ros ion  and mass 
t r a n s f e r ,  m a t e r i a l s  f a b r i c a t i o n ,  me ta l l o -  
g r a p h i c  examinations o f  eng inee r ing  t e s t  
components a f t e r  s e r v i c e ,  nondes t ruc t i ve  
t e s t i n g  and r a d i a t i o n  damage. 



T i t l e  

A i r c r a f t  Nuc lea r  P r o p u l s i o n  P r o j e c t  
Q u a r t e r l y  P r o g r e s s  Report  f o r  P e r i o d  
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A b s t r a c t  

System f l o w s h e e t s  and i n s t r u m e n t a t i o n  
l i s t s  were p r e p a r e d  i n  an i n i t i a l  
a t t e m p t  t o  d e f i n e  t h e  e n t i r e  a r t .  The 
fue l - to -NaK h e a t  exchanger  d e s i g n  was 
m o d i f i e d  t o  overcome i n t e r f a c e s  a t  t h e  
h e a d e r s  and t o  p r o v i d e  a d d i t i o n a l  s p a c e  
i n  t h e  r e g i o n  o f  t h e  h e a d e r s  f o r  t h e  
s u p p o r t  s t r u t s .  The problem o f  c o o l i n g  
t h e  f u e l  f i l l - a n d - d r a i n  t a n k  was 
s t u d i e d .  F u l l - s i z e  models o f  t h e  impe l -  
l e r  and t h e  v o l u t e  f o r  t h e  a r t  sodium 
pump a r e  b e i n g  t e s t e d  w i t h  w a t e r .  T e s t s  
o f  an a r t  f u e l  pump a r e  u n d e r  way w i t h  
h i g h - t e m p e r a t u r e  (1400 O F )  Nak a s  t h e  
pumped f l u i d .  O p e r a t i o n  o f  i n t e r m e d i a t e  
h e a t  exchanger  T e s t  A was c o n t i n u e d ,  and 
T e s t  S t a n d  B was p l a c e d  i n  o p e r a t i o n .  A 
small h e a t  exchanger  t e s t  s t a n d  i s  
o p e r a t i n g  w i t h  a  20- tube  fue l - to -NaK 
h e a t  exchanger ,  a  500-kW N a K - t o - a i r  
r a d i a t o r ,  and a  c i r c u l a t i n g  c o l d  t r a p .  
The t e s t  d a t a  o b t a i n e d  w i t h  t h e  i n t e r -  
med ia te  and s m a l l  h e a t  exchanger  t e s t  
s t a n d s  have been c o r r e l a t e d .  A t e s t  
assembly f o r  u s e  i n  t h e  development  
and t e s t i n g  o f  c o l d  t r a p s  and p l u g g i n g  
i n d i c a t o r s  i s  b e i n g  f a b r i c a t e d .  S e v e r a l  
Incone l  f o r c e d - c i r c u l a t i o n  l o o p s  were 
o p e r a t e d  i n  a  s t u d y  o f  t h e  e f f e c t  o f  t h e  
o x i d e  c o n t e n t  o f  t h e  sodium b e i n g  c i r c u -  
l a t e d .  Thermocouple a s s e m b l i e s  were 

W exposed t o  sodium i n  seesaw a p p a r a t u s  z 
s o  t h a t  t h e  e f f e c t  o f  v a r i o u s  amounts r z 
of Chromel-Alumel i n  t h e  weld nugge t  I 

I-' 
c o u l d  be s t u d i e d .  A t h i r d  500-kW NaK- w 
t o - a i r  h i g h -  c o n d u c t i v i t y - f i n  r a d i a t o r ,  00 4 

two 20- tube  f u e l -  to-NaK h e a t  e x c h a n g e r s ,  
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S e a l s  f o r  F luo r ides  and Sodium (ANP Mate- 
r i a l s  Meeting November 16-18, 1954) 

Document No. 

n 
I Authors 
I-' 
o W .  H. Cook, E .  E .  Hoffman 

A b s t r a c t  (contd)  

and two 100- tube  bundles  f o r  in te rme-  
d i a t e  h e a t  exchangers No. 3 were f a b r i -  
c a t e d .  The two NaK-to-ai r  r a d i a t o r s  
t h a t  f a i l e d  i n  s e r v i c e  were examined. 

A b s t r a c t  

For b e a r i n g s ,  v a l v e s ,  and s e a l s  f o r  
o p e r a t i o n  i n  1500 O F  sodium systems,  ' 

meta l s  and metal  a l l o y s  were found t o  
be u n s a t i s f a c t o r y  because o f  t h e i r  h igh 
wear r a t e s ,  g a l l i n g  and s e l f - w e l d i n g .  
Some c a r b i d e s ,  n i t r i d e s  and ox ides  
showed good r e s i s t a n c e  i n  s t a t i c  t e s t s .  
Tungsten c a r b i d e  and t i t a n i u m  ca rb ide  
cermets showed t h e  most promise a s  
bea r ing  m a t e r i a l s  i n  s t a t i c ,  dynamic, 
and wear t e s t s .  

I 
I-' 
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00 



T i t l e  A b s t r a c t  

Sodium G r a p h i t e  Reac to r  Q u a r t e r l y  P r o g r e s s  E n g i n e e r i n g  was c o n t i n u e d  on t h e  d e v e l o p -  
Repor t  June -Augus t ,  1953 ment o f  sodium c o o l e d ,  g r a p h i t e  modera ted  

t y p e  r e a c t o r s .  Genera l  s t u d i e s  were 
Document No. c a r r i e d  o u t  a s  w e l l  a s  s t u d i e s  s v e c i f i -  

Author  

G .  M .  Inman 

tally d e v o t e d  t o  t h e  f o l l o w i n g :  (1)  F u l l  
s c a l e  power -on ly  p l a n t .  ( 2 )  T h i r t y -  
megawatt p i l o t  p l a n t ,  t h e  SGR. 
(3)  Sodium r e a c t o r  e x p e r i m e n t ,  t h e  SRE. 
T h i s  work c o n s i s t e d  o f  t h e o r e t i c a l  
a n a l y s i s  o f  v a r i o u s  a s p e c t s  o f  n u c l e a r  
per formance  - economic i n v e s t i g a t i o n s  
o f  d i f f e r e n t  f u e l  e l e m e n t s ,  c o o l i n g  
sys t em and p l a n t  a r r angement s  - and 
e x p e r i m e n t a l  i n v e s t i g a t i o n s  r e l a t e d  
t o  t h e  p r o p e r t i e s  o f  c e r t a i n  m a t e r i a l s  
and t o  t h e  development  o f  components .  
I n  a d d i t i o n  t o  a  summary o f  t h e  g e n e r a l  
d e s i g n  f e a t u r e s  o f  t h e  SRE, a  program 
was p r e p a r e d  o u t l i n i n g  t h e  p roposed  u s e  
o f  t h i s  i n s t a l l a t i o n .  
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A b s t r a c t  

Progress  i s  r e p o r t e d  on t h e  a i r c r a f t  
r e a c t o r  t e s t  ( a r t )  de s ign  - a r t  phys ics  - 
a r t  i n s t rumen t s  and c o n t r o l s  - component 
development and t e s t i n g  - a r t ,  ETU, and 
i n - p i l e  loop o p e r a t i o n s  - phase equ i -  
l i b r i u m  s t u d i e s  - chemical r e a c t i o n s  i n  
molten s a l t s  - p h y s i c a l  p r o p e r t i e s  o f  
molten m a t e r i a l s  - produc t ion  of  f u e l s  . -  

c o m p a t i b i l i t y  of m a t e r i a l s  a t  h igh tem- 
p e r a t u r e s  - a n a l y t i c a l  chemist ry  - 
dynamic-corrosion s t u d i e s  - gene ra l -  
c o r r o s i o n  s t u d i e s  - f a b r i c a t i o n  
r e s e a r c h  - welding and b raz ing  i n v e s t i -  
g a t i o n s  - mechan ica l -p rope r t i e s  
s t u d i e s  - ceramic r e sea rch  - nondes- 
t r u c t i v e  t e s t i n g  s t u d i e s  - h e a t  t r a n s f e r  
and p h y s i c a l  p r o p e r t i e s  - r a d i a t i o n  
damage - f u e l  recovery and p roces s ing  - 
and c r i t i c a l  exper iments .  
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S y n t h e t i c  l u b r i c a n t s  i n  t h e  UCON LB 
s e r i e s  were i n v e s t i g a t e d  t o  d e t e r m i n e  
t h e i r  s t a b i l i t y  a s  pump l u b r i c a t i n g  
f l u i d s  i n  t h e  a r t .  A d d i t i o n a l  t e s t s  
o f  t h e  pe r fo rmance  o f  t h e  a r t  sodium 
pump w i t h  w a t e r  were made. D i f f i c u l t i e s  
were  e n c o u n t e r e d  i n  h i g h - t e m p e r a t u r e  
t e s t s  o f  t h e  f u e l  pump w i t h  NaK. Two 
I n c o n e l  f o r c e d - c i r c u l a t i o n  l o o p s  i n  
which NaK was c i r c u l a t e d  comple ted  
1000 h r  o f  o p e r a t i o n  w i t h  a  t empera -  
t u r e  g r a d i e n t  o f  300 O F  and a  maximum 
f l u i d  t e m p e r a t u r e  o f  1500 O F .  I n c o n e l  
t u b e -  t o - h e a d e r  j o i n t s  b r a z e d  w i t h  
Ni-Cr-Ge-Si  l o w - c r o s s - s e c t i o n  a l l o y s  
were t e s t e d  i n  sodium and NaK i n  s e e -  
saw a p p a r a t u s .  Two Type 316 SS t h e r m a l -  
c o n v e c t i o n  l o o p s  were o p e r a t e d  w i t h  
sodium t o  s t u d y  t h e  e f f e c t  o f  a  d i f f u -  
s i o n  c o l d  t r a p  on t h e  amount o f  c o r r o -  
s i o n  and mass t r a n s f e r  o b s e r v e d  i n  such  
a  s y s t e m .  A s e r i e s  o f  d i f f e r e n t i a l -  
t h e r m a l - a n a l y s i s  was per formed t o  
d e t e r m i n e  t h e  s o l u b i l i t y  o f  l i t h i u m  i n  
NaK. S c r e e n i n g  t e s t s  o f  e l a s t o m e r s  
f o r  p o s s i b l e  u s e  a s  v a l v e  s e a t  mate-  
r i a l s  i n  NaK c i r c u i t s  were i n i t i a t e d .  
M e t a l l o g r a p h i c  i n v e s t i g a t i o n s  a r e  
underway on NaK- t o - a i r  r a d i a t o r s  t h a t  
f a i l e d  a f t e r  v a r i o u s  p e r i o d s  o f  s e r v i c e  
a t  h i g h  t e m e p r a t u r e s .  
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A summary o f  t h e  p r o g r e s s  on t h e  ANP 
p r o j e c t  f o r  t h e  q u a r t e r  e n d i n g  March 1 0 ,  
1957 i s  p r e s e n t e d .  The work c o v e r s  a i r -  
c r a f t  r e a c t o r  t e s t  d e s i g n ,  r e a c t o r  
p h y s i c s ,  i n s t r u m e n t a t i o n  and c o n t r o l s  , 
component development  and t e s t i n g ,  
r e a c t o r  and f a c i l i t y  c o n s t r u c t i o n ,  
i n - p i l ~ ,  a r t ,  and ETU o p e r a t i o n s ,  
chemica l  a n a l y s i s ,  c o m p a t i b i l i t y  o f  
m a t e r i a l s  a t  h i g h  t e m p e r a t u r e s ,  m e t a l -  
l u r g y ,  g e n e r a l  c o r r o s i o n  s t u d i e s ,  
f a b r i c a t i o n  r e s e a r c h ,  w e l d i n g  and 
b r a z i n g  i n v e s t i g a t i o n s  , n o n d e s t r u c t i v e  
t e s t i n g  and i n s p e c t i o n  o f  m a t e r i a l s  and 
components ,  r a d i a t i o n  damage and f u e l  
r e c o v e r y  and r e p r o c e s s i n g ,  and c r i t i c a l  
e x p e r i m e n t s  and r e a c t o r  s h i e l d i n g .  

A b s t r a c t  

V e n t i l a t i o n  Systems a t  Atomics I n t e r -  
n a t i o n a l  ( S i x t h  AEC A i r  C lean ing  
C o n f e r e n c e ,  J u l y  1959) 
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A b r i e f  summary o f  v e n t i l a t i o n  s y s  tems 
employed on r e a c t o r s ,  h o t  c e l l s ,  and 
c r i t i c a l  f a c i l i t i e s  d e s i g n e d  a n d / o r  
o p e r a t e d  by Atomics I n t e r n a t i o n a l  i s  
p r e s e n t e d .  The two power r e a c t o r s  d i s -  
c u s s e d  a r e  c o n t r a s t e d  by u s e  o f  a  r a t h e r  
l o o s e  b u i l d i n g  con ta inmen t  s y s  tem i n  
one (sodium r e a c t o r  e x p e r i m e n t )  and a  
v e r y  t i g h t  v a p o r  c o n t a i n e r  i n  t h e  o t h e r  
(PIQUA o r g a n i c  modera ted  r e a c t o r ) .  
S i m i l a r l y ,  o f  t h e  two h o t  c e l l s  d e s -  
c r i b e d ,  one o p e r a t e s  w i t h  a  compara- 
t i v e l y  l a r g e  volume a i r  f l o w ,  t h e  o t h e r  
w i t h  a v e r y  low v e n t i l a t i o n  r a t e .  
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A 1 i n .  combined v a l v e  c o n n e c t  and d i s -  
c o n n e c t  i n t e n d e d  f o r  u s e  i n  t h e  p r imary  
c o o l a n t  v e n t  l i n e s  o f  t h e  SIR Mark B 
System was s u b j e c t e d  t o  a  s e r i e s  o f  
per formance  t e s t s  . These t e s t s  i n c l u d e d  
v a l v e  c o v e r  w e l d i n g  t e s t s ,  a  s e r i e s  o f  
s t a t i c  p r e s s u r e  and s e a t  l e a k a g e  t e s t s ,  
and a  s e r i e s  o f  sodium c y c l i n g  t e s t s .  
The s t a t i c  p r e s s u r e  and s e a t  l e a k a g e  
t e s t s  were r u n  a t  room t e m p e r a t u r e ,  
u s i n g  n i t r o g e n  a t  100 p s i g  and 200 p s i g .  
A d d i t i o n a l  s t a t i c  t e s t s  were run  a t  
500 OF u s i n g  sodium a t  200 p s i g .  The 
v a l v e  was s u b j e c t e d  t o  10 c y c l i n g  t e s t s ,  
where in  sodium a t  500 O F ,  100 p s i g  was 
pumped th rough  t h e  v a l v e  f o r  10 min 
p e r i o d s .  A f t e r  each  c y c l e  t h e  v a l v e  
d i s c o n n e c t  j o i n t  was d i s m a n t l e d  and 
r e b u i l t  w i t h  a  new 0 - R i n g .  Per formance  
i n  a l l  c a s e s  was s a t i s f a c t o r y .  
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A b s t r a c t  

T h i s  h a z a r d  a n a l y s i s  w i l l  c o n s i d e r  t h e  
e f f e c t s  o f  a p o s s i b l e  sod ium-wate r  
r e a c t i o n  i n  t h e  SRE p i p e  g a l l e r i e s .  
The p r e s e n c e  o f  a  s m a l l  amount o f  
oxygen i n  t h e  g a l l e r y  n i t r o g e n  c o v e r  
g a s ,  which c o u l d  e n t e r  i n t o  t h e  r e a c -  
t i o n ,  w i l l  a l s o  be  e v a l u a t e d .  The 
p o s s i b i l i t y  o f  w a t e r  l e a k a g e  from t h e  
e a r t h  i n t o  t h e  underground g a l l e r i e s  i s  
remote and t h e  chance o f  a  sod ium-wate r  
c o n t a c t  i s  even  more remote  - however ,  
t h i s  h y p o t h e t i c a l  s t u d y  was made t o  
e v a l u a t e  t h e  r e s u l t s  o f  s u c h  an o c c u r -  
r e n c e  and t o  recommend p r o t e c t i v e  mea- 
s u r e s .  I n  a p p r o a c h i n g  t h e  problem,  a l l  
a v a i l a b l e  i n f o r m a t i o n  which conce rned  
t h e  h i s t o r y  o f  t h e  g a l l e r i e s  was 
s t u d i e d  i n c l u d i n g  any w a t e r  l e a k a g e  
and i t s  method o f  e n t r y .  To e s t a b l i s h  
a  maximum sodium l e a k  r a t e ,  t h e  l o g  
books and r e p o r t s  were s e a r c h e d  and t h e  
a p p l i c a b l e  d a t a  were a n a l y z e d .  A l i t e r a -  
t u r e  s t u d y  o f  t h e  sodium-water -oxygen 
r e a c t i o n  was made and c a l c u l a t i o n s  were 
per formed t o  d e t e r m i n e  t h e  e f f e c t s  of 
such  a  h y p o t h e t i c a l  i n c i d e n t  on t h e  
p e r s o n n e l  and sys t em.  The b e n e f i c i a l  
recommendations which a c c r u e d  a s  t h e  
a n a l y s i s  p r o g r e s s e d  a r e  i n c l u d e d  i n  
S e c t i o n  X I 1  o f  t h i s  r e p o r t .  
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T i t l e  

Sodium Pump Development  S tudy  (P ro -  
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O p e r a t i o n  o f  a 120 gpm c e n t r i f u g a l  pump 
i n s t a l l e d  i n  a  3 - i n .  t e s t  l o o p  was 
d e s c r i b e d .  P e r f o r m a n c e  o f  t h e  pump 
s h a f t  s e a l  and  i n s t r u m e n t a t i o n  w e r e  
a l s o  d e s c r i b e d .  Comments r e g a r d i n g  t h e  
l i q u i d  l e v e l  i n d i c a t o r ,  p r e s s u r e  gage  
a n d  f l o w  c o n t r o l  v a l v e  we re  g i v e n .  

A b s t r a c t  

A b r i e f  d i s c u s s i o n  i s  g i v e n  o f  c u r r e n t  
t e c h n o l o g y  r e l a t i n g  t o  d e s i g n  and  o p e r a  
t i o n  o f  pumps f o r  sod ium s e r v i c e .  Con- 
c e p t u a l  d r a w i n g s  a r e  i n c l u d e d  o f  a  
p r o p o s e d  m e c h a n i c a l  s h a f t  s e a l e d  pump, 
and o f  a  sod ium pump t e s t  f a c i l i t y  w i t h  
two i n d e p e n d e n t  p a r a l l e l  l o o p s  o f  
60 ,000  gpm e a c h .  

J .  H .  W r i g h t  



T i t l e  A b s t r a c t  

Development o f  a  Continuous Meter  f o r  
Oxygen i n  Sodium (Pzoceedings  o f  t h e  Sodium 
Components I n f o r m a t i o n  Meet ing ,  P a l o  A l t o ,  
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An e l e c t r o c h e m i c a l  c e l l  i s  d e s c r i b e d  f o r  
measurement o f  oxygen i n  sodium. Upper 
t e m p e r a t u r e  l i m i t a t i o n s  a r e  600 OF f o r  
a  z i r c o n i a  c e l l ,  and 700 OF f o r  a t h o r i a  
c e l l .  Tempera tures  below 500 OF r e s u l t  
i n  r e s i s t a n c e s  t o o  h i g h  t o  p e r m i t  con-  
v e n i e n t  measurements .  A r e p r e s e n t a t i v e  
c u r v e ,  showing t h e  r e s p o n s e  o f  an e l e c -  
t r o c h e m i c a l  c e l l  t o  changes i n  oxygen 
c o n t e n t  a s  f i x e d  by c o l d  t r a p  tempera-  
t u r e ,  i s  shown. 

