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ABSTRACT 

Th1s doc ume n t  p r ov 1 d e s  a s umma r y  l e ve l d e s c r 1 p t 1 on of t h e  TM I -2 D r y  

Oe f ue l 1 n g Sys t em .  Oe f ue l 1 ng w1 1 1  take  p l ac e  thr ough  t h e  I I F  a b o v e  t h e  

r eac t o r  ve s s e l . A Sh 1 e l de d  Wor k  P l a t f orm and  S h 1 e l de d  S u p po r t S t r uc t u r e  

w111 b e  a s s emb l ed a r o u n d  t h e  I I F . Oe f ue l 1 n g e q u 1 pmen t w 1 1 1  b e mou n t e d  o n  

and  oper a t ed  f r om t h e  Sh 1 e l de d  Wor k  P l a t f o r m .  O e f ue l 1 ng o p er a t 1 on s  w1 1 1  

progr e s s  f r om f a 1 r l y  s i mp l e  p 1 c k  a n d  p l ac e  opera t 1 on s  a n d  vac u um1 n g  u p  t o  

mor e  c omp l e x c u t t 1 n g a n d  o t h e r  debr 1 s  r emova l ta s k s . 
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TM I - 2 DE F U E L ING SYSTEM DE S I GN DE SC R I PT I ON 

INTRODU C T I ON 

The Def u e l 1 n g Sy s t em .  i l l u s t r a t e d  i n  F i gur e 1 .  1 s  1 n t e n d e d  to remove  

t h e  l oo s e  d e b r 1 s  and  c o r e  ma ter 1 a l s  fr om the  r eac t o r  v e s s e l  of the  Thr ee 

M i l e  Is l an d  Un i t 2 ( TM I - 2 ) p l an t . The c o r e  ma t e r 1 a l s  e x 1 s t  1 n  a var i e t y  of  

s ha p e s  a n d  s i z e s  f r om f u l l fue l a s s emb l 1 e s t o  rubb l e  s ma l l enough t o  be  

mo v e d  by  f l u i d vac u um p ump1 n g . Oper a t 1 on s  w 1 l l  1 n c l ud e  s 1 z 1 ng the  c o r e  

ma t e r 1 a l  a n d  l oad 1 n g a n d  prepar 1 n g c a n 1 s t e r s f o r  r emova l fr om t h e  r eac t o r  

v e s s e l . A l l o f  t h e  opera t 1 on s  w1 t h 1 n  t h e  r eac t o r  v e s s e l  a r e  w1 t h 1 n  t h e  

s c op e  o f  t h e  D e f ue l 1 ng Sys t em .  wh 1 l e  t h e  t r a n s f e r  o f  ca n 1 s t e r s w1 l l  be  t h e  

r e s po n s 1 b 1 1 1 t y o f  a n d  d e s cr1 bed by  o t he r s . A l l fue l hand l 1 ng oper a t 1 on s  

a n d  c a n 1 s t e r  l oa d 1 ng w1 l l  take p l ace 1 n s 1 de a c ompo s 1 t e  wa t e r  ve s s e l  

compr 1 s ed  of t h e  r eac t or ve s s e l . t h e  cor e  s uppor t a s s emb l y .  a n d  t h e  

1 n t e r na l s  1 n d e x 1 n g  f 1 x t u r e  ( I I F )  w1 t h  a mod i f 1 ed s ea l . T h e  d e f ue l 1 ng wa t e r  

l ev e l  w i l l  b e  ma 1 n ta 1 ned  5 ft  a b o v e  t h e  v e s s e l  f l an g e . Oper a t o r s wi l l  

o pe r a t e  t oo l s  f r om a Sh 1 e l ded Wor k  P l a t f or m  mou n t e d  d 1 r ec t l y  o v e r  t h e  ! I f . 

Th 1 s  a r r an geme n t a l l ows t h e  s ha l l ow end  o f  t h e  fue l t r a n sfer c ana l t o  be  

d r y  d ur 1 n g  d e f u e l 1 ng .  Bac kgrou n d  rad 1 a t 1 on 1 n  t h e  d e f ue l 1 ng c ana l 1 s  

e x p e c t e d  t o  b e  5 t o  1 0  mR/h . a s  oppo s ed t o  30 t o  50  mR/h a t  t h e  347-f t .  

6 - 1 n .  e l e va t 1 on .  Th u s . d r y  def ue l 1 ng h a s  s ever a l  a d van t a g e s  o v e r  t he 

con v e n t 1 on a l f l ooded  c a na l appr oac h .  They are : ( a )  l on g  h a n d l ed too l s 

b e c ome s h or t e r  and  t h u s  more f e a s 1 b l e  ( 2 5 f t  vers u s  4 5  f t ) .  ( b )  a l l 

ca n i s t e r  l oa d 1 n g 1 s  done  1 n  the  v e s s e l  t o  c onf1 n e  a l l c o n tam1 na t i on t o  a 

1 1 m1 t e d  a r ea . ( c )  a sma l l er vo l ume of wa t e r  need s t o  be  pr oc e s s ed by t h e  

d efue l 1 n g wa t e r  c l ea n u p  s y s t em ( DWCS ) .  a n d  ( d )  t h e  e q u i pmen t o pera t or s o n  

t h e  S h 1 e l d e d  Wor k  P l a t f orm per f o r m  t h e  d e f ue l i ng oper a t 1 o n s  i n  a l ower 

ba c kg r o u n d  r a d 1 a t 1 on f1 e l d  ( a s oppo s ed t o  be 1 n g a t  t h e  347 - f t. 6 - 1 n .  

e l eva t i on ) . 



..... ,/ / 

Figure 1. Dry defueling system . 
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P RO J E CT AND  SYSTEM D E SCR I P T I ON 

Refe r en c e  Sys t em 

The  o p er a t o r s wi l l  be  s t an d i n g on  t h e  S h i e l de d  Wor k  P l a tfor m  above  t h e  

r eac t o r  v e s s e l  f l ange . Th 1 s  Sh 1 e l d e d  Wor k  P l a tfo rm p r o v 1 d e s  s h 1 e l d 1 n g s o  

t h a t t h e  c o n tami na t ed wa t e r  i n  t h e  r eact o r  v e s s e l  w i l l  n o t  be  a maj o r 

e x po s u r e  s o u r c e  f o r  per s onne l ope r a t i n g t h e  d efue l i n g s y s t em t o o l s .  The 

S h i e l d e d  Wo r k  P l a t f orm  i s  s uppor t e d  fr om t h e  r efue l i n g c ana l f l oor  by t h e  

S h i e l d e d  S u p po r t S t r uc t u r e .  Be tween  t h e  Sh 1 e l ded  Wor k  P l a tfo r m  a n d  

S h i e l d e d  S u p p o r t S t r uc t ur e ,  var 1 ou s  l i n e s  f o r  wa t e r  t r ea tmen t and  a i r  

vent i l a t i on t o  con t r o l  off-ga s 1 n g a r e  r ou t e d  i n  t o  a n d  o u t  of t h e  r eac t o r  

v e s s e l . Th i s  wa ter  t r ea tmen t and  off-ga s c on t r o l  p i p i n g a r e  s t a t i ona r y  a n d  

d o  n o t  i mpac t o p e r a t i on of t h e  S h i e l d ed  Wor k  P l a tfor m .  

The  S h i e l d e d  Wor k  P l a tfo rm h a s  a n  1 8- i n . -w1 de  s l o t t h r ough  wh i ch t h e  

l on g  h a n d l ed t oo l s a r e  oper a t ed . Th i s  too l wor k 1 n g s l o t w i d t h  and  t h e  

S h i e l d e d  Wor k  P l a t f orm.s h i e l d i ng s h o u l d  l i m1 t  t h e  r ad i a t i on fr om t h e  cor e  

a n d  wa t e r  t o  t h e  or der  o f  2 t o  5 mR/h wh 1 l e  ope r a t i n g t h e  l on g  hand l ed 

t oo l s .  The  wor k i n g s l o t  can be c ov e r e d  by p l ug s  of 6 - 1 n . - t h i c k  s t e e l 

s h o u l d  a n  u p s e t  c on d i t i on e x i s t .  The s e  p l u g s  a r e  n o r ma l l y  open t o  ga i n  

a c ce s s  t o  t h e  r eac tor  ves s e l  and t o  permi t l a t e r a l mov eme n t of t h e  l ong  

h and l ed t oo l s  t o  depo s i t  debr i s  i n  the  fue l c an i s t er s . 

By  t a k i n g a d van tage  of the  s h i e l d i n g p r o v i ded  by t h e  r efue l 1 n g  cana l 

wa l l s  a n d  t h e  c l ean s t a i n l e s s  s t ee l l i n er  of t h e  cana l , e x po s u r e  due  t o  

o t h e r  r a d i a t i o n s o u r c e s , s uc h  a s  t h e  pa i n ted  s urface s i n  t h e  b u 1 l d i ng ,  i s  

a v o i d e d . Th u s , gener a l  bac kgr ound  r a d i a t i on l e ve l s  can be  r e l a t i ve l y  l ow 

for t h e  per s on n e l  i n  t h e  r efue l i ng c a na l a r ea . 

To t r an s f er c a n i s t e r s l oaded wi t h  fue l f i n e s , d e br i s ,  and  pa r t i a l  f u el 

a s s emb l i e s fr om t h e  reac t o r  ves s e l ,  a s h i e l de d  c an i s t e r  t r an sfe r d e v i c e  i s  

r equ i re d  ( s e e  F i g u r e  1 ) .  The  s h i e l d e d  ca n i s t e r  t r a n sfer dev i c e  h o i s t s t h e  

r a d i oac tive c a n i s t e r  o u t  o f  t h e  wa t e r , t h r o u g h  t h e  Sh i e l ded  Wor k  P l a tfor m ,  

a n d  i n t o t h e  s hie l d ed c an i s ter  t r a n s f e r  d e v i c e . The l oa d e d  s h i e l de d  
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tra n s f er de v 1 c e  tra n s l a t e s  t o  t h e  mod 1 f 1 ed f u e l  trans f er s y s t em 1 n  t h e  deep  

end o f  the  c a na l . wh ere 1 t  l owers the  can 1 s t er 1 n t o  the  t r an s f e r  s y s t em 

upe n d e r . 

To m1 n 1 m1 z e  wa t er vo l ume . ye t p r ov 1 de  a dequa t e  wa t e r  s h1e l d 1 n g f or t h e  

opera t 1 on s . t h e  wa t er l eve l 1 n  t h e  s pe n t  f ue l  poo l w11 1 b e  l owere d . 

Beca u s e  t h e  s pen t f u e l  poo l 1 s  n o t 1 s o l a t ed  from t h e  r e f ue l 1 n g can a l .  a dam 

or  ga t e  appro x 1 ma t e l y  6 f t  h 1 gh 1 s  req u 1 red at  the  e n d  of  t h e  3 2 2 - f t. 6 - 1 n .  

e l eva t 1 on 1 n  t h e  re f ue l 1 ng cana l t o  1s o l a t e t h e  d r y  d e f u e l 1n g  s y s t em f r om 

the  wa t er .  The  s h 1 e l ded  c a n 1 s t e r  t r an s f e r  d ev 1 c e  pa s s e s  o v e r  t h e  dam . 

Af t er t h e  f ue l  c a n 1 s t e r  1 s  tran s f erred 1 n t o t h e  F ue l  H a n d l 1 n g B u1 l d1ng. 1 t  

1 s  removed  f rom t h e  f ue l  t r ans f er s y s t em by means o f  a tra n s f er s h 1 e l d  t o  

depos 1 t  t h e  ca n 1 s t er 1 n  an  appropr1a t e  s t orage  r a c k  l oc a t 1 on . 

Cor e Mapp1 ng 

The  1 n 1 t 1 a l  d e f ue l 1 ng proc e s s  1 s  a c ore mapp 1 ng opera t 1 on t o  

c harac t er1 ze  t h e  TM I - 2  c ore t o  c on f 1 rm t h e  overa l l d e f ue l 1 n g p r oc e s s 

ph 1 l o s ophy and f ac 1 1 1 ta t e  c ore r emova l . Th 1 s  1 n 1 t 1 a l  c ore mapp 1 n g  wou l d  b e  

per f o r med  a f t er head  r emova l b u t  pr 1 o r  t o  p l enum remova l .  E q u 1 pmen t  u s ed 

f or perf orm1 n g  t h e  c ore ma pp 1 ng e x 1 s t 1 ng e q u 1 pmen t h a s  b e e n  u s e d  1 n  

pr ev 1 o u s  1 n s pe c t 1 on s . 

TM I - 2  D e f ue l 1 ng 

De f ue l 1 n g w1 1 1  pro c e e d  1 n  t hree pha s e s . The s e  pha s e s  a r e :  

P ha s e  I Remova l or r ea rrangeme n t  o f  debr 1 s  1 nc l ud 1 ng e n d  f1t t1ngs . 

par t 1 a l  f ue l  a s s emb l 1 e s .  s p 1 d er s . and  s ma l l e r d e b r1s  u s 1 n g  

p 1 c k  a n d  p l ace me t h o d s  1 n  c onj unc t 1 on w 1 t h  l ow c apa c 1 t y  l on g  

h a n d l ed t oo l s a n d  t h e  s 1 n g l e  can 1 s t er po s 1 t 1 on 1 n g s y s t em .  

The s e  opera t 1 on s  w1 1 1  c on t 1 nue  un t 1 1 s u f f1c 1 en t  s pa c e  1 s  

c l ea r ed t o  1 n s ta l l t h e  Vac uum Sys t em and  C a n 1 s t e r  

P o s 1 t 1 on 1 n g Sy s t em . 
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P ha s e  I I  Vac u um f1 ne  debr1 s a n d  c on t 1 n u e  p 1 c k  a n d  p l ac e  opera t1o n s  

un t 1 1 t h e  l ong  hand l ed too l c apa b 1 1 1 t 1 e s have  b e e n  exceeded . 

P ha s e  I II I n s ta l l Manua l Too l P o s i t i on e r  a n d  c on t i n u e  d e f ue l i ng 

oper a t i on s  i nc l ud i n g f u s ed debr i s  r emo v a l a n d  hand l i ng l ar ge 

par t i a l  f u e l  a s s emb l i e s u n t i l a l l d e br i s  i s  removed  from t h e  

i n t er i or of  t h e  c ore s uppor t s t r uc t ur e . 

P ha s e  I 

A t  t h e  be g i n n i n g of P ha s e  I .  t h e  p l e n um h a s  been  removed  fr om t h e  

reac t o r  a n d  p l a c ed i n  a s ta n d  i n  t h e  d e e p  end  o f  t h e  refue l i ng c a na l . Th e 

I I F is  i n  p l a c e  on  t h e  r eac tor  v e s s e l  f l ange . The  Sh i e l d e d  Suppor t 

S t r uc t ure ma i n  s truc t ure i s  i n s ta l l ed .  c en t ered . and  l e ve l ed .  The  Sh i e l ded 

Wo r k  P l a t f o r m  1 s  a s s emb l ed on s uppor t s t a n d s  on t h e  34 7-f t .  6- i n . e l eva t i on 

a n d  t h e n  h o i s t e d  i n t o  p l ac e  on  t h e  ma i n  s t r uc t u r e . I t s  dr i ve  s y s t em and  

the  c a b l e  ma n a g emen t s y s t em a r e  i n s ta l l ed .  I t s  s er v i c e  p l a t f orm  1 s  t h en 

bo l t e d  i n t o  p l a c e  a n d  f u e l  han d l i n g ope r a t i o n s  c a n  beg i n . P ha s e  I 

opera t i o n s  w i l l  i n c l ude : 

• Rearr ange  debri s or l oad i n t o  d e bri s b uc k e t s  u s i n g l on g  hand l ed 

t oo l s un t i l t h e  s i ng l e  c an i s t e r  pos i t i on i n g s y s t em ( SC P S ) can  be 

i n s t a l l ed. 

• C on t i n u e  t o  r emove or  r ea r r an g e  debr i s  u s i n g S C P S  un t i l t h e  

Vac u um Sys tem and  the  Can i s t e r  Po s i t i on i ng Sys t em c a n  b e  

i n s t a l l ed .  

P ha s e  I I  

P ha s e  I I  b e g i n s  wi t h  i n s t a l l a t i on of t h e  Ca n i s t er Po s i t i on i n g Sys t em . 

f o l l owed b y  t h e  Vac u um Sy s t em . The s i n g l e  c a n i s t er s uppor t  brac k e t  i s  no  

l on g e r  r eq u i r ed .  P ha s e  I I  opera t i on s  i n c l ude : 

• Vac u um f i n e s  and  s ma l l debr i s  d i r ec t l y i n t o  c an i s t er s . 
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• Rearra nge  or remove debr 1 s  t o  a l l ow ac c e s s  t o  vac u uma b l e  d e br1 s .  

• I t e r a t e  a s  requ 1 red u n t 1 1 Man ua l Too l Po s 1 t 1 o n er 1 s  r eq u 1 r e d . 

Pha s e  I I I  

P ha s e  I I I  beg 1 n s  w1 t h  1 n s t a l l a t 1 on o f  t h e  Manua l Too l  P o s 1 t 1 on e r  t o  

a s s 1 s t  l on g  hand l ed t oo l s .  P ha s e  I I I  ope r a t 1 o n s  1 nc l ud e : 

• P 1 c k  up d e br 1 s a n d  l oa d  1 n t o debr 1 s  buc k e t s  w 1 t h 1 n  t h e  r ea c t o r  

ves s e l  c a v 1 t y . 

