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©  Decontamination  method  and  apparatus. 
A  method  and  apparatus  for  decontaminating  tubes  in  a 

nuclear  stream  generator  wherein  a  hone  (52)  mounted  on  a 
flexible  tubular  drive  shaft  is  inserted  into  a  tube  and  rotated 
while  wash  water  is  sprayed  from  the  tubular  shaft  to  wash 
away  contaminants  removed  by  the  hone  (52).  The  shaft  ex- 
tends  through  conduit  (58)  engaging  the  open  end  of  the  tube 
being  cleaned  to  receive  the  wash  water  and  contaminants 
therefrom.  A  cleaning  mechanism  (60)  is  disposed  at  the 
other  end  of  the  conduit  (58)  to  discharge  the  wash  water  and 
contaminants  and  to  wash  and  wipe  the  shaft  while  it  is 
moved  axially.  With  this  method  and  arrangement  the  con- 
taminants  removed  from  the  tubes  are  removed  without  con- 
tacting  and  contaminating  any  other  part  of  the  steam  gener- 
ator. 





T h i s   i n v e n t i o n   r e l a t e s   to  d e c o n t a m i n a t i o n   a p p a r -  

a t u s   and  more  p a r t i c u l a r l y   to  a  m e t h o d   and  a p p a r a t u s   f o r  

d e c o n t a m i n a t i n g   h e a t   e x c h a n g e   t u b e s   in  a  n u c l e a r   s t e a m  

g e n e r a t o r .  

A  t y p i c a l   n u c l e a r   s t e a m   g e n e r a t o r   c o m p r i s e s   a  

v e r t i c a l l y   o r i e n t e d   s h e l l ,   a  p l u r a l i t y   of  U - s h a p e d   t u b e s  

d i s p o s e d   in   t h e   s h e l l   so  as  to  form  a  t u b e   b u n d l e ,   a  

t u b e s h e e t   f o r   s u p p o r t i n g   t h e   t u b e s   at   t he   ends   o p p o s i t e  

t h e   U - l i k e   c u r v a t u r e ,   and  a  d i v i d i n g   p l a t e   t h a t   c o o p e r a t e s  

w i t h   t he   t u b e s h e e t   f o r m i n g   a  p r i m a r y   f l u i d   i n l e t   p l e n u m   a t  

one  end  of  t h e   t u b e   b u n d l e   and  a  p r i m a r y   f l u i d   o u t l e t  

p l e n u m   at   t h e   o t h e r   end  of  t h e   t u b e   b u n d l e .   The  p r i m a r y  

f l u i d   h a v i n g   b e e n   h e a t e d   by  c i r c u l a t i o n   t h r o u g h   t h e  

n u c l e a r   r e a c t o r   c o r e   e n t e r s   t he   s t e a m   g e n e r a t o r   t h r o u g h  

t h e   p r i m a r y   f l u i d   i n l e t   p l e n u m .   From  t h e   p r i m a r y   f l u i d  

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

f i r s t   o p e n i n g s   in   t h e   U - t u b e s   n e a r   t h e   t u b e s h e e t   w h i c h  

s u p p o r t s   t h e   t u b e s ,   t h r o u g h   t he   U - t u b e   c u r v a t u r e ,   d o w n -  

w a r d l y   t h r o u g h   s e c o n d   o p e n i n g s   in   t he   U - t u b e s   n e a r   t h e  

t u b e s h e e t ,   and  i n t o   t he   p r i m a r y   f l u i d   o u t l e t   p l e n u m .   A t  

t h e   same  t i m e ,   a  s e c o n d a r y   f l u i d   known  as  f e e d w a t e r ,   i s  

c i r c u l a t e d   a r o u n d   t h e   U - t u b e s   in  h e a t   t r a n s f e r   r e l a t i o n -  

s h i p   t h e r e w i t h ,   t h e r e b y   t r a n s f e r r i n g   h e a t   f rom  the   p r i m a r y  

f l u i d   in  t he   t u b e s   to  t he   s e c o n d a r y   f l u i d   s u r r o u n d i n g   t h e  

t u b e s   c a u s i n g   a  p o r t i o n   of  t he   s e c o n d a r y   f l u i d   to  b e  

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

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



f l u i d   by  t h e   U - t u b e  w a l l s   a n d  t h e  t u b e s h e e t ,   i t   i s   i m p o r -  

t a n t   t h a t   t h e   U - t u b e s   a n d  t u b e s h e e t   be  m a i n t a i n e d  d e f e c t -  

f r e e   so  t h a t  n o   b r e a k s  w i l l   o c c u r   i n  t h e   U - t u b e s   or  in   t h e  

w e l d s   b e t w e e n   t h e  U - t u b e s  a n d   t h e   t u b e s h e e t ,   t h u s   p r e v e n t -  

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

f l u i d .  

O c c a s i o n a l l y ,   i t   i s  n e c e s s a r y   to  i n s p e c t   o r  

r e p a i r   t he   U - t u b e s   or  t h e   t u b e s h e e t   w e l d s  b y   way  of  a c c e s s  

t h r o u g h   t h e   p r i m a r y  f l u i d   i n l e t   a n d  o u t l e t   p l e n a .   F o r  

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

so  t h a t   w o r k i n g   p e r s o n n e l   may  e n t e r  t h e   i n l e t   and  o u t l e t  

p l e n a   to  p e r f o r m   o p e r a t i o n s   o n  t h e   U - t u b e s   and  t u b e s h e e t .  

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

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

become  r a d i o a c t i v e ,   w h i c h   t h e r e b y   l i m i t s   t he   t i m e  t h a t  

w o r k i n g   p e r s o n n e l   m a y  b e   p r e s e n t   t h e r e i n .   In  a d d i t i o n ,  

s i n c e   t h e   p r i m a r y   f l u i d   i s   c o n d u c t e d   t h r o u g h  t h e  U - t u b e s ,  

t h e   U - t u b e s   a l s o   b e c o m e   c o n t a m i n a t e d .   A c c o r d i n g l y ,   i t  

w o u l d   be  a d v a n t a g e o u s  t o  b e   a b l e   to  p e r f o r m  o p e r a t i o n s   o n  

t h e   U - t u b e s   and  t u b e s h e e t   w i t h o u t  b e i n g   e x p o s e d   to   h i g h  

l e v e l s   of  r a d i a t i o n .   C o n s e q u e n t l y ,   i t  i s  i m p o r t a n t   t o  

d e c o n t a m i n a t e   t h e   i n l e t   and  o u t l e t   p l e n a   t o g e t h e r  w i t h  a  

p o r t i o n   of  t h e  U - t u b e s   so  t h a t   w o r k i n g  p e r s o n n e l   may  e n t e r  

t h e   i n l e t   and  o u t l e t  p l e n a   of  t h e  n u c l e a r  s t e a m  g e n e r a t o r  

to  p e r f o r m   o p e r a t i o n s   t h e r e o n .  