A b s t r a c t  

The 2 -1 /4  C r - 1  Mo s t e e l  s e c t i o n  o f  t h e  
EBR-I1 r e a c t o r  sodium p i p i n g  sys t em was 
i n s t a l l e d  w i t h o u t  p i c k l i n g  t o  remove an 
e s t i m a t e d  400 l b  o f  m i l l  s c a l e .  About 
4  months o f  d r a i n i n g ,  t e m p e r a t u r e  
c y c l i n g ,  and c o l d  t r a p p i n g  removed about  
130 l b  o f  sodium o x i d e .  Large  amounts 
o f  p a r t i c u l a t e  m a t e r i a l  were p r e s e n t  
i n  t h e  sodium, which was t h o u g h t  t o  be  
t e m p e r a t u r e  expanded p i e c e s  o f  m i l l  
s c a l e .  A d e s c r i p t i o n  o f  t h e  EBR-I1 
s e c o n d a r y  sodium s y s t e m  i s  i n c l u d e d .  
A d e s c r i p t i o n  i s  a l s o  i n c l u d e d  o f  a  
g r i p p e r  mechanism which i s  used t o  
g r a s p  s u b a s s e m b l i e s  t h a t  a r e  removed 
and i n s e r t e d  i n  t h e  r e a c t o r .  
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The a b s o r p t i o n  s p e c t r a ,  t h e  e l e c t r o n  
p a r a m a g n e t i c  r e s o n a n c e  s p e c t r a ,  t h e  
e l e c t r i c a l  c o n d u c t i v i t y  and some s o l u -  
b i l i t y  r e l a t i o n s h i p s  have been  s t u d i e d  
i n  two a l k a l i  m e t a l  e t h e r  s y s t e m s .  The 
r e s u l t s  a r e  compared t o  t h e  c h e m i c a l ,  
o p t i c a l  and m a g n e t i c  p r o p e r t i e s  o f  
s i m i l a r  s o l u t i o n s  i n  l i q u i d  ammonia 
o r  amine s o l v e n t s ,  i n  o r d e r  t o  d e t e r m i n e  
t h e  g e n e r a l  n a t u r e  o f  t h e  e t h e r  s o l u -  
t i o n s .  A p l a u s i b l e  i n t e r p r e t a t i o n  h a s  
been p u t  f o r w a r d .  T h i s  r e p o r t  a l s o  
i n c l u d e s  a  d e s c r i p t i o n  o f  a  s p e c t r a l  
c e l l  t o  b e  used  i n  t h e  s p e c t r o p h o t o -  
m e t r i c  measurement o f  t h e  a b s o r p t i o n  
o f  sodium o r  p o t a s s i u m  r e s o n a n c e  l i n e s  
above NaK v a p o r .  The c e l l  was d e s i g n e d  
and b u i l t  t o  make vapor  p r e s s u r e  
measurements .  
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MSA Research  C o r p o r a t i o n  i s  engaged i n  
a  c o n t i n u i n g  t e s t  program s t u d y i n g  t h e  
e f f e c t s  o f  a i r ,  h e l i u m  and sodium on 
Type 316 SS and 2 - 1 / 4  C r - 1  Mo s t e e l  
under  c r e e p ,  c r e e p -  t o - r u p t u r e  and 
f a t i g u e  c o n d i t i o n s .  The d e s i g n  and 
f a b r i c a t i o n  phase  o f  t h i s  program h a s  
been comple ted .  Two i d e n t i c a l  b u t  
s e p a r a t e  and independen t  l o o p s  have 
been d e s i g n e d  and f a b r i c a t e d  a t  MSAR 
t o  accompl ish  t h e  above program. One 
l o o p  i s  engaged i n  t e s t i n g  316 SS s p e c i -  
mens and t h e  o t h e r  i n  t e s t i n g  2-1/4 Cr-1  
Mo s t e e l  spec imens .  Both l o o p s  a r e  
f a b r i c a t e d  from 316 SS. The t e s t  
f a c i l i t i e s  a r e  comple te  f o r  o b t a i n i n g  
c r e e p ,  c r e e p - t o - r u p t u r e  and f a t i g u e  d a t a  
i n  dynamic sodium sys tems  a t  e l e v a t e d  
t e m p e r a t u r e s .  The s y s  tems have been 
c o n s t r u c t e d  and a r e  i n  o p e r a t i o n .  The 
t e s t  r e s u l t s  w i l l  be  r e p o r t e d  i n  s e p a -  
r a t e  t o p i c a l  r e p o r t s  a s  t h e  v a r i o u s  
p h a s e s  o f  t h e  t e s t  program a r e  com- 
p l e t e d .  T h i s  r e p o r t  s e t s  f o r t h  t h e  
d e s i g n  c r i t e r i a ,  a  d e s c r i p t i o n  o f  t h e  
t e s t  f a c i l i t i e s  and t h e  o p e r a t i o n a l  
p r o c e d u r e s  o f  t h e s e  t e s t  f a c i l i t i e s .  
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S c r v i c e  

Document No. 

NAA-SR- 7 5 3 4  

Author  

R .  A .  Winborne 

A b s t r a c t  

T e s t s  were  conducted  t o  e v a l u a t e  t h e  
pe r fo rmance  o f  a  1 0 - i n .  f low c o n t r o l l e r  
i n  sodium a t  t e m p e r a t u r e s  up t o  1200 OF. 
Torque t u b e  r e l i a b i l i t y  was d e t e r m i n e d  
by e x t e n s i v e  mechan ica l  c y c l i n g  t e s t s  
and f u r t h e r  check ing  w i t h  a  he l ium mass- 
s p e c t r o m e t e r  l e a k  d e t e c t o r .  Flow con-  
t r o l  pe r fo rmance  and v a l v e  v i b r a t i o n  
c h a r a c t e r i s t i c s  were t e s t e d  and e v a l u -  
a t e d  and f l o w  r a t e  l i m i t s  were e s t a b -  
l i s h e d .  The v a l v e  assembly was 
s u b j e c t e d  t o  a  t h e r m a l  shock  t e s t  
program s i m u l a t e d  t o  r e p r e s e n t  t h e  
most s e v e r e  c o n d i t i o n s  l i k e l y  t o  b e  
e n c o u n t e r e d  d u r i n g  a  minimum 1 0 - y r  
l i f e t i m e .  
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The n o n e q u i l i b r i u m  e l e c t r i c  c o n d u c t i v i t y  
o f  two-phase  p o t a s s i u m  vapor  has  been  
s t u d i e d  b o t h  t h e o r e t i c a l l y  and e x p e r i -  
m e n t a l l y .  T h i s  s t u d y  i s  i m p o r t a n t  i n  
c o n n e c t i o n  w i t h  t h e  d e s i g n  of  r a n k i n e -  
c y c l e  a l k a l i - m e t a l  magnetohydrodynamic 
(MHO) g e n e r a t o r s .  The t h e o r e t i c a l  work 
i n d i c a t e s  t h a t  s m a l l  c o n d e n s a t i o n  d r o p -  
l e t s  (mean r a d i u s  l e s s  t h a n  50 1 u n i t s )  
w i l l  d e t r i m e n t a l l y  a f f e c t  t h e  a c h i e v e -  
ment o f  e l e v a t e d  e l e c t r o n  t e m p e r a t u r e s  
by J o u l e  H e a t i n g ,  and w i l l  a l s o  r educe  
t h e  vapor  i o n i z a t i o n  a s s o c i a t e d  w i t h  
t h i s  t e m p e r a t u r e .  These e f f e c t s ,  which 
a r i s e  from l a r g e  e l e c t r o n - d r o p  c o l l i s i o n  
ene rgy  l o s s e s ,  a r e  n e g l i g i b l e  when t h e  
m e a n o d r o p l e t  r a d i u s  i s  g r e a t e r  t h a n  
200 A u n i t s .  A h i g h - t e m p e r a t u r e  (maxi- 
mum t e m p e r a t u r e  e q u a l s  2000 OK) c l o s e d -  
l o o p  f a c i l i t y  h a s  been  c o n s t r u c t e d  f o r  
t h e  s t u d y  o f  n o n e q u i l i b r i u m  i o n i z a t i o n  
i n  wet  and d r y  p o t a s s i u m  v a p o r .  P r e -  
l i m i n a r y  e x p e r i m e n t a l  r e s u l t s  on t h e  
e l e c t r i c  c o n d u c t i v i t y  o f  p o t a s s i u m  i n  a 
s u b s o n i c  t e s t  s e c t i o n  a r e  g i v e n .  The 
r e s u l t s  s u g g e s t  t h a t  t h e  c o n d e n s a t i o n  
e x i s t e d  a s  a  myr iad  o f  n u c l e a t i o n - s i z e d  
(mean r a d i u s  a p p r o x i m a t e l y  10 A u n i t s )  
d r o ~ l e t s  which r educed  t h e  n o n e a u i l i b -  
r i u h  c o n d u c t i v i t y  a p p r e c i a b l y  below t h a t  
o f  t h e  d r y  v a p o r .  z w 
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The P r e s s u r e  a t  t h e  Bottom o f  t h e  S h a f t  
S e a l  i n  t h e  Main S R E  Sodium Pumps 
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E x p e r i e n c e  w i t h  mechar i i ca l  components  
o f  s o d i u m - c o o l e d  r e a c t o r s  i s  summar ized .  
New d e s i g n  a p p r o a c h e s ,  overcorning 
t h e r m a l - s  t r e s s  and  o t h e r  p roh l ems  , and 
e x p l o i t i n g  s o d i u m ' s  s u p e r i o r  h e a t  t r a n s -  
f e r  a b i l i t y  a r e  o u t l i n e d .  I Ieat  
e x c h a n g e r s ,  s t e a m  g e n e r a t o r s ,  p i p i n g ,  
n o z z l e s ,  v a l v e s ,  pumps,  a n d  i n s t r u m e n t a -  
t i o n  a r e  d i s c u s s e d .  A c h r o n o l o g y  o f  
s o d i u m - c o o l e d  r e a c t o r s  i s  g i v e n .  

A b s t r a c t  

A s e r i e s  o f  w a t e r  t e s t s  we re  p e r f o r m e d  
on t h e  S R E  main s e c o n d a r y  sod ium pump 
t o  measu re  p r e s s u r e  on t h e  pump s h a f t  
s e a l  d u r i n g  o p e r a t i o n  w i t h  sod ium.  As 
a r e s u l t  t h e  r e c i r c u 1 : l t o r y  f low h o l e s  
i n  t h e  i m p e l l e r  were e n l a r g c t l  s u f f i -  
c i e n t l y  t o  r e d u c e  t h e  s e a l  p r e s s u r e  
f rom 4 5 %  t o  1 5 %  o f  pump d i s c h a r g e  
p r e s s u r e .  



T i t l e  

The S e p a r a t i o n  o f  Potass ium I s o t o p e s  by 
Molecu la r  D i s t i l l a t i o n  

Document No. 

Authors  

R. McGi l l ,  R .  Browel l ,  J. G r i s a r d ,  
E .  Blumkin, E .  VonHalle 

A b s t r a c t  

The t e c h n i c a l  f e a s i b i l i t y  o f  accom- 
p l i s h i n g  t h e  s e p a r a t i o n  o f  t h e  p r i n c i -  
p a l  p o t a s s i u m  i s o t o p e s  K-39 and K-41 
on a  l a r g e  s c a l e  by t h e  m o l e c u l a r  d i s -  
t i l l a t i o n  o f  p o t a s s i u m  m e t a l  h a s  been 
e s t a b l i s h e d .  Fol lowing p r e l i m i n a r y  
t e s t s ,  a  1 0 - s t a g e  e x p e r i m e n t a l  molecu- 
l a r  s t i l l  was d e s i g n e d ,  c o n s t r u c t e d ,  
and o p e r a t e d  t o  l o c a t e  t h e  optimum 
o p e r a t i n g  t e m p e r a t u r e  and t o  i n v e s  t i -  
g a t e  t h e  e f f e c t  on t h e  s e p a r a t i o n  f a c -  
t o r  o f  s e v e r a l  p r o c e s s  v a r i a b l e s .  The 
e x p e r i m e n t  was s u c c e s s f u l  and l e d  t o  
t h e  d e s i g n  and c o n s t r u c t i o n  o f  a  
1 5 - s  t a g e  p r o t o t y p e  c a s c a d e  u n i t  f o r  
o p e r a t i o n  a t  t h e  optimum e v a p o r a t i n g  
t e m p e r a t u r e  o f  270 O C .  This  equipment  
i s  now i n  o p e r a t i o n .  Conceptual  d e s i g n  
o f  a  m o l e c u l a r  d i s t i l l a t i o n  cascade  t o  
produce  one t o n  p e r  y e a r  o f  p o t a s s i u m  
e n r i c h e d  t o  99 .93% K-39 h a s  been com- 
p l e t e d  - a n a l y s i s  o f  t h e  cascade  con- 
s t r u c t i o n  and a n n u a l  o p e r a t i n g  c o s t s  
l e a d s  t o  an e s t i m a t e d  u n i t  c o s t  o f  
p r o d u c t  o f  abou t  $420 / lb  economic 
e f f e c t s  o f  o p e r a t i n g  t h i s  c a s c a d e  a t  
o t h e r  K - 4 1  d e p l e t i o n  f a c t o r s  and o t h e r  
p r o d u c t i o n  r a t e s  a r e  d i s c u s s e d .  



A b s t r a c t  

SNAP-8 Mercury Pump Motor Assembly Thermal A s t e a d y - s t a t e  t h e r m a l  a n a l y s i s  o f  t h e  
A n a l y s i s  h e a t  g e n e r a t e d  by a  c a r b o n  t o  s t e e l  

s h a f t  s e a l  i s  p r e s e n t e d .  The s e a l  
Document No. s e r v e s  t o  e x c l u d e  mercury a t  270 OF 

B .  B r i d g e s  

c 7  
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T r a n s p o r t  and Chemical Con t ro l  i n  t h e  
D i s s o l u t i o n  o f  Meta l s  i n  Mercury 

Document No. 

A E R E  C E / R  1998 

Authors  

J .  A .  R .  B e n n e t t ,  J .  B .  Lewis 

from t h e  wind ings  o f  a  7800 rpm e l e c -  
t r i c  moto r .  Heat  deve loped  b y  t h e  
s e a  
r e  j 
t o  
f e r  
r e v  
t r a  
s e l  
s e a  
o f  
0 . 0  

.1 and conduc ted  from i h e  mbtor  i s  
e c t e d  t o  s p a c e  th rough  a  l i q u i d  
l i q u i d  h e a t  exchanger .  S e v e r a l  d i f  
* e n t  h e a t  exchanger  d e s i g n s  were 
.iewed t o  o b t a i n  t h e  maximum h e a t  
. n s f e r  i n  t h e  s p a c e  a v a i l a b l e .  The 
e c t e d  d e s i g n  was shown t o  c o o l  t h e  
-1 f a c e s  t o  285 O F  u s i n g  2600 l b / h r  
210 O F  h a v i n g  an i n s i d e  d i a m e t e r  o f  
8  i n .  

A b s t r a c t  

D i s s o l u t i o n  r a t e s  o f  t i n ,  l e a d ,  and 
z i n c  i n  mercury were  d e t e r m i n e d .  
C y l i n d r i c a l  m e t a l  specimens remained  
s t a t i o n a r y  - t h e  c y l i n d r i c a l ,  m e t a l  
c o n t a i n e r  w i t h  t h e  s o l v e n t  was r o t a t e d .  
T r a n s p o r t  ( d i f f u s i o n )  i s  t h e  con-  
t r o l l i n g  p r o c e s s  i n  t h e  s o l u t i o n  o f  
t i n  and l e a d .  Both t r a n s p o r t  and 
chemica l  s o l u t i o n  r a t e  a r e  s i g n i f i c a n t  
i n  t h e  s o l u t i o n  o f  z i n c .  
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Thermal Cycl ing and Leakage Tes t s  o f  
2 - i n .  Valves f o r  Sodium Se rv i ce  
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NaK Free Convection Cooled S h a f t  Freeze  
Sea l  f o r  SRE Pumps 

Document No. 
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A b s t r a c t  

Tes t s  were performed t o  determine t h e  
e f f e c t  o f  thermal  c y c l i n g  on t h e  a c r o s s -  
t h e - s e a t  l eakage  c h a r a c t e r i s t i c s  of  
va lves  cons ide red  f o r  use  i n  t he  
a u x i l i a r y  c o o l a n t  system o f  t he  Hallam 
Nuclear Power F a c i l i t y .  Twelve 2 - i n .  
va lves  were t he rma l ly  cyc l ed  i n  a  sodium 
loop between 300 and 650 OF and p e r i o d i -  
c a l l y  t e s t e d  f o r  a c r o s s - t h e - s e a t  sodium 
leakage .  Five  d i f f e r e n t  va lve  t y p e s ,  
r e p r e s e n t i n g  e i g h t  manufac ture rs ,  were 
sodium-leak t e s t e d  a t  p r e s s u r e  d i f f e r -  
e n t i a l s  o f  10 t o  30 p s i ,  and temperatures  
between 395 and 685 OF. Five  be l lows-  
s e a l  g lobe  va lves  had a  leakage p a t t e r n  
which i n d i c a t e d  a  maximum leakage  r a t e  a t  
a  p r e s s u r e  d i f f e r e n t i a l  o f  20 p s i .  The 
t o rque -  t ube  va lve  had c o n s i d e r a b l e  l e a k -  
age i n  some t e s t s  owing t o  i n c o n s i s t e n t  
va lve  c l o s i n g .  A f r e e z e - s e a t  v a l v e ,  a  
s o l e n o i d  v a l v e ,  and f o u r  f l e x i b l e - s e a t  
va lves  had no leakage .  The f l e x i b l e - s e a t  
va lves  were p a r t i c u l a r l y  easy  t o  open and 
c l o s e .  No va lve-s tem sodium leakage  was 
observed f o r  any o f  t h e  va lves  t e s t e d .  

A b s t r a c t  

The f e a s i b i l i t y  o f  u s ing  NaK f o r  coo l ing  
of s h a f t  f r e e z e  s e a l s  i n  SRE sodium 
pumps by n a t u r a l  convec t ion  was demon- 
s t r a t e d  a n a l y t i c a l l y .  The a n a l y s i s  w 
showed NaK could  remove 2.6 kW of  h e a t  z =z 
from the  s h a f t  s e a l  r eg ion  of  t h e  pump r 
whi le  i t  was o p e r a t i n g  a t  1000 OF and 
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Sodium Leve l  D e t e c t o r s  i n  t h e  E n r i c o  
Fermi Atomic Power P l a n t  

Document No. 

APDA- 3 0 0  

Author  

G .  H .  Re icks  

Two t y p e s  o f  c o n t i n u o u s  l e v e l  d e t e c t o r s  
a r e  i n s t a l l e d  i n  t h e  E n r i c o  Fermi Atomic 
Power P l a n t  t o  measure sodium l e v e l s .  
One t y p e  i s  t h e  Moore S p e c i a l  Model 1 5  
b e l l o w s - t y p e  d e t e c t o r ,  and t h e  o t h e r  i s  
t h e  T a y l o r  NaK-F i l l ed  Diaphragm D e t e c t o r .  
Dur ing  t h e  p e r i o d  o f  t h e  c o n c e p t u a l  
d e s i g n  o f  t h e  Fermi P l a n t ,  a l l  known 
l e v e l  d e t e c t o r s  f o r  h i g h - t e m p e r a t u r e  
o p e r a t i o n  i n  l i q u i d  m e t a l s  were e v a l u -  
a t e d .  Moore S p e c i a l  Model 1 5  D e t e c t o r s  
were s e l e c t e d  from t h o s e  a v a i l a b l e  a s  
most n e a r l y  f u l f i l l i n g  t h e  r i g i d  s p e c i -  
f i c a t i o n s  t h a t  had  been  p r e v i o u s l y  
e s t a b l i s h e d .  S e v e r a l  y e a r s  l a t e r ,  t h e  
T a y l o r  NaK- F i l l e d  D e t e c t o r s  were 
e v a l u a t e d  and a l s o  were i n s t a l l e d  i n  
t h e  Fermi P l a n t .  The Moore S p e c i a l  
Model 1 5  D e t e c t o r s  w i l l  measure l e v e l s  
w i t h  a c c u r a c i e s  o f  a p p r o x i m a t e l y  + 3  i n .  
o f  r e a d i n g .  An advan tage  i s  t h a t  t h e  
d e t e c t o r s  a r e  c a p a b l e  o f  measur ing  
l e v e l s  w i t h  a  c o v e r  g a s  p r e s s u r e  below 
a t m o s p h e r i c  and ,  w i t h  t h e  p r o p e r l y  
o b s e r v e d  p r e c a u t i o n s ,  down t o  a  f u l l  
vacuum. The T a y l o r  NaK-F i l l ed  d e t e c -  
t o r  h a s  o p e r a t e d  s a t i s f a c t o r i l y  w i t h  
a  h i g h  d e g r e e  o f  a c c u r a c y ,  s m a l l  tem- 
p e r a t u r e  s h i f t ,  good l i n e a r i t y  and 
r e p r o d u c i b i l i t y ,  and w i t h  a  minimum o f  
ma in tenance  r e q u i r e d .  Both o f  t h e s e  

b3 
d e t e c t o r s  a r e  d i f f i c u l t  t o  i n s t a l l  and z 
s h i e l d  p r o p e r l y  a s  w e l l  a s  d i f f i c u l t  r z 
t o  remove and r e p l a c e  once  t h e y  a r e  I 

P 
i n s t a l l e d .  They have moving p a r t s  w 
which c o u l d  c r e a t e  ma in tenance  p rob lems ,  CO 

and a c c e s s o r y  i n s t r u m e n t a t i o n  i s  
r e q u i r e d  f o r  remote  c a l i b r a t i o n .  
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A b s t r a c t  

The s o l u b i l i t y  o f  sodium monoxide i n  
l i q u i d  sodium i n  t h e  t e m p e r a t u r e  range  
100 t o  500 O C  h a s  been  o b t a i n e d ,  u s i n g  
t h e  methods o f  Pepkowi tz  and J u d d ,  by 
a n a l y s i s  o f  t h e  oxygen c o n t e n t  o f  sodium 
samples  t a k e n  from l i q u i d  sodium i n  
e q u i l i b r i u m  w i t h  e x c e s s  sodium monoxide. 
The method o f  l e a s t  s q u a r e s  has  been  
a p p l i e d  t o  t h e  d a t a  t o  d e r i v e  t h e  f o l -  
l owing  s o l u b i l i t y  e q u a t i o n :  

i n  which Y i s  t h e  s o l u b i l i t y  o f  NaeO 
i n  sodium,  e x p r e s s e d  a s  w t %  oxygen I n  
sodium, and T  i s  t h e  a b s o l u t e  tempera-  
t u r e  o f  t h e  sodium i n  K .  A b r i e f  
d e s c r i p t i o n  o f  c o r r o s i o n  o f  Type 347 SS 
spec imens  by sodium s a t u r a t e d  w i t h  sodium 
monoxide a t  500 O C  i s  a l s o  p r e s e n t e d .  



A b s t r a c t  

C o n d e n s a t i o n  o f  M e t a l  V a p o r s .  h i e rcury  
and t h e  K i n e t i c  T h e o r y  o f  C o n d e n s a t i o n .  

Document No. 

A u t h o r  

I ) .  , J .  Wi lhe lm 

T i t l e  

.\ S t u d y  o f  V a r i o u s  Types  o f  F r e e z e  
'I'ype L i q u i d  b l e t a l  V a l v e s  

Ilocurncnt No. 