• Break  up  f u s ed or  bonded  c o r e  c omponen t s  a n d  t r an s f e r t o  f u e l  

c a n 1 s t ers 1 n  t h e  Can 1 s t er P o s 1 t 1 on 1 n g Sys t em . 

• Remo ve par t 1 a l l y  1 n tac t f u e l  as s emb l 1 e s . Th e s e  may e 1 t h er b e  

p l a c e d  1 n  c an 1 s t ers  d 1 r ec t l y  o r  red uc ed t o  a s u 1 t ab l e  f o r m  by  

u s 1 n g t h e  e n d  e f f ec t ors a n d  then  p l ac ed 1 n  f u e l  c an 1 s t er s . 

Th r o u g ho u t  a l l d e f ue l 1 ng pha s e s , f ue l , f 1 l t er . a n d  k n o c k o u t c an 1 s t e r s 

w1 1 1  be removed  and  rep l a c e d  when f u l l .  
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D E FUE L I NG  TOOL SYSTEMS 

T h e  s ta r t of def ue l 1 ng oper a t 1 on s  1 s  s c he d u l ed  f o r  J u l y  1 ,  1 98 5 . The 

defue l 1 n g t o ol s y s t ems w1 1 1  be d e l 1 v e r e d  t o  s uppor t t h e  p l a n n e d  opera t 1 on s  

( s e e  TM I - 2  D e f u e l 1 n g Sec t 1 on ) .  T h e  t o o l s y s t ems 1 nc l ud e : 

• S h 1 e l ded  Wor k  P l a t form  

• S h 1 e l ded  Suppor t S truc t ure 

• Vac u um Sys t em 

• L o n g  Handled Too l s 

• C o n t r ol Sys t em 

• V 1 ew 1 ng  Sys t em 

• Can 1 s t er Po s 1 t 1 on 1 ng Sys t em 

• Ma 1 n t enan c e  S y s tem 

• T e s t A s s embl1 e s  

• E n d  E f f ec t ors 

• Ma n 1 pu l a t or 

• Too l P o s 1 t 1 on 1 ng Sys t em 

• Too l Rac k s  

• S u ppor t Too l s 

• S 1 n g l e  Can 1 s t er Po s 1 t 1 on 1 n g  Sys t em 

T h e  arr a n gemen t and  1 n t erf a c e s  o f  a l l d e f ue l 1 ng e q u 1 pmen t a r e  s h own 1 n  

R e f e r e n c e  1 .  The  reac t o r  d 1 men s 1 on s  a r e  s h own 1 n  R e f e r en c e 2 .  A Oef uel 1 ng 
3 

S y s t em D e s 1 gn Spec 1 f 1 c a t 1 on has  been  wr 1 t t e n  t o  c o v e r  al l t oo l 1 ng .  A l l  

d e f ue l 1 n g t o ol i ng  d e s 1 gn ac t 1 v 1 t 1 e s a r e  ba s ed on  t h e  GPU N u c l ear  Tec hn 1 c al 
4 

S p ec 1 f 1 c a t 1 on Qua l 1 t y req u 1 r emen t s  a r e s pec 1 f 1 ed 1 n  R e f e r e n c e  5 .  To 

e n s ure t h a t  a c omp l e t e tool 1 1 s t  1 s  1 den t 1 f 1 ed ,  d e ta 1 l ed d e f ue l i ng ta s k  
6 

d e s c r 1 p tion s have  been wr 1 t t en . 

D e s c r 1 p t 1 on s  of  eac h of  t h e  t oo l  s y s t ems f o l l ow .  
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Sh i e l de d  Work P l a t f orm 

The  F i na l  D e s i gn  Repor t  f or t h e  S h i e l ded  Work P l a t f orm i s  f o u n d  i n  

Refere n c e 7 .  A s ummary t o o l l i s t  i s  i nc l uded  i n  Tab l e  1 .  T h e  S h i e l de d  

Wor k  P l a t f o r m  ( F i g ure 2 )  p r o v i d e s  a s h i el ded  work area f or t h e  d e f ue l i n g .  a 

s uppo r t f or t h e  Ma n ua l Too l Po s i t i o n er . and  a me t h o d  f or remo v i n g  t h e  

debr i s  c a n i s t er s . The  Sh i e l d e d  Work P l a t f orm i s  c ompri s ed o f  t h e  f o l l owi n g  

maj or c omponen t s : 

• Ma i n  S u p p o r t S truc t ure 

• Long  Hand l ed Too l S l o t  Ran Sys tem 

• S h i e l d i ng P l a t e s  

• Decon tami na t i on S p r a y  S y s t em 

• Ro l l ers A s s emb l y  

• Cab l e  D r i ve System 
• O f f - Ga s  Seal 

• J i b  C r a n e s  

TAB L E  1 .  W B S  7 2 1  SHIELDED WORK PLATFORM TOOL 

Too 1 /Compo n e n  t 

S h i e l de d  Work P l a t f orm 
Ma i n  S u p p o r t S truc t ure 
Sh i e l d i n g P l a t e s  
Cab l e  D r i ve Sys t em 
J i b  C r a n e s  
Brake 

Drawi n g  
N umbe r  

1 7 39E46 
1 7 39E30 
1 7 39 E 30 
1 7 38E 9 1  
1 139 E 46 
1 7 39 E 48 

The ma i n  s upport s truc t ure . s hown i n  Fi g ure 3 .  i s  c o n s truc t e d  o f  

fabri c a t e d  s ta i n l e s s  s t e e l ! -beams . Th e s e  s p ec i a l l y  ma d e  beams a r e  

req u i r ed  t o  mee t s pa c e  c on s tra i n t s  a n d  t o  re s i s t  c orro s i on .  The  c i rc u l a r 

ma i n  s uppor t s t r uc t ure i s  d i v i ded  i n t o  t hree beam a s s emb l i e s t o  permit 

en try i n t o  c o n ta i nmen t :  two 1 40 degree arc s egme n t s  a n d  o n e  c e n t er s up port 

s t r u c t u r e  o f  two 40 d e g r ee arc s e gmen t s  c onnec t e d  by two pa r a l l e l  s t r a i gh t  

beams . The  s tra i g h t  beams are t h e  ma i n  l oad c a r r i ers a n d  f o r m  t h e  s i de s  o f  

t he l on g  hand l ed t o o l  sl o t  ra i l  s y s t em . 
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Figure 2. Shielded work platform. 
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Figure 3 .  Shielded work platform main support structure. 



The  l on g  hand l ed t o o l  s l ot  r a 1 1 s y s t em p r o v 1 d e s  1 1 near  mo t 1 on for t h e  

Ma n ua l  Too l P o s 1 t 1 oner  a n d  t h e  S 1 n g l e Can 1 s t er Suppor t B r ac k e t . T h e  r a11  

s y s t em c o n s 1 s t s o f  two  Thoms on r a 1 l s  s uppor t e d  by c o l umn s bo l t e d  t o  t h e  two 

s t r a 1 g h t  ! - beams . Tw1 n p 1 l l ow b l oc k s  a r e  1 n s ta l l ed on  t h e s e  r a1 l s and  t h ey 

s u p p o r t t h e  S 1 n g l e  Can 1 s t er  Suppor t B r a c k e t  and  t h e  Ma n u a l Too l  P o s 1 t 1 oner . 

S u r f a c e  a n d  ver t 1 c a l  s h 1 e l d 1 n g a r e  u s ed t o  r ed u c e  t h e  r ad 1 a t 1 on dose 

r a t e s . E a c h  h o r 1 zon ta l s ur f a c e  s h 1 e l d 1 n g s ec t 1 on 1 s  c ompr 1 s ed  of two 

3- 1 n . - t h 1 c k  s t a 1 n l e s s  s t ee l p l a t e s . E a c h  s ec t 1 on re s t s  on  t h e  t o p  f l a n g e s  

o f  t h e  beams 1 n  t h e  ma 1 n  s uppor t s t r uc t u r e . Th r e e  r ou n d  por t s  a r e  p r o v 1 ded  

t o  r emov e  the  two  f 1 l t e r  ca n 1 s t e r s a n d  the  f u e l  or  k n o c k o u t  c an 1 s t e r s 1 n  

t h e  Ca n 1 s t e r  P o s 1 t 1 on 1 n g Sy s t em . The  ver t 1 c a l  s h 1 e l d 1 ng 1 s  l oc a t e d  a t  

t h e s e  t h r ee p o r t s  t o  b l oc k  s h 1 n e a s  c an 1 s t e r s a r e  r emoved  f r om t h e  r eac t o r  

ve s s e l . Th e s e  5 - 1 n . - t h 1 c k  p l a t e s  e x t en d  f r om t h e  bo t t om o f  t h e  s ur f a c e  

s h 1 e l d 1 n g t o  a b o u t 2 f t be l ow t h e  wa ter  l e ve l . 

The  d e c o n t am1 na t 1 on s p r ay s y s t em f l u s h e s  r a d 1 oac t 1 ve d e b r 1 s  f r om t h e  

s u r f a c e  o f  t h e  c a n 1 s t er s , end  e f f ec t ors , l on g  h a n d l ed t o o l s ,  a n d  o t her 

e q u 1 pme n t as e a c h  1 t em 1 s  r emoved  f r om t h e  r eac t or v e s s e l . A l l 

c o n s truc t 1 on 1 s  s t a 1 n l e s s  s t ee l t u b 1 n g , f 1 t t 1 ng s , n o z z l e s , a n d  f l e x 1 b l e  

h o s e  ma t e r 1 al .  

Twe n t y  two 5 - 1 n . -d 1 ame t er  r o l l e r s  p r o v 1 de  t h e  r o t a t 1 ona l c a pab1 1 1 t y 

f or t h e  Sh 1 e l d e d  Work P l a tfor m .  A t yp 1 c a l  r o l l er a s s emb l y ,  bo l t e d  t o  t h e  

u n ders 1 d e o f  t h e  ma 1 n  s uppor t s t r uc t u r e , 1 s  s h own 1 n  F 1 g u r e 4 .  T h e  r o l l er s  

a r e  mo u n t e d  o n  s h ou l d e r  bo l t s ( a x l e s ) p r e s s ed 1 n t o  t h e  r o l l er h o u s 1 n g .  

A l s o  s h own 1 n  F 1 g u r e  4 ,  a s e t  o f  c am f o l l ower s  a r e  mou n t e d  o n  t h e  r o l l e r 

c a r r 1 e r s . Th e s e  sma l l er r o l l er s  p r o v 1 d e  t h e  r e s t r a 1 n 1 n g for c e  t o  keep  t h e  

wor k p l a t f o r m  c en t e r e d . 

The  c a b l e  dr1 ve s y s t em ( f 1 g u r e  5 )  r o ta t e s  t h e  S h 1 e l ded  Wo r k  P l a t f orm  

1 80 d e g r e e s  1 n  e 1 t h er d 1 r ec t 1 on f r om a nom1 na l p o s 1 t 1 on at  a s pe e d  be tween 

0 a n d  0 . 3  rpm . Two c a b l e s are a t t a c hed  t o  t h e  Sh 1 e l d ed  Wor k  P l a tform 

2 2 0  d e gre e s  a part ( 4  a n d  8 o'c l oc k  p o s 1 t 1 on s ) .  The s e  c ab l e s l eave  t h e  

S h 1 e l d e d  Wo r k  P l a t f o r m  to  s h eave s mo un t e d  on  t h e  s o u t hwe s t and  s ou t hea s t 
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Figure 5. Shielded work platform drive system. 



c o r n e r s of t h e  Sh 1 e l ded  Suppor t S truc t ure and  then  wr a p  a r o u n d  t h e  d r 1 ve 

d r um .  

R o t a t 1 on  o f  t h e  Sh 1 e l d e d  Wor k  P l a t f o r m  1 s  ac t u a t e d  b y  r otat1ng the 

d r 1 ve d r um ( f 1 g u r e  6 )  wh 1 c h t a k e s  u p  t he c ab l e  1 n  one  d 1 r ec t 1 on a n d  pay s  

o u t  t h e  c a b l e  1 n  t h e  o t h e r . A s e r vomo tor  powe r s t h e  d r 1 ve d r um t h r o u g h  a 

d o u b l e  worm  gear  r ed u c e r . The  gear  r ed u c e r  h a s  two 1 n p u t s ha f t s . o n e  f o r  

t h e  mo t o r  a n d  o n e  f o r  t h e  ma nua l d r 1 ve hand l e .  

A ma n ua l  d 1 s c  b r a k e  ( f 1 g u r e  7 )  s ec u r e s  t h e  S h 1 e l d e d  Wo r k  P l a tform 1n 

t h e  s ta t 1 c  po s 1 t 1 on .  The s k 1 r t  on t h e  S h 1 e l ded  Wor k P l a tform s e r ve s  as t h e  

d 1 s c . T h e  s k 1 r t  a l s o s e r ve s  a s  a man ua l  pos 1 t 1 on 1 nd 1 c a t o r .  T h e  s k1rt has 

degr ee mar k 1 n g s  to 1 n dc a t e angu l a r  p o s 1 t1on r e l a t 1 ve to t h e  1 nd 1 c a t o r  on  

t h e  S h 1 e l ded  Suppor t S t r uc t ur e . 

The o f f -gas  s ea l  m1 n 1 m1 z e s  t h e  s pa c e  be tween t h e  S h 1 e l d e d  Suppor t 

S t r uc t ur e  r a 1 1 a n d  t h e  bo t t om f l an g e  o f  t h e  Sh 1 e l ded  Wor k  P l a tfor m .  Th e 

des 1 gn u s e s  l /8-1 n . - t h 1 c k  p l a t e s  t o  c l o s e  t h e  gap be twe e n  t h e  whee l 

h o u s 1 n g s . t h u s  m1 n 1 m1 z 1 n g  t he a 1 r f l ow between t h e  beams a n d  t h e  r a 1 l s .  

Two j 1 b  c r a nes  a r e  mo u n t e d  on  t h e  Sh 1 e l ded Wor k  P l a t f o r m  t o  a 1 d  t h e  

ope r a t o rs 1 n  ma n 1 p u l a t 1 n g t h e  l ong  hand l ed t oo l s  1 n  t h e  l on g  h a n d l ed t o o l 

s l o t. Th e ma x 1 mum 1 1 f t  o f  t h e  j 1 b c r a nes above  t h e  wor k  p l a t f o r m .  s hown 1 n  

f 1 g u r e  a. 1 s  1 3  f t .  6 - 1 n .  and  t h e  c apac 1 ty 1 s  1 ton . 

S h 1 e l ded  S uppo r t S t r uc t u r e  

T h e  f 1 na l  O e s 1 gn Repor t for the S h 1 e l ded  Suppor t S t r uc t u r e  1 s  fou n d  1 n  

Ref e r e n c e  8 .  A s umma r y  t o o l 1 1 s t  1 s  1 n c l uded  1 n  Tab l e  2. The  S h 1 e l ded  

Suppor t S t r uc t u r e  1 l l u s t r a t ed 1 n  f 1g ure 9 1 s  a rec tang u l ar- s haped  b eam 

s t r uc t u r e  t h a t  c 1 r c ums c r 1 be s  t h e  I n t e r na l s I ndex1 n g  f 1 x t u r e  ( ! I f ) . Th 1 s  

s t r uc t u r e  1 s  s uppor t e d  on  t h e  r efue l 1 n g c ana l f l oor  a n d  ext e n d s  u pwa r d  

appr o x 1 ma t e l y  7 f t  t o  t h e  3 3 1 -ft . 5 - 1 n .  e l eva t 1 on .  The p r 1 ma r y  funct 1 on of  

t h e  S h 1 e l d e d  Suppor t S t r uc t u r e  1 s  t o  s uppor t t h e  S h 1 e l d e d  Wor k  P l a tfo r m. 

The 1 n t er f ace t o  t h e  Sh 1 e l ded  Wor k  P l a t f orm 1 s  a c 1 r c u l a r r a 1 1 { 20 3  1 n .  

d 1 ame ter ) wh 1 c h  1 s  s uppor ted  by an  oc tagona l beam a r r angeme n t.  
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TABLE 2 .  WBS  7 1 1 SH I ELD E D  SUP PORT  STRUCTURE  TOOL L I ST 

Too l /C ompo n e n t 

Sh 1 e l ded Suppor t S t r uc t u r e  
Ma 1 n  S t r uc t u r e  
Suppor t S t r uc t u r e  Ra 1 1 
Ser v 1 ce P l a t f orm 
Ver t 1 c a l  Sh 1 e l d 1 n g 
P 1 p 1 ng 
Off-Ga s Sea l 
Al1 gnmen t S t ud 

D r aw1 ng 
N umbe r  

1 7 38E7 6 
1 7 38E7 3 
1 7 38E37 
1 7 38E7 5 
1 7 38E8 2 
1 7 38E80 
1 7 38E7 4 
1 7 38E36 

The S h 1 e l ded S u ppo r t S t r uc t u r e  a l s o  p r o v 1 d e s  a s t a t 1 on a r y  s e r v 1 ce 

p l a t f o r m  a r ea f o r  t o o l s ta g 1 ng a t  t h e  Sh 1 e l ded  Wor k  P l a t f o r m  e l e va t 1 on . 