T h e r e f o r e ,   i t   i s   t h e   p r i n c i p a l   o b j e c t   o f  t h e  

p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  m e t h o d  a n d   a p p a r a t u s   c a p a -  

b l e   of  e f f e c t i v e l y   d e c o n t a m i n a t i n g   t h e   U - t u b e s   so  as  t o  

r e d u c e   t h e   r a d i a t i o n   l e v e l   i n  t h e   i n l e t   and  o u t l e t   p l e n a  

of  t he   n u c l e a r   s t e a m  g e n e r a t o r   so  t h a t   w o r k  m a y   be  p e r -  
f o r m e d   t h e r e o n .  

Wi th   t h i s   o b j e c t   in   v i e w   t h e   p r e s e n t  i n v e n t i o n  

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

s t e a m   g e n e r a t o r   w h e r e i n   a  r o t a t a b l e  h o n e   i s  i n s e r t e d   i n t o  

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

s t e a m   g e n e r a t o r   a n d  r o t a t e d  w h i l e   i t   i s  m o v e d   t h r o u g h   s a i d  

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



w a t e r   i s   s u p p l i e d   to  t he   work  a r e a   of  t he   hone  to  w a s h  

away  t h e   r a d i o a c t i v e   d e p o s i t s ,   c h a r a c t e r i z e d   in  t h a t   e a c h  

t u b e   i s   c l o s e d   at  t h e   d i s c h a r g e   end  of  s a i d   r a d i o a c t i v e  

d e p o s i t s   and  the   wash  w a t e r   and  r a d i o a c t i v e   d e p o s i t s   a r e  

c o n d u c t e d   ou t   of  t he   s t e a m   g e n e r a t o r   d i r e c t l y   f rom  t h e  

t u b e s   w i t h o u t   p e r m i t t i n g   them  to  c o n t a c t   t h e   i n l e t   a n d  

o u t l e t   p l e n u m   w a l l s .  

The  i n v e n t i o n   f u r t h e r   r e s i d e s   in  an  a p p a r a t u s  

f o r   d e c o n t a m i n a t i n g   t he   t u b e s   of  a  s t e a m   g e n e r a t o r ,   c o m -  

p r i s i n g   a  b r u s h   m o u n t e d   on  a  f l e x i b l e   t u b e   s t r u c t u r e   f o r  

i n s e r t i n g   s a i d   b r u s h   i n t o   s t e a m   g e n e r a t o r   t u b e s   w h i l e   s a i d  

b r u s h   i s   r o t a t e d   to  c l e a n   t he   t u b e s ,   s a i d   t u b e   s t r u c t u r e  

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

t u b e   s t r u c t u r e   to  t h e   work  a r e a   of  s a i d   b r u s h   to  wash  a w a y  

d e p o s i t s   r e m o v e d   by  s a i d   b r u s h   f rom  t h e   s u r f a c e s   of  s a i d  

t u b e s ,   and  means   f o r   r e m o v i n g   t h e   wash  w a t e r   and  d e p o s i t s  

f rom  s a i d   s t e a m   g e n e r a t o r ,   c h a r a c t e r i z e d   in  t h a t   s a i d   t u b e  

s t r u c t u r e   e x t e n d s   t h r o u g h   a  f l e x i b l e   c o n d u i t   (58)  h a v i n g   a  

f r e e   end  a d a p t e d   to  be  d i s p o s e d   in   s e a l i n g   e n g a g e m e n t   w i t h  

a  t u b e   (38)  f o r   d i r e c t l y   r e c e i v i n g   wash  w a t e r   and  r a d i o -  

a c t i v e   d e p o s i t s   f l o w i n g   t h e r e f r o m ,   s a i d   c o n d u i t   ( 5 8 )  

e x t e n d i n g   ou t   of  t he   s t e a m   g e n e r a t o r   to  a  c l e a n i n g   m e c h a -  

n i sm  (60)  in  w h i c h   the   wash  w a t e r   and  d e p o s i t s   a re   r e m o v e d  

f rom  s a i d   c o n d u i t   ( 5 8 ) ,   s a i d   t u b e   s t r u c t u r e   e x t e n d i n g  

t h r o u g h   a  s e a l   s t r u c t u r e   (112 ,   114)  in  s a i d   c l e a n i n g  

m e c h a n i s m   (60)  and  b e i n g   c o n n e c t e d   to  d r i v e   means  f o r  

r o t a t i n g   and  a x i a l l y   m o v i n g   s a i d   t u b e   s t r u c t u r e   ( 5 8 ) .  

The  i n v e n t i o n   w i l l   become  more  r e a d i l y   a p p a r e n t  

f rom  t he   f o l l o w i n g   d e s c r i p t i o n   of  a  p r e f e r r e d   e m b o d i m e n t  

t h e r e o f   shown  by  way  of  e x a m p l e   o n l y ,   in  t he   a c c o m p a n y i n g  

d r a w i n g s   w h e r e i n :  

F i g u r e   1  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i ew   i n  

e l e v a t i o n   of  a  t y p i c a l   s t e a m   g e n e r a t o r ;  

F i g u r e   2  i s   a  d i a g r a m   of  t h e   d e c o n t a m i n a t i o n  

a p p a r a t u s   shown  in  r e l a t i o n   to  a  t y p i c a l   s t e a m   g e n e r a t o r ;  

F i g u r e   3  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v iew  o f  

the   r o t a t a b l e   hone   d i s p o s e d   w i t h i n   a  h e a t   e x c h a n g e   t u b e   o f  

a  n u c l e a r   s t e a m   g e n e r a t o r ;  



F i g u r e   4  i s   an  e n l a r g e m e n t   of  t h e   r o t a t a b l e  

h o n e ;  

F i g u r e   5  i s   a  d e t a i l e d   c r o s s - s e c t i o n a l   v i e w   o f  

t h e  r o t a t a b l e   hone   a p p a r a t u s ;  

F i g u r e   6  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   i n  

e l e v a t i o n   of  t h e   c l e a n i n g   a p p a r a t u s   and  d r i v e   m e c h a n i s m ;  

F i g u r e   7  i s   a  v i ew   a l o n g   l i n e   V I I - V I I   o f   F i g u r e  

6 ;  

F i g u r e   8  i s   a  v i e w   a l o n g   l i n e   V I I I - V I I I   o f  

F i g u r e s ;   a n d  

F i g u r e  9   i s  a   v i ew   a l o n g   l i n e   IX- IX   of  F i g u r e   6 .  

In  a  t u b e - t y p e   s t e a m  g e n e r a t o r ,   a  t u b e s h e e t  

s u p p o r t s   a  b u n d l e   of   h e a t   t r a n s f e r   t u b e s .   The  i n v e n t i o n  

d e s c r i b e d   h e r e i n   p r o v i d e s  a   r o t a t a b l e  h o n e   t h a t   i s   c a p a b l e  

of  r e m o t e l y   d e c o n t a m i n a t i n g   t h e   h e a t   t r a n s f e r   t u b e s   in   a  

n u c l e a r   s t e a m   g e n e r a t o r .  