,\u t h o  r 

N u s s e l t s  a n d  i m p r o v e d  t h e o r e t i c a l  f i l m -  
c o n d e n s a t i o n  h e a t  t r a n s f e r  r a t e s  f o r  
m e t a l  v a p o r s  w e r e  r o u g h l y  5 t o  3 0  t i m e s  
a s  l a r g e  a s  o b s e r v e d  e x p e r i m e n t a l  r a t e s .  
The l i t e r a t u r e  s u r v e y  a n d  s u b s e q u e n t  
a n a l y s e s  r e v e a l e d  s e r i o u s  s h o r t c o m i n g s  
i n  t h e  k i n e t i c  t h e o r y  o f  c o n d e n s a t i o n .  
S u p p o r t i n g  r e a s o n s  w e r e  n o t  f o u n d  f o r  
t h e  common a s s u m p t i o n  t h a t  t h e  c o n d e n -  
s a t i o n  a n d  e v a p o r a t i o n  c o e f f i c i e n t s  
a r e  i d e n t i c a l .  D e s i g n  d e t a i l s  and  
o p e r a t i n g  d i f f i c u l t i e s  o f  m e r c u r y  v a p o r  
r o t a t i n g  d i s k  c o n d e n s e r  t e s t  ( w h i c h  com- 
p r i s e d  t h e  o r i g i n a l  a n d  a  m a j o r  p o r t i o n  
o f  t h i s  p r o g r a m ) ,  a i m e d  a t  e v a l u a t i n g  
t h e  v a p o r - l i q u i d  i n t e r f a c i a l  r e s i s t a n c e ,  
h a v e  b e e n  i n c l u d e d .  A b i b l i o g r a p h y  o f  
2 9 5  r e f e r e n c e s  i s  g i v e n .  

A b s t r a c t  

A d i s c u s s i o n  o f  v a r i o u s  v a l v e  s e a l i n g  
and  f l o w  c o n t r o l l i n g  a r r a n g e m e n t s  i s  
g i v e n .  'I'he u s e  o f  b e l l o w s ,  f r e e z e  
s e a l s ,  s e a l  w e l d s ,  a n d  p a c k i n g  a r e  c o n -  
s i d e r e d  i n  a n  a t t e m p t  t o  d e v e l o p  more 
r e l i a b l e  v a l v e s  f o r  l i q u i d  m e t a l  s e r v i c e .  

I : .  0. D r y e r  
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M e t a l l u r g i c a l  I n v e s t i g a t i o n s  o f  Sodium 
Heat  T r a n s f e r  Rig 
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A b s t r a c t  

A sodium h e a t -  t r a n s f e r  l o o p  o p e r a t e d  
a p p r o x i m a t e l y  1400 h r  a t  600 t o  
1100 O F .  R e s u l t s  o f  m e t a l l u r g i c a l  
i n v e s t i g a t i o n s  o f  f a i l u r e s  which 
o c c u r r e d  d u r i n g  o p e r a t i o n  and t e r m i n a l  
e x a m i n a t i o n  o f  components a r e  g i v e n .  
For compar ison ,  r e s u l t s  o f  1000 h r  
s t a t i c  t e s t s  w i t h  low and h i g h  oxygen 
c o n c e n t r a t i o n s  i n  sodium a t  300, 450, 
and 600 O C  a r e  r e p o r t e d .  S t a b i l i z e d  
a u s t e n i  t i c  s t a i n l e s s  s t e e l  (18-  8 - 1 )  
u s e d  i n  t h e  l o o p  c o n t a i n e d  f r e e  c a r -  
b i d e .  During l o o p  o p e r a t i o n  d e c a r b u r i -  
z a t i o n  o c c u r r e d  a t  g r a i n  b o u n d a r i e s .  
No c o r r o s i o n  o f  n i c k e l  was o b s e r v e d .  
T h i s  i n f o r m a t i o n  a p p e a r s  i n  an appen- 
d i x  t o  a c c e s s i o n  LM-00077, which 
r e p o r t s  h e a t  t r a n s f e r  r e s u l t s  and 
o p e r a t i n g  e x p e r i e n c e  o f  t h e  t e s t .  
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A b s t r a c t  

N u s s e l t  Numbers a r e  c o r r e l a t e d  w i t h  
P e c l e t  Numbers f o r  sodium f l o w i n g  a t  
m o d e r a t e l y  low Reynolds Numbers i n  a  
doub le  a n n u l u s  h e a t  e x c h a n g e r .  R e s u l t s  
q u a l i t a t i v e l y  c o n f i r m  f i n d i n g s  o f  o t h e r s  
who r e p o r t e d  c o e f f i c i e n t s  below t h e o r e t i -  
c a l  minimum. E f f e c t  o f  tube  e c c e n -  
t r i c i t y ,  gas  e n t r a i n m e n t ,  and o x i d e  
d e p o s i t s  on d e p r e s s i n g  t h e  h e a t  t r a n s f e r  
c o e f f i c i e n t  a r e  d i s c u s s e d .  Loop o p e r -  
a t e d  a p p r o x i m a t e l y  1400 h r .  Genera l  
o p e r a t i n g  e x p e r i e n c e  i s  d e s c r i b e d ,  
e . g . ,  h e a t e r  f a i l u r e  a t  c o p p e r - s t e e l  
i n t e r f a c e ,  f low b lockage  caused  by 
o x i d e  d e p o s i t s .  R e s u l t s  o f  m e t a l -  
l u r g i c a l  i n v e s t i g a t i o n  o f  t h i s  l o o p  
a r e  r e p o r t e d  i n  a c c e s s i o n  LM-00078. 



T i t l e  

Mercury Corros ion Loop. (SNAP-8 Topica l  
M a t e r i a l s  Report f o r  1963. Vol. 2 ,  
Component M a t e r i a l s ,  Development. ) 
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A b s t r a c t  

An a d j u s t a b l e  choked nozz l e  l o c a t e d  i n  
t h e  supe rhea t ed  mercury-vapor s e c t i o n  
o f  component t e s t  loop  2 was t e s t e d  f o r  
400 h r .  This  run r e s u l t e d  i n  c o r r o s i o n -  
p roduc t  bu i ldup  a t  t h e  v e n t u r i  t h r o a t  
and on t h e  p i n t l e  t i p .  The o p e r a t i n g  
c h a r a c t e r i s  t i c s  o f  a  mercury chempump 
e v a l u a t e d  du r ing  t h i s  t e s t  were found 
t o  be s a t i s f a c t o r y .  Leaks developed a t  
t h e  0-Ring s e a l  i n  t h e  i m p e l l e r  ca se  and 
an a u x i l i a r y  w e l d - s e a l  assembly was 
f a b r i c a t e d  t o  r e p l a c e  t h e  0-Ring.  The 
des ign ing  o f  c o r r o s i o n  loops  3 ,  4 ,  and 
5  was completed and i s  f u l l y  d e s c r i b e d  
h e r e i n .  Four thermal -convec t ion  loops  
o f  9 C r - 1  Mo s t e e l  were f a b r i c a t e d ,  
o p e r a t e d ,  and e v a l u a t e d  t o  e s t a b l i s h  
a  b a s i s  f o r  t h e  des ign  o f  a  mercury- 
c o r r o s i o n - p r o d u c t  s e p a r a t o r .  The c o r -  
r o s i o n  p a t t e r n  was determined f o r  mer- 
cury  b o i l i n g  and condensing tempera tures  
o f  700 and 1075 O F .  S e p a r a t o r  concepts  
u s i n g  i r o n  and columbium wool and mag- 
n e t s  were e v a l u a t e d  i n  two of  t h e  
thermal -convec t ion  l oops .  The r e s u l t s  
i n d i c a t e  t h a t  an e f f e c t i v e  l i q u i d  
s e p a r a t o r  i s  a t t a i n e d  through t h e  use  
o f  a  l a r g e  s u r f a c e  a r e a  and long  mercury 
dwell  t ime.  A cyc lone-  type  vapor -  
phase co r ros ion -p roduc t  s e p a r a t o r  was 
des igned  and f a b r i c a t e d  f o r  t e s t i n g  
i n  C T L - 2 .  Design paramete rs  a r e  
p r e s e n t e d .  
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M a t e r i a l s  i n v e s t i g a t i o n s  conduc ted  i n  
s u p p o r t  o f  t h e  d e s i g n ,  development ,  
f a b r i c a t i o n ,  and t e s t i n g  o f  components 
f o r  t h e  SNAP-8 power c o n v e r s i o n  sys t em 
a r e  r e p o r t e d .  D e t a i l s  o f  t h e  work a r e  
n o t e d  i n  a c c e s s i o n s  LM-00326 t h r o u g h  
LM-00330. 

K .  S. Carey 
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Components 

Document No. 

Authors 

R. C .  Kumpitsch, J .  R. Granan, P .  J. Kroon 

A b s t r a c t  

The use  o f  l i q u i d  me ta l s  a s  t h e  working 
f l u i d  i n  h y d r a u l i c  systems f o r  h igh  
tempera ture  s e r v i c e  i s  d i s c u s s e d .  Appl i -  
c a t i o n s  f o r  t h e s e  systems a r e  c i t e d  f o r  
space  v e h i c l e s ,  m i s s i l e s ,  a i r c r a f t  and 
n u c l e a r  p ropu l s ion  dev i ce s .  P re l imina ry  
development o f  pumps and va lves  f o r  t h i s  
s e r v i c e  i s  d e s c r i b e d .  A t e n - s t a g e  cen- 
t r i f u g a l  pump o p e r a t e d  i n  NaK f o r  2 0  h r  
b e f o r e  a  b e a r i n g  s e i z u r e  h a l t e d  t h e  t e s t .  
A vane- type  p o s i t i v e  displacement  pump 
was t e s t e d  i n  100 O F  NaK f o r  5  h r  and 
i n  NaK a t  500 OF f o r  2 h r .  T e s t s  were 
performed on t h e  s h a f t  s e a l  and bea r ings  
p r i o r  t o  t h e i r  use  i n  t h e  pump. Nak a t  
200 O F  was s u p p l i e d  t o  t h e  b e a r i n g  and 
s e a l  t e s t e r  a t  p r e s s u r e s  from 5 t o  
45 p s i .  Flow through t h e  b e a r i n g  was 
0 . 3  gpm. The s e a l  h e l d  p r e s s u r e s  from 
5 t o  10 p s i  and l eaked  15 cm3 NaK dur ing  
t e s t s  a t  s h a f t  speeds  from 3000 t o  
36,000 rpm. S e a l  and b e a r i n g  s u r f a c e s  
were i n  s a t i s f a c t o r y  c o n d i t i o n  a t  end 
of  t e s t .  A poppet-  type va lve  and a  two- 
s t a g e  va lve  were f i t t e d  w i t h  e l e c t r o -  
magnetic pump t o  use  NaK as  t he  a c t u a t -  
i n g  f l u i d .  No performance d a t a  was 
g iven .  Attempts t o  use  alumina f o r  
pump t h r o a t  m a t e r i a l  were u n s u c c e s s f u l .  
Seve ra l  m a t e r i a l s  c o m p a t i b i l i t y  t e s t s  
were performed t o  determine wear r a t e ,  w z 
f r i c t i o n  c o e f f i c i e n t  and b e a r i n g  p rope r -  
t i e s  f o r  use  i n  1400 O F  NaK. Flame- r 

I 

p l a t e d  c a r b i d e s  may be s u i t a b l e  provided 
t h e  a p p l i c a t i o n ,  f i n i s h i n g  and s u b s t r a t e  cx, 

p r e p a r a t i o n  i s  p r o p e r l y  done. --I 
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A b s t r a c t  

A c e n t r i f u g a l  pump and a  l i n e a r  i n d u c -  
t i o n  e l e c t r o m a g n e t i c  pump were t e s t e d  
i n  sodium a t  9 0 0  OF and 850 OF r e s p e c -  
t i v e l y .  Both pumps deve loped  a  head  o f  
40 p s i  a t  a  f low o f  5000 gpm. The 
c e n t r i f u g a l  pump was e q u i p p e d  w i t h  a  
p r e s s u r i z e d  b e a r i n g  and was d r i v e n  by a  
two-speed  e l e c t r i c  motor .  The e l e c t r o -  
m a g n e t i c  pump had a  t h e r m a l  b a r r i e r  and 
w a t e r  c o o l i n g  t o  p e r m i t  850 OF o p e r a t i o n  
o f  i t s  c l a s s  "HI' e l e c t r i c a l  i n s u l a t i o n .  
T e s t  f a c i l i t i e s  f o r  t h e  pumps a r e  
d e s c r i b e d .  
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A b s t r a c t  

A s e r i e s  o f  n i c k e l - b a s e  b r a z i n g  a l l o y s  
were  t e s t e d  i n  a l i q u i d  sodium t h e r m a l  
c o n v e c t i o n  l o o p  f o r  a  p e r i o d  o f  
10 ,000 h r  a t  t e m p e r a t u r e s  o f  1200 and 
700 OF. The t e s t s  were  conduc ted  t o  
e s t a b l i s h  t h e  f e a s i b i l i t y  o f  a  b r a z e d  
c a l a n d r i a  j o i n t  c o n c e p t  f o r  t h e  sodium 
g r a p h i t e  r e a c t o r  a p p l i c a t i o n .  The 
r e s u l t s  i n d i c a t e d  t h a t  t h e  Ni -Cr -S i -B  
(CM53) and  Ni -S i -B  (CM52) were  t h e  most 
r e s i s t a n t  t o  sodium a t t a c k  and t h a t  t h e  
N i - C r - S i  (CM60) would o n l y  b e  s u i t a b l e  
f o r  s h o r t  t e rm u s e  ( l e s s  t h a n  1500 h r )  
o r  l o w e r  t e m p e r a t u r e  (below 700 OF) 
a p p l i c a t i o n s .  A 1  though CM52 and CM53 
e x p e r i e n c e d  a  l o s s  o f  b o t h  s i l i c o n  and 
b o r o n ,  t h e  d e p l e t i o n  was n o t  accom- 
p a n i e d  by t h e  f o r m a t i o n  o f  v o i d s .  There -  
f o r e  t h e  i n t e g r i t y  would n o t  b e  i m p a i r e d .  
The copper-manganese b r a z i n g  a l l o y s  were 
a t t a c k e d  by sodium even w i t h  t h e  exposure  
t e m p e r a t u r e s  l i m i t e d  to  700 OF. C o b a l t  
a d d i t i o n s  t o  t h i s  a l l o y  a p p e a r e d  t o  
have lowered  i t s  sodium r e s i s t a n c e .  The 
a p p a r e n t  r e a c t i o n  found a t  t h e  s u r f a c e  
o f  spec imens  exposed  a t  1200 OF i n c l u d e d  
l o s s  o f  t h e  minor  a l l o y i n g  c o n s t i t u e n t s ,  
s i l i c o n  and  boron .  T h i s  l o s s  o f  a l l o y -  
i n g  e l e m e n t s  was conf i rmed  by X-ray 
f l u o r e s c e n t  a n a l y s e s .  The l e a c h i n g  o f  
t h e s e  two e l e m e n t s  f rom t h e  a l l o y  by t h e  
h i g h  t e m p e r a t u r e  sodium was a p p a r e n t l y  z 
accompl i shed  w i t h o u t  t h e  development  of 
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v i s i b l e  v a c a n c i e s  i n  t h e  d e p l e t e d  zones .  I 
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A compar ison  o f  t h e  5000-hr-1200 OF w 
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A b s t r a c t  ( c o n t d )  

e x p o s u r e  t e s t  r e s u l t s  i n d i c a t e d  t h a t  
N i c r o b r a z  135 i s  f a r  more s t a b l e  t h a n  
CM52 i n  sodium. T h i s  i s  r e a s o n a b l e  
b e c a u s e  t h e  s i l i c o n  and boron  c o n t e n t  
o f  N i c r o b r a z  135 i s  s u b s t a n t i a l l y  
l o w e r .  

A b s t r a c t  

An i n v e s t i g a t i o n  was made t o  f i n d  a  NaK 
a d d i t i v e  which c o u l d  b e  used  t o  s e a l  
NaK-water l e a k s  i n  s y s t e m s  such  a s  t h e  
S2C e v a p o r a t o r  and s u p e r h e a t e r .  A 
m i x t u r e  o f  1 w t %  i r o n  o x i d e  and 0 . 2  w t %  
a s b e s t o s  p lugged  a  l e a k  o f  0 . 3  l i t e r  
NaK/hr, b u t  o n l y  p a r t i a l l y  p lugged  a  
1 . 0  l i t e r  NaK/hr l e a k .  The l e a k  was 
c o m p l e t e l y  p l u g g e d  when o p e r a t e d  i n  t h e  
vapor  p h a s e ,  b u t  t h e  s e a l  f a i l e d  when 
t h e  l e a k  a r e a  was exposed  t o  w a t e r .  
The s e a l  formed i n  t h e  0 . 3  l i t e r  NaK/hr 
l e a k  h e l d  a t  a  Ap o f  560 p s i  f o r  1 h r  
and a t  a  Ap o f  250 p s i  o v e r n i g h t .  An 
i r o n  o x i d e - a s b e s t o s  m i x t u r e  can  b e  u s e d  
a s  a  s e a l a n t  b u t  w i l l  have  l i m i t e d  
a p p l i c a t i o n s .  
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A b s t r a c t  

With t h e  a d v e n t  o f  t h e  l a r g e  S G R  
suspended  r e a c t o r  w i t h  a  c a l a n d r i a  c o r e  
c o n t a i n i n g  a  l a t t i c e  work o f  p r o c e s s  
c h a n n e l s ,  i t  became n e c e s s a r y  t o  s t u d y  
and d e s i g n  methods f o r  t h e  i n s t a l l a t i o n ,  
ma in tenance  o r  r e p l a c e m e n t  o f  t h e  p r o -  
c e s s  c h a n n e l s .  With r e g a r d  t o  welded  
j o i n t s  and  machine p a r t i n g  c h a r a c t e r -  
i s t i c s ,  a  development  program was 
i n i t i a t e d  t o  d e t e r m i n e  j o i n t  con-  
f i g u r a t i o n  and r e p l a c e m e n t  p r o c e s s e s .  
The d e s i g n  and i n i t i a l  t e s t  o f  c u t t i n g  
and w e l d i n g  equipment  deve loped  t o  
r e m o t e l y  c u t  and r ewe ld  t h e  bo t tom 
p r o c e s s  t u b e  j o i n t  a r e  d i s c u s s e d  i n  
t h i s  r e p o r t .  

A b s t r a c t  
Two s i g n i f i c a n t  m o d i f i c a t i o n s  have been  
made t o  t h e  MSA A l k a l i  Meta l  Sampler :  
(1)  t h e  s u b s t i t u t i o n  o f  vacuum- t i g h t ,  
m o d i f i e d  Wilson S e a l  f o r  t h e  p a c k i n g  
g l a n d ,  and ( 2 )  t h e  r e p l a c e m e n t  o f  t h e  
g a t e  v a l v e  w i t h  a  v a c u u m - t i g h t ,  t e f l o n -  
p a c k e d ,  Jamesbury Valve .  A comple te  
d e s c r i p t i o n  o f  t h e  m o d i f i e d  s a m p l e r  and 
a  s t e p w i s e  p r o c e d u r e  f o r  i t s  a p p l i c a -  
t i o n  t o  t h e  sampl ing  o f  dynamic o r  
s t a t i c  sys t ems  o f  a l k a l i  m e t a l s  a r e  
g i v e n .  
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A b s t r a c t  

O p e r a t i o n a l  e x p e r i e n c e  a t  t h e  SRE and 
e v a l u a t i o n  o f  a l t e r n a t e  methods have  
r e s u l t e d  i n  t h e  development  of an 
o p t i m i z e d  f u e l - h a n d l i n g  sys t em f o r  t h e  
Hallam N u c l e a r  Power F a c i l i t y  R e a c t o r .  
I n c r e a s e d  r e l i a b i l i t y ,  e a s i e r  main-  
t e n a n c e ,  improved s a f e g u a r d s ,  and b r o a d e r  
f l e x i b i l i t y  a r e  some of t h e  c h a r a c t e r i s -  
t i c s  o f  t h i s  s y s t e m ,  which f e a t u r e s  
a tmosphere  s e a l s ,  f o r  u s e  i n  a  conven-  
t i o n a l  u n s h i e l d e d  b u i l d i n g  w i t h  an a i r  
a tmosphere .  
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M a t e r i a l s  s u p p o r t  was p r o v i d e d  f o r  
a l k a l i  m e t a l s  b o i l i n g  and condens ing  
i n v e s t i g a t i o n s  t h a t  r e q u i r e d  t h e  con-  
s t r u c t i o n  o f  a  300 kW h e a t  t r a n s f e r  
l o o p  from L-605 and a  100 kW loop  
from t h e  C B - 1  z i r c o n i u m  a l l o y .  I n  
a d d i t i o n  t o  t h e  p r e p a r a t i o n  o f  s p e c i -  
f i c a t i o n s  f o r  t h e s e  m a t e r i a l s  and 
a s s i s t a n c e  i n  c o n s t r u c t i n g  t h e  h e a t  
t r a n s f e r  f a c i l i t i e s ,  e x p e r i m e n t a l  
i n v e s t i g a t i o n s  were  conduc ted  t o  
document s e v e r a l  a s p e c t s  o f  t h e  b e h a v i o r  
t h a t  were p e r t i n e n t  t o  t h e  l o o p  con-  
s t r u c t i o n  and o p e r a t i o n .  E x p e r i m e n t a l  
work was pe r fo rmed  i n  t h e  f o l l o w i n g  
a r e a s :  o x i d a t i o n  o f  L-605 i n  a i r  and 
combust ion  gas  c o m p a t i b i l i t y  o f  L-605 
w i t h  c e r a m i c  i n s u l a t i o n  m a t e r i a l s ,  
g r a i n  growth  i n  b e n t  L-605 t u b i n g ,  
a g i n g  and e m b r i t t l e m e n t  o f  L-605,  
c o r r o s i o n  o f  L-605 by p o t a s s i u m ,  weld-  
i n g  L-605,  j o i n i n g  L-605 t u b i n g  t o  
molybdenum t u b i n g ,  c o r r o s i o n  and d i f -  
f u s i o n  bond ing  o f  s t e l l i t e s  No. 6  and  
No. 1 2  h a r d  f a c i n g  m a t e r i a l s  i n  
p o t a s s i u m ,  w e l d i n g  Cb-1 Z r ,  j o i n i n g  
Cb-1 Zr t u b i n g  t o  Type 316 SS t u b i n g ,  
e m i t t a n c e  o f  Cb-1 Z r  and Lb-2 and 
Ti02-A1 0 c o a t i n g s  a p p l i e d  t o  Cb-1 
Zr, s p r & ? n g  a lumina  and molybdenum on 
Cb-1 Z r  t u b i n g  t o  form a  r e s i s t a n c e  
h e a t i n g  e l e m e n t ,  and j o i n i n g  t a n t a l u m  
t o  a lumina  by b r a z i n g  and d i f f u s i o n  
bond ing .  