P 1 p 1 n g .  o f f -ga s sea l . a n d  s h 1 e l d 1 n g a r e  1 nc l uded  1 n  t h e  Sh 1 e l d e d  Suppo r t 

S t r uc t ur e . The p 1 p 1 ng 1 n c l udes  t h e  DWCS . o f f -g a s  c on t r o l  s y s t em .  a n d  

b u b b l e r s y s t em p1p 1 n g .  The o f f -ga s s ea l  w1 1 1  m1 n 1 m1 z e  t h e  1 n ta k e  f l ow a r ea 

1 n  t h e  Sh 1 e l ded Suppor t S t r uc t u r e  a n d  Sh 1 e l ded  Wor k  P l a t f o r m  r eg1 on . This 

w 1 1 1  e n s u r e  t he o f f-gas  s y s t em 1 s  e f fec t 1 ve 1 n  c on t a 1 n 1 ng f 1 s s 1 on ga s es .  

S h 1 e l d 1 n g p l a tes  a r e  l oc a ted benea t h  t he s e r v 1 ce p l a t f o r m  a n d  a l on g  t he 

n o r t h  end o f  t h e  Sh 1 e l ded Suppor t S t r uc t u r e  t o  r ed uc e  t he r a d 1 a t 1 on l e ve l s  

1 n  o pe r a t o r  wo r k  a r ea s . The Sh 1 e l ded Suppor t S t r uc t u r e  1 s  f a b r 1 c a ted u s 1 n g 

we l d ed  a n d  bo l ted c onnec t 1 on s  s o  t ha t  1 t  c a n  be  t r a n s por t e d  1 n t o t h e  

Reac t o r  B u 1 l d 1 n g t h r ough  t h e  per s onnel  h a t c h . 

Th e S h 1 e l ded S uppor t S t r uc t u r e  1 s  c ompr 1 s ed  o f  6 maj o r  c omponen t s : 

• Ma 1 n  S t r uc t u r e  

• S u p p o r t S t r uc t u r e  Ra 1 1 

• S e r v 1 ce P l a t f orm  

• Ver t 1 c a l  Sh 1 e l d 1 ng 

• P 1 p 1 n g 

• O f f -Ga s Sea l 

The ma 1 n  s t r ucture . s h own on  F 1 g u r e  1 0  1 s  a 1 7 - 1 / 2 f t  x 2 1  f t  x 7 f t  

(he 1 g h t ) a s s emb l y  c ons t r uc ted o f  A STM-A36  l ow c a r bon s tee l c o l umn s . The 
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ma 1 n  s t r uc t u r e  1 s  s u ppor t ed on t h e  r e f ue l 1 n g c a n a l f l oo r  by  f o u r  ver t 1 cal 

co l umn s . Loca t e d  a t  eac h o f  t h e s e  co l umn s 1 s  a l eve l 1 n g j ack a n d  s h i m  

a r r an g eme n t ( F 1 g u r e  1 1 ) t o  l eve l t h e  Sh i e l ded  Suppor t S t r uc t u r e . When used 

w i t h  a l e v e l 1 n g t r a n s i t .  t h 1 s s y s t em can l e ve l t h e  S h i e l d e d  Suppo r t 

S t r uc t u r e t o  w 1 t h 1 n  1 / 1 6  i n .  

The  co l umn s s uppor t a r ectan g u l ar beam str uc t u r e  o f  W27 beams . Th i s  

r ec t a n g u l a r  s t r uc t u r e  p r o v i des  s uppor t f o r  an  oc tagona l beam a r r a y  of Wl 4 

beams. Th i s  beam a r r ay s uppor t s  t h e  c i rcu l a r s uppor t s t r uc t u r e r a i l .  The 

s uppor t s t r uc t u r e  r a i l i s  a 2- i n . - h i gh by 3- i n . -w 1 d e  bar  o f  1 8% n i c k e l  

ma r a g i n g s t ee l ( 200  grade ) .  The b a r  i s  a g e  har d e n e d  t o  ac h i eve  a Rockwe l l  

" C "  h a r d n e s s  o f  4 5 . Th e s uppor t s t r uc t u r e  r a i l wi l l  be  f a b r i c a t e d  i n  four  

s ec t i on s  a n d  bo l ted  t o  t h e  main s t r uc t ur e . The  ma i n  s t r uc t u r e  p r o v 1 d e s  

t h r ee mo u n t i n g b r a c k e t s  f o r  t h e  wor k  p l a t f o r m  d r i ve s y s t em .  a n d  two 

r emovab l e  a l i gnmen t p i n s  t o  aid 1 n  t h e  i n s ta l l a t i on o f  t h e  S h i e l d e d  Wor k  

P l a t f o r m . The s e  p 1 n s  wi l l  be r emoved  a f t e r  t h e  Sh i e l d e d  Wo r k  P l a t f orm i s  

i n s t a l l ed . 

The  s e r v i c e  p l a t f o r m  i s  f i e l d  con n ec t e d  t o  t h e  ma i n  s t r uc t u r e . The 

p r i ma r y  f un c tion of the s e r v i ce p l a t f o r m  ( s h own on  F i g u r e 1 2 )  i s  to pr o v i de  

a s t a g i n g  a r ea f o r  per s onne l and  e q u i pmen t at  the  Sh i e l ded  Wo r k  P l a tfo rm 

e l eva t i on .  The  s er v i ce p l a t f orm  dec k con s i s t s o f  3- i n . - t h i ck car bon s t ee l 

p l a t e s  wh i ch p r o v i de  s h i e l d i ng a n d  1 /4 - i n . - t h i ck s ta i n l e s s  s t e e l d 1 amond  

p l a t e d eck i n g .  Remova b l e  hand r a i l s  are  l oca t e d  on  the  n o r t h  a n d  s ou t h  

s i de s  o f  t h e  s e r v 1 ce p l a t f orm  d ec k . 

A 1 i n. d i ame t e r  p 1 n  and  a n  i n d i ca t o r  a r e  l oca t e d  a t  t h e  0 d e g r e e  

r e f e r e n c e  p o s i t i on on t h e  s e r v i ce p l a t f o r m .  The s e  w i l l  a s s i s t  i n  

p o s i t i on i ng o f  t h e  Sh i e l d ed Wor k  P l a t f or m  i n  t h e  "j o g" mod e . A moun t i ng 

a r ea f o r  t h e  man ua l  brake  p r o v i d e d  by t h e  S h i e l ded  Wo r k  P l a t f o r m  i s  l oc a t e d  

a t  t h e  60  d e g r e e  r e f e r ence pos i t i on . 

T h e  v e r t i ca l  s h i e l d i n g i s  f i e l d  c on n ec t e d  t o  t h e  ma i n  s t r uc t ure . The 

v e r t i c a l  s h i e l ding con s i s t s  of  2 - i n . - t h i c k  ca r bon  s t ee l p l a t e s  on  the nor t h  

s i d e o f  t h e  S h i e l d ed Suppor t S t r uc t u r e . They  e x t e n d  f r om t h e  r efue l i ng 
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Figure 12 . Service platform. 



cana l f l oor  t o  t h e  s e r v 1 c e  p l a t f o r m  deck  l ea v 1 n g  a 1 1 n .  ga p  be twee n  t h e  

p l a t e s  a n d  t h e  c a na l wa l l s .  The  p l a t e s  a r e  b u t t e d  toge t h e r  a t  a s s emb l y  a n d  

h a v e  a ma x 1 mum gap  o f  1 /4 1 n. b e tween  the  p l a t e s . T h e  g a p  h e l p s  t o  

s 1 mp l 1 fy 1 n s ta l l a t 1 on a n d  r emova l o f  t h e  p l a t e s , ye t ma 1 n ta 1 n s a c c e ptab l e  

r ad 1 a t 1 on l ev e l s.  A s pa n n e r  beam o v e r  the  s ea l  p l a t e s uppor t s  t h e  1 n t e r 1 or 

s h 1 e l d 1 n g pane l s .  Th 1 s  beam e l 1 m1 na t e s  any l oad 1 ng of  t h e  s ea l  p l a t e  by  

t r a n sfe r r 1 n g the  l oad  t h r o u g h  the  s panner  beam  t o  t h e  r e f ue l 1 n g c a n a l fl o o r . 

The  o f f - g a s  s ea l  ( f 1 g u r e  1 3 )  m1 n 1 m1 z e s  t h e  a 1 r f l ow g a p s  amo n g  the 

I I F , t h e  S h 1 e l d e d  Suppor t S t r uc t u r e  a n d  t h e  Sh 1 e l ded  Wor k  P l a tfor m .  

M1 n 1 m1 z 1 n g  t h e  g a p s  r ed u c e s  t h e  o ff-ga s b l ower c a pac 1 t y r eq u 1 r emen t s . The  

o f f - g a s  s ea l  c o n s 1 s t s  o f  two  maj o r  c omponen t s : a r o ta t 1 n g u p p e r  s ea l  

a s s emb l y  p r o v 1 d e d  by t h e  S h 1 e l ded  Wo r k  P l a t f or m  and  a s ta t 1 ona r y  l owe r 

s ea l . Th e l owe r s ea l  1 s  f a b r 1 c a t e d  1 n  four  s ec t 1 on s . The  two s ea l s  f o r m  a 

nom1 n a l 1-1/2 1 n. gap  be twee n  t h e  s ea l  and  t h e  I I F and  t h ey p r o v 1 d e  

pene t r a t 1 on s  f o r  a l l  p 1 p 1 n g .  

Th e p 1 p 1 n g 1 s  r o u t e d  f r om 1 n s 1 de t h e  I I F t h r ough  t h e  o f f -ga s s ea l  t o  

t h e  DWC S , t h e  off - g a s  c on t r o l  s y s t em ,  a n d  t h e  bubb l er s y s t em .  F l a n g e d  p 1 pe 

connec t 1 on s  a r e  1 n c o r po r a t e d  1 n t o t h e  p 1 p 1 n g  d e s 1 gn s  t o  f ac 1 1 1 t a t e  Rea c t o r  

B u 1 l d 1 n g hand l 1 n g .  

A t  two s t ud  h o l e  l oc a t 1 on s , s ta 1 n l e s s  s t ee l a l 1 gnme n t s t u d s  w1 1 1  be 

1 n s t a l l ed 1 n  the r eac t o r  v e s s e l  f l ange  to pos 1 t 1 on the S h 1 e l d e d  S u p p o r t 

S t r uc t u r e . The  a l 1 gnme n t s t ud  1 s  1 l l u s t r a ted  1 n  F 1 g u r e  1 4 .  The  s ea l  p l ug 

bo l t s  a t  t h e  two l oc a t 1 o n s  a r e  r emoved  to 1 n s t a l l t h e  a l 1 gnme n t s t u d s . 

Af t e r  t h e  s t u d s  a r e  1 n s t a l l ed ,  t h e  ma 1 n  s t r uc t u r e  can  be l owe r ed 1 n t o p l ac e . 

Vac u um Sys t em 

The  F 1 na l D e s 1 gn R e p o r t for t h e  Vac u um Sys t em 1 s  f ou n d  1 n  

Re f e r e n c e  9 .  A s umma r y  t o o l l 1 s t 1 s  1 n cluded 1 n  Ta b l e  3 .  The  Vac u um 

Sys t em 1 l l u s t r a t e d  1 n  f 1 g u r e  1 5  1 s  u s ed 1 n  t h e  TM I D r y  Def ue l 1 n g S y s t em t o  

r emov e  d ebr 1 s  f r om t h e  TM I - 2 r eac t o r  ve s s e l . T h e  Vac u um Sy s t em c o n s 1 s t s of 

a l on g  hand l ed t o o l ( t h a t 1 nc or por a t e s  the n o z z l e  a s s emb l y ) , t h e  k n o c k o u t  

2 4  
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c a n 1 s t er  a n d  c o up l 1 ng/we 1 gh 1 n g mec ha n 1 s m .  t h e  pump mod u l e. f1 l t e r  

can 1 s t e r s . a n d  t h e  r e q u 1 r ed f l ex1b l e  and  s t a 1 n l e s s  s t ee l p 1 p1ng t o  j o1n t h e  

var 1 ou s  c ompon e n t s  1 n t o a s y s t em .  The  Vac u um Sys t em c ompo n e n t mod u l e s a r e  

po s 1 t 1 oned  benea t h  a n d  s uppor t e d  b y  t h e  Sh 1 e l ded  Wor k  P l a tfor m .  C o n t r o l s 

for  t h e  Vac u um Sys t em a r e  l oc a t e d  o n  top  of t h e  Sh1e l d e d  Wor k  P l a tfor m  a n d  

mon 1 tor  or  c on t r o l  t h e  vac u um1 n g  o p e r a t 1 on ( s ) .  Va l ve a c t ua t o r s  f o r  

c hang 1 n g oper a t 1 n g  mod e s  o f  t h e  vac u um s y s t em a r e  a l s o  l oc a t ed a t  t h e  

p l a t f or m  e l eva t 1 on .  

The vac u um1 n g  ope r a t 1 on c on s 1 s t s of  p r e s en t 1 ng t h e  n o z z l e  t o  t h e  

debr 1 s  bed, whe r eby debr 1 s  1 s  vac u umed u p  t h r ough  t h e  n o zz l e a s s emb l y  a n d  

de l 1 v e r e d  t o  t h e  knoc k o u t c a n1s t e r  wh e r e  debr 1 s  l a r ge r  t h a n  1 30 m1c r o n s  1 s  

t r apped . Debr 1 s  sma l l e r t ha n  1 30 m1 c r on s  pa s s e s  t h r o u g h  t h e  k n o c k o u t  ' 

c an 1 s t e r  a n d  1 s  de l 1 ver ed  t o  t h e  f 1 l t e r  can 1 s t er  whe r e  d e b r 1 s  a s  s ma l l a s  

0 . 5  m1 c r on s  1 s  t r apped . The  eff l uen t f r om t h e  f1 l ter  c a n 1 s t e r  1 s  

d 1 s c ha r ged  1 n t o  t h e  r ea c t o r  v e s s e l . 

L o ng hand l ed t oo l s  a r e  u s ed t o  1 n s ta l l ,  ac t ua t e , ma 1 n ta 1 n ,  o r  s er v 1 c e  

t h e  vac u um s y s t em's c ompon e n t s  a n d  mod u l e s . Th e s e  t oo l s  a r e  t h e  Ma n ua l l y  

Oper a t ed  Gr a p p l e  ( s h own 1 n  f 1 g u r e  1 6 ) , t h e  D 1 s c onnec t Too l  ( s h own 1 n  

f 1 gu r e  1 7 ) . and  t h e  H o s e  Hand l 1 ng Too l  ( s hown 1 n  f 1 gu r e  1 8 ) . 

TABLE 3 .  WBS 4 1 2  VACUUM SYS T E M  TOOL L I ST 

Too l /Compo n e n t 

Nozz l e A s s emb l y  Modu l e  
P ump A s s emb l y  Modu l e  
Knoc k o u t Can 1 s t e r  C o n n e c t 

A s s emb l y Mod u l e  
Knoc k o u t Can 1 s t e r  I n t e r na l s  
F 1 l t e r  Can 1 s t e r  A s s emb l y  Mod u l e  
S u p p o r t Too l 1 n g :  

Man ua l l y  Oper a t ed Grapp l e  
Too l 
H o s e  Hand l 1 n g Too l 
D 1 s c on n e c t Too l  

2 8  

D r aw1 n g  
N umbe r  

1 7 34£ 5 6  
1 7 3 5 £ 2 1  
1 7 34 £ 5 6  

1 7 3 5 £ 36 
1 7 34£ 5 6  

1 7 3 5 £ 1 1 

1 7 3 5 £ 0 6  
1 7 3 5 £ 3 1  
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Pu l l  Rod 

Expand i ng
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Socket N u t  D river 

Fi g u r e  1 7. Discon n ect t o o l . 
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Long Hand l ed Too l s  

The F i n a l Oes 1 gn  Rep o r t f or t he Long Hand l ed Too l s  1 s  f ou n d  1n 

Refer en ce 1 0. A s umma r y  t o o l 1 1 s t  1 s  1 nc l uded  1 n  Tab l e  4 .  The l on g  

hand l ed t oo l s w 1 1 1  be  u s ed f o r  1 1 m1 ted p 1 c k  and  p l ac e  o per a t1on s a n d  m1 n o r  

c u t t 1 n g o f  d e br 1 s .  T h e  o pe r a tor  w1 1 1 u s e  the t oo l s  thr o u g h  the t o o l s l o t 

1 n  t he Sh 1 e l d e d  Wor k  P l a t f o r m. The  t oo l s  w1 1 1  be s uppor t e d  by  a n  over head  

c r an e  t ha t  a l s o  p r o v 1 d e s  ver t 1 c a l  a n d  l a t e r a l mo t 1 on. The wor k 1 n g por t 1 on 

( en d  e ffec t o r ) of  eac h t o o l may be  s t ored  1 n  a too l r a c k  l oc a t ed under  the 

Sh 1 e l d e d  Wor k  P l a tform  or  1 n  a r a c k  o u t  of the vess e l .  A c ommon han d l 1 ng 

s ec t 1 on w1 1 1  c o up l e  r emo t e l y  t o  each end eff e c tor  t o  f o r m  the c omple t e d  

t oo l . 