R e f e r r i n g   t o  F i g u r e  1 ,   a  n u c l e a r   s t e a m   g e n e r a t o r  

r e f e r r e d   to  g e n e r a l l y   as  20,  c o m p r i s e s   an  o u t e r   s h e l l   2 2  

w i t h  a   p r i m a r y   f l u i d  i n l e t   n o z z l e   24  and  a  p r i m a r y  f l u i d  

o u t l e t   n o z z l e   26  a t t a c h e d   t h e r e t o   n e a r   i t s   l o w e r   end .   A 

g e n e r a l l y   c y l i n d r i c a l   t u b e s h e e t   28  h a v i n g   t u b e   h o l e s   3 0  

t h e r e i n   i s   a l s o   a t t a c h e d  t o   o u t e r   s h e l l  2 2   n e a r  i t s   l o w e r  

end .   A  d i v i d i n g   p l a t e   32  a t t a c h e d   t o   b o t h   t u b e s h e e t   2 8  

and  o u t e r   s h e l l   22  d e f i n e s  a   p r i m a r y  f l u i d   i n l e t   p l e n u m   3 4  

and  a  p r i m a r y   f l u i d   o u t l e t   p l e n u m   36  in   t h e  l o w e r  e n d   o f  

t h e   s t e a m   g e n e r a t o r   a s  i s   w e l l   u n d e r s t o o d   i n   t h e   a r t .  

T u b e s  3 8   w h i c h   a r e   h e a t   t r a n s f e r   t u b e s   s h a p e d   in   a  U - l i k e  

c u r v a t u r e   a r e   d i s p o s e d  w i t h i n   o u t e r   s h e l l   22  a n d  a t t a c h e d  

to  t u b e s h e e t  2 8  b y   means   of   t u b e   h o l e s   30.  T u b e s  3 8 ,  

w h i c h   may  n u m b e r   a b o u t   3 , 5 0 0   form  a  t u b e  b u n d l e   40.  I n  

a d d i t i o n ,   a  s e c o n d a r y   i n l e t   n o z z l e   42  i s   d i s p o s e d   o n  o u t e r  

s h e l l   22  f o r   p r o v i d i n g   s e c o n d a r y   f l u i d   s u c h   as  w a t e r   w h i l e  

s t e a m   o u t l e t   n o z z l e   44  i s   a t t a c h e d   to  t h e  t o p   of   o u t e r  

s h e l l   22.  In  o p e r a t i o n ,   t he   p r i m a r y   f l u i d   w h i c h   may  b e  

w a t e r   h a v i n g   b e e n  h e a t e d   by  c i r c u l a t i o n   t h r o u g h   t h e  

n u c l e a r   r e a c t o r   c o r e   e n t e r s   s t e a m  g e n e r a t o r  2 0   t h r o u g h  

p r i m a r y   f l u i d   i n l e t  n o z z l e   24  and  f l o w s   i n t o   p r i m a r y   f l u i d  



i n l e t   p l e n u m   34.  From  p r i m a r y   f l u i d   i n l e t   p l e n u m   34,  t h e  

p r i m a r y   f l u i d   f l o w s   u p w a r d l y   t h r o u g h   t u b e s   38,  t h r o u g h  

t u b e s h e e t   28,  up  t h r o u g h   the   U - s h a p e d   c u r v a t u r e   of  t u b e s  

38,  down  t h r o u g h   t u b e s   38  and  i n t o   t h e   p r i m a r y   f l u i d  

o u t l e t   p l e n u m   36,  whe re   t he   p r i m a r y   f l u i d   e x i t s   t h e   s t e a m  

g e n e r a t o r   t h r o u g h   p r i m a r y   f l u i d   o u t l e t   n o z z l e   26.  W h i l e  

f l o w i n g   t h r o u g h   t u b e s   38,  h e a t   i s   t r a n s f e r r e d   f rom  t h e  

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

t u b e s   38,  c a u s i n g   t h e   s e c o n d a r y   f l u i d   to  v a p o r i z e .   T h e  

r e s u l t i n g   s t e a m   t h e n   e x i t s   t he   s t e a m   g e n e r a t o r   t h r o u g h  

s t e a m   o u t l e t   n o z z l e   44.  On  o c c a s i o n ,   i t   i s   n e c e s s a r y   t o  

i n s p e c t   or  r e p a i r   t u b e s   38  or  t he   w e l d s   b e t w e e n   t h e   t u b e s  

38  and  t h e   t u b e s h e e t   28  to  a s s u r e   t h a t   t h e   p r i m a r y   f l u i d ,  

w h i c h   may  c o n t a i n   r a d i o a c t i v e   p a r t i c l e s ,   r e m a i n s   i s o l a t e d  

f rom  t h e   s e c o n d a r y   f l u i d .   T h e r e f o r e ,   manways   46  a r e  

p r o v i d e d   in  o u t e r   s h e l l   22  to  p r o v i d e   a c c e s s   to  b o t h  

p r i m a r y   f l u i d   i n l e t   p l e n u m   34  and  p r i m a r y   f l u i d   o u t l e t  

p l e n u m   36  so  t h a t   a c c e s s   may  be  had  to  t h e   e n t i r e   t u b e -  

s h e e t  2 8 .  

R e f e r r i n g   now  to  F i g u r e   2,  t he   d e c o n t a m i n a t i o n  

a p p a r a t u s   i s   r e f e r r e d   to  g e n e r a l l y   as  50  and  c o m p r i s e s   a  

r o t a t a b l e   hone   52  c a p a b l e   of  b e i n g   d i s p o s e d   w i t h i n   t u b e s  

38.  R o t a t a b l e   hone   52  has   an  a t t a c h m e n t   m e c h a n i s m   5 4  

d i s p o s e d   a r o u n d   i t   f o r   g u i d i n g   the   r o t a t a b l e   hone   in   r e l a -  

t i o n s h i p   to  t u b e s h e e t   28.  A t t a c h m e n t   m e c h a n i s m   54  has   a  

p l u r a l i t y   of  c a m l o c k s   56  a t t a c h e d   t h e r e t o   f o r   b e i n g   d i s -  

p o s e d   in  t u b e s   38  so  as  to  s u p p o r t   a t t a c h m e n t   m e c h a n i s m   5 4  

f rom  t u b e s h e e t   28.  C a m l o c k s   56  may  be  c h o s e n   f rom  t h o s e  

w e l l   known  in  t he   a r t .   As  an  a l t e r n a t i v e   to   t h e   use   o f  

a t t a c h m e n t   m e c h a n i s m   54,  r o t a t a b l e   hone   52  may  be  s u p -  

p o r t e d   and  by  g u i d e d   r e m o t e   h a n d l i n g   d e v i c e s   ( n o t   s h o w n ) .  