A b s t r a c t  

C o r r o s i v e  Environment  Ceramic t o  Meta l  
S e a l s  f o r  Space Power A p p l i c a t i o n s .  
( S i x t h  N a t i o n a l  Symposium, M a t e r i a l s  
f o r  Space V e h i c l e  Use, S e a t t l e ,  Wash., 
Nov. 1963 ,  Vol .  3)  

Document No. 

CONF- 375-Vol . 3 -p /16-63  

Authors  

L .  Reed, R.  C .  McRae 

Work on t h e  problems o f  f a b r i c a t i n g  
s e a l s  f o r  h i g h  t e m p e r a t u r e  o p e r a t i o n  
(300 t o  1000 OC) i n  a tmospheres  o f  
l i t h i u m ,  sodium, p o t a s s i u m ,  ces ium o r  
mercury  f o r  a l t e r n a t o r  b o r e  s e a l s  h a s  
t o  a  l a r g e  d e g r e e  d e f i n e d  t h e  problem 
a r e a s .  Alumina c e r a m i c s  b r a z e d  t o  a  
m e t a l  member u s i n g  t h e  c o n v e n t i o n a l  
t e c h n i q u e s  p r a c t i c e d  i n  t h e  e l e c t r o n  
t u b e  i n d u s t r y  a r e  u n s a t i s f a c t o r y  i n  
a l l  c a s e s  ment ioned .  A l k a l i  m e t a l  
v a p o r s  l e a c h  o u t  s i l i c a  which i s  p r e s e n t  
i n  t h e  s e c o n d a r y  p h a s e s  o f  most  c e r a m i c  
b o d i e s .  With a  mercury  v a p o r  e n v i r o n -  
ment t h e  main avenue o f  a t t a c k  i s  
th rough  t h e  b r a z e  when u s i n g  a l l o y s  con-  
t a i n i n g  c o p p e r ,  s i l v e r ,  and g o l d .  I n  
a l l  c a s e s  t h e  f i n a l  working  assembly 
p r e s e n t s  problems which a r e  b o t h  
m e t a l l u r g i c a l  and mechan ica l  i n  n a t u r e .  
The r i g i d  d i m e n s i o n a l  t o l e r a n c e s  on t h e  
t h i n  c e r a m i c  membrane i n  t h e  e l e c t r o -  
m a g n e t i c  f l u x  gap o f  a l t e r n a t o r s  
r e q u i r e s  s p e c i a l  c o n s i d e r a t i o n s  i n  
d e s i g n ,  m e t a l i z i n g  and b r a z i n g .  S p e c i a l  
s i l i c a  f r e e  c e r a m i c  b o d i e s  have been  
f a b r i c a t e d  and a r e  b e i n g  i n v e s t i g a t e d  
f o r  t h e  a l k a l i  m e t a l  v a p o r  a p p l i c a t i o n s .  
M e t a l i  z i n g  and b r a z i n g  m a t e r i a l s  i n h e r -  
e n t l y  r e s i s t a n t  t o  t h e  a p p r o p r i a t e  
o p e r a t i n g  a tmosphere  a r e  b e i n g  e v a l u -  
a t e d  f o r  mutua l  c o m p a t i b i l i t y ,  vacuum 
t i g h t n e s s ,  and mechan ica l  p r o p e r t i e s  
w i t h  v a r i o u s  c e r a m i c -  t o - m e t a l  s e a l  
t e s t  a s s e m b l i e s .  While p o t e n t i a l l y  
s a t i s f a c t o r y  c e r a m i c - m e t a l  b o r e  s e a l  



T i t l e  

C h a r a c t e r i s t i c s  o f  Fas t  S e t t l e d  Bed 
Reac tors .  (From Conf. on Breeding 
Economics, and Sa fe ty  i n  Large F a s t  Power 
Reac to r s ,  Argonne, I l l . ,  Oct.  1963) 

n 
I 

I-' Document No. 
P 
r B N L - 7 5 9 2  

Author 

J .  Chernick 

A b s t r a c t  (contd)  

s t r u c t u r e s  f o r  mercury and potass ium 
environments a t  500  O C  a r e  now a v a i l -  
a b l e ,  developmental  work i s  n o t  com- 
p l e t e .  The mechanical  f e a s i b i l i t y  of  
l a r g e ,  t h i n  wa l l ed  ( 0 . 0 5 0  i n .  o r  l e s s )  , 
c y l i n d r i c a l  assembl ies  has  n o t  been 
e s t a b l i s h e d .  

A b s t r a c t  

The f a s t  s e t t l e d  bed r e a c t o r  i s  an 
example o f  a  h igh  tempera ture ,  p a r t i c u -  
l a t e  f u e l l e d ,  b r eede r  concept  on which 
p r e l i m i n a r y  s t u d i e s  a r e  be ing  c a r r i e d  
o u t  a t  Brookhaven. The r e a c t o r  may be 
regarded  b a s i c a l l y  a s  a po t  o f  sma l l  
d i ame te r ,  dense ly  packed f u e l  lumps 
through which a l i q u i d  metal  i s  pumped 
downward f o r  h e a t  removal.  During 
r e a c t o r  shutdown, t h e  flow i s  r eve r sed  
and t h e  bed i s  f l u i d i z e d  t o  f a c i l i t a t e  
removal,  r e s h u f f l i n g  o r  r e p r o c e s s i n g  
of  t h e  f u e l  and f e r t i l e  m a t e r i a l .  
P r e l imina ry  des ign  s t u d i e s  have been 
based on UC-PuC sphe re s  o f  1 /4 -  t o  
1 / 8 - i n .  d i a m e t e r c o o l e d  by l i q u i d  sodium 
a t  v e l o c i t i e s  of  about  2 f t / s e c .  
Because o f  t h e  s u b s t a n t i a l  pumping 
power r e q u i r e d  t o  o b t a i n  such v e l o c i -  
t i e s  i n  l a r g e  power r e a c t o r s ,  some com- 
promises i n  c o r e  geometry have been 
s t u d i e d .  



T i t l e  A b s t r a c t  

S e c t i o n  I V .  Power Reac to r  
Technology.  Components 

Do cumen t No. 

PRET- 8-133-65 

T i t l e  

L i q u i d  Meta l  Fue l  R e a c t o r  Exper iment .  
T e s t i n g  o f  Smal l  Croloy  2-1 /4  Bellows 
Designed f o r  L i q u i d  Meta l  S e r v i c e  

n Document No. 

BAW-1083 
N 

Author  

F .  J .  S o l t y s  

A d e s c r i p t i o n  o f  t h e  d e s i g n  and t h e  
r e s u l t s  o f  t e s t i n g  o f  t h e  EBR- I1 con-  
t r o l - d r i v e  mechanisms a r e  g i v e n .  P rob-  
lems i n  t h e  s e l e c t i o n ,  f a b r i c a t i o n ,  
i n s t a l l a t i o n ,  and t e s t i n g  o f  t h e  NPR 
p r i m a r y - l o o p  p r o c e s s  t 'ubes and f i t t i n g s  
a r e  d e s c r i b e d .  

A b s t r a c t  

T e s t s  were  conduc ted  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  u s i n g  a  b e l l o w s - t y p e  
s e a l i n g  mechanism i n  v a r i o u s  LMFRE com- 
p o n e n t s .  P r o d u c t s  o f  f o u r  companies 
were t e s t e d  under  c o n d i t i o n s  d e s i g n e d  
t o  s i m u l a t e  r e a c t o r  o p e r a t i o n s .  Only 
one  model ,  a  s i n g l e - p l y  w e l d e d - d i s c  
b e l l o w s  s u p p l i e d  by company "A", met 
minimum r e q u i r e m e n t s .  P l a n s  t o  i n v e s t i -  
g a t e  t h e  n a t u r e  o f  mass t r a n s f e r  u n d e r  
t e s t  c o n d i t i o n s  were dropped b e c a u s e  
t h e r e  was no e v i d e n c e  o f  t h i s  phenomenon. 



T i t l e  

Development and T e s t i n g  o f  a  F u s i b l e  
Meta l  J o i n t  f o r  a  F a s t  R e a c t o r  

Document No. 

Sou. Tech.  Con. -19-27-65  

Authors  

J .  H a i n z e l i n ,  C .  P .  Z a l e s k i  

T i t l e  

Design Development T e s t s  of  Some 
Components f o r  t h e  1 C  MWe SDR 

Document No. 

NDA- 84- 2 1  

Authors  

C .  B o l t a ,  B .  Minushkin,  H .  S t e i n m e t z ,  
0 .  S u l l i v a n  

A b s t r a c t  

The e u t e c t i c  a l l o y  o f  b i smuth  and t i n  
(58% B i ,  42% Sn) was chosen  a s  j o i n t  
m a t e r i a l  f o r  two r o t a r y  c l o s u r e  p l u g s  
f o r  t h e  t a n k  o f  t h e  f a s t  r e a c t o r  
r a p s o d i e .  R e s u l t s  o f  mechanica l  t e s t s  
u l t i m a t e  t e n s i l e  s t r e n g t h ,  e l o n g a t i o n ,  
compress ive  s t r e n g t h ,  c r a c k i n g ,  
B r i n e 1 1  Hardness ,  and impac t  s t r e n g t h  
on  t h i s  a l l o y  a r e  g i v e n .  The a p p l i c a -  
t i o n  p r o c e d u r e  a d o p t e d  t o  o b t a i n  maxi- 
mum a d h e r e n c e  o f  t h e  Bi-Sn a l l o y  t o  
a d j a c e n t  1 8 - 8  s t a i n l e s s  s t e e l  s u r f a c e s  
i s  d e s c r i b e d .  D e s c r i p t i o n  and r e s u l t s  
o f  p r e s s u r e  t e s t s  on a  mockup o f  t h e  
j o i n t  assembly  t o  d e t e r m i n e  gas  t i g h t -  
n e s s  o f  j o i n t  i n  b o t h  l i q u i d  and s o l i d  
s t a t e s  a r e  p r e s e n t e d .  

A b s t r a c t  

A sodium l e a k  from a  f u e l - c o o l a n t  t u b e  
and a  w a t e r  l e a k  from a  c a l a n d r i a  t u b e  
were d e l i b e r a t e l y  induced  t o  s t u d y  t h e  
e f f e c t  o f  t h e s e  l e a k s  on a  b a r r i e r .  A 
program d i r e c t e d  a t  improving  l e a k  
d e t e c t i o n  d e v i c e s  and d e v e l o p i n g  b e t t e r  
methods o f  l e a k  d e t e c t i o n  i s  r e p o r t e d .  
P r o t o t y p e  f u e l - c o o l a n t  t u b e  c l o s u r e  
d e v i c e s  were  e x p e r i m e n t a l l y  e v a l u a t e d  
a t  s i m u l a t e d  r e a c t o r  o p e r a t i n g  c o n d i -  
t i o n s  t o  o b t a i n  u s e f u l  d e s i g n  d a t a .  W 

z 
Devices  t o  j o i n  t h e  c a l a n d r i a  t u b e s  t o  r z 
t h e  t u b e  s h e e t  w h i l e  m a i n t a i n i n g  a  g a s -  I v 
t i g h t  s e a l  were  e x p e r i m e n t a l l y  e v a l u a t e d .  w 
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A b s t r a c t  

Mol t e n - S a l t  R e a c t o r  Program Q u a r t e r l y  
P r o g r e s s  R e p o r t s  

Document No. 

ORNL-2799 

Au tho r  

H .  G .  MacPherson 

T i t l e  

r] 
M o l t e n - S a l t  R e a c t o r  P r o j e c t  Q u a r t e r l y  

I 

w 
P r o g r e s s  R e p o r t  f o r  P e r i o d  Ending 
J a n u a r y  3 1 ,  1959 

P 

Document No. 

O R N L -  2684 

A u t h o r  

[ I .  G .  MacPherson 

O p e r a t i o n a l  t e s t i n g  o f  t h e  m o d i f i e d  
F u l t o n  Sy lphon  Be l lows  Mounted S e a l  
i n  a  PKP t y p e  o f  c e n t r i f u g a l  pump c i r -  
c u l a t i n g  NaK was s u s p e n d e d  i n  t h e  
q u a r t e r  e n d i n g  A p r i l  3 0 ,  1 9 6 0 .  The 
r e a s o n  f o r  t h e  s u s p e n s i o n  was t h a t  
o i l  l e a k a g e  f rom t h e  l o w e r  s e a l  o f  t h e  
s h a f t  h a d  i n c r e a s e d .  The a c c u m u l a t e d  
o p e r a t i n g  t i m e  a t  a b o r t  was 1 8 , 8 3 4  h r  
a t  1200 t o  1225  OF. T h i s  a b s t r a c t  
c o v e r s  ORNL-2799, 2890,  and  2973.  

A b s t r a c t  -- 
P r o g r e s s  on t h e  MSRE f o r  t h e  q u a r t e r  
e n d i n g  J a n u a r y  3 1 ,  1959 i s  r e p o r t e d .  
A s m a l l  f r o z e n  l e a d  pump s e a l  on a  
3 / 1 6 - i n .  d i a m e t e r  s h a f t  o p e r a t e d  f o r  
5000 h r  w i t h  no  l e a d  l e a k a g e .  T e s t  
o p e r a t i o n  o f  a  s i m i l a r  s e a l  on a  
3 - 1 / 4 - i n .  d i a m e t e r  s h a f t  was i n i t i a t e d .  
M e c h a n i c a l  p r o p e r t y  t e s t s  we re  made on 
I n c o n e l  and  Has t e l l o y  s p e c i m e n s  t h a t  
we re  c a r b u r i z e d  by  e x p o s u r e  f o r  4000 h r  
a t  1200 O F  i n  a  s y s t e m  c o n t a i n i n g  sod ium 
a n d  g r a p h i t e .  C a r b u r i z a t i o n  d e c r e a s e d  
t h e  t e n s i l e  s t r e n g t h  and e l o n g a t i o n  o f  
H a s t e l l o y  N ,  i n c r e a s e d  t h e  t e n s i l e  and  
y i e l d  s t r e n g t h  o f  I n c o n e l  b u t  d e c r e a s e d  
t h e  e l o n g a t i o n .  S t u d i e s  o f  c o m p o s i t e s  
o f  H a s t e l l o y  N a n d  Type 316 SS h a v e  
shown t h e  a l l o y s  t o  b e  c o m p a t i b l e  a t  W 

Z 
t e m p e r a t u r e s  t o  1800  OF, i n d i c a t i n g  r S 
u s e f u l n e s s  i n  f u s e d  s a l t  t o  sod ium h e a t  I 

e x c h a n g e r s .  I-' 
w 
03 
-4 



T i t l e  

Des ign  o f  I m p u r i t y  Traps  f o r  FFTF Flow 
C i r c u i t s  ( P r o g r e s s  Repor t  Conceptual  
Design F a s t  F lux  T e s t  F a c i l i t y ,  Vol 3 ,  
Design A n a l y s i s )  

Document No. 

BNWL-CC-175, pg 111-1 

Author 

J .  M .  Davidson 

A b s t r a c t  

R e l i a b l e  o p e r a t i o n  o f  sodium h e a t -  
t r a n s f e r  s y s  tems r e q u i r e s  t h a t  c o n t r o l  
of f l u i d  p u r i t y  be m a i n t a i n e d .  Removal 
o r  c o n t r o l  o f  oxygen and carbon a r e  
p r i m a r y  c o n s i d e r a t i o n s .  Sampling o f  t h e  
f l u i d ,  b o t h  d i s c r e t e  and c o n t i n u o u s ,  
t o  d e t e r m i n e  t h e  l e v e l s  o f  v a r i o u s  
i m p u r i t i e s  i s  mandatory.  A n a l y s i s  o f  
t h e  a v a i l a b l e  d a t a  l e d  t o  t h e  s e l e c t i o n  
o f  t h e  c o l d - t r a p  d e s i g n  shown. The 
d e s i g n  i n c l u d e s :  (1)  an i n t e g r a l  
economizer  u n i t ,  ( 2 )  a  bypass  v a l v e  f o r  
c o n t r o l  o f  h e a t  r e j e c t i o n  and r e s u l t a n t  
c o n t r o l  o f  t h e  t r a p p i n g  t e m p e r a t u r e  
( 3 )  s t a i n l e s s  s t e e l  mesh t r a p p i n g  
r e g i o n ,  and ( 4 )  NaK c i r c u i t  a s  t h e  t r a p  
c o o l a n t .  B a s i c a l l y ,  t h e  h o t  ca rbon  
t r a p  c o n s i s t s  o f  a  l a r g e  s u r f a c e  a r e a  
o f  s t a i n l e s s  s t e e l  i n  a  c o n t a i n e r  
th rough  which t h e  sodium p a s s e s .  A con-  
v e n i e n t  means o f  o b t a i n i n g  a  l a r g e  s u r -  
f a c e  a r e a  i n  a  r e a s o n a b l e  volume i s  t o  
employ c o r r u g a t e d  s t a i n l e s s  s t e e 1  f o i l  
and t o  s e p a r a t e  t h e  l a y e r s  o f  c o r r u g a t e d  
m a t e r i a l  by f l a t  s t r i p s  o f  f o i l .  The 
h o t  oxygen t r a p  i s  s i m i l a r  i n  f u n c t i o n  
and d e s i g n  t o  t h e  h o t  ca rbon  t r a p .  I t  
c o n s i s t s  o f  a  l a r g e  s u r f a c e  a r e a  o f  
z i r c o n i u m i n  a  c o n t a i n e r  l o c a t e d  i n  a  
bypass  sodium f low sys tem.  I n  t h e  FFTF 
f low c i r c u i t s  w i t h  a  1000 OF maximum W 

z 
o p e r a t i n g  t e m p e r a t u r e ,  t h e  h o t  oxygen 
t r a p s  can  b e  o p e r a t e d  a t  1200 OF. For 

s 
t h e  c l o s e d - l o o p  s y s t e m s ,  i t  may b e  w 
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T i t l e  

Development o f  a  Large  Meta l  U l t r a h i g h  
Vacuum S i m u l a t i o n  Chamber 

Document No. 

NAA-SR-6490 

n Author  
I 

P 
P F .  J .  Kamensky 
m 

A b s t r a c t  ( c o n t d )  

c o n t a i n e r  and h e a t e r  d e s i g n  t o  o p e r a t e  
a t  1500 O F  when t h e  f l u i d  t e m p e r a t u r e  
a t  t h e  l o o p  e x i t  i s  1400 O F .  Z r - T i  and 
Z r - A 1  a l l o y s  a r e  b e t t e r  oxygen g e t t e r s  
t h a n  p u r e  z i r con ium.  

A b s t r a c t  

A l a r g e  u l t r a - h i g h  vacuum chamber was 
b u i l t  f o r  e n v i r o n m e n t a l  t e s t i n g  o f  com- 
p o n e n t s  f o r  t h e  SNAP Program a t  tempera-  
t u r e s  a s  h i g h  a s  1000 O F .  The chamber 
employs d i f f u s i o n ,  e l e c t r o n i c ,  and  
c r y o g e n i c  pumping t o  h a n d l e  h i g h  gas  
l o a d s  a t  h i g h  t e m p e r a t u r e  and u l t r a -  
h i g h  vacuum. A u n i q u e  i n t e r n a l  h e a t -  
i n g  s y s t e m ,  c o n n e c t i o n s ,  a s s e m b l i e s ,  
f l a n g e s ,  and t e s t  s e t - u p  j i g s  a r e  
d e s c r i b e d  i n  d e t a i l .  



T i t l e  

Development o f  High-Temperature 
A l k a l i - M e t a l - R e s i s t a n t  I n s u l a t e d  Wire. 
Q u a r t e r l y  Progress  ,Report No. 1. 

Document No. 

Authors 

E .  S. Bober, R.  E .  S t a p l e t o n ,  W. H.  Snavely 

C, 
4 

T i t l e  
4 

Monthly Technical  Report f o r  J u l y ,  1962 

Document No. 