A l l end  e f f ec t o r s w1 1 1  be a t tac hed to  the E n d  Effe c t o r  Hand l 1 ng Too l 

u s 1 n g r emo t e  bo l t s and  h y d r a u l 1 c  q u 1 c k  d 1 s c onnec t s . The  q u 1 c k  d 1 s c onnec t s  

a r e  c omme r c 1 a l l y  a v a 1 l a b l e  1 n  Type 304  S t a 1 n l e s s  S t ee l , a n d  a r e  mod 1 f1 ed b y  

r emov 1 n g t h e  s e l f - l oc k 1 ng r 1 n g por t 1 on .  T h e  c onnec t 1 on 1 s  made when t h e  

sw1 n g  bo l t s a r e  t 1 g h t ened  t o  t h e  ma s t  f l ange. Loca t 1 n g p 1 n s  a r e  u s ed t o  

en s u r e  t h a t  t h e  hyd r a u l 1 c  c onnec t 1 on s  a r e  a l 1 gned pr 1 o r t o  c onnec t 1 on. 

Heavy O u ty Too l s 

E n d  E f f ec t o r  Hand l 1 ng Too l .  A l ong hand l ed po l e  o r  E n d  E f f e c t o r  

Hand l 1 n g Too l 1 l l u s t r a ted  1 n  F 1 gu r e  1 9  1 s  u s ed to  pos1 t 1 on and  oper a t e  t h e  

var 1 o u s  e n d  e ffec t o r s fr om t h e  S h 1 e l ded Wor k  P l a tform. The h1gh p r e s s u r e  

1 1 ne s  u s ed t o  ac t ua t e  t h e  e n d  effec t o r s r un 1 ns1 de t h e  p o l e  t o  p r o t e c t t h em 

f r om damage . The  po l e  1 s  d e s 1 gned  f o r  a 2 , 000 l b  ten s 1 on l oa d  a n d  a 1 3 5 l b  

l a t e r a l l oad. 

The  po l e  1 s  s egmen t e d  1 n t o two 1 5  ft  s ec t1ons and  one  1 f t  sec t 1 on s o  

t ha t  1 t  may b e  u s ed 1 n  e 1 t h e r  a 30 o r  37 f t  l en g t h. Th e 3 0  f t  l en g t h  w1 1 1  

be u s ed t o  wo r k  on  t h e  upper  ha l f  of the  c o r e  and t h e  3 7  ft  l en g t h  w1 1 1  b e  

u s ed on  t h e  l ower ha l f. Th e po l e  s ec t 1 on s  ar e  a t tac h e d  t o  eac h o t he r  u s 1 n g  

remo tel y c on nec t e d  bo l t s a n d  q u 1 c k  d 1 s c onnec t hydrau l 1 c  f 1 t t 1 ng s  w1t h  t h e  

se l f - l oc k 1 n g r 1 ng por t 1 on s  r emoved. Loca t 1 ng p 1 n s  a r e  u sed t o  en s ur e  t h a t 
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t h e  h y d r a u l 1 c  f 1 t t 1 ng s  a r e  a l 1 gned p r 1 or t o  c onnec t 1 on .  Th e p o l e  s ec t 1 on s  

w1 1 1  have  ho l e s d r 1 l l ed 1 n  t h em t o  r ed u c e  b uoyanc y p r o b l ems . The  to t a l 

we i gh t  of  t h e  l ong  h a n d l ed po l e  w1 t h  an e n d  e f f ec t o r  a t t a c h e d  1 s  

appr o x i ma t e l y  2 7 0  l b .  

lh r ee P o 1 n t  Gr 1 ppe r . The Th r ee P o 1 n t  Gr 1 pper 1 l l u s t r a t e d  1 n  F 1 gu r e  20  

w1 1 1  p 1 c k  up  s ma l l obj ec t s  f r om t h e  d e b r 1 s p 1 l e  f or t r ans f e r  to  a f uel 

can1 s t er . Ma x 1 mum obj ec t s 1 ze 1 s  5 i n .  and expec t e d  pay l oa d  1 s  20 l b .  

F o u r  Po i nt Gr 1 pper (S tap l e  P u l l e r) . The  F ou r  P o i n t  Gr 1 p p e r  ( s tap l e  

p u l l e r ) i l l u s t r a t e d  1 n  F i gu r e  2 1  wi l l  p i c k  up  s i ng l e ,  r e g u l a r l y  o r  

i r r eg u l a r l y- s haped , obj ec t s  f r om t h e  debr 1 s  p1 l e  f or tr ans f e r  t o  a f u el 

can i s t e r . Mor e t h a n  o n e  s i z e wi l l  be b u i l t  w 1 t h  var 1 ou s  w 1 d t h  j aw s  f o r  

var 1 o u s  s i zed  objec t s . T h e  t oo l  w1 1 1  be e f f ec t 1 ve f o r  h and l 1 ng 1 /4 - to 

3- l /2-1 n . -d 1 ame t e r  obj e c ts . 

Gr app l e .  A Grapp l e  1 l l u s t r a t e d  i n  Fi g u r e  22 wi l l  b e  u s ed t o  1 1 f t 

1 r r eg u l a r p 1 ec e s , e s pec 1 a l l y  e n d  f 1 t t i ng s a n d  s p i d er s . 

S i ng l e Rod  Shea r s (Ho r i z on t a l and Ver t i c a l ) .  The S 1 ng l e  R o d  S h e a r s  

i l l u s t r a t e d  1 n  Figur e 2 3  wi l l  be  a s c i s s or - type t oo l  ma d e  f r om A I S I  S l  t oo l  

s t ee l capab l e  o f  cu t tin g one t o  two f u e l  r od s  a t  one t 1 me .  The  s ta t i ona r y  

b l a d e  can b e  wed ged be tween t h e  f u e l  r od s  1 n  an a s s emb l y .  The  mov 1 ng b l a d e  

i s  h o o k e d  t o  keep it  f r om s l 1 pp 1 ng away f r om t h e  a s s emb l y .  I t  i s  p owe r e d  

by  a d o u b l e-a c t i n g c y l i nder  and c an pr oduc e a 5 , 000 l b  s h ea r  f o r c e  a t  

1 500  p s 1 hyd r a u l 1 c p r e s s u r e . By  r emo v i ng two p i ns , t h e  b l a d e s  c an b e  

ea s 1 l y  r emo ved  a n d  r ep l a c e d . L e f t and r 1 gh t  h a n d e d  s he a r  b l a d e s  wi l l  be  

a va 1 l ab l e .  The  s h ear s 1 nc o r po r a t e  d e s 1 gn pa r ame t e r s ba s e d  on r e s u l t s  f r om 

t h e  s h ear  p r o o f  of  p r 1 nc i p l e  t e s t s . 

Par t 1 ng Wedge. The  hyd r a u l 1 c  Par t i n g Wedge  1 l l u s t r a t ed 1 n  F i gu r e 24  

is  u s ed t o  s epar a t e a n d  f r a c t u r e  ma t e r 1 a l . A t  2000  p s i h y d r a u l 1 c  p r e s s ur e ,  

i t  c a n  a pp l y  a f orce o f  5 0 0  l b  a t  t h e  end of  1 t s a r ms . Th 1 s  c a p a c 1 ty w 1 1 1  

be ver1f1 ed by t e s t i ng .  I t  c ons 1 s t s  o f  a s i ng l e-ac t i ng h yd r a u l i c  c y l i n d e r  

a n d  two 8 - i n . - l ong s p r ea d i ng a r ms . T h e  arms c an s p r ead  open t o  7 - 1 /4 i n .  
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Figure 20. Three point gripper. 
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Fi g ure 21. Four p oi nt grip p er. 
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Fig ure 23. Si ngle rod shears. 

38 



766673-48 

Figure 24. Parting wedge. 
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When  c l o s ed ,  t h e  wedge c a n  f1 t 1 n s 1 de a 1 - 1 /4 1 n. x 2 1 n. ho l e. Th 1 s  1 s  a 

commer c 1 a l l y  a va 1 l ab l e  1 t em wh 1 ch 1 s  mod1 f1 ed to 1 ncrea s e  s pr ead1 ng forc e 

by r ed u c 1 ng t h e  a r m  l en g t h  fr om 1 4-5/8 to 1 1 -5/8 1 n. 

L 1gh twe 1 gh t  Tools 

The 1 1 gh twe1 gh t t oo l s w1 1 1  be mounted on a l um1 num c on d u 1 t c oup l ed 

toge t h e r  1 n  s ec t 1 on s . The s e  t oo l s c a n  be manua l l y ope r a t e d  w1 th or w1 t hou t 

u s 1 ng t h e  c r an e . They have  been  f ound to be  v e r y  u s e f u l  1 n  uns t r uctu r e d  

und e r wa t e r  oper at1 o n s . 

V 1 s e  Gr 1 ps . Sever a l  c onf1 gur a t 1 ons  and  typ e s  of r emo t e l y  opera t e d  

V1 s e  Gr 1 p s 1 l l u s t r ated 1 n  F 1 gu r e  2 5  w1 1 1  be  u s ed f o r  v a r 1 ou s  oper a t 1 o n s .  

A l l u s e  a doub l e -ac t 1 n g c y l 1 nder.  Vert1 c a l l y  and  hor 1 z o n t a l l y  o r 1 e n t e d  

v 1 s e  g r 1 p s w1 t h  standa r d , need l e  n o s e , a n d  t u be gr 1 pper  e n d s  a r e  among t h e  

op t 1 on s  be 1 ng c o n s 1 de r e d . 

Bo l t  C u t t e r s . The Bo l t  C u t t e r s 1 l l u s t r a ted  1 n  F 1 gu r e  26 w1 1 1  b e  u s ed 

for  var 1 ou s  1 1 gh t  d u t y  c u t t 1 ng ope r a t 1 ons . I n t e r c hangeab l e  c u t t 1 ng h ea d s  

a r e  ava 1 l ab l e. The s e  t oo l s w1 l l  be  c a pab l e  of c u t t 1 ng h o r 1 zon t a l l y  and  

ve r t 1 c a l l y .  The c ut t 1 n g fo r c e  1 s  expec ted t o  be  1n  the 1 500  t o  1 80 0  l b  

range . 

Hook  Too l s .  Var 1 ou s  s 1 ze Hook Too l s  1 1 1 u s t r a ted  1 n  F 1 gu r e 2 7  w1 1 1  be  

u s ed t o  1 1 ft  and  mo ve d e br 1 s ,  hoses , and  c ab l e s . Capac 1 t y 1 s  50  l b. 

Soc ke t  Wr enc h. The  Soc k e t Wr enc h 1 l l u s t r a ted  1 n  F 1 gur e 28 1 s  a l on g  

hand l ed t o o l u s ed to c onnec t and  d 1 s c onnec t end  e f f ec t o r s a n d  E n d  Effec tor 

Hand 1 1 ng Too l po l e  s ect 1 o n s . 

Long Hand l ed Too l S uppo r t Egu 1 pmen t  

The s uppor t e q u 1 pment f o r  Long Hand l ed Too l s  has  n o t  been  1 n c l ud e d  1 n  

any pr e l 1 m1 n a r y  or  f1 na l d e s 1 gn pac kage s . Th 1 s  equ1 pmen t h a s  been  

d 1 s c u s s ed 1 n f orma l l y  w1 t h  GPU  Nuc l ea r  per s onne l and  are  1 nc l uded  1 n  t h e  
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F ig u r e  25. V ise g r i p s . 
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Fig ure 26. Bolt c ut t ers. 
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Fi g u r e  27. Hook t ools. 
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Figure 28. Socket wrench. 
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Ta s k  D e s c r i p t i on Doc umen t
6

. The e xa c t t o o l l i s t wi l l  be  d e t e r mi ned  a f t e r  

r e s o l u t i on o f  t h e  Ta s k  De s c r i p t i on doc umen t . 

D i s po s a b l e  D e b r i s  B u c ke t s . Two t y p e s  o f  d i s po s a b l e  d e b r i s  b u c k e t s  

( F i gu r e  29 ) w i l l  be p r o v i ded: The  Top Load i ng Debr i s  B u c k e t  and S i de 

Load i ng D e b r i s  Buc ke t . The  pur po s e  o f  t h e  d e b r i s  buc k e t s  a r e  to c onf i g u r e  

t h e  d e b r i s  b e f ore i t  i s  i ns e r t e d  i n t o  t h e  f u e l  c ani s t e r . t o  ma x i mi ze t h e  

pac k i ng d ens i t y i n  a c ani s t er ,  and t o  e l i mi na t e  many 1 0- f t ver t i c a l  t r i p s 

t o  l oa d  s ma l l p i ec e s  of  debris . B o t h  t y p e s  a r e  c ons t r uc t e d  o f  300  s e r i e s 

s t a i n l e s s  s t e e l  s h e e t  me ta l and a r e  d e s i gned t o  f i t i n t o  t h e  f ue l  

cani s t e r s . The  t o p  l oad i ng d i s p o s a b l e  d e b r i s  b u c k e t i s  l oa d e d  i n  t h e  

v er t i c a l  po s i t i on and ha s a h i nged  l i d  o n  t o p  wh i c h  l a t c h e s  c l o s ed t o  

p r e v en t  a c c i d e n ta l s p i l l age . L i f t i ng l ug s  a r e  moun t e d  o n  t h e  s i de s  f o r  

s t ack i ng i ns i d e t h e  f u e l  cani s te r . 

The  d i s po sab l e  S i d e  Load i ng D e b r i s  B u c k e t i s  l oaded  i n  t h e  h o r i zontal 

po s i t i on and h a s  a h i nged l i d on t h e  s i d e wh i c h  l a t c h e s  c l o s ed t o  pr even t 

a c c i d en t a l s p i l l age . A l i f t i ng ba i l i s  moun t e d  on t h e  b u c k e t  and may be  

rece s s ed in  the  t op f o r  s t ac k i ng i ns i de the  f u e l c ani s t e r . 

R e u s a b l e  Debri s Buc ke t . The  R e u s a b l e  D e b r i s  B u c k e t  i l l u s t r a t ed i n  

F i g u r e 3 0  i s  a s h ee t me ta l conta i ne r  de s i gned  t o  t r an s p o r t d e b r i s  and 

d e p o s i t  i t  i n t o  t h e  f u e l  c ani s t e r . I t  h a s  a r emo t e l y  ope r a t e d  t r a p  door on 

t h e  b o ttom f or un l oa d i ng i nto t h e  f ue l  c an i s t e r . The  r e u s ab l e  d e br i s 

b u c k e t  w i l l  f i t i n t o  t h e  f uel c ani s t er s . 

Debri s B u c k e t  F unne l . The D e b r i s  B u c k e t  F unne l i l l u s t r a t e d  i n  

f i g u r e  3 0  i s  a 300  Ser i e s S t a i n l e s s S t e e l s h ee t  me ta l f unne l wh i c h f i t s  

i n t o  t h e  d e b r i s  buc ke t s . I t s f unc t i on i s  t o  a i d i n  d i r ec t i ng t h e  debr i s  

i n t o  t h e  d e b r i s  b u c ke t s . 

End f i t t i ng W i r e  S t o r age Ba s ke t . The  End F i t ting W i r e  S t or age  Bac k e t  

i l l u s t r a t e d  i n  f i gure 3 0  i s  u s e d  t o  h o l d  end f i t t i ngs  wh i c h may no t f i t 

i n t o  t h e  f ue l  c ani s t er . The capac i t y i s  4 2  end f i t t i ngs  wh i c h c o r r e s pond s 

t o  a we i gh t  c a pac i t y o f  1 000  l b .  I t  may be  mo un t e d  on t h e  ba f f l e  p l a t e s  or  

be  s e t  on  the  debr i s  bed . 
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Figure 29. Disposable debris bucket . 
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End Fitting Wire Storage Basket 

F ig u r e  30. Re u sab l e debr i s  bu cke t, debr i s  b u cket fu n n e l ,  a nd e n d  f i ttin g 
wir e  s to r a g e  b aske t . 

47 



Debris B u c k e t  Hand l ing Too l .  The Debris Buc k e t  Han d l in g  Too l 

i l l u s t r a ted  in Figure 3 1  is  u s ed t o  move the  top  and  s id e  l oa d 1 n g  

d 1 s posab l e  debr 1 s b uc ke t s  by  hook 1 ng onto t h e  1 1 ft1 n g  l ug s .  

Debr 1 s  B u c k e t  S ta n d s .  T h e  Debris Buc ke t S ta n d s  i l l u s tra t e d  1 n  

F 1 g ure 3 2  are u s ed t o  h o l d  t h e  d e br1 s buc ke t s  wh 1 l e  t h e y  are be1 n g  f 1 l l ed. 

They  w1 1 1  be  e q u 1 pped  w 1 t h  r emote l y  adj u s tab l e  l eve l 1 ng f e e t  s o  t h a t t h ey 

may be  p l ac ed near  t h e  wor k  a r ea. S tands  w1 1 1  be pr o v 1 d e d  f or top l oa d 1 n g  

and  s 1 de l oa d 1 n g  debr 1 s  b u c k e t s. T h e  s1d e  l oad 1 ng debr 1 s  b u c k e t  s ta n d  w1 1 1  

have a h 1 nged  s 1 de wh 1 c h may be  l a t c hed open and  c l o s ed. Th 1 s  w1 1 1  a l l ow 

t h e  debr 1 s  buc k e t  t o  be  h e l d  f 1 r m l y wh 1 l e  1 t  1 s  be 1 n g l oa d e d  a n d  w1 1 1  a l l ow 

t he b u c k e t  t o  be ea s 1 l y  r emoved when f u l l . 