D e c o n t a m i n a t i o n   a p p a r a t u s   50  a l s o   c o m p r i s e s   a  f i r s t   f l e x i -  

b l e   c o n d u i t   58  a t t a c h e d   to  a t t a c h m e n t   m e c h a n i s m   54  a n d  

c a p a b l e   of  b e i n g   e x t e n d e d   t h r o u g h   manway  46  to  c l e a n i n g  

m e c h a n i s m   60.  C l e a n i n g   m e c h a n i s m   60  i s   p r o v i d e d   f o r  

r e m o v i n g   c o n t a m i n a t i o n   f rom  r o t a t a b l e   hone   52  as  r o t a t a b l e  

hone   52  i s   r e m o v e d   f rom  s t e a m   g e n e r a t o r   20.  D e c o n t a m i n a -  



t i o n   a p p a r a t u s   50  a l s o   c o m p r i s e s   a d v a n c e m e n t   m e c h a n i s m   62  

f o r   a d v a n c i n g   and  w i t h d r a w i n g   r o t a t a b l e   hone   52.  A d v a n c e -  

men t   m e c h a n i s m   62  m a y  c o m p r i s e   a  t a n d e m   s e t   of  m o t o r i z e d  

r u b b e r   b e l t s   in   c o n t a c t  w i t h   r o t a t a b l e   hone   52  f o r   m o v i n g  

r o t a t a b l e   h o n e   5 2  i n  a  d e s i r e d  d i r e c t i o n .   In  a d d i t i o n  

d e c o n t a m i n a t i o n   a p p a r a t u s   5 0  c o m p r i s e s   d r i v e   m e c h a n i s m   6 4  

and  c a b l e   h o l d i n g   a p p a r a t u s  6 6 .   D r i v e   m e c h a n i s m   64  s e r v e s  

as  t h e  m e c h a n i s m   to   r o t a t e   r o t a t a b l e  h o n e   52  w h i l e   c a b l e  

h o l d i n g   a p p a r a t u s  6 6   p r o v i d e s   a  m e c h a n i s m   f o r   w i n d i n g  a n d  

u n w i n d i n g   t h e   c a b l e   of  d e c o n t a m i n a t i o n   a p p a r a t u s   5 0 .  

R e f e r r i n g   now  to  F i g u r e s   3,  4,  a n d  5 ,   r o t a t a b l e  

hone   52  c o m p r i s e s   h e l i c a l   wound  t u b i n g  6 8   c a p a b l e   o f  

c o n d u c t i n g   a  f l u i d   t h e r e t h r o u g h .   A  n o z z l e   70  i s   a t t a c h e d  

to  one  end  of  h e l i c a l   wound  t u b i n g   68  w h i l e   a  s c r e w   f i t -  

t i n g   72  i s   c o n n e c t e d   to   t h e  o t h e r   end  t h e r e o f .   A  s p i r a l l y  

wound  b r u s h   74  i s  d i s p o s e d   on  h e l i c a l   wound  t u b i n g   6 8  

b e t w e e n   s c r e w   f i t t i n g s   72  and  n o z z l e   70  f o r   c o n t a c t i n g   t h e  

i n s i d e   of  t u b e s   38  and  r e m o v i n g   c o n t a m i n a n t s   t h e r e f r o m  

when  r o t a t a b l e   h o n e   52  i s   r o t a t e d .   B r u s h   7 4  m a y   be  c h o s e n  

f rom  t h o s e   w e l l   known  in   t h e   a r t   of   h o n i n g .   B r u s h   74  i s  

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

c o n t a m i n a t e d  m e t a l   f rom  t h e   i n s i d e s   of  t u b e s   3 8  t o   t h e r e b y  

r e d u c e   t h e   c o n t a m i n a t i o n   of  t h e   t u b e s   38.  N o z z l e   70  h a s   a  

p l u r a l i t y   o f  c h a n n e l s   76  d i s p o s e d   t h e r e i n  f o r   c o n d u c t i n g  

t h e   f l u i d   f r o m  n o z z l e   p l e n u m   78  and  d i r e c t i n g   t h e   f l u i d  

t o w a r d   t h e   i n s i d e   of  t u b e s   3 8  t o   t h u s   l u b r i c a t e   b r u s h   7 4  

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

r e m o v e d   by  b r u s h   74.  C h a n n e l   76  may  h a v e   a  d i a m e t e r   o f  

a p p r o x i m a t e l y   0 . 8   mm.  and  m a y  b e   a r r a n g e d   a t   a p p r o x i m a t e l y  

b e t w e e n   20°  t o  4 0 °   a n g l e   w i t h  r e s p e c t   to  t h e  l o n g i t u d i n a l  

a x i s   of  n o z z l e   70  and  p r e f e r a b l y   a t   a p p r o x i m a t e l y   30° .   As  

r o t a t a b l e   h o n e  5 2   i s   r o t a t e d   a n d  a s  b r u s h   74  c o n t a c t s   t h e  

i n s i d e   of   t u b e s   38  a  f l u i d   s u c h   as  w a t e r   i s  c o n d u c t e d  

t h r o u g h   h e l i c a l   wound  t u b i n g   68,  i n t o  n o z z l e  p l e n u m   7 8 ,  

and  o u t   t h r o u g h   c h a n n e l  7 6   i n t o   c o n t a c t   w i t h   t h e   i n s i d e   o f  

t u b e   38  and  b r u s h   74.  In  t h i s   m a n n e r   a  t h i n   l a y e r   o f  

m e t a l   i s   r e m o v e d   f rom  t h e   i n s i d e   of  t u b e s   38  and  f l u s h e d  



t h r o u g h   f i r s t   f l e x i b l e   c o n d u i t   58  to  c l e a n i n g   m e c h a n i s m  

60.  The  f l u i d   c o n d u c t e d   t h r o u g h   h e l i c a l   wound  t u b i n g   68  

s e r v e s   to  no t   o n l y   f l u s h   away  t h e   c o n t a m i n a t e d   p a r t i c l e s ,  

b u t   i t   a l s o   s e r v e s   to  l u b r i c a t e   and  c o o l   b r u s h   7 4 .  

S t i l l   r e f e r r i n g   to  F i g u r e s   3,  4,  and  5,  r o t a t -  

a b l e   hone   52  a l s o   c o m p r i s e s   an  o u t e r   member  80  t h a t   i s  

a t t a c h e d   to  s e c o n d   f l e x i b l e   c o n d u i t   82  in  a  f l u i d - t i g h t  

m a n n e r   and  i s   c a p a b l e   of  b e i n g   d i s p o s e d   in  f i r s t   f l e x i b l e  

c o n d u i t   58.  A  b u s h i n g   84  i s   d i s p o s e d   in  o u t e r   member  8 0  

and  has   i n n e r   member  86  r o t a t a b l y   d i s p o s e d   t h e r e i n .   I n n e r  

member  86  has   a  b o r e   88  t h e r e t h r o u g h   f o r   c o n d u c t i n g   a  

f l u i d .   Screw  f i t t i n g   72  i s   c a p a b l e   of  b e i n g   a t t a c h e d   t o  

i n n e r   member  86  by  means   of  t h r e a d s   90  in  i n n e r   member  8 6 .  