PRDC-TR- 61 

A b s t r a c t  

The program e f f o r t  i s  d i r e c t e d  toward 
t h e  development o f  an i n s u l a t e d  e l e c -  
t r i c a l  conductor  r e s i s t a n t  t o  s a t u r a t e d  
potass ium (850 O C )  and mercury (538 O C )  

vapors .  Surveys o f  cand ida t e  i n s u l a t o r s ,  
conduc to r s ,  and c o a t i n g  methods a r e  sub-  
s t a n t i a l l y  completed.  Exposure o f  a  
number o f  cand ida t e  i n s u l a t o r s ,  un in -  ' 

s u l a t e d  conduc to r s ,  and meta l -ce ramic  
s e a l s  i n  potass ium and mercury vapor  
was i n i t i a t e d  t o  p rov ide  p r e l i m i n a r y  
c o r r o s i o n  d a t a .  The mercury vapor 
exposure  t e s t s  a r e  completed. Evalua- 
t i o n  of  a  number o f  c o a t i n g  methods 
was i n i t i a t e d  and p re l imina ry  r e s u l t s  
from t h e  work a r e  promising.  

A b s t r a c t  

Research and development p rog re s s  on t h e  
Fermi Reactor  P r o j e c t  f o r  J u l y ,  1962 i s  
r e p o r t e d .  P e r t i n e n t  t o p i c s  i n c l u d e  
t r y o u t s  and m o d i f i c a t i o n s  t o  t h e  o f f -  
s e t  hand l ing  mechanism, v e s s e l  and 
s h i e l d i n g  eng inee r ing ,  s t u d i e s  on t h e  
thermal  c o n d u c t i v i t y  o f  g r a p h i t e  i n  
sodium, r e a c t o r  k i n e t i c s  s t u d i e s  and 
exper iments  t o  determine t h e  reason  
f o r  sodium hammer i n  t h e  system p i p i n g .  
I n  t h e  f i e l d  o f  sys tem s a f e t y ,  e x p e r i -  
ments i nvo lv ing  t h e  r e a c t i o n s  o f  sodium w 
with  environmental  mo i s tu re ,  oxygen, z 
and carbon d iox ide  were performed.  = 
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A b s t r a c t  

A Review o f  t h e  O p e r a t i o n  o f  t h e  
Dounreay F a s t  R e a c t o r  

Document No. 

CONF-BNES-66-2/2 

Authors  

K .  J .  Ifenry,  A. G .  Edwards 

T i t l e  

L i q u i d  M e t a l s  Technology A b s t r a c t  

0 
B u l l e t i n  f o r  t h e  P e r i o d  September ,  

I 1962 t o  F e b r u a r y ,  1963 
P 
P 
03 Document No. 

LM/ TAB - 2 1 

A r e v i e w  o f  DFR O p e r a t i o n  i s  p r e s e n t e d .  
Var ious  s t a t i s t i c s  on a v a i l a b i l i t y ,  p r o -  
d u c t i o n  and o p e r a t i n g  hours  a r e  p r e -  
s e n t e d .  Per formance  o f  t h e  f u e l  and 
r e a c t o r  components a r e  d i s c u s s e d .  
Recent  r e a c t o r  m o d i f i c a t i o n s  a r e  p r e -  
s e n t e d .  Coo lan t  p u r i t y  and f i s s i o n  
p r o d u c t  c o n t a m i n a t i o n  a r e  rev iewed.  

A b s t r a c t  

An a b s t r a c t  b i b l i o g r a p h y  on c u r r e n t  
(9/62 t o  2/63) l i q u i d  m e t a l s  t e c h n o l o g y  
l i t e r a t u r e  i s  p r e s e n t e d .  F o r t y - n i n e  
a b s t r a c t s  o f  p u b l i s h e d  l i t e r a t u r e  i n  
t h i s  f i e l d  a r e  i n c l u d e d .  



T i t l e  

L i q u i d  Meta l  Cooled Reac to r s .  (Reac to r  
Handbook, Second E d i t i o n . ,  Vol . 4 ,  
E n g i n e e r i n g .  ) 

Document No. 

BOOK-IP-612/681-64 

Authors  

S .  McLain, J .  H .  Mar tens ,  L .  E .  Crean ,  
W .  E .  P a r k i n s  

T i t l e  CD 

Pumps, P i p i n g ,  and F i t t i n g s  - L i q u i d  
M e t a l s .  ( R e a c t o r  Handbook, Second 
E d i t i o n ,  Vol .  4 ,  Eng inee r ing)  

Document No. 

BOOK-IP-116/120-64 

A b s t r a c t  

Problems a s s o c i a t e d  w i t h  t h e  u s e  o f  
l i q u i d  m e t a l s  a s  h e a t  t r a n s f e r  media i n  
n u c l e a r  s y s  tems a r e  d i s c u s s e d .  The 
a d v a n t a g e s  and d i s a d v a n t a g e s  o f  t h e  
l i q u i d  m e t a l s  a s  c o o l a n t s  a r e  d i s c u s s e d ,  
w i t h  emphas is  on Na and NaK s y s t e m s .  
The problems i n c l u d e  m e c h a n i c a l ,  m e t a l -  
l u r g i c a l ,  and o p e r a t i o n a l  a s p e c t s  o f  
s t r u c t u r a l  m a t e r i a l s ,  f u e l s ,  m o d e r a t o r s ,  
c o n t r o l  and s a f e t y  e l e m e n t s ,  pumps, 
p i p i n g ,  v a l v e s ,  h e a t  e x c h a n g e r s ,  s team 
g e n e r a t o r s ,  t r a p s ,  and i n s t r u m e n t a t i o n .  
B r i e f  d e s c r i p t i o n s  o f  t h e  p r i n c i p l e s  o f  
l i q u i d  m e t a l - c o o l e d  r e a c t o r s  a r e  g i v e n .  

A b s t r a c t  

Pumps, p i p i n g ,  and f i t t i n g s  f o r  l i g h t  
w a t e r ,  heavy w a t e r ,  and l i q u i d  m e t a l s  
a r e  d i s c u s s e d .  Design and f a b r i c a t i o n  
o f  t a n k s  and p r e s s u r e  v e s s e l s  a r e  d i s -  
c u s s e d .  

Authors  

S .  McLain, J .  H .  Mar tens ,  C .  F.  B o n i l l a ,  
R. C .  Werner 



A b s t r a c t  

Flonthly  T e c h n i c a l  R e p o r t ,  R e p o r t  P e r i o d  - 
J u l y ,  1 9 5 8  

Document No. 

I 'KDC- ' I 'R-  1 3  

R e s e a r c h  and  d e v e l o p m e n t  p r o g r e s s  on 
t h e  FED11 R e a c t o r  P r o j e c t  f o r  J u l y ,  
1958  i s  r e p o r t e d .  The d e s i g n  and  
f a b r i c a t i o n  s t a t u s  o f  m a j o r  r e a c t o r  
components  i s  shown i n  c h a r t  f o rm .  
O t h e r  p e r t i n e n t  a c t i v i t i e s  r e p o r t e d  
i n c l u d e  t h e  c o r r o s i o n  t e s t  l o o p  o p e r a -  
t i o n ,  and  v e s s e l  f a b r i c a t i o n  s t a t u s .  
T e s t i n g  o f  t e m p e r a t u r e  and  p r e s s u r e  
i n s t r u m e n t a t i o n ,  a  s o d i u m - w a t e r  r e a c -  
t i o n  t e s t ,  a  t e s t  o f  a  c e r r o b e n d  
r o t a t i n g  s h a f t  s e a l ,  and  u l t r a s o n i c  
c l e a n i n g  t e s t s ,  a r e  a l s o  d e s c r i b e d .  



T i t l e  

Design o f  an Experimental Bowable Fuel 
Element f o r  t he  SRE 

Document No. 

NAA-SR-10152 

Author 

C .  L .  Peckinpaugh 

A b s t r a c t  

An expe r imen ta l ,  bowable f u e l  element 
was developed t o  s tudy  temperature  
o s c i l l a t i o n s  i n  t h e  second core  l oad ing  
o f  t h e  SRE. The bowable element f e a -  
t u r e d  two s e t s  o f  w i r e  s p r i n g  mechanisms 
which were remotely  ope ra t ed  du r ing  a t -  
power r e a c t o r  o p e r a t i o n .  One s e t  bowed 
t h e  f i v e  f u e l  rods  outward t o  t he  
coo lan t  channel  w a l l  whi le  t h e  second 
s e t  extended between t h e  f u e l  rods  t o  
t h e  channel  w a l l .  Min ia tu re  thermo- 
couples  were mounted on t h e  s p r i n g s  and 
throughout  t h e  c l u s t e r .  The s p r i n g  
mechanisms ope ra t ed  s u c c e s s f u l l y  du r ing  
f u l l  power r e a c t o r  o p e r a t i o n  i n  a h igh -  
temperature  sodium environment.  Epoxy 
s e a l s  f o r  thermocouple p e n e t r a t i o n s  
through s h i e l d  p lugs  were adequate .  
However, d i f f i c u l t y  was exper ienced  wi th  
core  gas l eakage  p a s t  dynamic O-Ring 
s e a l s  f o r  s p r i n g  a c t u a t o r s .  Radia t ion  
s t reaming  from s t r a i g h t -  through gaps 
i n  s h i e l d  p lug  p e n e t r a t i o n s  from a c t u a -  
t o r s  and thermocouples was below p e r -  
m i s s i b l e  exposure r a t e s .  The min i a tu re  
thermocouples had a 9 2 %  r e l i a b i l i t y  over  
t h e  1 month of exper imenta l  o p e r a t i o n .  



T i t l e  

Q u a r t e r l y  P r o g r e s s  R e p o r t  on 
R e a c t o r  Deve lopment ,  4000 Program 

Document No. 

A N L - 5 3 9 8  

T i t l e  

n Sodium Techno logy  and  Equipment o f  t h e  
B N -  350 I n s  t a l l a t i o n  ( B r i t i s h  N u c l e a r  
Energy  S o c i e t y .  London Confe rence  on F a s t  

N 
B r e e d e r  R e a c t o r s ,  May 1 7 - 1 9 ,  1966)  

Document No. 

A u t h o r s  

11. I .  L e i p u n s k i i ,  M .  S .  P i n k h a s i k ,  
Y .  E .  B o g d a s a r o v ,  V .  M .  P o p l a v s k i i  

A b s t r a c t  

P r o g r e s s  i s  r e p o r t e d  on t h e  o p e r a t i o n  
o f  EBR-I and t h e  d e s i g n  o f  EBR- 11. A 
p i n  t y p e  f u e l  e l e m e n t ,  d e s i g n a t e d  f o r  
u s e  i n  EBR-I1 i s  d e s c r i b e d  and r e s u l t s  
o f  h y d r a u l i c  t e s t i n g  and i r r a d i a t i o n  
e f f e c t s  on  t h e  f u e l  e l e m e n t  a r e  d i s -  
c u s s e d .  The c o r r e c t i o n  o f  s e a l i n g  
p r o b l e m s  on  an EM pump i s  r e p o r t e d .  
The c o r r o s i o n  t e s t  l o o p  was o p e r a t e d  
f o r  p u r i f i c a t i o n  p u r p o s e s ,  t h e n  u s e d  t o  
s t u d y  t h e  mass t r a n s f e r  e f f e c t s  o f  sod ium 
on i r r a d i a t e d  u r an ium.  

A b s t r a c t  

T h i s  p a p e r  i s  d e v o t e d  t o  a  d e t a i l e d  
d e s c r i p t i o n  o f  t h e  main e n g i n e e r i n g  
e q u i p m e n t  i n  t h e  BN-350 i n s t a l l a t i o n  
and  t h e  e x p e r i m e n t a l  work c a r r i e d  o u t  
i n  s u p p o r t  o f  t h e  c h o s e n  d e s i g n s ,  and 
t o  an e x p l a n a t i o n  o f  c e r t a i n  p rob l ems  
o f  sod ium t e c h n o l o g y .  The d e s i g n  and  
e x p e r i m e n t a l  work on t h e  main c i r c u l a t -  
i n g  pumps,  t h e  i n t e r m e d i a t e  h e a t  
e x c h a n g e r  and  t h e  s t e a m  g e n e r a t o r  a r e  
examined .  



T i t l e  

Development T e s t s  o f  t h e  T P - 1  L i q u i d  
Meta l  Turbopump and Components 

Document No. 

PWAC- 318 

Authors  

H .  V .  Marman, R .  S.  Lombard, P .  G .  S t a n d l e y ,  
C .  W .  Grennan 

T i t l e  

Power Losses  and t h e  I n i t i a l  Torque o f  a  
S h a f t  i n  a  Frozen Sodium S e a l  

n 
t-' 
VI 

Do cumen t No. 
W SJAE-10-376-61 

Authors  

A b s t r a c t  

The development  s t a t u s  o f  a  3000 gpm 
l i q u i d  m e t a l  turbopump, i s  d e s c r i b e d  i n  
t h i s  r e p o r t .  T h i s  i n c l u d e s  d i s c u s s i o n s  
o f  t h e  v a r i o u s  pump and turbopump t e s t s  
conduc ted  i n  w a t e r  and l i q u i d  m e t a l .  

A b s t r a c t  

Measurements o f  power consumption and 
t ' empera tu re  d i s t r i b u t i o n  i n  a  f r o z e n  
sodium s e a l  a s  used  on a  pump s h a f t  
a r e  r e p o r t e d .  

A .  V .  Drobyshev,  N .  M .  Tu rch in  



A b s t r a c t  

A i r c r a f t  N u c l e a r  P r o p u l s i o n  P r o j e c t  
Q u a r t e r l y  P r o g r e s s  R e p o r t  f o r  P e r i o d  
IInding J u n e  1 0 ,  1 9 5 2  

Document No. 

ORN1,- 1294  

A u t h o r  

W .  B .  C o t t r e l l  

R e s e a r c h  a n d  d e v e l o p m e n t  p r o g r e s s  on  
t h e  a i r c r a f t  n u c l e a r  p r o p u l s i o n  p r o -  
j e c t  i s  r e p o r t e d .  NaK- to-NaK a n d  
s o d i u m -  t o -  a i r  h e a t  e x c h a n g e r s  w e r e  
o p c r n t c d  f o r  l o n g  p e r i o d s .  E f f o r t s  
d e v o t e d  t o  t h e  d e v e l o p m e n t  o f  i n s t r u -  
m e n t s  f o r  m e a s u r i n g  f l o w ,  l i q u i d  l e v e l ,  
a n d  p r e s s u r e  a r e  d e s c r i b e d .  S u c c e s s f u l  
o p e r a t i o 1 1  o f  a  f r o z e n  s o d i u m  pump 
s h a f t  s e a l  i s  r e p o r t e d .  A s o d i u m  c i r -  
c u l a t i o n  l o o p ,  f a b r i c a t e d  f r o m  I n c o n e l ,  
h a d  t o  b e  s h u t  down d u e  t o  a  p l u g g e d  
l i n e .  The p l u g g i n g  was l a t e r  f o u n d  t o  
b e  d u e  t o  t h e  mass  t r a n s f e r  o f  n i c k e l  
f r o m  t h e  I n c o n e l .  

I 

F T i t l e  
tn 
.L A i r c r a f t  N u c l e a r  P r o p u l s i o n  P r o j e c t  

Q u a r t e r l y  P r o g r e s s  R e p o r t  f o r  P e r i o d  
Iind i n g  Pllarch 1 0 ,  1 9 5 3  

1)ocunlcnt No. 

iV. U. C o t t r e l l  

A b s t r a c t  

P r o g r e s s  on  t h e  ANP p r o j e c t  i s  r e p o r t e d .  
P e r t i n e n t  i n f o r m a t i o n  c a t e g o r i e s  i n c l u d e :  
nc  i n d u c t i o n  pump t e s t i n g  i n  s o d i u m ,  
t e s t s  o f  v a r i o u s  t y p e s  o f  s e a l s  i n  l e a d  
a n d  s o d i  urn, h e a t  e x c h a n g e r  t c s  t i r l g ,  
c l i s t i l l : ~ t i o n  c l e a ~ l i r l g  o f  NaK f rom d i s -  
c l i n r g e d  l i n e s ,  v o r t c x i ~ l g  s t u ~ l i c s  i n  
l o o p  s u r g e  t a n k s ,  d e t e c t i o n  o f  NaK v a p o r  
i r ~  h e 1  ium b y  f l a m e  t e s t i n g ,  m a t e r i a l s  
colilp:~t i h i l i t y  s t u d i e s  i n v o l v i n g  c e r m e t s  , 
l ~ e r y l  l i uni , I t l c o n e l  , L n c o l o y  , t l u n r t  z , ant1 
n i c k e l  i t 1  I c : ld ,  s o d i u m ,  a n d  Ni t l i ,  ancl 
t h e r m a l  c o n t l u c t i v i t v  s t u d i e s  f o r  s o d i ~ ~ m  
h y d r o x i d e  a ~ i d  1 i t h  i um h y d r o x i d e .  z w s 
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T i t l e  

T e s t  o f  PK Pump S p l i t  Purge Gas 
L a b y r i n t h  

Document No. 

CF-59-1-5  

Author  

D .  L .  Gray 

T i t l e  

The E n r i c o  Fermi F a s t  Neutron B r e e d e r  
I 

P 
R e a c t o r .  Components - Exper i ence  t a  Date 
( P r o c .  o f  F a s t  Neutron Breeder  R e a c t o r  
Conf.  Dec 6 3 ,  D e t r o i t ,  Mich.) 

Document No. 

CONF-631201, pg .  16/22 

A b s t r a c t  

A s p l i t  g a s  p u r g e  a r rangement  was a p p l i e d  
t o  t h e  s h a f t  o f  a  c e n t r i f u g a l  pump o f  t h e  
v e r t i c a l  s h a f t  overhung i m p e l l e r  sump 
t y p e .  The pump was o p e r a t e d  w i t h  NaK 
a t  1200 OF and 3000 rpm f o r  3378 h r .  
The t e s t  was t e r m i n a t e d  when p u r g e  s u p -  
p l y  p o r t s  l e a d i n g  d i r e c t l y  t o  the s h a f t  
a n n u l u s  p l u g g e d .  The s p l i t  p u r g e  d i d  
keep g r o s s  NaK vapors  from t h e  lower  
s e a l .  

A b s t r a c t  

A r ev iew i.s g i v e n  o f  t h e  o p e r a t i o n  
e x p e r i e n c e  w i t h  t h e  r e a c t o r ,  and 
s p e c i f i c  problems e n c o u n t e r e d  and t h e  
way i n  which t h e y  were h a n d l e d  a r e  o u t -  
l i n e d .  Mechan ica l  d e s i g n ,  f u e l  h a n d l i n g ,  
s e a l s ,  pump and check v a l v e ,  s t eam gen- 
e r a t o r ,  remote  ma in tenance ,  and c o r r o -  
s i o n  a r e  d i s c u s s e d .  

Author  

A.  Amorosi 
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A b s t r a c t  

The o b j e c t i v e  o f  t h e  SNAP-8 program i s  
t o  d e s i g n  and d e v e l o p  a  35-kW e l e c t r i c  
g e n e r a t i n g  sys t em f o r  u s e  i n  v a r i o u s  
s p a c e  e m i s s i o n s .  The p r o g r e s s  d u r i n g  
t h e  s e v e n t e e n t h  q u a r t e r  o f  c o n t r a c t  
per formance  i s  r e p o r t e d .  The s t a t u s  
o f  t h e  v a r i o u s  n e c e s s a r y  sys t ems  
a n a l y s e s  i s  p r e s e n t e d .  Design and 
f a b r i c a t i o n  o f  c o m p o n e n t s - t u r b i n e  
a l t e r n a t o r  a s sembly ,  NaK and mercury 
pump-motor a s s e m b l i e s ,  b e a r i n g s ,  
s e a l s - t o - s p a c e ,  mercury b o i l e r  and 
c o n d e n s e r ,  mercury i n j e c t i o n  s y s t e m ,  
e l e c t r i c  i n s u l a t i o n ,  and e l e c t r i c a l  
components - a r e  r e p o r t e d .  T e s t i n g  
t h e  s e v e r a l  component t e s t  l o o p s  i s  
d i s c u s s e d .  M a t e r i a l s  e v a l u a t i o n  o f  
components exposed  t o  mercury c o r -  
r o s i o n  and e r o s i o n  i s  p r e s e n t e d .  