TABLE 4 .  WBS 5 1 4  LONG HAN D L E D TOOLS L I ST 

Too l/Componen t 

E n d  E f f ec t o r  Han d l 1 ng Too l  
Th r ee P o 1 n t  Gr 1 pper  
F o u r  P o 1 n t  Gr 1 pper  
Grapp l e  
S i n g l e  Rod  Shea r s  

Par  t 1  n g  Wedge 
V1 s e  Gr i p s 
B o l t C u t t e r s  
Hoo k  Too l s  
Soc k e t  Wr e n c h 
D i s po s a b l e  Debr 1 s  B u c k e t s  
R e u s a b l e  Debr 1 s  B u c k e t  
Debr 1 s  B u c k e t  F un n e l 
E n d  F 1 t t 1 n g W 1 r e  Sto r age  Ba s k e t  
Debr 1 s  B u c ket Hand l 1 ng Too l  
Debr i s  B u c k e t  Sta n d s  

Con tro l Sys t em 

Draw1 ng 
N umber 

1 77 3f26 
1 77 3f45 
1 7 7 3[ 49 
1 773f09 
1 77 5f59 & 
1 774f53 
1 77 3f28 
1 773[ 36 
1 770f 4 1  
1 77 3f 39 
1 77 3f 39 

The F 1 na l  D e s i gn Repor t f or t h e  Con tro l Sys t em i s  f ou n d  1 n  

Ref e r e n c e  1 1 . A s umma r y  t o o l  l i s t  1 s  1 nc l uded  i n  Tab l e  5 .  The  Con tro l 
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Figure 31. Debris bucket handling tool. 
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Figure 32. Debris buck et stand. 
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S y s t em c ons 1 s t s  o f  t h e  e l ec t r 1 c a l . h y d r a u l 1 c .  and a 1 r d 1 s t r 1 b u t 1 on s y s t ems 

f o r  t h e  d e f u e l 1 ng equ 1 pment . The C on t r o l  S y s t em 1 s  ma d e  up of  t h e  

f o l l ow 1 ng : 

• E l ec t r 1 c a l  Powe r and C on t r o l  E q u 1 pmen t 

• Hyd r a u l 1 c  Powe r and C on t r o l  E q u 1 pmen t 

• A 1 r S upp l y and C on t r o l  E q u 1 pmen t 

• V 1 ew 1 n g  S y s t em 

• C a b l e  Ma nagemen t Sys t em 

The  c on t r o l  s y s t em s uppor t s  a l l d e f ue l 1 ng pha s es. 

TAB L E  5 .  WBS  5 6 1 . 5 6 4  CONTROL SYSTE M TOOL L I S T  

Too l /C omponen t 

C o n t r o l  Sys t em 
C on t r o l  C on s o l e  
Cab l e Manageme n t  

D r aw1 ng 
N umber 

1 7 38 [ 4 8  
1 7 38[ 4 1  
1 7 39 [ 8 5  

T h e  P&I O Gen e r a l  Ar r ang emen t d r aw 1 ng f o r  t h e  c on t r o l  s y s t em 1 s  s h own 

1 n  F 1 g u r e 33 . The f 1 g u r e  dep1 c t s t h e  f l ow of e l ec t r 1 c a l . hyd r a u l 1 c .  and  

pne uma t 1 c  powe r f r om the  GPU  Nuc l ea r  s 1 t e - s upp l 1 ed s e r v 1 c e s . The  f 1 gur e 

s h ow s  s c h ema t 1 c a l l y  a l l t h e  cab l e  r o u t 1 ng t o  t h e  var 1 o u s  t oo l s o r  

1 ns t r umen t a t 1 on .  T h e  r equ 1 r ed s 1 t e s upp l 1 ed s e r v 1 c e s  a r e : 

E l ec t r 1 c a l : 

A 1 r :  

Q t y . ( 2 )  480 V .  3 • 60A 1 n  t h e  Reac t o r  B u 1 l d 1 ng 

Q t y . ( 1 ) 480V . 3 • l OOA 1 n  t h e  Reac t o r  B u 1 l d 1 ng 

Q t y . ( 1 ) 480 V . 3 • 30A o u t s 1 d e t h e  Reac t o r  B u 1 l d 1 ng 

1 00 S C F M  a t  9 0  p s 1 1 n  t h e  Reac t o r  B u 1 l d 1 ng 

E l ec t r 1 c a l  P owe r and C on t r o l  Equ 1 pmen t 

T h e  E l e c t r 1 c  Powe r 0 1 s t r 1 b u t 1 on C en t e r  c ons 1 s t s  o f  a N E MA Type 1 2  

enc l o s u r e  and a 30 KVA powe r t r ans f o r me r . A l l o f  t h e  r eq u 1 r ed vo l tages  a r e  
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d e r 1 v e d  f r om t h r ee 480V . 3 Pha s e  f eeder  1 1 ne s s upp l 1 ed f r om t h e  GPU Nuc l ea r  

s y s t em .  A s 1 ng l e  1 1 ne power d 1 s t r 1 b u t 1 on ne twor k 1 s  1 l l u s t r a t e d  1 n  

F 1 gu r e  34 . E a c h  enc l o s u r e  1 n  t h e  p ower d 1 s t r 1 bu t 1 on c en t e r  w 1 1 1  be 

g r o und ed  by  mea n s  of  a g r o und 1 ng ne twor k .  

The  30  KVA  Tr ans f or mer  s hown 1 n  f 1 g u r e  3 5  s t e p s  d own 480V . 3 Phas e .  

6 0  H Z  t o  208V . 3 Pha s e . and 1 20 V . S 1 ng l e  P ha s e . The  1 20V . S i ng l e  P ha s e  

l oa d s  a r e  s up p l i ed w1 t h  g r o und f a u l t c 1 r c u i t br eak e r s .  

The  Ma 1 n  C ont r o l  C ons o l e  s h own 1 n  f 1 gu r e  36 wi l l  c onta 1 n  t h e  

mon i t o r 1 ng and c ont r o l  s y s t ems f o r  t h e  Vac u um Sys t em and t h e  Sh i e l d ed Wor k  

P l a t f o r m .  A g ener a l  1 n t erna l  pane l a r r angemen t f o r  t h 1 s c ons o l e  1 s  s hown 

i n  f 1 g u r e  36 . E l ec t r 1 c a l  power ( 1 20 VAC ) w i l l  be  c onnec t e d  t o  t e r m 1 na l  

b l oc k s  1 n  t h e  c a b 1 ne t  and d 1 s t r 1 b u t e d  t o  i nd i v 1 d ua l c omponent s i f  r e q u i r e d . 

The  Va c u um Sy s t em c on t r o l  h a r dwa r e  i l l u s t r a t e d  1 n  f 1 g u r e  3 7  c on s 1 s t s 

o f  t h e  pr o c e s s  mon1 t or s . c an1 s t e r  we i gh i ng moni t or s .  and t h e  a 1 r  p r e s s u r e  

r eg u l a t or . They  a r e  i n  a j unc t 1 on b o x  nea r  t h e  Va c u um Sys t em and w1 r ed t o  

t h e  Ma 1 n  Cont r o l  Con s o l e .  An e l ec t r i c a l l y  a c t ua t ed  a 1 r r egu l a t i on v a l ve 

w 1 1 1  b e  1 ns t a l l ed 1 n  the Vac uum S y s t em a 1 r s upp l y  1 1 ne . f ou r  p r e s s u r e  

t r an s m i t t e r s moni tor  t h e  pr e s s u r e  d r op ac r o s s  t h e  kno c k o u t  c an1 s te r  and t h e  

two f 1 l t e r  c an i s t er s . and t h e  bac k f l u s h  p r e s s u r e . A h i gh p r e s s ur e  ( over  

40  P S I G )  c ond i t 1 on in  e i t h e r  of the  f i l t e r  c an1 s t e r s w i l l  c a u s e  an a l a r m .  

T h e  a l a r m  w i l l  b e  v i s ua l  and . i f  nec e s s a r y . may a l s o  be  a ud i o .  A f l ow 

me t e r  mo un t e d  on t h e  s uc t i on s 1 de o f  t h e  Vac u um Sy s t em w1 1 1  c a u s e  an a l a r m  

f o r  l ow f l ow d u r 1 ng vac u um1 ng ope r a t i ons . The l ow f l ow 1 nd 1 c a t e s  a c l og 1 n  

t h e  s y s t em o r  a l a r ge pr e s s ur e  d r op a c r o s s  t h e  f 1 l t e r s .  The c an 1 s t er  

we 1 g h 1 ng s y s t em c o n s 1 s t s of  tens 1 on l oad  c e l l s  moun t e d  1n a hang 1 ng 

a s s emb l y  wh 1 c h s uppor t s  t h e  cani s t e r s . A l a r ms w 1 1 1  b e  pr ogr ammed f or a 

h 1 gh s e t  p o 1 nt t o  1 nd 1 c a t e  a f u l l y  l oaded  c an1 s t e r . The  l oad  c e l l d i s p l a y s  

w i l l  b e  s eg r ega t e d  f r om t h e  p r oc e s s d i s p l ay s  o n  t h e  pane l f o r  ea s y  

r ec ogn1 t 1 on .  

The  S h i e l ded  Wor k  P l a t f orm d r 1 ve 1 s  a c l o s ed l oop  d e  s e r vomo t or w1 t h  a 

t a c h ome t e r . I t  w1 1 1  be c on t r o l l ed 1 n  a s e r vomo t o r  l oo p  u s 1 ng t h e  
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tac h ome t e r  t o  c l o s e  t h e  l oo p . The  s peed  c ontr o l  1 s  a s ma l l d e  p ower s upp l y  

a t t enua t e d  t h r o u g h  a panel -mo un t e d  p o t ent 1 ome t e r . A key  s w 1 t c h  o n  t h e  

f r on t  panel ( F 1 g u r e  36 ) w1 1 1  ena b l e  t h e  amp 1 1 f 1 e r .  When t h e  Sh 1 e l d e d  Wor k 

P l a t f or m  move s , wa rn1 ng 1 1 gh t s  w 1 1 1  f l a s h . 

Hyd r a u 1 1 c  P ower and C on t r ol Equ 1 pmen t 

The  h y d r a u 1 1 c  s y s t em c ons 1 s t s o f  a pump , r e s er vo 1 r ,  and nec e s s a r y  h 1 gh 

t emp er a t u r e  and l ow- l eve l 1 ns t r umen t a t 1 on .  The s y s t em d o e s  no t r eq u 1 r e  

c oo 1 1 ng wa t e r . The  h y d r a u 1 1 c  p owe r s upp l y  w1 1 1  b e  d r 1 ven b y  an 1 nd u c t 1 on 

mo t o r . The  hyd r a u 1 1 c  powe r s y s t em w1 1 1  p r ov 1 de t h e  hyd r a u 1 1 c  p owe r f o r  t h e  

End E f f e c t o r s and L ong Handl e d  Too l s .  Th e hyd r a u 1 1 c  powe r s u pp l y  wa s s 1 z e d  

t o  p r o v 1 d e eno ugh  c apac 1 t y f o r  two h e a v y  d u ty End E f f e c t o r s a t  t h e  s ame 

t 1 me .  The  two End E f f e c t o r s r eq u 1 r e  up to 1 6  gpm a t  2000 p s 1  h yd r a u 1 1 c  

f l u 1 d s upp l y .  The s e  End E f f e c t o r s a r e  manua l l y c on t r o l l e d  f r om t h e  l oc al 

s e r v 1 c e  pane l . The  End E f f e c t o r  hyd r a u 1 1 c  h o s e s  w1 1 1  be  c a r r 1 ed on t o  t h e  

S h 1 e l de d  Wor k Pl a t f or m  b y  t h e  power t r ac k  d e s c r 1 bed unde r  c ab l e  mana g emen t .  

A 1 r Supp l y  and C on t r o l  Egu 1 pmen t 

The a 1 r  s u pp l y  1 s  f or t h e  Vac u um Sys t em pump . The  r e q u 1 r emen t s  a r e  

9 0  p s 1  a t  1 00 SC F M . The  a 1 r  s upp 1 1 ed t h r ough  a l - 1 n .  I D  h o s e  1 s  c ar r 1 ed 

on t o  t h e  Sh 1 e l ded  Wor k P l a t f o r m  by t h e  power t r a c k  d e s c r 1 bed  unde r  c ab l e  

mana gemen t . 

V 1 ew 1 ng Sys t em 

The V 1 ew1 ng S y s t em w 1 1 1  u s e  t h e  P l enum As s emb l y  Remova l ( PA R ) 

1 ns pec t 1 on e q u 1 pmen t . w 1 t h  t h e  a d d 1 t 1 on of two H o f f man b o x e s  ( F 1 g u r e  38 ) 

c onta 1 n 1 ng t h e  Var 1 ac s  f o r  t h e  poo l 1 1 gh t s . The PAR  equ 1 pmen t w1 1 1  b e  

l oc a t e d  o n  t h e  33 1 - f t ,  6- 1 n .  e l e va t 1 on .  Th 1 s  s y s t em 1 ncl u d e s  two c a b 1 ne t s  

t h a t  c on t a 1 n  t h e  c ame r a  c on t r o l  un1 t s  and l oc a l  v 1 deo  mon1 t o r s . Th 1 s  

s y s t em 1 s  t 1 ed 1 n t o  t h e  TM I - 2  c oo r d 1 na t 1 on c enter . The  en t 1 r e  s y s t em w1 1 1  

c ons 1 s t  o f  f 1 ve c ame r a  c on t r o l  un1 t s , s 1 x  9 - 1 n .  mon1 t o r s and an a ud 1 o  ba s e  

r epea t er s t a t 1 on f o r  c ommun1 c a t 1 on w1 t h  t h e  c o or d 1 na t 1 on c en t e r . Th e 
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F i g u r e  38 . Viewin g syst em c o n so l e .  
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came r a  c ont r o l  un1 t s  1 nc l ud e  t h r ee R e e s  R-93  and two D 1 amond ST- 5 un 1 t s . 

The s e  un1 t s  p r ov 1 d e  f oc u s  and 1 r 1 s  c on t r o l  f o r  t h e  c amer a s . The  o u t p u t  

s i gna l s  t o  t h e  c omman d  c e n t e r  wi l l  c ome d i r ec t l y  f r om t h e  v i d e o  moni t or s . 

P r o v i d e d  on t h e  Sh i e l d e d  Wor k P l a t f o r m  wil l  be  6- i n .  moni t o r s t h a t c a n  b e  

a t tac h e d  t o  t h e  t o o l s l o t s a f e ty r a i l .  The s e  moni t o r s w i l l  b e  por t a b l e  a n d  

a r e  mean t t o  be  u s ed i n  c onj unc t i on wi t h  t h e  l ong hand l ed t oo l s .  T h e  

c oa x i a l  c ab l e s f o r  t h e s e  mon1 t o r s wi l l  be  hand l ed by t h e  c a b l e  manageme n t 

s y s t em .  

The  c a b l e  managemen t  t r a c k  w i l l  p r o v i de  t h r ee Ree s c amer a  c ab l e s . The  

ca b l e s w i l l  be  hard  p i ped  t o  l oc a l  s e r v i c e  pane l nea r  the  mi d p o i n t  o f  t h e  

too l s l o t .  Th i s  t e r m i na t i on wi l l  c ons i s t of  t h e  s tanda r d  c a b l e  c onne c t o r s 

f o r  t h e  t h r ee c ame r a s . The  l ong hand l ed t oo l  oper a t o r  c a n  p l ug h i s c ame r a  

i nt o  a c on t r o l  uni t wi t h o u t  hav i ng t o  drape  t h e  c ab l e  o v e r  t he s i de of  t h e  

S h i e l d e d  Wor k  P l a t f or m .  

Ca b l e  Management 

The obj ec t i ve o f  the c a b l e  management s y s t em i s  to mi n i mi z e  t h e  numb e r  

of  c a b l e  and h o s e  a s s emb l i e s r ou t e d  on t o  t h e  Sh i e l ded  Wor k  P l a t f o r m . 

Red uc i n g c l u t t e r  on t h e  wor k  p l a t f orm  s hou l d  enhanc e d e f u e l i ng oper a t i on s . 

The c a b l e  managemen t s y s t em r o u t e s  a l l of t h e  s ta t i onar y  and mo v i ng c a b l e s  

and  h o s e s . Th e s e  c ab l e s a n d  h o s e s  i nc l ude  e l ec t r i ca l . h yd r a u l i c ,  and 

pne uma t i c  as s h own i n  t h e  gener a l  a r r angemen t in F i g u r e  3 3 . 

The  c ab l e s a r e  r o u t e d  t h r o u g h  a power t r a c k  f r om t h e  c ana l f l oo r  on t o  

t h e  r o t a t i ng Sh i e l d e d  Wo r k  P l a t f o r m .  The power t r a c k  i s  s uppor t e d . a s  

s hown i n  F i gur e 3 9  i n  a l a r ge t a k e u p  f r ame . The takeup  d r um t r a ve l s  1 5  f t  

a l l owi n g  t h e  powe r t r a c k  t o  u n r e e l 1 80 degr e e s  eac h way on t h e  S h i e l de d  

Wor k  P l a t f o r m .  