I n n e r   member  86  a l s o   has   a  p l u r a l i t y   of  p a s s a g e s   92  in   i t s  

l o w e r   end  f o r   a  a l l o w i n g   t h e   f l u i d   to  e n t e r   i n n e r   m e m b e r  

86  and  to  f l ow  t h r o u g h   b o r e   88  i n t o   h e l i c a l   wound  t u b i n g  

68.  At  i t s   l o w e r   end ,   i n n e r   member  86  i s   f i r m l y   a t t a c h e d  

to  c a b l e   94  w h i c h   i s   a t t a c h e d   to  d r i v e   m e c h a n i s m   64  l o -  

c a t e d   o u t s i d e   t h e   s t e a m   g e n e r a t o r   f o r   r o t a t i n g   i n n e r  

member  86  and  h e l i c a l   wound  t u b i n g   68  t h u s   r o t a t i n g   b r u s h  

74  of  r o t a t a b l e   hone   52.  C a b l e   94  i s   d i s p o s e d   in  s e c o n d  

f l e x i b l e   c o n d u i t   82  so  as  to  a l l o w   a  f l u i d   such   as  w a t e r  

to  be  c o n d u c t e d   t h r o u g h   s e c o n d   f l e x i b l e   c o n d u i t   82  a n d  

i n t o   t he   a n n u l u s   b e t w e e n   i n n e r   member  86  and  o u t e r   m e m b e r  

80  so  as  to  f o r c e   t he   f l u i d   t h r o u g h   p a s s a g e s   92  a n d  

t h r o u g h   b o r e   88.  The  f l u i d   i s   c o n d u c t e d   t h r o u g h   b o r e   8 8 ,  

t h r o u g h   h e l i c a l   wound  t u b i n g   68,  and  i n t o   n o z z l e   p l e n u m  

78.  From  n o z z l e   p l e n u m   78,  t h e   f l u i d   i s   f o r c e d   t h r o u g h  

c h a n n e l s   76  of  n o z z l e   70  and  i n t o   c o n t a c t   w i t h   b r u s h   7 4  

and  t he   i n n e r   s u r f a c e   of  t u b e s   38.  The  f l u i d   e n t r a i n s   t h e  

c o n t a m i n a n t s   t h a t   a re   r e m o v e d   by  b r u s h   74  and  c a r r i e s   t h e  

c o n t a m i n a n t s   to  t h e   b o t t o m   of  t u b e   38  where   t h e y   a r e  

c a r r i e d   away  t h r o u g h   f i r s t   f l e x i b l e   c o n d u i t   58  to  c l e a n i n g  

m e c h a n i s m   6 0 .  

R e f e r r i n g   now  to  F i g u r e s   6 -9 ,   c l e a n i n g   m e c h a n i s m  

60  c o m p r i s e s   a  h o u s i n g   96  w i t h   f l e x i b l e   c o n d u i t   58  a t -  

t a c h e d   t h e r e t o   at   one  end .   S e c o n d   f l e x i b l e   c o n d u i t   82  a n d  



c a b l e   94  a r e   a r r a n g e d   to  s l i d e  t h r o u g h   f i r s t   f l e x i b l e  

c o n d u i t   58,  t h r o u g h   a  c e n t r a l   p a s s a g e   in   h o u s i n g   96,  a n d  

i n t o   a t t a c h m e n t   w i t h   d r i v e   m e c h a n i s m   64.  A  f i r s t   f l u i d  

r e t u r n   c h a m b e r   9 8  i s   d e f i n e d   i n  h o u s i n g  9 6   and  in   f l u i d  

c o m m u n i c a t i o n   w i t h   f i r s t   f l e x i b l e   c o n d u i t   58  so  t h a t   t h e  

f l u i d   t h a t   i s   b e i n g   r e t u r n e d   b y  f i r s t   f l e x i b l e   c o n d u i t  5 8  

f l o w s   i n t o   f i r s t   f l u i d   r e t u r n   c h a m b e r   98  a n d  i n t o   d r a i n  

p i p i n g   100.   F r o m  d r a i n   p i p i n g  1 0 0 ,  t h e   f l u i d   i s   c o n d u c t e d  

to   e i t h e r   a  w a s t e  d i s p o s a l   t r e a t m e n t   f a c i l i t y  o r   to  a  
r e c i r c u l a t i o n   f a c i l i t y   c h o s e n  f r o m   t h o s e   w e l l   known  in  t h e  

a r t .   A  s p r a y   c h a m b e r   102  i s   a l s o   d e f i n e d   w i t h i n   h o u s i n g  

96  f o r   s p r a y i n g   a  s e c o n d   f l u i d   w h i c h   may  a l s o   be  w a t e r  

o n t o   s e c o n d   f l e x i b l e   c o n d u i t  8 2   f o r  r e m o v i n g   c o n t a m i n a t i o n  

f rom  s e c o n d   f l e x i b l e  c o n d u i t   8 2 .  S p r a y   c h a m b e r   102  c o m -  

p r i s e s   an  o u t e r   s l e e v e   104  w h i c h   m a y  b e   a  s u b s t a n t i a l l y  

c y l i n d r i c a l   member   a n d  a n   i n n e r   s l e e v e   1 0 6  d i s p o s e d   w i t h i n  

o u t e r   s l e e v e   104 .   I n n e r   s l e e v e  1 0 6   h a s  h o l e s   d i s p o s e d  

t h e r e i n   f o r   c o n d u c t i n g  t h e   s e c o n d   f l u i d   t h e r e t h r o u g h .   An 

i n l e t  p o r t   108  i s   a t t a c h e d   t o  t h e   o u t s i d e   o f  o u t e r   s l e e v e  

104  f o r   c o n d u c t i n g   t he   s e c o n d   f l u i d  i n t o   t h e   a n n u l u s  

d e f i n e d   b e t w e e n   o u t e r   s l e e v e  1 0 4   and  i n n e r   s l e e v e   1 0 6 .  

From  t h e   a n n u l u s   d e f i n e d   b e t w e e n   i n n e r   s l e e v e   1 0 6  a n d  

o u t e r   s l e e v e   104 ,   t h e  s e c o n d   f l u i d  i s   c o n d u c t e d   t h e r e -  

t h r o u g h   and  o u t   o f  t h e   h o l e s   in   i n n e r   s l e e v e   106.   In  t h i s  

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

b l e   c o n d u i t   8 2  f o r   r e m o v i n g  t h e   c o n t a m i n a t i o n   t h e r e f r o m .  

A  s p r a y   w a t e r   r e t u r n   c h a m b e r   1 1 0  i s   a l s o   d i s p o s e d  w i t h i n  

h o u s i n g   96  a n d  c o n n e c t e d   to   d r a i n   p i p i n g   100.   S p r a y   w a t e r  

r e t u r n   c h a m b e r   1 1 0  s e r v e s   to  c o l l e c t   t h e   s p r a y   of  t h e  

s e c o n d   f l u i d   a n d  c o n d u c t   t h e   s e c o n d   f l u i d   i n t o   d r a i n  

p i p i n g   100  t h e r e b y   r e m o v i n g   c o n t a m i n a n t s   f rom  s e c o n d  

f l e x i b l e   c o n d u i t   - 8 2 .  A   w i p e r   s e c t i o n   112  i s   a t t a c h e d   t o  

t h e   e n d  o f   h o u s i n g   96  s u c h  t h a t   s e c o n d   f l e x i b l e   c o n d u i t   82  

p a s s e s   t h e r e t h r o u g h .   W i p e r  s e c t i o n   112  c o m p r i s e s   a  p l u r -  

a l i t y   of   b u f f i n g   c l o t h s   1 1 4  w h i c h   a r e   d i s p o s e d   w i t h i n  

w i p e r   s e c t i o n   112  and  in   c o n t a c t   w i t h   s e c o n d   f l e x i b l e  

c o n d u i t   82  f o r   r e m o v i n g   f l u i d   and  c o n t a m i n a n t s   f rom  s e c o n d  



f l e x i b l e   c o n d u i t   82.  The  e x c e s s   f l u i d   t h a t   i s   c o l l e c t e d  

by  b u f f i n g   c l o t h s   114  i s   a l l o w e d   to   d r i p   i n t o   d r i p   pan  1 1 6  

and  f rom  t h e r e   a l l o w e d   to  f l o w   i n t o   d r a i n   p i p i n g   1 0 0 .  