A b s t r a c t  

Mechanica l  t e s t i n g  r e s u l t s  on TZM, 
K-94, and K-601 a l l o y s  a r e  r e p o r t e d  
a l o n g  w i t h  t h o s e  f o r  a r c - c a s t  W and 
Mo-Ti-C s y s t e m s .  Development and 
t e s t i n g  b e a r i n g s  and s e a l s  f o r  u s e  
w i t h  l i q u i d - K  a r e  r e p o r t e d .  R e s u l t s  
o f  tu rbomach ine ry  t e s t s  and a n a l y s e s  
a r e  i n c l u d e d  a l o n g  w i t h  development  
and t e s t i n g  o f  p o t a s s i u m  b o i l e r s .  Work 
on c o n d e n s e r  d e s i g n  and development ,  
c o n t r o l  s y s  tem a n a l y s i s ,  and a u x i l i a r y  
power s u p p l y  a n a l y s i s  i s  summarized.  
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A b s t r a c t  

I n  o r d e r  t o  permi t  use  o f  o i l - l u b r i c a t e d  
a n t i - f r i c t i o n  bea r ings  i n  t h e  SNAP- 8  
power convers ion  system r o t a t i n g  assem- 
b l i e s ,  a  s e a l  i s  r e q u i r e d  t o  p reven t  
mixing o f  mercury and o i l .  A s e a l  con- 
c e p t  was evolved i n  which mixing o f  
mercury and o i l  i s  p reven ted  by ven t ing  
a s e c t i o n  o f  t h e  s h a f t  t o  space  and 
p e r m i t t i n g  a  smal l  c o n t r o l l e d  leakage 
o f  each  l i q u i d  t o  t h e  space ven t  
c a v i t y .  The p a r t i c u l a r  s e a l -  t o - space  
concept  advocated f o r  use i n  SNAP-8 
invo lves  use  o f  t h e  v i s c o  pump ( a  
dev i ce  c o n s i s t i n g  of  a  s h a f t  wi th  
h e l i c a l  grooves r o t a t i n g  w i t h i n  a  c l o s e -  
f i t t i n g  hous ing) .  This s e a l  e lement ,  
when f u n c t i o n i n g  p r o p e r l y ,  p r even t s  
passage  o f  raw l i q u i d  through t h e  
s e a l .  I t  e s t a b l i  shes  a  l i q u i d - v a p o r  
i n t e r f a c e  p a s t  which on ly  vapors can 
l e a k .  Visco pumps f u n c t i o n  improperly 
under  c e r t a i n  c o n d i t i o n s .  A c o n d i t i o n  
known a s  breakdown can p r e v a i l ,  i n  
which ca se  l i q u i d  d r o p l e t s  can be l o s t  
from t h e  i n t e r f a c e  and the  e f f e c t i v e n e s s  , 

o f  t h e  s e a l  a s  a  b a r r i e r  t o  l i q u i d  
l eakage  i s  des t royed .  S ince  t h e  v i s c o  
pump technology i s  n o t  s u f f i c i e n t l y  
advanced t o  permi t  p r e d i c t i o n  of  condi-  
t i o n s  under  which breakdown w i l l  o ccu r ,  
a t e s t  program was r e q u i r e d  t o  demon- w 
s t r a t e  t h e  adequacy of  t h e  v i s c o  pump z =z 
o p e r a t i n g  w i t h  SNAP- 8  f l u i d s  (mercury r 
and ET-378 o i l )  and o p e r a t i n g  condi -  

I 

F 

t i o n s .  T e s t s  were conducted wi th  q u a r t z  
-4 
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A b s t r a c t  ( c o n t d )  

v i s c o  pump t e s t  s e c t i o n s  which p e r -  
m i  t t e d  v iewing  and p h o t o g r a p h i n g  o f  t h e  
l i q u i d - v a p o r  i n t e r f a c e  d u r i n g  o p e r a t i o n  
o f  t h e  t e s t  r i g .  R e s u l t s  showed t h e  
v i s c o  pump i n t e r f a c e  t o  be  s t a b l e  f o r  
SNAP-8 o p e r a t i n g  c o n d i t i o n s .  

A b s t r a c t  

The s e a l s - t o - s p a c e  o f  SNAP-8 r e q u i r e  a  
means o f  r e s t r i c t i n g  t h e  f low o f  mercury 
and l u b r i c a n t  v a p o r  o u t  o f  t h e  v e n t  t o  
s p a c e .  T h i s  f low r e s t r i c t i o n  i s  accom- 
p l i s h e d  by u s e  o f  a  m o l e c u l a r  pump - a  
h i g h l y  e f f e c t i v e  form o f  f low r e s t r i c t o r  
b a s e d  on t h e  p r i n c i p l e  o f  t h e  Holweck 
Vacuum Pump. R a t h e r  t h a n  u s i n g  t h e  
s t a t i c  a c t i o n  o f  t h e  c o n v e n t i o n a l  annu-  
l u s  o r  l a b y r i n t h ,  t h e  m o l e c u l a r  pump 
employs a  dynamic a c t i o n  which moves 
molecu les  c o u n t e r  t o  t h e  p r e s s u r e  g r a -  
d i e n t  t o  s p a c e .  The t h e o r e t i c a l  p e r -  
formance o f  t h e  m o l e c u l a r  pump was 
d e r i v e d  i n  d e t a i l  a s  p a r t  o f  t h e  f low 
r e s  t r i c t o r  development  program. T e s t s  
were conduc ted  on b o t h  optimum and non-  
optimum s e t s  o f  c o n f i g u r a t i o n s  a t  tem- 
p e r a t u r e s  o f  300 and 375 OF. The c o r -  
r e l a t i o n  between t h e  t h e o r y  and t e s t  
d a t a  was good. Three  b a s i c  problems 
were e n c o u n t e r e d  d u r i n g  t h e  t e s t  p r o -  w 
gram - s h a f t  s e i z u r e  o c c u r r e d  s e v e r a l  z =z 
t i m e s  d u r i n g  t h e  i n i t i a l  p h a s e  o f  t e s t -  r 

I 

i n g ,  equipment  m a l f u n c t i o n  c a u s e d  i n t e r -  
f a c e  t e m p e r a t u r e s  t o  be  w e l l  i n  e x c e s s  co 
o f  400 O F ,  and e n t r a i n e d  a i r  i n  t h e  -4 



A b s t r a c t  ( c o n t d )  

b e a r i n g  l u b r i c a n t  l e a k e d  i n t o  t h e  molecu- 
l a r  pump a r e a  c a u s i n g  p r e s s u r e  r a t i o s  t o  
b e  low enough t o  l e a d  t o  t h e  p r e m a t u r e  
c o n c l u s i o n  t h a t  t h e  m o l e c u l a r  pump was 
n o t  f u n c t i o n i n g .  Once t h e s e  problems 
were b r o u g h t  under  c o n t r o l ,  a  s u c c e s s -  
f u l  t e s t  program was c a r r i e d  o u t .  Both 
p r e s s u r e  r a t i o  and l e a k a g e  d a t a  a r e  i n  
good agreement  w i t h  t h e o r e t i c a l  p r e -  
d i c t i o n s .  The t e s t  program s e r v e d  t o  
answer a  number o f  q u e s t i o n s  r e g a r d i n g  
t h e  e f f e c t i v e n e s s  o f  t h e  m o l e c u l a r  pump 
a s  a f low r e s t r i c t o r .  
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A b s t r a c t  

The s e a l -  t o - s p a c e  c o n c e p t  a d v o c a t e d  f o r  
u s e  i n  t h e  SNAP-8 power c o n v e r s i o n  
sys t em r o t a t i n g  a s s e m b l i e s  u t i l i z e s  two 
b a s i c  e l e m e n t s .  The f i r s t  e l emen t  
c r e a t e s  a  l i q u i d - v a p o r  i n t e r f a c e  ( i . e . ,  
a  l i n e  o f  demarca t ion  between l i q u i d  
and v a p o r ) .  The second  e l emen t  r e s t r i c t s  
l e a k a g e  o f  t h e  v a p o r s  which emanate from 
t h e  l i q u i d - v a p o r  i n t e r f a c e .  A dynamic 
s l i n g e r  h a s  been s e l e c t e d  a s  t h e  l i q u i d -  
vapor  i n t e r f a c e  e l emen t  f o r  t h e  c u r r e n t  
SNAP-8 s e a l - t o - s p a c e  c o n f i g u r a t i o n .  I n  
o r d e r  f o r  t h e  s l i n g e r  t o  f u l f i l l  i t s  
i n t e n d e d  r o l e ,  however ,  t h e  l i q u i d -  
v a p o r  i n t e r f a c e  must be  s t a b l e .  O t h e r -  
w i s e  d r o p l e t s  may be  g e n e r a t e d  by t h e  
i n t e r f a c e  which can p o s s i b l y  p a s s  on 
th rough  t h e  s e a l .  A s e r i e s  o f  t e s t s  
was conduc ted  i n  which o i l  and mercury 
s l i n g e r s  were o p e r a t e d  a t  t h e  s p e c i f i c  
c o n d i t i o n s  e n c o u n t e r e d  i n  t h e  SNAP78 
r o t a t i n g  a s s e m b l i e s .  The p u r p o s e  o f  
t h e s e  t e s t s  was t o  d e m o n s t r a t e  t h a t  t h e  
s l i n g e r  i n t e r f a c e s  a c t u a l l y  do p r o v i d e  
a  p o s i t i v e  d e m a r c a t i o n  between l i q u i d  
and v a p o r  and t h u s  c r e a t e  a b a r r i e r  t o  
p r e v e n t  l e a k a g e  o f  raw l i q u i d .  The 
s l i n g e r  h o u s i n g s  c o n t a i n e d  t r a n s p a r e n t  
s e c t i o n s  which p e r m i t t e d  o b s e r v a t i o n  o f  
t h e  i n t e r f a c e  d u r i n g  o p e r a t i o n .  Pumping 
and d r a g  d a t a  were a l s o  c o l l e c t e d .  The 
o i l  s l i n g e r  t e s t s  r e v e a l e d  t h e  p r e s e n c e  
on t h e  s l i n g e r  s t a t i c  w a l l  o f  a  f i l m  
t h a t  c o u l d  s e r v e  a s  a  v e h i c l e  f o r  t h e  
t r a n s p o r t  o f  o i l  p a s t  t h e  i n t e r f a c e .  
I t  was found t h a t  t h i s  problem c o u l d  be  
avo ided  by c o a t i n g  t h e  s l i n g e r  w a l l s  
w i t h  a  n o n - w e t t a b l e  m a t e r i a l  s u c h  a s  
t e f l o n .  
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A s e a l - t o - s p a c e  was deve loped  t o  p e r m i t  
u s e  o f  o i l - l u b r i c a t e d  b e a r i n g s  i n  t h e  
SNAP-8 mercury -vapor  t u r b i n e  a s sembly .  
Smal l  l e a k a g e s  o f  o i l  and mercury t o  a  
s p a c e  v e n t  E a v i t y  a r e  p e r m i t t e d  .(I t o  
10 l b / y r )  i n  o r d e r  t o  a v o i d  i n t e r m i x i n g  
o f  t h e  two f l u i d s .  S i n c e  improper  
f u n c t i o n i n g  o f  t h e  s e a l  would r e s u l t  i n  
a  comple te  l o s s  o f  mercury and l u b r i c a t -  
i n g  o i l  i n v e n t o r y ,  t h e  development  o f  
t h e  s e a l -  t o - s p a c e  h a s  been  conduc ted  
i n  a  v e r y  d e l i b e r a t e  manner. The p r o -  
gram i n c l u d e d  i n d i v i d u a l  t e s t s  o f  each  
s e a l  e l e m e n t  and c u l m i n a t e d  w i t h  t h e  
t e s t  o f  a  comple te  s e a l  o p e r a t i n g  i n  t h e  
t h e r m a l  env i ronment  o f  t h e  SNAP-8 t u r -  
b i n e  s e a l .  The r e s u l t s  o f  t h i s  t e s t  a r e  
d e s c r i b e d .  The b a s i c  s e a l  c o n c e p t  
u t i l i z e s  a  dynamic s l i n g e r  t o  e s t a b l i s h  
a  l i q u i d - v a p o r  i n t e r f a c e  a s  a  b a r r i e r  
t o  t h e  f l o w  o f  l i q u i d .  A m o l e c u l a r  pump 
i s  u s e d  t o  r e s t r i c t  l e a k a g e  o f  v a p o r s  
emana t ing  from t h e  l i q u i d - v a p o r  i n t e r -  
f a c e .  S i n c e  t h e  l e a k a g e  r a t e  i s  v e r y  
S e n s i t i v e  t o  t h e  t e m p e r a t u r e  o f  t h e  
l i q u i d - v a p o r  i n t e r f a c e ,  p r o v i s i o n s  f o r  
c o o l i n g  o f  t h e  i n t e r f a c e  a r e  i n c l u d e d  i n  
t h e  s e a l  d e s i g n .  Two methods o f  c o o l i n g  
t h e  i n t e r f a c e  were e v a l u a t e d  i n  s e p a r a t e  
t e s t  r i g s  - t h e  Model A and Model B S e a l  
S i m u l a t o r s .  These t e s t  r i g s  d u p l i c a t e d  
v e r y  c l o s e l y  t h e  c o n f i g u r a t i o n  o f  a  
SNAP-8 t u r b i n e  s e a l .  They i n c l u d e d  a  
dummy t u r b i n e  wheel  and t u r b i n e  h o u s i n g  
i n t o  which 700 OF mercury v a p o r  was 
i n t r o d u c e d .  T h i s  p r o v i d e d  f a i t h f u l  s imu- 
l a t i o n  o f  . t h e  a c t u a l  t h e r m a l  env i ronment  
o f  a SNAP-8 t u r b i n e  s e a l - t o - s p a c e .  
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S c r e e n i n g  s t u d i e s  were made o f  a  wide  
v a r i e t y  o f  m a t e r i a l s  t h a t  might  b e  u s e -  
f u l  f o r  c e r t a i n  s p e c i a l  components i n  
h i g h - t e m p e r a t u r e  (1200 OF t o  1500 OF) 
No. 30 f l u o r i d e  s a l t  o r  NaK r e a c t o r  
f l o w  s y s t e m s .  The program c o v e r e d  
s e p a r a t e  r e s e a r c h  i n v e s t i g a t i o n s  o f  
s t a t i c  and dynamic m a t e r i a l s  com- 
p a t i b i l i t y  and s l e e v e  b e a r i n g -  j o u r n a l  
c o m b i n a t i o n s .  By s t a t i c a l l y  l o a d i n g  
v a r i o u s  spec imens  immersed i n  f l u o r i d e  
s a l t  a t  1200 OF and i n  NaK a t  1500 OF, 
t h e  s e l f - w e l d i n g  t e n d e n c i e s  o f  a  l a r g e  
number o f  combina t ions  were e v a l u a t e d  
t o  s e e  i f  t h e y  might  be  s u i t a b l e  a s  
v a l v e  s e a t s  and p l u g s .  To f i n d  mate-  
r i a l s  c o m p a t i b l e  f o r  nonhydrodynamic 
s l i d i n g  a p p l i c a t i o n s  such  a s  f a c e -  
t y p e  s e a l s ,  one m a t e r i a l  was rubbed 
a g a i n s t  a n o t h e r ,  u n d e r  l o a d ,  w h i l e  
immersed i n  s a l t  o r  NaK a t  1500 OF. 
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R A D I A T I O N  E F F E C T S  O N  S E L E C T E D  E L A S T O M E R S  

I N T E R I M  R E P O R T  

By: N .  R .  G o r d o n  

I N T R O D U C T I O N  

Dow Corn ing  2 0 9 6  s i l i c o n e  r u b b e r  h a s  been  u s e d  s u c c e s s f u l l y  

i n  r e a c t o r  a p p l i c a t i o n s  f o r  t h e  p a s t  few y e a r s .  Dur ing  t h i s  

t i m e ,  s e v e r a l  e l a s t o m e r s  have  b e e n  i n t r o d u c e d  which may b e  

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

The p u r p o s e  o f  t h i s  r e s e a r c h  p rog ram i s  t o  p r o v i d e  a  compar i -  

s o n  o f  s e v e r a l  e l a s t o m e r s  f o r  u s e  i n  r e a c t o r  a p p l i c a t i o n s .  

S U M M A R Y  

The e f f e c t  o f  r a d i a t i o n  on t e n s i l e  s t r e n g t h ,  e l o n g a t i o n ,  

and h a r d n e s s  was d e t e r m i n e d  f o r  e i g h t  e l a s t o m e r s .  The s u p e r i -  

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

u s i n g  o n l y  u l t i a a t e  p r o p e r t i e s .  The f a b r i c a t i o n  v a r i a b l e s  

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

These  s t u d i e s  w i l l  c o n t i n u e ,  u s i n g  v i s c o e l a s  t i c  a n a l y s i s  t o  

d e t e r m i n e  t i m e - t e m p e r a t u r e  e f f e c t s  on s t r e s s  and s t r a i n .  

E X P E R I M E N T A L  

The i n i t i a l  e f f o r t s  o f  t h i s  p rogram have  b e e n  t o  s t u d y  

t h e  e f f e c t s  o f  r a d i a t i o n  on u l t i m a t e  t e n s i l e  s t r e n g t h ,  e l o n g a -  

t i o n ,  and h a r d n e s s  o f  e l a s t o m e r s .  E i g h t  m a t e r i a l s  we re  chosen  

f o r  t h i s  s t u d y  i n c l u d i n g  f i v e  s i l i c o n e s ,  one  n i t r i l e  and two 

e t h y l e n e - p r o p y l e n e  c o p o l y m e r s .  They were  molded i n t o  f l a t  

s h e e t s  and two s i z e s  o f  s t a n d a r d  O - r i n g s .  

T e n s i l e  and e l o n g a t i o n  measurements  were  made w i t h  a  

S c o t t  t e n s i l e  t e s t e r  a t  an  e l o n g a t i o n  r a t e  o f  2 0  i n . / m i n .  

A l l  t e s t s  Icere  made a t  2 1  5 3 O C  ( 7 0  1 5 OF).  S t r e s s - s t r a i n  

r e l a t i o n s h i p s  we re  d e t e r m i n e d  on some o f  t h e  s amp le s  w i t h  t h e  



use  o f  a  s p a r k  r e c o r d e r .  T h i s  i n s t r u m e n t  i s  o p e r a t e d  manual ly  

t o  i n d i c a t e  t e n s i l e  s t r e n g t h  on a  c a l i b r a t e d  graph p a p e r  a t  

p r e d e t e r m i n e d  inc remen t s  o f  e l o n g a t i o n .  Photographs  o f  t h e  

equipment  t e s t i n g  f l a t  t e n s i l e  specimens and O - r i n g s  a r e  shown 

i n  F i g u r e s  1 and 2 ,  r e s p e c t i v e l y .  Hardness  o f  t h e  spec imens  

was d e t e r m i n e d  w i t h  a  Shore A-2 h a r d n e s s  t e s t e r .  

Specimens were i r r a d i a t e d  i n  a i r  t o  t o t a l  doses  o f  
6 7 5 x 1 0  R and 5 x 1 0  R .  Three  s e t s  o f  specimens ( t e n  f l a t  

t e n s i l e  specimens and f o u r  specimens o f  each  s i z e  O - r i n g  i n  

each  s e t )  were t e s t e d  f o r  each  b a t c h  o f  m a t e r i a l .  One s e t  was 

used  a s  a  c o n t r o l  and one s e t  was t e s t e d  a t  each  o f  t h e  two 

r a d i a t i o n  i n t e n s i t i e s .  T a b l e  1 shows a  summary o f  a l l  o f  t h e  

specimens t e s t e d .  

The m a j o r i t y  of  t h e  s i l i c o n e  samples  were molded by The 

P l a s t i c s  and Rubber Company. Three  o f  t h e  samples  were molded 

from two b a t c h e s  o f  m a t e r i a l .  P a r k e r  S e a l  Company molded one 

b a t c h  o f  Dow Corning  2096 s i l i c o n e  and t h e i r  p r o p r i e t a r y  formu- 

l a t i o n s  o f  n i t r i l e  and e t h y l e n e - p r o p y l e n e .  

R E S U L T S  A N D  C O N C L U S I O N S  

T a b l e  2 p r o v i d e s  a  summary o f  t h e  r e s u l t s  o b t a i n e d  on t h e  

e i g h t  e l a s t o m e r s .  I t  c o n t a i n s  compara t ive  v a l u e s  f o r :  

U l t i m a t e  t e n s i l e  s t r e n g t h  and e l o n g a t i o n s  f o r  u n i r r a d i a t e d  
7 specimens and t h o s e  i r r a d i a t e d  t o  5 x 10 R .  

V a r i a t i o n  i n  t e n s i l e  s t r e n g t h ,  e l o n g a t i o n  and h a r d n e s s  
7 i nduced  by i r r a d i a t i n g  t o  5 x 1 0  R ( r e s t r i c t e d  t o  changes 

w i t h i n  i n d i v i d u a l  b a t c h e s ) .  

T e n s i l e  s t r e n g t h  v a r i a t i o n  o f  u n i r r a d i a t e d  spec imens  

induced  by molding.  

From t h e s e  r e s u l t s ,  we can conc lude  t h a t  M a t e r i a l  VI I I  

( e t h y l e n e - p r o p y l e n e )  i s  l e a s t  a f f e c t e d  by i r r a d i a t i n g  t o  
7 5 x 1 0  R .  T h i s  m a t e r i a l  a l s o  showed t h e  s m a l l e s t  sample-  

to - sample  v a r i a t i o n .  M a t e r i a l  I  ( s i l i c o n e )  had  t h e  g r e a t e s t  



N e g  0660753-1  

FIGURE 1. T e s t i n g  of F l a t  T e n s i l e  Specimen 



N e g  0660753-2 

FIGURE 2. T e s t i n g  of 0-Rings 



TABLE 1. A Summary of A l l  Specimens Tes t ed  

Material Code Average * Flat  Tensile Size 330 0-Ring Size 325 &Ring 
7 7 and Type Proper t ies  Control 5 x 10% 2 x 10 r Control 2 x 106r 5 x 1g7r Control 5 x 106r 5 x 10 r 

I ( s i l i c o n e )  T 1141 1043 935 459 493 363 420 467 393 
E 2055 190% 46% - 242% 5 5% - -- --- 
H 69 72 87 50 60 83 50 62 80 

I1 ( s i l i c o n e )  T 
E 
H 

I11 ( s i l i c o n e )  T 
E 

u H 
4 
cn I V  ( s i l i c o n e )  T 

E 
H 

v ( s i l i c o n e )  T 1007 974 902 635 622 510 634 544 4 39 
E 283% 188% 60% 255% 1905 455! 2255 2008 4 85 
H 65 65 82 63 74 84 68 7 3 8 5 

VI ( s i l i c o n e )  T 656 676 382 418 394 281 369 36 6 336 
E 679% 389% 87% >3oo% 208% 50% 3509 3555 loof 
11 28 36 60 54 66 82 5 5 59 80 

V I I  ( n i t r i l e )  T 
E 
H 

V I I I  (ethylene- T 1532 1404 1528 1109 1039 7 87 1065 1112 798 
Propylene ) E 174% 146% 10 88 300% 265% 135% 300% 335% 170% 

H 80 82 8 3 80 82 8 5 8 1  82 87 



TABLE 1. (Contd) 

Material  Code Average Flat  Tensile 
7 and Type Proper t ies  Control 5 x 106r 5 x 10 r 

I X  (ethylene- T 2246 2112 1469 
propylene E 341% 323% 192% 

H 6 8 68 69 

X ( s i l i c o n e )  T 

XI ( s i l i c o n e )  T 7 59 7 29 619 
E 298 2 51 7 5 
H 4 5 51 67 

X I 1  ( s i l i cone)  T 921 864 1001 
E 207% 167% 54% 
H 56 60 79 

XIII ( s i l i c o n e )  T 510 498 369 
E 350% 326% 120 
H 38 46 5 5 

Size 330 O-Ring 
7 Control 5 x 106r 5 x 10 r 

Size 325 O-Ring 

Control 5 x 106r 5 x 107r 

* T = T e n s i l e  S t r e n g t h  ( p s i )  
E = % E l o n g a t i o n  
H = Hardness  ( S h o r e  A )  

=z 
P 
I 

t-' 
W 
CO 
-4 



TABLE 2 .  A S u m m a r y  of R e s u l t s  f r o m  E i g h t  E l a s t o m e r s  

Fabricat ion 
Ultimate Ultimate Ultimate Ultimate Tensile Elongation Hardness Tensile 

l h t e r i a l  Tensile Elongation Tensile Elongation Variation Variation Variation Variation 
Code - (unirradiated) (unirradiated) ( 5  x lo7)  (5  x 107) ( rad ia t ion)  ( rad ia t ion)  ( radiat ion)  (unirradiated)  

w 
I VI, XI T 
U 0 

VII T 
0 

VIII T 
0 

- 
* T r e p r e s e n t s  f Zat t e n s i l e  spec imens .  