V i ewi ng Sy s t em 

The  F i na l  D e s i gn Repor t f o r  t h e  V i ewing Sys t em i s  f o und i n  

Ref e r e n c e  1 2 .  A s ummar y  t oo l  l i s t  i s  i nc l uded  i n  Tab l e  6 .  The  V i ewi ng 
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Sy s t em w 1 1 1  be  u s ed t o  s uppor t a l l d e f ue l 1 ng ac t 1 v 1 t 1 e s . T h e  oper a t 1 on s  t o  

b e  v 1 ewed d u r 1 ng t h 1 s pha s e  1 nc l u d e  vac u um1 ng . p 1 c k  and p l ac e .  and c a n 1 s t e r  

r emoval and 1 ns t a l l a t 1 on 1 n  t h e  r eac t o r  c o r e . The V 1 ew1 ng S y s t em c a n  b e  

d 1 v 1 ded  1 n t o  s ub s y s t ems wh 1 c h c o r r e s pond t o  t h e  oper a t 1 ons t o  b e  v 1 ewed o r  

t h e  t ype o f  v 1 deo  e q u 1 pment be 1 ng u s ed . Th e s e  s ub s y s t ems  a r e  a s  f ol l ow s : 

• PAR  V 1 deo  E q u 1 pmen t 

t PAR  Sys t em Came r a  Hand l 1 ng Too l s 

• Gen er a l  Reac t o r  V e s s e l  L 1 gh t 1 ng Sy s t em 

• Vac u um No z z l e  V 1 ew1 ng E q u 1 pment 

• Ins t r umen t a t 1 on and C on t r o l s .  

The equ 1 pment needed  f o r  t h e  TM I - 2 V 1 ew1 ng Sys t em 1 ncl u d e s : 

• Rad 1 a t 1 on R e s 1 s tant  • Wa t e r p r oof  Came r a s  

• Came r a  C on t r o l  Un1 t s  and Cabl 1 ng 

• Wa t e r p r oof  L 1 gh t s  

• L 1 gh t  C on t r o l  Un1 t s  a n d  C ab l 1 ng 

• Came r a  Po s 1 t 1 on 1 ng Too l s 

• V 1 deo  Mon1 t o r s and Rec o r d e r s .  

TABLE 6 .  WBS 6 1 2 V I E W I N G  SYSTEM  TOOL LIST  

Too l /C omponen t  

F ue l  Can1 s t e r  Mon1 t o r 1 ng 
Came r a  P o s 1 t 1 o n 1 ng Too l 

P o r t a b l e  Came r a  P o s 1 t 1 on 1 ng 
Too l 

Ma 1 n t . Came r a  Po s 1 t 1 on 1 ng 
Too l 

Va c u um N o z z l e  Came r a  
Po s 1 t 1 on1 ng Too l  

Reac t o r  V e s s e l  C o r e L 1 gh t 1 ng 
P o s 1 t 1 on 1 ng Too l s 
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D r aw 1 n g  
N umbe r  
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We s t 1 n g h o u s e  w1 l l  u s e  t h e  PAR { P l e n um A s s emb l y  Remova l )  V 1 d e o  

I n s pe c t 1 on S y s t em t o  t h e  f u l l e s t  e x t en t po s s 1 b l e  1 n  t h e  V 1 ew1 n g  S y s t em .  

The  PAR  Sy s t em 1 s  s upp l 1 ed by GPU N u c l ea r  a n d  1 s  c ur r en t l y  b e 1 ng u s ed a t  

t h e  TM I - 2  s 1 t e .  

The PAR  S y s t em h a s  two bas 1 c  s ub s y s t ems : 

• V 1 d e o  E q u 1 pme n t  

• Came r a  Hand l 1 ng Too l s . 

T h e  v 1 d e o  equ i pmen t i nc l ud e s  c amer a s . l i gh t s . c on t r o l s .  c a b l e s . and  

mon 1 t or s . The  c ame r a  han d l 1 n g t oo l s po s 1 t i on t h e  c ame r a s  so  that  t h e  

o p e r a t o r s c a n  r emo t e l y  v 1 ew t he r eac t o r  ve s s e l  c or e . T h e  V 1 ewi ng  Sys t em 

w i l l  u s e  t h e  v i deo e q u i pmen t and t h e  c ame r a  hand l 1 ng t o o l s .  I n  a d d i t 1 on t o  

t h e  PAR  S y s t em .  a gener a l  r eac t or 1 1 gh t i ng s y s t em a n d  c l amp s f or vac u um 

n o z z l e  v i ew i n g  have been  added  t o  c omp l e t e  t h e  e q u i pme n t n ec e s s a r y  to  v i ew 

d e f ue l i ng oper a t i on s . 

PAR  V i d e o  Equ 1 pmen t  

The  PAR  V 1 deo  e q u 1 pmen t can  b e  d 1 v 1 ded  1 n t o  t h e  Reac t o r  B u 1 l d 1 ng 

e q u i pmen t a n d  t h e  c oo r d 1 na t 1 on c e n t e r  e q u i pmen t .  The  Reac t o r  B u i l d 1 ng 

e q u i pme n t p r i ma r i l y a c q u i r e s  t h e  i n f or ma t i on and  p r ov i d e s  i mmed 1 a te 

mon i t o r i n g a n d  c on t r o l  of  t h e  v i deo  e q u i pmen t by  t h e  oper a t o r  man i pu l a t i ng 

t h e  t oo l s .  T h e  c o or d i na t i on c e n t e r  p r ov 1 d e s  c on t r o l  f o r  mon i tor 1 ng a n d  

r ec or d i n g o p e r a t i on s  f r om o u t s i d e t h e  Rea c t o r  B u i l d i ng .  

P A R  Sys t em Came r a  Hand l i ng Too l s 

The  P A R  Came r a  Hand l 1 ng Too l  a s s emb l y  c on s i s t s  o f  a c ame r a  h a nd l i ng 

t oo l  e n d . w i n c h  a s s emb l y .  c ame r a  c a b l e .  R e e s  R9 3 c ame r a . a n d  a too l h a n d l e  

( r e f e r  t o  F 1 g u r e  40 ) .  Wi t h  t h 1 s s e t up . t h e  ope r a t o r  c a n  r emo t e l y  po s i t i on 

t h e  c ame r a  i n  p r edef 1 ned  l oc a t i o n s . The s e  c ame r a  han d l i ng t oo l s w1 1 1  be 

u s ed f o r  g e n e r a l  s u r ve 1 l l a n c e . ma 1 n t enanc e .  and  c an i s t e r  v i ew1 n g . 
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Gen e r a l  Reac t o r  Ve s s e l  L 1 gh t 1 ng Sys t em 

The  p u r po s e  of  t h e  gener a l  r eac t o r  v e s s e l  1 1 gh t 1 n g s y s t em 1 s  t o  

p r o v 1 d e  g e n e r a l  bac k g r o u n d  1 1 gh t 1 n g u n d e r  t h e  wor k  p l a t f orm d u r 1 n g 

d e f u e l 1 ng o p e r a t 1 on s . A l l o f  t h e  c omponen t s  o f  t h 1 s s y s t em a r e  d e s 1 gned t o  

o p e r a t e  1 n  t h e  bora ted  wa t e r  o f  t h e  r eac t o r  v e s s e l . F 1 g u r e 4 1  1 l l u s t r a t e s  

t h e  g e n e r a l  r ea c tor  ves s e l  1 1 gh t 1 n g s y s t em d e s 1 gn .  

The  s y s t em 1 s  c ompr 1 s ed  of  f ou r  1 1 gh t 1 n g po l e s o r  p o s 1 t 1 on e r s . Th r ee 

1 000  wa t t  pen c 1 1 1 1 g h t s  a r e  mou n t ed on  eac h p o l e .  The  p o l e s a r e  mou n t ed 

a p p r o x 1 ma t e l y  9 0  degr e e s  apar t on  t h e  o f f - g a s  s ea l . Th e 1 1 g h t  p o s 1 t 1 oner s 

c o n s 1 s t  o f  two l . 00 - 1 n .  s c hed u l e  1 0  s t a 1 n l e s s  s t ee l p 1 pe s ec t 1 on s . The 

s ec t 1 on s  a r e  bo l t ed t oge t h e r  at two ma t 1 ng b l 1 n d f l a n g e s . B o t h  e n d s  of  t h e  

p o l e s a r e  s ea l ed .  T h e  bo t t om e n d  o f  eac h p o s 1 t 1 oner  h a s  a s t a 1 n l e s s  s t ee l 

s ph er e . The  p u r p o s e  of  t h e  s ph e r e 1 s  two f o l d :  ( a )  t o  o f f s e t  t h e  po s 1 t 1 oner  

f r om the  per 1 p h e r y  of  t he r eac t o r  v e s s e l  wh 1 c h . 1 n  t u r n . w1 1 1  p r o tec t t he  

1 1 g h t s  f r om h 1 t t 1 n g the  s 1 d e d u r 1 n g 1 n s ta l l a t 1 on and  d e f ue l 1 ng opera t 1 on s  

a n d  ( b )  t o  ea s e  l n s t a l l a t 1 on b y  p r o v 1 d 1 n g a r ou n d e d  e d g e  f o r  t h e  po l e  t o  

r 1 d e o n  a s  1 t  1 s  be 1 n g l ower ed a ga 1 n s t  t h e  v e s s e l  wa l l .  

Vac u um N o z z l e  V 1 ew1 ng Equ 1 pme n t 

The  p u r po s e  of  t h e  Vac u um No z z l e  V 1 ew1 n g  Too l 1 s  t o  p o s 1 t 1 on a 

R e e s  R 9 3  a n d  a Hyd r o - P r od u c t s  S Q - 5 00 1 1 gh t  n e a r  t h e  vac u um n o z z l e  s o  t h a t  a 

c l o s e u p  v 1 ew o f  t h e  vac u um no z z l e  c a n  be  o b t a 1 n e d  d u r 1 n g vac u um1 n g . The 

c ame r a  and 1 1 gh t  are s e c u r ed t o  the vac u um n o z z l e  p o s 1 t 1 oner  u s 1 ng 

s t a 1 n l e s s  s t e e l  c l amp s . A s ta1 n l e s s  s t ee l g ua r d  f o r  t h e  c ame r a  1 s  a l s o  

p r o v 1 d e d  t o  p r o tec t t h e  c amer a  a n d  l en s  wh 1 l e  s t 1 1 1  ma 1 n ta 1 n 1 n g a c ompac t 

a s s emb l y  ( r e f e r  t o  F 1 gur e 42 ) .  

I n s t r umen t a t 1 o n and  C on t r o l s  

The  V 1 ew 1 n g  Sys tem w1 1 1  u s e  t h e  PAR eq u 1 pmen t w1 t h  t h e  a d d 1 t 1 on of  two 

H o f f ma n  b o x e s  c o n t a 1 n 1 ng t h e  var 1 ac s  f o r  t h e  gene r a l  r ea c t o r  ve s s e l  

l l g h t s . The  PAR  equ 1 pmen t 1 s  l oc a t ed o n  t h e  3 3 1 - f t .  6 - 1 n .  e l eva t 1 on .  1 n  a 
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c a b 1 n e t  w1 t h  t h e  d 1 me n s 1 on s  22  1 n .  X 22 1 n .  X 47  1 n .  Th 1 s  c a b 1 n e t  c on t a 1 n s  

t h e  c ame r a  c on t r o l  u n 1 t s  and  l oc a l  v 1 deo mon 1 to r s . Th 1 s  s y s t em 1 s  t 1 ed 

1 n t o t h e  c omman d  c e n t e r . Power f o r  t h e  c a b 1 ne t s  w1 l l  b e  p r o v 1 d e d  b y  t h e  

power d 1 s t r 1 b u t 1 on s y s t em .  The  e n t 1 r e  s y s t em w1 l l  c on s 1 s t  o f  f 1 ve c ame r a  

c on t r o l  u n 1 t s . s 1 x  9 - 1 n .  mon 1 t or s . a n d  an  a ud 1 o  ba s e  r epea t e r  s ta t 1 on f o r  

c ommun 1 c a t 1 on w1 t h  t h e  c omman d  c en t e r . The c ame r a  c on t r o l  u n 1 t s  1 nc l ud e  

t h r ee Rees  R9 3 and  t w o  0 1 amond  ST- 5 u n 1 t s . The s e  u n 1 t s  p r ov 1 d e  a l l f oc u s  

and  1 r 1 s  c on t r o l  f o r  t h e  c amer a s . The o u t p u t  s 1 gna l s  t o  t h e  c omman d  c e n t e r  

w1 l l  c ome d 1 r ec t l y  f r om t h e  v 1 d e o  mon 1 tor s . A l s o  p r o v 1 d e d  o n  t h e  wor k  

p l a t f o r m  w1 1 1  b e  t h r e e  6 - 1 n .  mon 1 t o r s tha t may b e  a t t a c h e d  t o  t h e  t o o l s l o t  

s a f e t y  r a 1 1 .  Th e s e  mon 1 t o r s w1 1 1  b e  por tab l e  and  a r e  mea n t t o  b e  u s ed 1 n  

c on j unc t 1 on w1 t h  t h e  l on g  hand l ed t o o l s .  

Can 1 s t e r  P o s 1 t 1 on 1 ng Sys t em 

The F 1 na l  O e s 1 gn Repor t f o r  t h e  Can 1 s t er  Po s 1 t 1 on 1 n g S y s t em 1 s  f ou n d  

1 n  Ref e r e n c e  1 3 .  A s umma r y  too l 1 1 s t  1 s  1 nc l uded  1 n  Tab l e  7 .  The  C a n 1 s t e r  

Po s 1 t 1 on 1 ng Sys t em 1 l l u s t r a t e d  1 n  F 1 g u r e s  43  a n d  4 4  h a s  f 1 ve c a n 1 s t e r  

h o l d 1 n g po s 1 t 1 on s . a mean s  f o r  l ower 1 n g a l l c a n 1 s ter  po s 1 t 1 on s . a 

r o t a t 1 ona l d r 1 ve u n 1 t .  a C P S  r o ta t 1 ona l p o s 1 t 1 on mea s u r 1 n g d e v 1 c e .  a 

r emovab l e  c en t e r  ac c e s s  l oc a t 1 on .  a n  1 n t e gr a l  s h 1 e l ded  s uppor t s t r uc t ur e . 

and  va r 1 o u s  hand  t oo l s t o  f ac 1 1 1 t a t e  ope r a t 1 on .  The C P S  1 s  mo u n t e d  t o  t h e  

S h 1 e l d ed  Wor k P l a t f o r m . The 1 n s t r umen ta t 1 on f o r  t h e  C P S  1 s  l oc a t ed o n  t h e  

Vac u um S y s t em c on t r o l  c on s o l e .  
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TAB L E  7 .  W B S  7 4 2  CAN I STE R P OS I T I ON I NG SYSTE M TOOL  L I ST 

Too l /Componen t 

Can i s t e r  Pos i t i on i n g Sy s t em 
Can i s t er  Suppor t S l eeve  
Ma i n  S t r uc t ur e 
S l eeve  L oc k 1 ng De v i c e  
I n t e r med 1 a t e  Sp 1 nd l e  
D r 1 ve A s s emb l y  
An c 1 1 1 a r y  Too l s :  

S l eeve  Hand l i ng Too l 
F ue l  Can 1 s t er  Sea l C o v e r  
Knoc k o u t Can 1 s t e r  
I nde x 1 ng  S l eeve  
Cove r / I nd e x i ng S l eeve  
Hand l 1 n g Too l  

D r aw 1 n g  
N umbe r  

1 7 3 5 E 8 1  
1 7 3 5 E 7 1  
1 7 3 5 £ 7 0  
1 7 3 5 E 8 3  
1 80 7 £ 0 2  
1 80 7 [ 03 

1 7 3 5 £ 7 8  
1 7 3 5 E 8 6  
1 7 3 5 E 8 7  

1 7 3 5 [ 88 

The  Ca n 1 s t e r  P o s 1 t 1 on 1 ng Sy s t em s uppor t s  f u e l  a n d  k n oc k o u t  c an 1 s t e r s 

a t  t h e  3 2 4 - f t ,  l l - 1 n . ; 320-f t ,  6 - i n ;  a n d  3 1 7 - f t ,  6 - i n .  e l eva t i on s . 

Ca n 1 s t e r  E l e va t 1 on 1 p r o v i d e s  appr o x i ma t e l y  6 i n .  o f  c l ea r a n c e  be tween t h e  

b o t t om o f  t h e  C P S  and  t h e  t o p  of  t h e  c or e .  Can i s t er  E l eva t i on 2 a l l ows 

f u e l  d e b r i s  u p  to 2 f t  1 n  l en g t h  t o  b e  p l a c ed i n  a f u e l  c an i s t e r  wh 1 l e  

ma i n t a i n i n g 4 f t  o f  wa t e r  above t h e  d e br i s . Ca n i s t e r  E l e va t i on 3 permi t s  

l oa d i n g  f ue l  d e b r i s  u p  t o  5 f t  i n  l en g t h . 

Can i s t e r  Suppo r t S l eeve  

The  i n d i v i dua l c a n i s t e r s ar e h e l d  i n  s up p o r t s l e e v e s  s h own i n  

F i g u r e  4 5  e q ua l l y  s pa c e d  on a 1 - f t ,  1 1 - i n .  r a d i u s . Wh e n  t h e  c a n i s t e r  i s  

l oa d e d  i n t o  t h e  s l e eve , t h e  tang  on  t h e  c an i s t e r  o r i en t 1 n g d e v i c e  1 s  swung  

1 n t o  the  c a n 1 s t er l oc a t 1 n g g r oove  u s 1 n g the  Ma n ua l l y  O pe r a t ed Gr a pp l e  

t o o l . Th e ta n g  pr even t s  t h e  ca n i s t e r  f r om r o ta t i n g  w i t h i n  t h e  s l e eve . 