T h e r e f o r e ,   i t   can  be  s een   t h a t   c l e a n i n g   m e c h a n i s m   60  

s e r v e s   to  c o n d u c t   t he   f i r s t   f l u i d   f rom  f i r s t   f l e x i b l e  

c o n d u i t   58  to  d r a i n   p i p i n g   100  and  s e r v e s   to  c l e a n   s e c o n d  

f l e x i b l e   c o n d u i t   8 2 .  

R e f e r r i n g   now  to  F i g u r e   6,  d r i v e   m e c h a n i s m   6 4  

c o m p r i s e s   a  c h u c k   118  h a v i n g   an  o p e n i n g   120  t h e r e i n .  

C a b l e   94  i s   r o t a t a b l y   d i s p o s e d   w i t h i n   c h u c k   118  and  a t -  

t a c h e d   to  m o t o r   122  by  means  of  a  r o t a t a b l e   c o n n e c t o r   1 2 4 .  

M o t o r   122  may  be  a  0 .5   h o r s e p o w e r   m o t o r   c h o s e n   f rom  t h o s e  

w e l l   known  in  t he   a r t   and  i s   p r o v i d e d   f o r   r o t a t i n g   c a b l e  

94  and  r o t a t a b l e   hone  52.  The  s e c o n d   f l e x i b l e   c o n d u i t   82 

is   a l s o   a t t a c h e d   to  chuck   118.   O p e n i n g   120  i s   p r o v i d e d  

f o r   c o n d u c t i n g   a  f l u i d   i n t o   c h u c k   118  and  i n t o   s e c o n d  

f l e x i b l e   c o n d u i t   82  w h i l e   c a b l e   94  i s   b e i n g   r o t a t e d   b y  

m o t o r   122.  Thus ,   chuck   118  p r o v i d e s   a  m e c h a n i s m   w h e r e b y  

c a b l e   94  can  be  r o t a t e d   w i t h o u t   s e c o n d   f l e x i b l e   c o n d u i t   82 

b e i n g   r o t a t e d   t h e r e b y   a l l o w i n g   a  f l u i d   to  be  c o n d u c t e d  

t h r o u g h   s e c o n d   f l e x i b l e   c o n d u i t   82  and  a r o u n d   c a b l e   9 4 .  

Moto r   122  s e r v e s   to  r o t a t e   c a b l e   94  w h i c h   in  t u r n   r o t a t e s  

r o t a t a b l e   hone   52  t h u s   r e m o v i n g   t he   c o n t a m i n a t i o n   f rom  t h e  

i n s i d e   of  t u b e s   38.  D r i v e   m e c h a n i s m   64  i s   s u p p o r t e d   o n  

c a b l e   h o l d i n g   a p p a r a t u s   66.  C a b l e   h o l d i n g   a p p a r a t u s   66  

may  be  a  r o t a t a b l e   p l a t f o r m   or  a  t a k e - u p   w h e e l   c a p a b l e   o f  

r o t a t i n g   so  as  to  a c c o m m o d a t e   t h e   e x c e s s   c a b l e   94  a n d  

e x c e s s   s e c o n d   f l e x i b l e   c o n d u i t   82  u n d e r   t he   i n f l u e n c e   o f  

a d v a n c e m e n t   m e c h a n i s m   62.  Thus ,   d r i v e   m e c h a n i s m   64,  t h e  

e x c e s s   of  c a b l e   94,  and  the   e x c e s s   of  s e c o n d   f l e x i b l e  

c o n d u i t   82  a re   s t o r e d   on  c a b l e   h o l d i n g   a p p a r a t u s   66  s u c h  

t h a t   when  a d v a n c e m e n t   m e c h a n i s m   62  a d v a n c e s   c a b l e   94  a n d  

s e c o n d   f l e x i b l e   c o n d u i t   82,  c a b l e   h o l d i n g   a p p a r a t u s   66  

r o t a t e s   to  a l l o w   such  a d v a n c e m e n t .   On  the   o t h e r   h a n d ,  

when  a d v a n c e m e n t   m e c h a n i s m   62  r e t r a c t s   s e c o n d   f l e x i b l e  

c o n d u i t   82  and  c a b l e   94,  c a b l e   h o l d i n g   a p p a r a t u s   66  r o -  

t a t e s   in  t h e   o p p o s i t e   d i r e c t i o n ,   t h u s   s t o r i n g   t he   e x c e s s  

c a b l e   and  c o n d u i t .  



OPERATION 

When  i t   b e c o m e s   n e c e s s a r y   to  i n s p e c t   or  r e p a i r  

s t e a m   g e n e r a t o r   20,  s t e a m  g e n e r a t o r   2 0  i s   d e a c t i v a t e d   a n d  

d r a i n e d   of  i t s  p r i m a r y  f l u i d .   N e x t ,   p e r s o n n e l   e n t e r   s t e a m  

g e n e r a t o r   20  t h r o u g h   manways   46  to   p o s i t i o n  d e c o n t a m i n a -  

t i o n   a p p a r a t u s   50  in   r e l a t i o n s h i p   t h e r e t o   s o  a s   to  d e c o n -  

t a m i n a t e   t h e   s t e a m   g e n e r a t o r .   A t t a c h m e n t   m e c h a n i s m   54  i s  

a r r a n g e d   n e a r   t u b e s h e e t   28  so  t h a t   c a m l o c k s   5 6  a r e  i n -  

s e r t e d   i n t o   t u b e s   38.  C a m l o c k s   56  a re   t h e n   a c t i v a t e d  

t h e r e b y   s u p p o r t i n g   a t t a c h m e n t   m e c h a n i s m   54  f rom  t u b e s h e e t  

28.   In  t h i s   m a n n e r   f i r s t   f l e x i b l e   c o n d u i t   58  i s   a t t a c h e d  

to  a  p a r t i c u l a r   t u b e  3 8  i n   a  f l u i d - t i g h t   m a n n e r .  

Once  f i r s t   f l e x i b l e   c o n d u i t   58  has   b e e n   c o n -  

n e c t e d   to  t h e   s e l e c t e d   t u b e   38,  r o t a t a b l e   h o n e  5 2   i s   t h e n  

i n s e r t e d   i n t o   f i r s t   f l e x i b l e   c o n d u i t   58  and  a d v a n c e d  

t h e r e t h r o u g h   b y  m e a n s   of  a d v a n c e m e n t   m e c h a n i s m   62.  When  

r o t a t a b l e   hone  52  h a s   r e a c h e d   t h e   d e s i r e d   l o c a t i o n   w i t h i n  

t u b e   38,  d r i v e   m e c h a n i s m   6 4  i s   a c t i v a t e d   w h i c h   r e s u l t s   i n  

m o t o r   122  r o t a t i n g   c a b l e  9 4   and  r o t a t a b l e  h o n e   52  a t   t h e  

d e s i r e d   a n g u l a r   s p e e d .   At  t h e  s a m e   t i m e ,  a   f i r s t   f l u i d  

w h i c h   may  be  w a t e r  i s   c o n d u c t e d   u n d e r   a  p r e s s u r e   of  1 2 5  

kg /cm2   to  140  k g / c m 2   t h r o u g h   o p e n i n g   120  and  i n t o   c h u c k  