0 r e p r e s e n t s  O-r ings  



sample - to - sample  v a r i a t i o n .  These changes i n d i c a t e  t h a t  t h e  

molding p r o c e s s e s  can  have a  c o n s i d e r a b l e  e f f e c t  on t h e  u l t i -  

mate s t r e n g t h  o f  a  molded p a r t .  T h i s  f a c t  i s  f u r t h e r  v e r i f i e d  
6 i n  t h a t  some o f  t h e  specimens i r r a d i a t e d  t o  5 x 10 R had h i g h e r  

t e n s i l e  s t r e n g t h  than  t h e  c o n t r o l  samples  i n  t h e  same b a t c h .  

F i g u r e s  3 th rough  10 a r e  s t r e s s - s t r a i n  c u r v e s  f o r  some of 

t h e  samples  s t u d i e d .  These c u r v e s  a r e  p r o b a b l y  o f  g r e a t e r  

s i g n i f i c a n c e  t h a n  t h e  u l t i m a t e  v a l u e s  o f  t e n s i l e  s t r e n g t h  and 

e l o n g a t i o n  s i n c e  t h e y  p r e s e n t  a  r e l a t i o n s h i p  between t h e  two. 

These c u r v e s  show t h a t  t h e  modulus o f  e l a s t i c i t y  o f  e t h y l e n e -  

p r o p y l e n e  ( F i g u r e  6 )  i s  a f f e c t e d  t h e  l e a s t  by r a d i a t i o n .  

We may g e n e r a l l y  conc lude  t h a t  t h e  r e s u l t s  o b t a i n e d  t o  

d a t e  a r e  i n s u f f i c i e n t  f o r  making e n g i n e e r i n g  recommendat ions.  

However, f u t u r e  s t u d i e s  w i l l  b e  made u s i n g  v i s c o e l a s t i c  a n a l y s i s  

t o  d e t e r m i n e  t h e  e f f e c t s  o f  t ime  and t e m p e r a t u r e  on s t r e s s  and 

s t r a i n  o f  e l a s t o m e r s  . I n  t h i s  way, p r o p e r t i e s  d i r e c t l y  r e l a t e d  

t o  e n g i n e e r i n g  a p p l i c a t i o n s  can  be measured.  I n  a d d i t i o n ,  t h e  

e f f e c t s  o f  r a d i a t i o n  i n  env i ronment s  o t h e r  t h a n  a i r  w i l l  b e  

de te rmined .  I n  most a p p l i c a t i o n s ,  t h e  r a d i a t i o n  envi ronment  

w i l l  be  compr ised  o f  e l e v a t e d  t e m p e r a t u r e s ,  w a t e r ,  and s t e a m .  
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FIGURE 3 .  S t r e s s - S t r a i n  Curves  f o r  N i t r i l e  0-Rings No. V I I  
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FIGURE 4. Stress-Strain Curves for Ethylene-Propylene Flat 
Tensile Specimens No. VIII 
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FIGURE 5. Stress-Strain Curves for Ethylene-Propylene 0-Rings 
No. VIII 
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FIGURE 6. Stress-Strain Curves for Ethylene-Propylene Flat 
Tensile Specimens No. IX 
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V I S C O E L A S T I C  E V A L U A T I O N  O F  S I L I C O N E  

R U B B E R  A N D  E T H Y L E N E  P R O P Y L E N E  

By: N .  R. G o r d o n  

A B S T R A C T  

I n i t i a l  e v a l u a t i o n  s t u d i e s  were made on two m a t e r i a l s  t o  

de te rmine  t h e i r  s u i t a b i l i t y  a s  a l t e r n a t e s  t o  a  s i l i c o n e  r u b -  

b e r  f o r  r e a c t o r  a p p l i c a t i o n s .  O f  t h e  two m a t e r i a l s  s t u d i e d ,  

e t h y l e n e  p ropy lene  and c h l o r o s u l f o n a t e d  p o l y e t h y l e n e ,  t h e  

e t h y l e n e  p r o p y l e n e  h a s  t h e  l o w e s t  compress ion  s e t  and s t r e s s  

r e l a x a t i o n ;  and c o n s e q u e n t l y ,  a p p e a r s  t o  be  t h e  b e s t  c a n d i -  

d a t e .  I t  h a s  a  h i g h e r  s t r e s s  r e l a x a t i o n  r a t e  t h a n  t h e  s i l i -  

cone b u t  i t s  r a d i a t i o n  r e s i s t a n c e  i s  s u p e r i o r .  





V I S C O E L A S T I C  E V A L U A T I O N  O F  S I L I C O N E  

R U B B E R  A N D  E T H Y L E N E  P R O P Y L E N E  

B y :  N .  R. Go rdon  

I N T R O D U C T I O N  

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

e f f o r t  t o  d e t e r m i n e  which e l a s t o m e r i c  m a t e r i a l s  can  be used  

a s  O - r i n g s  i n  R e a c t o r  a p p l i c a t i o n s .  A t  t h e  p r e s e n t  t ime o n l y  

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

Hanford r e a c t o r s .  The s p e c i f i c a t i o n  o f  a d d i t i o n a l  m a t e r i a l s  

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

s a v i n g s .  The purpose  o f  t h i s  r e s e a r c h  was t o  e v a l u a t e  t h e  u s e -  

f u l n e s s  o f  t h r e e  m a t e r i a l s  ( e t h y l e n e  p r o p y l e n e ,  c h l o r o s u l -  

f o n a t e d  p o l y e t h y l e n e ,  and c h l o r o s u l f o n a t e d  p o l y e t h y l e n e  b l e n d s )  

f o r  r e a c t o r  a p p l i c a t i o n s .  

SUMMARY AND C O N C L U S I O N S  

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

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

O - r i n g  a p p l i c a t i o n s .  The m a t e r i a l s  i n c l u d e d  i n  t h i s  s t u d y  

were s i l i c o n e  ( f o r  compar i son) ,  e t h y l e n e  p r o p y l e n e ,  c h l o r o -  

s u l f o n a t e d  p o l y e t h y l e n e ,  and b l e n d s  o f  c h l o r o s u l f o n a t e d  

p o l y e t h y l e n e  w i t h  50% neoprene  o r  50% n i t r i l e  r u b b e r .  The 

p r o p e r t i e s  i n i t i a l l y  measured on t h e s e  m a t e r i a l s  were s t r e s s -  

s t r a i n  r e l a t i o n s h i p s ,  t e a r  s t r e n g t h ,  and compress ion  s e t .  A 

knowledge o f  t h e s e  p r o p e r t i e s  would p r o v i d e  a  means o f  s e l e c t -  

i n g  which m a t e r i a l s  w a r r a n t e d  f u r t h e r  i n v e s t i g a t i o n .  On t h i s  

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

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

h i g h  compression s e t  v a l u e s .  

The second phase  o f  t h e  program was t h e  d e t e r m i n a t i o n  of  

t ime-dependen t  p r o p e r t i e s  by s t r e s s  r e l a x a t i o n  measurements .  



These measurements show t h e  changes i n  a  m a t e r i a l  unde r  con-  

s t a n t  s t r a i n  a s  a  f u n c t i o n  o f  t ime .  The r e s u l t s  show t h a t  t h e  

s i l i c o n e  r u b b e r  h a s  a  much lower r a t e  o f  r e l a x a t i o n  t h a n  does 

e t h y l e n e  p r o p y l e n e ,  a l t h o u g h  t h e  r a t e  f o r  t h e  l a t t e r  a p p e a r s  

w i t h i n  a c c e p t a b l e  l i m i t s .  

A s  a  f i n a l  phase  o f  t h e  work, some s t r e s s - r e l a x a t i o n  

exper imen t s  were conducted  on i r r a d i a t e d  s i l i c o n e  and e t h y l e n e  

p r o p y l e n e .  These t e s t s  show t h a t  even though t h e  e t h y l e n e  

p r o p y l e n e  r e l a x e s  f a s t e r  t h a n  t h e  s i l i c o n e ,  i t  i s  much more 

r a d i a t i o n  r e s i s t a n t .  Consequen t ly ,  t h e  modulus o f  e t h y l e n e  

p r o p y l e n e  changes l e s s  t h a n  s i l i c o n e  o v e r  an ex tended  p e r i o d  

o f  t ime i n  a  r a d i a t i o n  env i ronment .  

Based on t h e  l i m i t e d  amount of  work on r a d i a t i o n  e f f e c t s  

t h e  e t h y l e n e  p r o p y l e n e  a p p e a r s  s u p e r i o r  t o  t h e  s i l i c o n e .  How- 

e v e r ,  i t  i s  recommended t h a t  t h e  s t u d i e s  o f  t h e  e f f e c t s  of  

r a d i a t i o n  on s t r e s s  r e l a x a t i o n  be c o n t i n u e d  t o  p r o v i d e  a  more 

complete  c h a r a c t e r i z a t i o n  of  b o t h  m a t e r i a l s .  

D I S C U S S I O N  

B A C K G R O U N D  

One o f  t h e  most demanding u s e s  f o r  e l a s t o m e r s  i n  t h e  

Hanford r e a c t o r s  has  been  t h a t  o f  a  c o o l i n g  t u b e  O - r i n g  s e a l .  

This  s e a l  i s  s u b j e c t e d  t o  b o t h  h o t  w a t e r  and r a d i a t i o n .  To 

d a t e ,  a  s i l i c o n e  e l a s t o m e r  has  demons t ra t ed  t h e  l o n g e s t  u s e f u l  

l i f e  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n .  A n i t r i l e  e l a s t o m e r  w i t h  

s u p e r i o r  r a d i a t i o n  r e s i s t a n c e  was t r i e d  a t  one t i m e ,  b u t  i t s  

c r e e p  and s t r e s s  r e l a x a t i o n  p r o p e r t i e s  were s o  poor  t h a t  i t  had 

an u n s a t i s f a c t o r y  l i f e  span .  

A t  t h e  p r e s e n t  t ime t h e r e  i s  no backup m a t e r i a l  q u a l i f i e d  

a s  a  r ep lacemen t  f o r  t h e  s i l i c o n e  r u b b e r .  A two-phase t e s t i n g  

program i s  b e i n g  i n s t i t u t e d  t o  f i n d  o t h e r  u s e f u l  m a t e r i a l s .  The 

f i r s t  phase  o f  t h i s  program i s  a  p r e l i m i n a r y  s t u d y  on m a t e r i a l s  

t h a t  a p p e a r  s u i t a b l e  f o r  r e a c t o r  u s e .  Phase two o f  t h e  program 



t e s t s  t h e s e  m a t e r i a l s  under  o p e r a t i n g  c o n d i t i o n s ,  u s i n g  a  

t e s t i n g  j i g  i n s t a l l e d  on t h e  r e a r  f a c e  o f  a  r e a c t o r .  T h i s  

r e p o r t  d e s c r i b e s  r e s u l t s  from phase  one o f  t h e  program. 

P a s t  E v a l u a t i o n  Techniques  

I n  t h e  p a s t ,  t e s t i n g  t e c h n i q u e s  f o r  e v a l u a t i n g  e l a s t o -  

m e r i c  m a t e r i a l s  f o r  r e a c t o r  a p p l i c a t i o n s  have been q u i t e  

r e s t r i c t i v e .  The ma jo r  t e s t  p a r a m e t e r s  have been u l t i m a t e  

t e n s i l e  s t r e n g t h  and u l t i m a t e  e l o n g a t i o n  a t  an e x t e n s i o n  r a t e  

o f  20 i n . / m i n .  I n  a d d i t i o n  t o  t h e s e ,  t h e  h a r d n e s s  o f  t h e  

m a t e r i a l s  has  been de te rmined .  The e f f e c t  o f  r a d i a t i o n  on 

t h e  m a t e r i a l s  has  been de te rmined  by e x p o s i n g  t e s t  specimens 

t o  a  6 0 ~ o  gamma f l u x .  Although t h e  d a t a  o b t a i n e d  by t h e s e  

t e c h n i q u e s  have been a c c u r a t e  and r e p r o d u c i b l e ,  t h e y  a r e  n o t  

adequa te  f o r  making r e l i a b l e  recommendations f o r  r e a c t o r  u s e .  

The t ime dependency o f  t h e  m a t e r i a l ' s  p r o p e r t i e s  has  been  

i g n o r e d ,  l e a v i n g  a  l a c k  o f  knowledge o f  c r e e p  o r  s t r e s s  

r e l a x a t i o n .  Such a  p remise  can  l e a d  t o  un t ime ly  and unex-  

p e c t e d  f a i l u r e s .  

P r o ~ o s e d  E v a l u a t i o n  Techniaues  

Rough s c r e e n i n g  o f  m a t e r i a l s  was o b t a i n e d  by measur ing  

compression s e t ,  t e a r  s t r e n g t h ,  and s t r e s s - s t r a i n  c u r v e s .  

Compression s e t  n o r m a l l y  p r o v i d e s  an i n d i c a t i o n  o f  t h e  t ime  

dependence o f  a  m a t e r i a l  unde r  s t r e s s .  Tear  s t r e n g t h  p r o -  

v i d e s  a  measure o f  a  m a t e r i a l ' s  s t r e n g t h  d u r i n g  h a n d l i n g .  

S t r e s s - s t r a i n  c u r v e s  p r o v i d e  i n f o r m a t i o n  on t h e  i n t e r r e l a -  

t i o n s  o f  s t r e n g t h  and e l o n g a t i o n  a s  w e l l  a s  t h e  u l t i m a t e  

p r o p e r t i e s .  

A more a c c u r a t e  e v a l u a t i o n  o f  t h e  m a t e r i a l s  can b e s t  

be accompl ished  by measur ing  one of  t h e  t ime-dependen t  

p r o p e r t i e s ,  i . e . ,  c r e e p  o r  s t r e s s  r e l a x a t i o n .  S i n c e  t h e r e  i s  

a  ma themat i ca l  r e l a t i o n s h i p  between t h e  two, s t r e s s  r e l a x a -  

t i o n  i s  u s u a l l y  de te rmined  because  t h e  expe r imen t  i s  e a s i e r  

t o  pe r fo rm.  



S t r e s s  R e l a x a t i o n  and C r e e ~  

S t r e s s  r e l a x a t i o n  o f  a  m a t e r i a l  i s  d e f i n e d  a s :  " t h e  t ime 

dependent  d e c r e a s e  i n  f o r c e  a p p l i e d  by a  m a t e r i a l  which i s  

s t r e t c h e d  t o  a  p r e d e t e r m i n e d  l e n g t h  and h e l d  a t  t h a t  p o i n t , "  

o r  " t h e  d e c r e a s e  i n  s t r e s s  a t  c o n s t a n t  s t r a i n . "  Creep i s  

d e f i n e d  a s :  " t h e  t ime-dependen t  change i n  l e n g t h  of  a  m a t e r i a l  

unde r  a  c o n s t a n t  l o a d , "  o r  " t h e  change i n  s t r a i n  a t  c o n s t a n t  

s t r e s s .  " 

S t r e s s  r e l a x a t i o n  i n  t e n s i o n  i s  d e f i n e d  m a t h e m a t i c a l l y  by 

t h e  e q u a t i o n  : 

where E ( t )  i s  t h e  modulus o f  e l a s t i c i t y  a s  a  f u n c t i o n  of t i m e ,  

F ( t )  i s  t h e  a p p l i e d  f o r c e  a s  a  f u n c t i o n  o f  t i m e ,  A. i s  t h e  

u n s t r e s s e d  c r o s s  s e c t i o n a l  a r e a ,  !Lo i s  t h e  u n s t r e s s e d  l e n g t h ,  

A R  i s  t h e  change i n  l e n g t h ,  o ( t )  i s  t h e  s t r e s s  a s  a  f u n c t i o n  o f  

t i m e ,  and E i s  t h e  a p p l i e d  s t r a i n .  A t y p i c a l  s t r e s s  r e l a x a t i o n  

cu rve  i s  shown i n  F i g u r e  1. 

Creep i s  g e n e r a l l y  d e f i n e d  m a t h e m a t i c a l l y  a s  : 

where D ( t )  i s  t h e  t e n s i l e  compliance a s  a  f u n c t i o n  o f  t i m e ,  

~ ( t )  i s  t h e  s t r a i n  a s  a  f u n c t i o n  o f  t ime and o i s  t h e  a p p l i e d  

s t r e s s .  A t y p i c a l  c r e e p  c u r v e  i s  shown i n  F i g u r e  2 .  I t  would 

appea r  t h a t  E q u a t i o n  ( 2 )  i s  merely t h e  r e c i p r o c a l  o f  Equa- 

t i o n  ( 1 ) .  However, t h i s  i s  n o t  e x a c t l y  t r u e .  I n  E q u a t i o n  (1) 

f o r c e  i s  measured a s  a  f u n c t i o n  o f  t ime and i n  Equa t ion  ( Z ) ,  

t h e  change i n  l e n g t h  i s  measured a s  a  f u n c t i o n  of  t i m e .  I f  t h e  

m a t e r i a l  i s  i s o t r o p i c  and i f  t h e  t o t a l  s t r a i n  i s  k e p t  low 



t h e  d i f f e r e n c e  i n  modulus between t h e  two i s  n e g l i g i b l e  and 

e i t h e r  can be  used  f o r  d e s i g n  p u r p o s e s .  S t r e s s  r e l a x a t i o n  

was measured i n  t h i s  s t u d y  s i n c e  an O - r i n g  normal ly  f a i l s  by 

t h a t  mechanism. 

Boltzmann S u p e r p o s i t i o n  P r i n c i p l e  

I n  a  c r e e p  e x p e r i m e n t ,  i f  s t r e s s  oo  i s  a p p l i e d  t o  a  

m a t e r i a l  a t  t ime z e r o ,  t h e  s t r a i n  a f t e r  t ime t i s  g i v e n  a s :  
0 

The a d d i t i o n  o f  a n o t h e r  s t r e s s  a t  t ime to w i l l  t h e n  g i v e  a  

s t r a i n  a t  t ime t o f  

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

b a s i s  o f  t h e  Boltzmann s u p e r p o s i t i o n  p r i n c i p l e  and s e r v e s  a s  

a  d e f i n i t i o n  o f  a  l i n e a r  v i s c o e l a s t i c  m a t e r i a l .  A l i n e a r  

m a t e r i a l  whose s t r u c t u r e  ( c r y s t a l l i n i t y ,  d e g r e e  o f  c r o s s  

l i n k i n g ,  e t c . )  does n o t  change d u r i n g  t h e  c o u r s e  o f  t h e  

expe r imen t  w i l l  obey t h i s  p r i n c i p l e .  ( 2 )  Because o f  t h i s  

r e s t r i c t i o n ,  an e l a s t o m e r  i n  a  r e a c t o r  envi ronment  does n o t  

f u n c t i o n  a s  a l i n e a r  v i s c o e l a s t i c  m a t e r i a l  s i n c e  i t s  s t r u c - .  

t u r e  i s  c o n t i n u a l l y  a f f e c t e d  by t h e  r a d i a t i o n  envi ronment .  

However, i f  t e s t i n g  i s  per formed o u t s i d e  o f  a  r a d i a t i o n  f i e l d ,  

t h e  m a t e r i a l  w i l l  obey t h e  p r i n c i p l e .  By i r r a d i a t i n g  t h e  

m a t e r i a l  t o  v a r i o u s  r a d i a t i o n  l e v e l s  t h e n  measur ing  t h e  r e s u l t  

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

envi ronment  can  be o b t a i n e d .  

Time-Temperature S u p e r p o s i t i o n  

The v i s c o e l a s t i c  f u n c t i o n s  o f  m a t e r i a l s  a r e  n o t  o n l y  

t ime dependent  b u t  a l s o  have a  t e m p e r a t u r e  dependency. 