To c ha n g e  c a n i s t e r  e l eva t i on , t h e  S l e e v e  H a n d l i n g Too l i l l u s t r a t e d  i n  

F i g u r e  4 6  w i l l  c a p t u r e  t h e  two l i f t i n g p i n s  on  t h e  c an i s t e r  s l ee v e s  a n d  

1 1 f t  t h e  s l ee v e . Th i s  l i f t i ng p o i n t  i s  o f f  c e n t e r  s o  t h a t  t h e  bo t t om o f  

t h e  s l e e v e  w i l l  t i l t  a n d  c on tac t t h e  c u r ved  s ur f a c e  on  t h e  bo t t om of  t h e  

C an i s t e r  P o s i t i on i n g Sy s t em .  T h e  s l e e v e  i s  r a i s e d  u n t i l t h e  s u ppor t l ug s  
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c l ea r  t h e 1 r r e s t s . I t  1 s  t h en l ower ed 1 n t o  t h e  n e x t  r e s t 1 ng p os 1 t 1 on a n d  

t h e  s l eeve  hand l 1 ng too l 1 s  de tac h e d  f r om t h e  s l eeve . T h e  s l eeve  c a n  n ow 

be l oc k ed 1 n  p l ac e . 

F ue l  Ca n 1 s t er  Sea l C o v e r  

The  F ue l  Ca n 1 s t er  Sea l Cover  1 l l u s t r a t ed 1 n  F 1 gu r e  4 7  1 s  r equ 1 r ed t o  

pr o t ec t t h e  s ea l 1 ng s ur f a c e  o n  t h e  f ue l  c a n 1 s t er s . Th e c over  d e s 1 gn 

1 n c l u d e s  two ven t e d  l oc a t 1 n g  h o l e s . two 1 1 f t 1 ng p 1 n s . two o r 1 en ta t 1 on 

s l o t s . and  a c on 1 c a l  top  open 1 n g .  When  n o t  1 n  u s e . 1 t  w 1 1 1  b e  s t o r ed o n  a 

r a c k  a t t a c hed  t o  t h e  C P S  ma 1 n  s t r uc t u r e . The c over  1 s  p l ac ed o n  t o p  o f  

f ue l  c a n 1 s t er s u s 1 n g t h e  s l eeve  hand l 1 ng t o o l 1 n  t h e  s ame w a y  t h e  t o o l 1 s  

u s ed t o  c hange  s l eeve  e l e va t 1 on s . 

Ha 1 n  S t r uc t u r e  

The Ha 1 n  S t r uc t u r e  s hown 1 n  f 1 g u r e  4 8  1 s  a 20- 1 n . -d 1 ame t e r  c y l 1 nd r 1 c a l  

s p 1 n d l e  w 1 t h  a s er 1 e s o f  s l e e v e  s uppor t s . s l eeve  gu 1 de p l a t e s . a n d  po s 1 t 1 on 

l oc a t 1 ng  d e v 1 c e s  a t t a c h e d  t o  1 t .  The  s t r uc t u r e  1 s  mod u l a r t o  f ac 1 1 1 t a t e  

en t r y  t o  t h e  Rea c t o r  B u 1 l d 1 n g .  

Bear 1 ng A s s emb l y  

T h e  en t 1 r e  Ca n 1 s t er  P o s 1 t 1 on 1 n g Sy s t em a s s emb l y  r 1 de s  o n  t h e  two 

bear 1 n g s  1 l l u s t r a t e d  1 n  f 1 g u r e  49 . The upper bear 1 ng t a k e s  a l l t h r u s t 

l oa d s . The  bear 1 n g 1 s  mo un t ed 1 n t o  a p l a t e  wh 1 c h r e s t s  o n  t h e  S h 1 e l ded  

Wor k P l a t f orm  ! - beams . A s ec ond  bear 1 n g be l ow t h e  S h 1 e l d e d  Wor k  P l a t f o r m  

r e s 1 s t s t h e  momen t 1 n c u r r ed when t h e  C P S  1 s  l oaded u n e v e n l y .  I t  a l s o  

r e s t r 1 c t s s p 1 nd l e  d e f l ec t 1 on c a u s ed by  uneven  l oa d 1 ng . T h e  bear 1 ng mou n t 

1 s  s uppor t e d  by t h r ee v e r t 1 c a l  r 1 b s wh 1 c h  e x tend  f r om t h e  S h 1 e l ded  Wor k  

P l a t f o r m . The  bear 1 n g 1 s  l oc a t ed above wa t e r  l eve l a n d  s ea l ed t o  p r o t e c t 

1 t  f r om t h e  d e f u e l 1 n g wa t e r . 
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Ma 1 n tenance  Sys t em 

The Ma 1 n tenanc e  Sys t em 1 s  u s ed t o  per form  ma 1 n t enan c e  oper a t 1 on s  on 

c o n tam1 n a t ed too l s  o r  e q u 1 pmen t wh 1 c h  have been u s ed 1 n  t h e  r ea c t o r  ve s s e l  

f o r  d e f ue l 1 ng ope r a t 1 on s . T h e  s y s t em c o n s 1 s t s o f  a s h 1 e l ded  wor k s ta t 1 on 

or  g l ove  box , c a s k s  f o r  s t o r a g e  or t r a n s f e r  of  c on tam1 n a t ed c ompo n e n t s . and  

s pec 1 a l  t oo l s r eq u 1 r ed t o  d 1 s a s s emb l e ,  r epa 1 r ,  a n d  r ea s s emb l e  t h e  

equ 1 pme n t .  I n t e r f a c e  c on n e c t 1 on s  f o r  s 1 t e s er v 1 c e s  a r e  p r o v 1 ded wh 1 c h 

1 nc l ude  a 1 r .  wa t e r . and  power . 

O u r 1 ng d e f ue l 1 n g oper a t 1 on s , a l l of  t h e  t oo l s  tha t e n ter  1 n t o t h e  

r eac t o r  v e s s e l  w 1 1 1  p o t en t 1 a l l y  bec ome con tam1 na ted . A s  t h ey  a r e  w1 t hd r awn 

1 nd 1 v 1 d ua l l y  f r om t h e  v e s s e l  t hey w 1 1 1  be wa s hed w1 t h  a wa t e r  s pr ay s y s t em 

under  t h e  S h 1 e l d e d  Wo r k  P l a t f or m  t o  r emove a s  muc h l oo s e  c o n t am1 n a t 1 on a s  

po s s 1 b l e .  They w 1 1 1  b e  w 1 t hdr awn 1 n t o  a p l a s t 1 c  c over  o r  s h 1 e l d e d  

c on ta 1 n e r  f or t r an s f e r  t o  t h e  ma 1 n t enanc e wor k  s ta t 1 on s t o r a g e  f or u l t 1 ma t e  

d 1 s po s 1 t 1 on .  

Ma 1 n tena n c e  ope r a t 1 on s  on t h e  d e f ue l 1 n g t oo l s  w1 1 1  b e  p e r f o r me d  w1 t h 1 n 

t h e  wo r k  s ta t 1 on .  The  wo r k  s t a t 1 on 1 s  en v 1 s 1 oned a s  a s h 1 e l d ed g l o v e  b o x  

con t a 1 n 1 n g a s e t  o f  s t anda r d  and  s pe c 1 a l  t oo l s r equ 1 r ed t o  s e r v 1 c e  t h e  

d e f ue l 1 ng too l s .  

Te s t  A s s emb l 1 e s 

The  F 1 na l  O e s 1 gn Repor t f or t h e  Tes t A s s emb l 1 e s t h a t s uppor t t h e  

Vac u um Sy s t em , V 1 ew 1 n g  S y s t em ,  a n d  C an 1 s t e r  Po s 1 t 1 on 1 n g S y s t em 1 s  f ou n d  1 n  

Ref e r en c e  1 4 .  A s umma r y  t oo l  1 1 s t 1 s  1 nc l uded 1 n  Ta b l e  B .  The  

Qua l 1 f 1 c a t 1 on Te s t  Suppor t S t r uc t u r e  1 s  a bo l ted  c a r bon  s t ee l s t r uc t u r e  

Oef ue l 1 ng Te s t  A s emb l y  ( OTA ) d e s 1 gned  t o  s 1 mu l a t e par t o f  t h e  S h 1 e l d e d  Wor k  

P l a t f o r m  and  t h e  r eac tor  ve s s e l . Maj or a r e a s  1 nc l uded a r e  a l l t h e  a c c e s s 

open 1 n g s  be tween  t h e  Sh 1 e l ded  Wor k P l a t form  beams and  t h e  8 5 - 1 n .  r ea c t o r  

c l ea r  r a d 1 u s . O t h er  t e s t a s s emb l 1 e s w 1 1 1  be 1 den t 1 f 1 ed a n d  d e s 1 gned  a t  a 

l a t e r  da t e . 
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TAB L E  8 .  WBS  7 8 1 , 782 , 7 84 TE ST ASS E M B L Y  TOOL L I ST 

--- _ _  , _____ ___ __ . .. ______ ·- - - · - -- --- -· ----- - -· - - ·- - - .. --- - -···- - - ---- ·-· - ·· . - ...... . - - -- - - -

Too l /C omponen t 

Qua l . Te s t  Suppor t S t r uc t u r e  

E n d  E f f e c t or s 

D r aw1 n g  
N umber 

1 7 3 4E 9 1  

Th e P r e l 1 m1 na r y  D e s 1 gn Repor t f o r  t h e  E n d  E f f e c t o r s 1 s  f ou n d  1 n  

R e f e r e n c e  1 5 .  A s umma r y  t o o l 1 1 s t l s  1 nc l uded  l n  Ta b l e  9 .  T o  m1 n l ml ze  t h e  

s 1 z e o f  t oo l s  r equ 1 r e d  and  the  s pa c e  f o r  s t orage  on  t h e  t o o l r a c k s , s ever a l  

e n d  e f f ec t o r s wl l l  b e  s upp l l ed .  The s e  end  e f f ec t o r s w l l l  a c c omp l l s h 

g r 1 pp 1 n g ,  c u t t 1 ng ,  1 1 f t 1 ng ,  pos 1 t 1 on 1 ng ,  mov 1 ng ,  e t c . o f  d e br 1 s  a s  r equ l r ed 

f o r  d e f ue l l n g .  The e n d  e f f ec tor s w1 1 1  be  d e s l gned  f or u s e  wl t h  l ong 

h a n d l ed t o o l s ,  ROSA , and  the man ua l  t o o l p o s t .  A c ommon d e s l gn c o up l er 

w l l l  b e  u s ed f or a t tac hmen t of a n  end  e f f ec t o r  t o  eac h t o o l . 

TAB U  9 .  WBS  5 2 4  E N D  E F F E C TORS TOOL L I ST 

D r aw1 n g  
Too 1 /Compon e n t N umber 

I mpac t C h 1 s e l  1 7 68E 84 
Hyd r a u l l c  Abr a s 1 ve Saw 1 7 68E 8 2  
C u t t 1 n g  J e t  2032379  
Top  Ac c e s s  f ue l  As s emb l y  1 7 6 3 E 8 7  

L 1 f t 1 n g Too l 
G u l de Tube f l a r l ng Too l 1 7 6 3 E 8 7  
S 1 de Ac c e s s  f ue l  A s s emb l y  1 7 63£ 7 9  

L 1 f t 1 ng Too l 
Impac t Dr  1 1 1  1 7 68E 8 5  

I mpa c t D r  1 1 1  

The  Impa c t O r 1 1 1  w 1 l l  be u s e d  t o  f r ac t u r e  o r  bor e h o l e s l n to  f u s ed 

c o r e  ma t er l a l . I t  u s e s  a c ommer c 1 a l l y  a va l l ab l e  hammer  d r 1 1 1  wh l c h 

p r o v l d e s  up  t o  2000 1 mpac t s  per ml n u t e  and  a d r l l l  r o ta t l on r a t e  up  t o  

3 . 5  r pm .  I t  r equ 1 r e s  t h e  s ame h yd r au l l c  power s upp l y  a s  t h e  Impac t C h l s e l . 

7 9  



Abr a s 1 ve Saw 

The A b r a s 1 ve Saw w1 1 1  be u s ed to c u t  f u s ed ma ter 1 a l  or  o t h e r  d e b r 1 s .  

I t  r eq u 1 r e s  t h e  s ame hyd r a u l 1 c power s upp l y  a s  t h e  Impa c t C h 1 s e l . I t  c a n  

mak e  a 2 - 1 n . -deep  c u t  w 1 t h  a n  8 - 1 n . -d 1 ame ter  c u t t 1 ng wh e e l or  a 3 - 1 n . -deep  

c u t  w1 t h  a 1 0- 1 n . - d 1 ame t e r  c u t t 1 ng wh e e l . 

C u t t 1 ng J e t  { Hyd r o l a s e r ) 

The h 1 gh pr e s s u r e  C u t t 1 n g J e t  c a n  be u s ed t o  c u t  v a r 1 ou s  k 1 nd s  o f  

debr i s .  I t  deve l op s  1 t s c u t t 1 n g ac t 1 on by en t r a 1 n 1 ng a b r a s 1 ve g r 1 t  1 n  a 

35 , 000  p s 1 wa t e r  s t r eam t o  a b r a d e  t h e  p1 e c e  be 1 ng c u t . The  s y s t em l nc l ud e s  

a hopper  f o r  t h e  a b r a s 1 ve ,  a h 1 gh pr e s s u r e  pump , a n d  a m 1 x 1 ng b l oc k . The  

m1 x i n g  b l oc k  c on t a 1 n s  the  wa t e r  or 1 f 1 c e and  a r ep l a c e a b l e  t u ng s t e n  c a r b 1 de 

n o z z l e .  

Impac t C h l s e l  

A h y d r a u l i c  I mpac t C h l s e l  w 1 1 1  b e  u s e d  t o  b r eak u p  t h e  f u s ed d e br 1 s  

i n t o ea s i l y  hand l ed p 1 e c e s . The  I mpac t C h 1 s e l  u s e s  a c omme r c 1 a l l y  

ava i l a b l e  hyd r a u l 1 c  hamme r  t o  d e l l ve r  the  c h 1 s e l  a t  abou t 2 , 000  1 mpa c t s  p e r  

mi n u t e . I t  oper a t e s  on  Un 1 on  Car b 1 d e UCON WS-34  hyd r a u l 1 c  f l u 1 d  s upp l 1 ed 

by t h e  Con t r o l  S y s t em hydr a u l 1 c  power s y s t em .  I t  may b e  mo u n t e d  v er t 1 c a l l y  

f o r  l on g  hand l ed t o o l u s e  o r  h o r 1 zon ta l l y  on t h e  Ma n ua l Too l P o s 1 t 1 on e r . 

P r oo f - o f -pr 1 nc 1 p l e  t e s t i n g h a s  p r o v e n  the  l ong  hand l ed too l a pp l 1 c a t 1 on 1 s  

po s s 1 b l e .  F ur t h e r  t e s t i ng w1 1 1  be  per formed  to  eva l ua t e t h e  h o r 1 zon t a l 

app l i c a t i on .  

Top Ac c e s s  F ue l  A s s emb l y  L 1 f t 1 ng Too l 

When  s i d e ac c e s s  1 s  unava 1 l ab l e ,  the  Top Ac c e s s  F u e l  A s s emb l y  L 1 f t 1 ng 

Too l w 1 1 1  be  u s ed t o  g r 1 p  f u e l  a s s emb l 1 e s by t h e  gu 1 de t ub e s  a t  t h e  t op . 
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S 1 d e Ac c e s s  F ue l  A s s emb l y  L 1 f t 1 ng Too l 

W h e n  s 1 de a c c e s s  1 s  ava 1 l a b l e , t h e  S 1 d e  Ac c e s s  F ue l  A s s emb l y  L i f t i ng 

Too l w 1 l l  b e  u s ed t o  gr 1 p  a n d  1 1 f t  par t 1 a l  a s s emb l 1 e s u p  t o  5 f t  l ong . 

Man 1 pu l a t or - - Remo t e l y  Ope r a t ed Ser v 1 c e  Arm  ( ROSA ) 

The  P r e l 1 m1 na r y  D e s i gn Repor t f o r  t h e  Man i p u l a t or  i s  f o u n d  1 n  

R e f e r e n c e  1 6 .  A s umma r y  too l l i s t  i s  i nc l uded  1 n  Tab l e  1 0 .  ROSA 1 s  a 

We s t i n g h o u s e  d e s 1 gned  too l po s 1 t 1 on i ng s y s t em c o n s i s t 1 n g o f  a r o bo t i c  arm , 

a s e r vo c on t r o l l er and  a s uper v i s o r y  c ompu t e r . The  a r m , i n  t h e  Rea c t o r  

B u i l d i n g ,  i s  powe r e d  t h r ough  a 600 - f t l on g  umb i l i c a l  c ab l e  f r om t h e  s er vo 

c on t r o l l e r a n d  s upe r v 1 s o r y  c ompu t e r , wh 1 c h a r e  l oc a t e d  1 n  t h e  c o o r d 1 na t i on 

c e n t e r . A ud i o and  v i deo  s y s tems a n d  t o o l 1 n g u s ed w i t h  t h e  a r m  a r e  a l s o r un 

f r om t h e  c oo r d 1 na t 1 on c en t e r . 