118.   From  c h u c k   1 1 8 ,  t h e   f i r s t   f l u i d  i s   c o n d u c t e d   t h r o u g h  

s e c o n d   f l e x i b l e   c o n d u i t   82  and  i n t o   i n n e r   member  86.  F r o m  

i n n e r   member  86  t h e   f i r s t   f l u i d  i s   t h e n   c o n d u c t e d   t h r o u g h  

h e l i c a l   wound  t u b i n g  6 8   and  o u t   t h r o u g h   c h a n n e l s   76  o f  

n o z z l e   70.  The  f i r s t   f l u i d   c o n t a c t s  b r u s h  7 4   and  t h e  

i n s i d e   of  t u b e s   38  as  b r u s h   74  r o t a t e s  i n   c o n t a c t   w i t h   t h e  

i n s i d e   of  t u b e   38.  The  a c t i o n   of  b r u s h   74  r e m o v e s   a  t h i n  

l a y e r   of  c o n t a m i n a t e d   m e t a l  f r o m   t h e   i n s i d e   of  t u b e   3 8  

w h i c h   t h e r e b y   l o w e r s  t h e   r a d i a t i o n  l e v e l   of  t u b e   38.  T h e  

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

r e m o v e d   and  c a r r i e s   i t   to   t h e  b o t t o m  o f   t u b e   38  w h e r e   t h e  

f i r s t   f l u i d   e n t e r s  f i r s t   f l e x i b l e   c o n d u i t   58.  F i r s t  

f l e x i b l e   c o n d u i t   58  c a r r i e s   t h e   f i r s t   f l u i d   w i t h   c o n t a m -  

i n a n t s  e n t r a i n e d   t h e r e i n   t o  c l e a n i n g   m e c h a n i s m   60  and  i n t o  

d r a i n   p i p i n g   1 0 0 .  



A d v a n c e m e n t   m e c h a n i s m   62  moves  r o t a t a b l e   hone   52 

t h r o u g h   t u b e   38  at   a  l i n e a r   r a t e   s low  e n o u g h   to  e n s u r e  

p r o p e r   d e c o n t a m i n a t i o n   b u t   a t   a  f a s t   e n o u g h   r a t e   to  p r e -  
v e n t   d e g r a d a t i o n   of  t u b e   38.  The  r a t e   at   w h i c h   r o t a t a b l e  

hone   52  i s   moved  t h r o u g h   t u b e   38  i s   c h o s e n   so  as  t o  

a c h i e v e   a  s u f f i c i e n t   d e c o n t a m i n a t i o n   f a c t o r   (DF)  w h e r e :  

I t   has   b e e n   f o u n d   t h a t   i t   i s   i m p o r t a n t   f o r   r o t a t a b l e   h o n e  

52  to  r o t a t e   at   b e t w e e n   a p p r o x i m a t e l y   6-12  r e v o l u t i o n s   p e r  
i n c h   of  t u b e   38.  At  a p p r o x i m a t e l y   6-12  r e v o l u t i o n s   p e r  
i n c h   of  t u b e ,   a  d e c o n t a m i n a t i o n   f a c t o r   of  b e t w e e n   a p p r o x i -  

m a t e l y   2 0 - 2 5   may  be  a c h i e v e d .   Thus ,   a  d e c o n t a m i n a t i o n  

f a c t o r   of  b e t w e e n   2 0 - 2 5   can  be  a t t a i n e d   f o r   v a r i o u s   c o m -  

b i n a t i o n s   of  r o t a t i o n a l   s p e e d   and  l i n e a r   s p e e d   of  r o t a t -  

a b l e   hone  52.  The  f o l l o w i n g   t a b l e   i l l u s t r a t e s   some  of  t h e  

c o m b i n a t i o n s   t h a t   w i l l   y i e l d   a p p r o x i m a t e l y   6-12  r e v o l u -  

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

b e t w e e n   2 0 - 2 5 .  

T h e r e f o r e ,   d e c o n t a m i n a t i o n s   f a c t o r s   of  a p p r o x i m a t e l y   2 0 - 2 5  

can  be  a c h i e v e d   f o r   r o t a t i o n a l   s p e e d s   of  b e t w e e n   8 0 0 - 3 5 0 0  

rpm  and  f o r   l i n e a r   s p e e d s   of  b e t w e e n   5  f t / m i n   to  50  

f t / m i n .   The  a c t u a l   c h o i c e   of  r o t a t i o n a l   s p e e d s   and  l i n e a r  

s p e e d s   may  d e p e n d   upon   t h e   t i m e   a v a i l a b l e   to  c o m p l e t e   t h e  

o p e r a t i o n .  



Once  a  s u f f i c i e n t   p o r t i o n  o f   t u b e   3 8  h a s   t h u s  

b e e n   d e c o n t a m i n a t e d ,   a d v a n c e m e n t   m e c h a n i s m   62  i s   r e v e r s e d  

w h i c h   c a u s e s   r o t a t a b l e  h o n e   52  to  be  w i t h d r a w n  f r o m   t u b e  

38.  As  s e c o n d   f l e x i b l e   c o n d u i t   82  i s  w i t h d r a w n  u n d e r   t h e  

a c t i o n   of  a d v a n c e m e n t   m e c h a n i s m   82,  a  s e c o n d  f l u i d   w h i c h  

may  a l s o  b e   w a t e r  i s   i n t r o d u c e d   i n t o   s p r a y  c h a m b e r   1 0 2  

t h r o u g h   i n l e t   p o r t   108.  The  s e c o n d   f l u i d   i s   s p r a y e d  

a g a i n s t   s e c o n d   f l e x i b l e   c o n d u i t   82  t h e r e b y   w a s h i n g  c o n t a m -  

i n a n t s   t h e r e f r o m   and  i n t o   s p r a y   w a t e r   r e t u r n  c h a m b e r   1 1 0 .  

From  s p r a y   w a t e r  r e t u r n   c h a m b e r  1 1 0 ,   t h e   s e c o n d   f l u i d  i s  

c o n d u c t e d   t h r o u g h   d r a i n   p i p i n g   100.  As  s e c o n d   f l e x i b l e  

c o n d u i t   i s   w i t h d r a w n ,   i t   a l s o  c o n t a c t s   b u f f i n g   c l o t h s   1 1 4  

w h i c h   wipe   r e s i d u a l   f l u i d s  a n d   c o n t a m i n a n t s   t h e r e f r o m .  

When  r o t a t a b l e  h o n e   52  has   t h u s   b e e n   w i t h d r a w n  

f rom  t h e   s e l e c t e d   t u b e   38,  t h e   same  p r o c e s s   may  t h e n   b e  

p e r f o r m e d   on  a n o t h e r   t u b e .   O f  c o u r s e ,   s e v e r a l   r o t a t a b l e  

h o n e s   52  may  be  a r r a n g e d   on  a  s i n g l e   a t t a c h m e n t  m e c h a n i s m  

54  so  t h a t   s e v e r a l   t u b e s   38  may  b e  d e c o n t a m i n a t e d  a t   o n c e .  