T h e o r e t i c a l  s t u d i e s  by Rouse (3)  were conducted  on polymer  s o l u -  

t i o n s  t o  d e s c r i b e  t h i s  dependency i n  terms o f  r e l a x a t i o n  t i m e ,  

T . From t h e s e  s t u d i e s  he developed t h e  r e l a t i o n s h i p :  
P  

where a  i s  t h e  monomer l e n g t h ,  c o  i s  t h e  f r i c t i o n a l  c o e f f i c i e n t  

and T i s  t h e  a b s o l u t e  t e m p e r a t u r e .  The t e m p e r a t u r e  dependence 

o f  a  i n  t h i s  f u n c t i o n  i s  e x p e c t e d  t o  be  v e r y  s m a l l .  Using t h e  

Rouse f u n c t i o n  and t h e  r e l a t i o n s h i p  between v i s c o s i t y ,  q ,  and 

r e l a x a t i o n  t ime i n  a  s o l v e n t - f r e e  s y s t e m ,  F e r r y  (4) h a s  deve loped  

a  c o n s t a n t  f o r  t h e  r a t i o  o f  t e m p e r a t u r e  dependent  p r o p e r t i e s .  

He r e f e r s  t o  t h i s  c o n s t a n t  a s  t h e  " s h i f t  f a c t o r "  d e f i n e d  a s :  

The s u b s c r i p t  o  d e n o t e s  p r o p e r t i e s  a t  an a r b i t r a r y  r e f e r e n c e  

t e m p e r a t u r e  To .  By a p p l y i n g  t h e  " s h i f t  f a c t o r "  t o  e x p e r i -  

men ta l  r e s u l t s ,  F e r r y  t h e n  f o r m u l a t e d  t h e  e q u a t i o n :  

Log A T  = -c? (T - To) /  (c; + T - To) ( 7  

0 where C? and C 2  a r e  e m p i r i c a l  c o n s t a n t s .  W i l l i a m s ,  Landel  and 

 err^ ( 4 )  f u r t h e r  s i m p l i f i e d  t h i s  e q u a t i o n  by u s i n g  t h e  g l a s s  

t r a n s i t i o n  t e m p e r a t u r e  of  t h e  m a t e r i a l ,  T a s  t h e  r e f e r e n c e  
g  ' 

t e m p e r a t u r e  and o b t a i n e d  t h e  r e l a t i o n s h i p  

Log AT = -c! ( T  - Tg) / (c! + T - Tg) 
g  

The form o f  t h i s  e q u a t i o n  has  been  found t o  f i t  many d i f f e r e n t  

sys tems o v e r  t h e  t e m p e r a t u r e  r ange  from T t o  t + 1 0 0 .  
g g 



By u s i n g  t h e s e  r e l a t i o n s h i p s ,  i t  i s  p o s s i b l e  t o  measure  

a  t i m e - d e p e n d e n t  p r o p e r t y  o f  a  m a t e r i a l  f o r  s h o r t  p e r i o d s  o f  - 

t i m e  a t  s e v e r a l  e l e v a t e d  t e m p e r a t u r e s  and combine t h e  d a t a  

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

r e f e r e n c e  t e m p e r a t u r e .  The a p p l i c a b i l i t y  o f  t h e  e q u a t i o n  i s  

l i m i t e d  t o  amorphous po lymer s  up t o  t e m p e r a t u r e s  a b o u t  100 " C  

above t h e i r  g l a s s  t r a n s i t i o n  t e m p e r a t u r e s .  T h i s  r e l a t i o n s h i p  

can  a l s o  b e  a p p l i e d  t o  s e m i c r y s t a l l i n e  po lymer s  i f  t h e  mechan i -  

c a l  p r o p e r t i e s  a r e  c o n t r o l l e d  by t h e  amorphous r e g i o n s  o f  t h e  

po lymer .  A l s o ,  i f  t h e  e x p e r i m e n t s  a r e  p e r f o r m e d  a t  t h e  same 

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

c o n s t a n t  and s u p e r p o s i t i o n  c a n  b e  made on t h e  b a s i s  o f  t h e  

amorphous components .  

Us ing  t i m e -  t e m p e r a t u r e  s u p e r p o s i t i o n ,  m a s t e r  c u r v e s  f o r  

p o l y e t h y l e n e  a t  y i e l d  s t r a i n  have  been  d e v e l o p e d  which  c o i n -  

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

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

r e l a x a t i o n  e x p e r i m e n t s  u t i l i z i n g  t i m e - t e m p e r a t u r e  s u p e r p o s i -  

t i o n  c a n  p r o v i d e  d a t a  a d e q u a t e  f o r  d e s i g n  p u r p o s e s .  

E X P E R I M E N T A L  

The e l a s t o m e r s  s t u d i e s  i n  t h i s  p rog ram were  s i l i c o n e  

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

p o l y e t h y l e n e  b l e n d e d  w i t h  50% n i t r i l e  o r  50% n e o p r e n e  e l a s t o -  

mer ,  and e t h y l e n e  p r o p y l e n e . "  The s i l i c o n e  was i n  t h e  fo rm 

o f  2 - i n .  d i a m e t e r  O - r i n g s ;  t h e  c h l o r o s u l f o n a t e d  p o l y e t h y l e n e  

and  i t s  b l e n d s  we re  1 / 8 - i n .  t h i c k  s h e e t s ;  and t h e  e t h y l e n e  

p r o p y l e n e  was i n  t h e  form o f  2 - 1 / 4 - i n .  d i a m e t e r  O - r i n g s  and 

* The s i l i c o n e  u s e d  was S i Z a s t i c  2 0 9 6  f rom Dow C o r n i n g ;  t h e  
E t h y l e n e  P r o p y Z e n e  was NordeZ f rom Du P o n t ;  t h e  C h l o r o -  
s u Z f o n a t e d  P o l y e t h y l e n e  was HypaZon 2 0  f rom Du Pont. 



1 / 8 - i n .  t h i c k  s h e e t .  I n i t i a l  t e s t  d a t a  on t h e  s i l i c o n e  and 

e t h y l e n e  p r o p y l e n e  were s o  wide ly  s c a t t e r e d  t h a t  i t  became 

n e c e s s a r y  t o  p o s t c u r e  them t o  o b t a i n  v a l i d  r e s u l t s .  

I n i t i a l  S c r e e n i n g  T e s t s  

The s t r e s s - s t r a i n  r e l a t i o n s h i p s ,  compress ion  s e t  and t e a r  

s t r e n g t h  o f  t h e  m a t e r i a l s  e v a l u a t e d  were de te rmined  i n i t i a l l y  

t o  s c r e e n  o u t  t h o s e  m a t e r i a l s  which would n o t  be comparable  t o  

t h e  s i l i c o n e  f o r  r e a c t o r  u s e .  S t r e s s - s t r a i n  c u r v e s  were mea- 

s u r e d  p e r  ASTM D412-62T f o r  t h e  f l a t  s h e e t s  and ASTM D1414-56T 

f o r  t h e  O - r i n g s  a t  an e x t e n s i o n  r a t e  o f  2 i n . / m i n .  S t r e s s -  

s t r a i n  c u r v e s  a r e  shown i n  F i g u r e  3 .  Compression s e t  was mea- 

s u r e d  p e r  ASTM D395-61 method B a f t e r  2 2  h r  a t  100 O C .  Notch 

t e a r  s t r e n g t h  was measured p e r  ASTM D624 d i e  C .  R e s u l t s  o f  

compress ion  s e t  and t e a r  s t r e n g t h  measurements a r e  shown i n  

T a b l e s  1 and 2 ,  r e s p e c t i v e l y .  Compression s e t  measurements 

were n o t  made on t h e  s i l i c o n e  r u b b e r  because  no f l a t  specimens 

were a v a i l a b l e .  

The compress ion  s e t  o f  t h e  c h l o r o s u l f o n a t e d  p o l y e t h y l e n e  

was s o  much h i g h e r  t h a n  t h e  o t h e r  two m a t e r i a l s  t h a t  i t  was 

r e j e c t e d  from f u r t h e r  c o n s i d e r a t i o n .  No f u r t h e r  t e s t s  were 

made on t h i s  m a t e r i a l .  

TABLE 1. Compression S e t  (a) 

M a n u f a c t u r e r ' s  
Measured L i t e r a t u r e  

C h l o r o s u l f o n a t e d  P o l y e t h y l e n e  6  8 % 7 5 % 

E t h y l e n e  P ropy lene  

S i l i c o n e  

( a )  Measured per  ASTM 0 3 9 5 - 6 1  Method B - 2 2  h r  a t  1 0 0  OC. 

( b )  4 7 %  i s  f o r  o r d i n a r y  compound - 1 2 %  i s  f o r  a s p e c i a l  
compound. 

( c )  A f t e r  7 0  h r  a t  3 0 0  O C .  



TABLE 2 .  Notch T e a r  S t r e n g t h  

C h l o r o s u l f o n a t e d  P o l y e t h y l e n e  

5 0 %  C h l o r o s u l f o n a t e d  P o l y e t h y l e n e  
5 0 %  N i t r i l e  

5 0 %  C h l o r o s u l f o n a t e d  P o l y e t h y l e n e  
5 0 %  Neoprene 

E thy lene  Propylene  

S i l i c o n e  

( a )  ASTM 0 6 2 4  d i e  C 

( b )  Dou Corn ing  L i t e r a t u r e  

S i l i c o n e  r u b b e r  had  t h e  l o w e s t  u l t i m a t e  t e n s i l e  s t r e n g t h  

and e l o n g a t i o n  of  a l l  t h e  m a t e r i a l s  t e s t e d ;  however,  t h i s  i s  

o f  l i t t l e  r e l a t i v e  impor tance  f o r  O - r i n g  a p p l i c a t i o n s  where 

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

s t r a i n .  

S t r e s s  R e l a x a t i o n  T e s t s  

S t r e s s  r e l a x a t i o n  t e s t s  were conducted  on O - r i n g  t e s t  

spec imens .  These specimens were ex tended  a t  a  r a t e  o f  

2 i n . / m i n  between 1 / 2 - i n  d i a m e t e r  r o l l e r s  t o  a  c o n s t a n t  s t r a i n  

( E  = 0 . 5  f o r  s i l i c o n e ,  E = 2 . 0  f o r  e t h y l e n e  p r o p y l e n e )  and 

a l lowed t o  r e l a x .  The s t r e s s  change was r e c o r d e d  c o n t i n u o u s l y  

on a  s t r i p  c h a r t .  T e s t s  were conducted  f o r  p e r i o d s  o f  5  min. 

Temperature o f  t h e  sample was m a i n t a i n e d  a t  k 0 . 5  O C  i n  an 

I n s t r o n  env i ronmenta l  t e s t  chamber. F ive  specimens were t e s t e d  

a t  each  t e s t  t e m p e r a t u r e  and ave raged  t o  g i v e  one cu rve  a t  

each  t e m p e r a t u r e .  The l o w e s t  t e s t  t e m p e r a t u r e  used  (1 .5  "C) 

was t aken  a s  t h e  r e f e r e n c e  t e m p e r a t u r e .  The l o g  o f  t h e  modulus 

o f  e l a s t i c i t y  was t h e n  p l o t t e d  a s  a f u n c t i o n  o f  t ime  u s i n g  

T o / T  a s  a  v e r t i c a l  s h i f t  f a c t o r .  F i g u r e s  4 and 5  show t h e s e  

c u r v e s  f o r  s i l i c o n e  and e t h y l e n e  p r o p y l e n e ,  r e s p e c t i v e l y ,  

a t  t h e  v a r i o u s  t e m p e r a t u r e s  t o  which t h e y  were t e s t e d .  The 



p / p o  p a r t  o f  t h e  v e r t i c a l  s h i f t  f a c t o r  was i g n o r e d  s i n c e  t h e  

d e n s i t y  change  i s  a  f u n c t i o n  o f  t h e r m a l  volume e x p a n s i o n  and 

t h i s  q u a n t i t y  i s  v e r y  low f o r  t h e  two m a t e r i a l s  t e s t e d .  F i g -  

u r e  6  shows t h e  m a s t e r  c u r v e s  o b t a i n e d  f o r  t h e  s i l i c o n e  and  

e t h y l e n e  p r o p y l e n e .  A l l  d a t a  were  r e d u c e d  t o  l o g  E 
( t )  

a t  a  

r e f e r e n c e  t e m p e r a t u r e  o f  1 . 5  O C .  (See  Appendix  f o r  a  d e s c r i p -  

t i o n  o f  t h e  method f o r  g e n e r a t i - n g  t h e s e  c u r v e s . )  From t h i s  

c u r v e  i t  i s  a p p a r e n t  t h a t  t h e  t i m e - d e p e n d e n t  modulus  o f  t h e  

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

A l i m i t e d  amount o f  work was p e r f o r m e d  on t h e  e f f e c t s  o f  

r a d i a t i o n  on t h e  s t r e s s  r e l a x a t i o n  o f  s i l i c o n e  and e t h y l e n e  

p r o p y l e n e  a s  r e p r e s e n t e d  i n  F i g u r e s  7 and 8 ,  r e s p e c t i v e l y .  

These  f i g u r e s  show t h a t  t h e  change  i n  modulus c a u s e d  by  t h e  

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

t h a n  i t  i s  f o r  t h e  s i l i c o n e .  Us ing  a  f a m i l y  o f  c u r v e s  s u c h  a s  

t h e s e ,  i t  i s  p o s s i b l e  t o  p l o t  t h e  modulus o f  t h e  m a t e r i a l  a s  

a  f u n c t i o n  o f  t i m e  and  r a d i a t i o n  d o s e  r a t e .  Such a  c u r v e  i s  

shown i n  F i g u r e s  7 and 8  a t  a  r a t e  o f  l o 6  R / h r .  A l though  i t  

i s  u n l i k e l y  t h a t  t h e s e  c u r v e s  d e p i c t  e x a c t l y  what  ahppens  i n  

a  r e a c t o r ,  t h e y  do p r o v i d e  a  v a l u a b l e  method o f  compar ing  t h e  

two m a t e r i a l s .  T h i s  p r o c e s s  would a l s o  b e  u s e f u l  f o r  d e s i g n -  

i n g  a  p a r t  w i t h  a  maximum and minimum modulus o f  e l a s t i c i t y .  

I f  t h e s e  l i m i t s  were  d e s i g n a t e d  on t h e  s t r e s s  r e l a x a t i o n  c u r v e s ,  

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

l i f e  o f  t h e  p a r t  f o r  any r a d i a t i o n  l e v e l ,  o r  t h e  maximum a l l o w -  

a b l e  r a d i a t i o n  f o r  a  s p e c i f i e d  l i f e  s p a n .  

R E C O M M E N D E D  A D D I T I O N A L  S T U D I E S  

The f o r e g o i n g  s t u d i e s  have  d e m o n s t r a t e d  t h a t  s i m p l e  t e s t s  

s u c h  a s  s t r e s s - s t r a i n  r e l a t i o n s h i p s  and c o m p r e s s i o n  s e t  do n o t  

p r o v i d e  a d e q u a t e  d a t a  f o r  c o m p a r a t i v e  e v a l u a t i o n  o f  m a t e r i a l s .  

T h i s  c an  o n l y  b e  a c c o m p l i s h e d  by u s i n g  t i m e - d e p e n d e n t  p r o p e r -  

t i e s  s u c h  a s  s t r e s s  r e l a x a t i o n .  A d d i t i o n a l  117ork s h o u l d  f i r s t  



complete  t h e  s t u d y  o f  e f f e c t s  of  r a d i a t i o n  on t h e  s t r e s s  

r e l a x a t i o n  of  e t h y l e n e  p r o p y l e n e  and t h e  s i l i c o n e .  The 

cu rves  on s i l i c o n e  a r e  n e c e s s a r y  f o r  a  b a s i s  o f  compar ison ,  

and e t h y l e n e  p r o p y l e n e  a p p e a r s  t o  be a  p romis ing  m a t e r i a l .  

A rev iew o f  t h e  l i t e r a t u r e - s u p p l i e d  i n f o r m a t i o n  on 

c h l o r o s u l f o n a t e d  p o l y e t h y l e n e  appea r s  t o  c o n f l i c t  w i t h  t h e  

c o n c l u s i o n s  on t h i s  s t u d y .  ( 6 )  Although no v a l u e s  were g iven  

f o r  compression s e t ,  t h e  s t r e s s  r e l a x a t i o n  quo ted  i s  v e r y  

s i m i l a r  t o  e t h y l e n e  p r o p y l e n e  a s  shown i n  F i g u r e  8 .  T h i s  

would i n d i c a t e  t h a t  e i t h e r  t h e  compress ion  s e t  measurements 

a r e  n o t  v a l i d  c r i t e r i a  f o r  e v a l u a t i n g  t ime dependent  p r o p e r -  

t i e s  o f  a  m a t e r i a l ,  o r  t h a t  t h e  s t r e s s  r e l a x a t i o n  measurements 

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

c h l o r o s u l f o n a t e d  p o l y e t h y l e n e  t h a n  t h o s e  s t u d i e d  i n  t h i s  work. 

However, b o t h  m a t e r i a l s  were made by t h e  same m a n u f a c t u r e r  and 

b e a r  t h e  same d e s i g n a t i o n .  

Because o f  t h e  u n c e r t a i n t i e s  i n v o l v e d ,  f u r t h e r  s t u d i e s  

s h o u l d  be  conducted  on t h e  c h l o r o s u l f o n a t e d  p o l y e t h y l e n e  t o  

de te rmine  i t s  s t r e s s  r e l a x a t i o n  and how t h i s  p r o p e r t y  i s  

a f f e c t e d  by r a d i a t i o n .  
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A P P E N D I X  

M E T H O D  FOR D E V E L O P I N G  A  M A S T E R  C U R V E  

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

shown i n  F i g u r e  6 were deve loped  from t h e  r e l a x a t i o n  c u r v e s  a t  

v a r y i n g  t e m p e r a t u r e s  (shown i n  F i g u r e s  4 and 5 ) .  T a b l e s  3 and 

4 c o n t a i n  t h e  accumula ted  i n f o r m a t i o n  t o  form t h e  m a s t e r  c u r v e .  

The v a l u e s  i n  t h e  A l o g  A T  column were o b t a i n e d  by measur ing  

t h e  h o r i z o n t a l  s e p a r a t i o n  between t h e  i n d i v i d u a l  r e l a x a t i o n  

c u r v e s  i n  F i g u r e s  4 and 5 w i t h  a  l i n e a r  s c a l e .  Log AT t h e n  

becomes a  sum o f  t h e  A l o g  AT v a l u e s  w i t h  t h e  r e f e r e n c e  tempera-  

t u r e  ( 1 . 5  O C )  h a v i n g  a  l o g  AT v a l u e  o f  z e r o .  The c a l c u l a t e d  

v a l u e  o f  l o g  AT i s  o b t a i n e d  by u s i n g  t h e  e q u a t i o n :  

The v a l u e s  o f  C: and C; a r e  o b t a i n e d  by p l o t t i n g  T  - To/ log  AT 

a s  a  f u n c t i o n  of  T - To ( F i g u r e s  9 and 1 0 ) .  From t h e  c u r v e ,  

C: i s  - l / s l o p e  and C; i s  i n t e r c e p t / s l o p e .  The v a r i a t i o n  from 

a  s t r a i g h t  l i n e  f o r  e t h y l e n e  p r o p y l e n e  a t  t h e  h i g h e r  tempera-  

t u r e s  r e s u l t s  because  t h e s e  t e m p e r a t u r e s  exceed  t h e  g l a s s  t r a n s i -  

t i o n  t e m p e r a t u r e  by more t h a n  100 " C  and Equa t ion  9 i s  no l o n g e r  

v a l i d .  

With t h e  v a l u e s  o f  l o g  AT t h e  m a s t e r  c u r v e s  can  be  formed.  

F i r s t  t h e  i n d i v i d u a l  r e l a x a t i o n  c u r v e s  a r e  s h i f t e d  v e r t i c a l l y  

by m u l t i p l y i n g  E by T o / T  They a r e  t h e n  s h i f t e d  h o r i z o n t a l l y  

by t h e  f a c t o r  l o g  AT.  The m a s t e r  c u r v e s  a r e  shown i n  F i g u r e s  11 

and 1 2 .  



TABLE 3 .  Determination of Log A Values f o r  S i l i c o n e  T 

O c A log  AT log  % T - T~ T - To/log \ log ( ca l c )  
- 

TABLE 4. Determination of Log AT Values f o r  Nordel Ethylene 

A l og  AT 1% % T - T  T - To/log log AT (talc) 
0 



t m i  n 

FIGURE 1. T y p i c a l  S t r e s s  R e l a x a t i o n  Curve 



t m i  n 

FIGURE 2.  Typica l  C r e e p  C u r v e  



FIGURE 3. Stress Strain Curves 



Time, M i n u t e s  

FIGURE 4 .  Stress Relaxation S i l a s t i c  2096  



Time, M i n u t e s  

FIGURE 5. Stress Relaxation NORDEL Ethylene-Propylene 
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FIGURE 6. stress Relaxation Master Curves at To = 1.5 OC 
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F I G U R E  7 .  E f f e c t s  of Radiation on S t ress  Relaxation of Silicone 
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FIGURE 8. E f f e c t s  of ,Radiat ion on S t r e s s  Re laxa t ion  of  Ethylene Propylene 



FIGURE 9. Determination of Constants of WLF Equation for 
Silicone 



FIGURE 10. Determination of  Cons tan ts  o f  WLF Equation f o r  
Ethylene Propylene 



1 1 0  1 0 0  1000  10 ,000  

t / A t ,  M i n u t e s  

FIGURE 11. Master Stress Relaxation Curve for Silicone 



FIGURE 12. Master Stress Relaxation Curve for Ethylene-Propylene 
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