In  t h i s   m a n n e r ,   t u b e s   3 8  a r e   d e c o n t a m i n a t e d   t h e r e b y  r e d u c -  

i n g   t h e   r a d i a t i o n   l e v e l  i n   p r i m a r y   f l u i d   i n l e t   p l e n u m   3 4  

and  p r i m a r y   f l u i d   o u t l e t   p l e n u m   36  so  t h a t   w o r k i n g   p e r s o n -  
n e l   may  e n t e r   and  p e r f o r m   o p e r a t i o n s   in   s t e a m   g e n e r a t o r  

20.  T h e r e f o r e ,   i t   c a n  b e   s e e n  t h a t   t h e   i n v e n t i o n   p r o v i d e s  

d e c o n t a m i n a t i o n   a p p a r a t u s  c a p a b l e   of  r e m o t e l y   d e c o n t a m -  

i n a t i n g   t u b e s   in   a  n u c l e a r   s t e a m   g e n e r a t o r .  



1.  A  m e t h o d   of  d e c o n t a m i n a t i n g   t u b e s   in  a  

n u c l e a r   s t e a m   g e n e r a t o r   w h e r e i n   a  r o t a t a b l e   hone  i s   i n -  

s e r t e d   i n t o   s a i d   t u b e s   f rom  i n l e t   and  o u t l e t   p l e n u m   a r e a s  

of  s a i d   s t e a m   g e n e r a t o r   and  r o t a t e d   w h i l e   i t   i s   m o v e d  

t h r o u g h   s a i d   t u b e s   to   r emove   r a d i o a c t i v e   d e p o s i t s   t h e r e -  

f rom  and  w h e r e i n   w a t e r   i s   s u p p l i e d   to  t he   work  a r e a   of  t h e  

hone   to  wash  away  t h e   r a d i o a c t i v e   d e p o s i t s ,   c h a r a c t e r i z e d  

in  t h a t   e a c h   t u b e   i s   c l o s e d   a t   t h e   d i s c h a r g e   end  of  s a i d  

r a d i o a c t i v e   d e p o s i t s   and  t he   wash  w a t e r   and  r a d i o a c t i v e  

d e p o s i t s   a re   c o n d u c t e d   ou t   of  t he   s t e a m   g e n e r a t o r   d i r e c t l y  

f rom  t h e   t u b e s   w i t h o u t   p e r m i t t i n g   them  to  c o n t a c t   t h e  

i n l e t   and  o u t l e t   p l e n u m   w a l l s .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

hone   i s   r o t a t e d   a t   a  s p e e d   of  800  to  3500  rpm  and  m o v e d  

a x i a l l y   t h r o u g h   a  t u b e   at   a  l i n e a r   s p e e d   of  1.5  to  15 

i n / m i n .   w h i l e   wash  w a t e r   i s   s p r a y e d   f rom  s a i d   hone   o n t o  

t h e   t u b e   s u r f a c e s .  

3.  An  a p p a r a t u s   f o r   p e r f o r m i n g   the   m e t h o d   a s  

c l a i m e d   in  c l a i m   1  or  2,  s a i d   a p p a r a t u s   c o m p r i s i n g   a  b r u s h  

m o u n t e d   on  a  f l e x i b l e   t u b e   s t r u c t u r e   f o r   i n s e r t i n g   s a i d  

b r u s h   i n t o   s t e a m   g e n e r a t o r   t u b e s   w h i l e   s a i d   b r u s h   i s  

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

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

s t r u c t u r e   to  t h e   work   a r e a   of  s a i d   b r u s h   to  wash  a w a y  

d e p o s i t s   r e m o v e d   by  s a i d   b r u s h   f rom  t he   s u r f a c e s   of  s a i d  

t u b e s ,   and  means   f o r   r e m o v i n g   t h e   wash  w a t e r   and  d e p o s i t s  

f rom  s a i d   s t e a m   g e n e r a t o r ,   c h a r a c t e r i z e d   in  t h a t   s a i d   t u b e  



s t r u c t u r e   e x t e n d s   t h r o u g h   a  f l e x i b l e   c o n d u i t   (58)   h a v i n g   a  

f r e e   end  a d a p t e d   to  be  d i s p o s e d   in  s e a l i n g   e n g a g e m e n t   w i t h  

a  t u b e   (38)   f o r   d i r e c t l y   r e c e i v i n g   wash  w a t e r   and  r a d i o -  

a c t i v e   d e p o s i t s   f l o w i n g   t h e r e f r o m ,   s a i d   c o n d u i t   ( 5 8 )  

e x t e n d i n g   o u t   of  t h e   s t e a m   g e n e r a t o r   to  a  c l e a n i n g   m e c h a -  

n i s m   (60)  in   w h i c h   t h e   w a s h  w a t e r   and  d e p o s i t s  a r e   r e m o v e d  

f rom  s a i d   c o n d u i t   ( 5 8 ) ,   s a i d   t u b e   s t r u c t u r e   e x t e n d i n g  

t h r o u g h   a  s e a l   s t r u c t u r e   ( 1 1 2 ,   114)  in   s a i d   c l e a n i n g  

m e c h a n i s m   (60)   and  b e i n g   c o n n e c t e d   to  d r i v e   means   f o r  

r o t a t i n g   and  a x i a l l y   m o v i n g   s a i d   t u b e   s t r u c t u r e   ( 5 8 ) .  

4.  A p p a r a t u s   as  c l a i m e d   i n  c l a i m   3,  c h a r a c t e r -  

i z e d   in   t h a t   means   a r e   a s s o c i a t e d   w i t h   s a i d   f l e x i b l e   t u b e  

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

means   b e i n g   m o v a b l e   a x i a l l y   w i t h   s a i d   t u b e   s t r u c t u r e .  

5.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   4  o r   5,  c h a r -  

a c t e r i z e d   i n   t h a t   s a i d   c l e a n i n g   m e c h a n i s m   (60)  c o n s i s t s   o f  

a x i a l l y   s p a c e d   r e t u r n   c h a m b e r s   (98  and  110)  w h i c h   a r e   b o t h  

c o n n e c t e d   to   a  d r a i n   p i p e   ( 1 0 0 ) ,   and  a  s p r a y   c h a m b e r   ( 1 0 2 )  

d i s p o s e d   b e t w e e n   s a i d   r e t u r n   c h a m b e r s   (98,   110)  f o r   w a s h -  

i n g   r a d i o a c t i v e   c o n t a m i n a n t s   f rom  s a i d   t u b e   s t r u c t u r e  

( 5 8 ) .  

6.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   5,  c h a r a c t e r -  

i z e d   in   t h a t   a  w i p e r   s e c t i o n   (112)   i s   i n c o r p o r a t e d   i n t o  

s a i d   c l e a n i n g   m e c h a n i s m   ( 6 0 ) ,   s a i d   w i p e r   s e c t i o n   c o m p r i s -  

i n g   b u f f i n g   c l o t h   (114)   in   c o n t a c t   w i t h   s a i d   t u b e   s t r u c -  

t u r e   f o r   r e m o v i n g   l e f t   o v e r   c o n t a m i n a n t s   and  f l u i d   t h e r e -  

f r o m .  
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