TAB L E  1 0 .  W B S  5 3 4  MAN I PULATOR TOOL L I ST  

Too l /Componen t 

ROSA Arm 
ROSA Grapp l e  
ROSA Sc oop 

D r awi n g  
N umber 

1 7 63E 7 4  
1 7 7 0E l l 
1 7 7 0E l l 

The  ROSA  s e r v i c e  a r m  i s  an a n t h r opomor p h 1 c ,  or  h uman l 1 k e ,  ma n 1 pu l a t or  

a r m . C u r r e n t  arms  c o n s i s t  of  s 1 x  ac t ua t or s  a s s emb l ed t o  g i v e a two 

d e g r e e - o f - f r e e d om s h ou l der , an  e l bow ,  a n d  a t h r ee a x i s wr 1 s t .  Th 1 s  a l l ows 

t h e  a r m  to b o t h  po s i t i on and or 1 en t  a t oo l  1 n  s pa c e . Th e s e  a r ms a r e  

a s s emb l ed 1 n  a mod u l a r f a s h i on  by  a s s emb l 1 ng t h e  s e l f -c o n t a i n e d  ac t ua t or s 

t o g e t h e r  w 1 t h  l i n k i n g p 1 e c e s . By  u s i n g t h i s type  o f  c on s t r uc t 1 on ,  a r ms c a n  

be  r ea d i l y  t a 1 l or e d  t o  par t 1 c u l a r a pp l 1 c a t 1 on s . 

E a c h  a l l - e l ec t r i c  ac t ua t or mod u l e  1 s  a s e l f -e n c l o s ed wa t e r  t 1 gh t  

a s s emb l y  c o n s 1 s t i n g o f  a mo tor , gear t r a i n ,  r e s o l ver , a n d  e l ec t r o -mec han 1 c a l  

b r a k e . The  o r 1 g 1 na l  u n 1 t ,  t h e  6000 mod e l , h a s  a peak  t o r q ue o u t p u t  o f  

5 0 0  f t  l b  a n d  we 1 g h s  l e s s  than  2 1  l b .  U s i n g t h e  s ame mec h a n i c a l  

c on f 1 g u r a t i on ,  a 3000 mod e l  w1 t h  2 7 0  f t  l b  t o r que  wa s l a t e r  d e s 1 gned . 
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The s e r vo c on t r o l l e r u n 1 t powe r s and  c o n t r o l s  t h e  po s 1 t 1 on 1 ng o f  t h e  

arm . Th 1 s  We s t 1 n g h o u s e  d e s 1 gned  u n 1 t has  a m1 c r opr oc e s s o r ba s ed s of twa r e  

s e r vo  l oop , a s  we l l  a s  s pec 1 a l  b r a k e  c on t r o l  l og 1 c c a r d s . I t  c a n  power t he 

arm  up  t o  600 f t  away t h r o u g h  t h e  f u l l y  s h 1 e l ded  arm  umb 1 1 1 c a l  c ab l e s . 

The  s uper v 1 s o r y  c ompu t e r  and  1 t s c o n s o l e  a r e  t h e  ma 1 n  oper a t o r  

1 n t e r f a c e s  f o r  t h e  a r m . Bec a u s e  t h e  ROSA a r m  mu s t  be  adap ta b l e  t o  u n k n own 

en v 1 r onmen t s , a l a r ge n umber of c on t r o l  mode s  f o r  t h e  a r m  e x 1 s t s : 

1 Car t e s 1 a n Mo t 1 on Joys t 1 c k - - Th r ough  a t h r ee a x 1 s j oy s t 1 c k ,  the  a r m  

1 s  c on t r o l l ed " r ea l - t 1 me " by t h e  oper a t or  w1 t h  t h e  s u per v 1 s o r y  

c omp u t e r  c oo r d 1 na t 1 n g t h e  a r m  mo t 1 on .  

1 Tea c h  a n d  Repea t - -Mo t 1 on s  c a n  b e  t a ugh t and  p l ayed  bac k ,  e 1 t h e r  

f o r wa r d  o r  bac kwa r d s . 

1 O f f - L 1 n e  P r ogr amm1 ng- - P r o g r ams c a n  be gener a t e d  ma t hema t 1 c a l l y  o r  

u s 1 n g moc k u p s  a n d  p u t  1 n t o t h e  s uper v 1 s o r y  c omp u t e r  v 1 a  f l oppy 

d 1 s c s . 

1 S 1 ng l e A x 1 s J og- - I n d 1 v 1 dua l a x e s  c a n  be j ogged  f o r wa r d s  or  

ba c kwa r d s  w1 t h  va r 1 a b l e  s pe ed s . 

• P e n d a n t - - C o n t r o l  c a n  b e  t r a n s f e r r ed t o  a j og c on t r o l  p e n da n t 

1 n s 1 d e c on ta 1 nmen t . 

The  a pp l 1 c a t 1 on o f  ROSA w1 1 1  add  f l e x 1 b 1 1 1 ty t o  t h e  d e f ue l 1 n g p r oc e s s 

f o r  u n s t r uc t u r ed t a s k s . The  ROSA c on t r o l  s y s t em and  a r m  c a p a b 1 1 1 t 1 e s 

enab l e  p r ec 1 s e ma n e u v e r a b 1 1 1 ty a n d  po s 1 t 1 on 1 ng o f  t oo l s a n d  1 n s pe c t 1 on 

dev 1 c e s  wh 1 c h 1 n  t u r n  s 1 mp l 1 f 1 e s t h e  d e s 1 gn  o f  t h e s e  d e v 1 c e s . 

Too l P o s 1 t 1 on 1 ng Sy s t em 

The  Pr e l 1 m1 na r y  D e s 1 gn Repor t f o r  t h e  Too l Po s 1 t 1 on 1 n g Sy s t em 1 s  f o u n d  

1 n  R e f e r e n c e 1 7 .  A s umma r y  t oo l  1 1 s t 1 s  1 n c l uded  1 n  Ta b l e  1 1 . A t  s ome 
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po 1 n t  ( P h a s e  III ) 1 n  def ue l 1 ng ope r a t 1 on s , r eac t 1 on l oa d s  and  po s 1 t 1 on 1 ng 

r eq u 1 r eme n t s  w 1 1 1  exc eed t h e  capa b 1 1 1 t 1 e s o f  l on g  hand l ed t o o l s .  A Ma nua l 

Too l P o s 1 t 1 o n e r  s uppor ted  a t  t h e  S h 1 e l de d  Wor k  P l a t f o r m  w 1 l l  mee t t h e s e  

r eq u 1 r emen t s . Th 1 s  po s 1 t 1 oner  c o n s 1 s t s o f  a c a r r 1 age  wh 1 c h r 1 de s  o n  t h e  

l on g h a n d l ed t o o l s l o t  r a 1 1 s y s t em ,  a c 1 r c u l a r p o s t ,  a n d  a h o r 1 z o n ta l arm . 

The  c a r r 1 ag e  1 s  man ua l l y  p u s hed  a l on g  t h e  t o o l s l o t . A r a c k  a n d  p 1 n 1 on 

d r 1 ve 1 s  u n d e r  c on s 1 dera t 1 on t o  p r o v 1 d e  t h 1 s mo t 1 on .  The  p o s t 1 s  

c on s t r uc t e d  o f  s ta 1 n l e s s  s t e e l  p 1 pe and  w 1 l l  be  a s s emb l ed 1 n  s ec t 1 on s . I t  

w 1 1 1  n o t  t e l e s c ope , b u t  s ec t 1 on s  c a n  b e  a d d e d  or  r emoved  a s  r eq u 1 r ed f o r  

c o r e  a c c e s s . The  pos t w1 l l  r o t a t e  w1 t h 1 n  t h e  c a r r 1 ag e . The  hor 1 z on t a l  a r m  

w 1 1 1  p r o v 1 d e  s uppor t f o r  end  ef f ec t o r s and  w1 1 1  t e l e s c op e  a bo u t  1 2  1 n .  

TABL E  1 1 . WBS  5 4 4  TOOL P OS I TI ON I NG SYSTEM TOOL L I ST 

Too l /C omponen t 

Ma n ua l  Too l Pos 1 t 1 on e r : 
C a r r 1 age  
P o s t 
Too l Moun t 1 n g 

Too l Rac k s  

O r aw 1 n g  
N umbe r  

1 7 7 0 E 7 3  
1 7 7 0[ 7 4  
1 7 7 0E 7 3  
1 7 7 0 E 89 

T h e  P r e l 1 m 1 na r y  O e s 1 gn Repor t f o r  t h e  Too l Rac k s  1 s  f ou n d  1 n  

R e f e r e n c e  1 8 .  A s umma r y  too l 1 1 s t  1 s  1 n c l uded  1 n  Tab l e  1 2 .  O u r 1 ng t h e  

d e f ue l 1 n g o p e r a t 1 on ,  l ong  hand l ed t oo l s  a n d  e n d  e f f ec t o r s w1 1 1  b e  u s ed 

1 n t e r m1 t t e n t l y  a s  r e qu 1 r ed .  On c e  1 n s ta l l ed w 1 t h 1 n  t h e  r eac t o r  v e s s e l , t h e  

1 t em s h o u l d  b e  k e p t w1 t h 1 n  t h e  v e s s e l  un t 1 1 1 t  w 1 1 1  n o  l onger  be  u s ed . 

Too l r a c k s  a r e  u s e d t o  p r ov 1 d e t h e  r eq u 1 r ed t empo r a r y  s t o r age . The s e  t o o l 

r a c k s  w 1 1 1  b e  mo un ted  t o  t h e  Sh 1 e l ded  Wor k  P l a t f o rm . Too l s w1 1 1  be  s ea t ed 

a n d  s t o r e d  1 n  s l o t s  a f t e r  be 1 ng u s ed un t 1 1 r eq u 1 r ed f o r  u s e  aga 1 n .  B ec a u s e  

o f  t h e  n umbe r  o f  t oo l s r eq u 1 r e d  a n d  t h e  s pa c e  c on f 1 ne s  u n d e r  t h e  Sh 1 e l d ed 

Wor k P l a t f o r m ,  a s tac ked a r r angemen t o f  t o o l r ac k s  may b e  r eq u 1 r e d . The 

t o o l r a c k ( s )  w 1 l l  be ab l e  t o  r o ta t e  1 ndependen t l y  o f  t h e  Sh 1 e l d e d  Wor k 

P l a t f o r m  s o  t h a t t h e  c or r ec t s l o t appea r s under  t h e  l on g  han d l ed t o o l s l o t  

1 n  t h e  S h 1 e l d e d  Wo r k  P l a t f or m  t o  1 n s t a l l or  r emov e  a t oo l . 
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TAB L E  1 2 .  WBS 5 5 4  TOOL RACKS TOOL L I ST 

Too l /Componen t 

B u l k :  
Ma i n  Too l Ra c k  
S t a t 1 ona r y  Too l Rac k  

D r aw i n g  
N umber 

1 7 7 0 E 7 6  
1 7 7 0 E 7 6  

I n  a dd 1 t 1 on t o  t h e  above  t o o l r ac k ( s )  f or c o n tam1 na t ed t o o l s .  a t o o l 

r a c k  1 s  r e qu 1 r ed f o r  c l ea n  t oo l s  a f t e r  t hey have  been a s s emb l ed b u t p r 1 o r 

t o  t h e 1 r u s e . Th 1 s  too l r a c k  w i l l  pr obab l y  be s uppor t e d  t o  t h e  c a n a l wa l l  

or  s u s pended  f r om t h e  Sh 1 e l ded  Suppor t S t r uc t ur e . The s 1 ze o f  t h e  r a c k  a n d  

1 t s l oc a t 1 on w i l l  be  d e t e rmi ned  f r om t h e  Reac tor  B u 1 l d 1 n g s t u d 1 e s . 

S uppo r t Too l s 

The  p r e l 1 m1 na r y  d e s 1 gn e f f o r t f o r  t he Suppor t Too l s  h a s  n o t  been  

1 n 1 t 1 a t e d .  A s  the  f u e l  d e b r 1 s  1 s  r emoved , f l ow h o l e s 1 n  the  l ower  c o r e  

s uppor t p l a t e w i 1 1  b e  e x po s e d . T o  pr even t add 1 t 1 ona l d e b r 1 s  f r om f a 1 1 1 ng 

t h r o u g h  t h e  c o r e  p l a t e 1 n t o  t h e  v e s s e l  bot t om ,  c o ver s or  p l u g s  w 1 1 1  be  u s ed 

t o  c l o s e  eac h h o l e  a s  1 t  1 s  expo s e d . 

TABLE 1 3 . WBS 5 7 1 S U P P O R T  TOO L S  TOOL L I ST 

Too l /C omponen t 

F l ow Ho l e  Cover  P l a t e 

84 

O r aw 1 n g  
N umbe r  

T B D 



R E F E RE N C E S  

1 .  W e s t i n g h ou s e  D r aw i ng  1 7 37 E 60 , Rev . 0 ,  TM I - 2  D e f ue l i ng I n t e r f a c e  
C o n t r o l . 

2 .  We s t 1 n g h o u s e  O r aw1 ng 1 7 37 E 7 8 ,  C P - 5 , TM I - 2  D r y  De f ue l 1 ng Reac t o r  
I n t e r na l D i me n s 1 on s . 

3 .  Wa s t e Tec h n o l ogy Ser v 1 c e s  D 1 v i s on Repor t ,  WTSD - TM E -037 , TM I - 2  
D e f ue l i n g Sy s t em D e s 1 gn Spec i f i c a t i on .  

4 .  Tec h n i c a l  Spec i f i c a t i on 1 5 7 37 - 2 - R 200B ( Q ) . Rev . 1 ,  Tec h n i c a l  
Sp e c i f i c a t i on f o r  F ue l  Remova l a n d  F i n e s /Debr i s  Vac u um S y s t em .  

5 .  Wa s t e Tec h n o l ogy Ser v i c e s  D i v i s i on R e p o r t ,  WTS D - TME - 0 1 8 ,  Rev . B .  WTSD 
Q ua l i t y A s s u r a n c e  Pr ogram P l an f o r  F ue l  Remova l a n d  F i ne s /Debr i s  
Vac u um S y s t em .  

6 .  Wa s t e Tec h n o l ogy Ser v i c e s  D i v i s on Repor t ,  WTSD - TME -0 5 1 , Rev . 0 ,  Ta s k  
D e s c r i p t i on f o r  TM I - 2  Def u e l 1 ng Too l s .  

7 .  Wa s t e Tec h n o l ogy Ser v i c e s  D i v i s i on Repor t ,  WTSD - TM E -054 , R e v . 0 ,  F i na l  
D e s i gn R e p o r t f o r  Sh i e l ded  Wor k P l a t f o r m  ( WB S- 7 2 1 ) .  

8 .  Wa s t e Tec h n o l ogy Ser v 1 c e s  D i v i s i on Repor t ,  WTS D - TME -05 3 ,  Rev . 0 ,  F i na l  
D e s i gn Repor t f o r  S h 1 e l ded  Suppor t S t r uc t u r e  ( WB S - 7 1 1 ) .  

9 .  A d v a n c e d  E n e r g y  Sy s t ems D i v i s i on Repor t ,  TM I -A D - 8 4 -032 , R e v . 0 ,  TM I - 2 
E a r l y  D e f ue l i n g f i n e s /Debr i s  Vac u um Sys t em f i na l  D e s i gn Repor t 
( WB S - 4 1 2 ) . 

1 0 .  N u c l ea r  S e r v i c e s  I n t e g r a t i on D 1 v 1 s 1 on Repor t .  f 1 na l  D e s 1 gn Repor t f o r  
L o n g  H a n d l ed Too l s  ( WB S- 5 1 4 ) . 

1 1 .  Wa s t e Tec h n o l ogy Ser v i c e s  D i v i s on Repor t ,  WTS D - TME - 0 5 5 , D r a f t .  F i na l  
D e s i gn R e p o r t f o r  Con t r o l  Sy s t em ( WB S - 5 6 1 , 5 64 ) . 

1 2 .  A d va n c e d  E n e r gy Sy s t ems D i v i s i on Repor t .  TM I -A D-84-042 . Rev . o .  
V i ew i n g  S y s t em F i na l  Des i gn Repor t ( WB S - 6 1 2 ) . 

1 3 .  A d va n c e d  E n e r gy S y s t ems D i v i s i on Repor t .  TM I -A D -84-04 5 , R e v . o .  TH I - 2 
D e f ue l i n g Can i s t er  Po s i t i on i n g  Sys t em F i na l  D e s i gn Repor t ( WB S - 7 4 2 ) .  

1 4 .  Advan c ed E n er gy Sy s t ems D i v i s i on Repor t .  TM I -AD-84- 1 0 7 5 ,  TM I -2 E a r l y  
De f ue l i n g Qua l i f i c a t i on Te s t Suppor t S t r uc t u r e  f i na l  D e s i gn  Re v i ew 
P a c kage . 

1 5 .  N u c l ea r  S e r v i c e s  I n tegr a t i on  D i v i s i on Repor t .  SAE -SE P - DR-03  ( 84 ) , 
P r e l i m i n a r y  D e s i gn R e v i ew Repor t f o r  E nd E f f e c t o r  Too l s  f o r  Bu l k  
D e f ue l i n g o f  GPU  N uc l ear  TM I - 2 N u c l ea r  P ower S ta t i on . 
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1 6 .  N u c l ea r  Se r v 1 c e s  I n t e g r a t 1 on 0 1 v 1 s 1 on Repor t ,  SAE - S E P - DR-04  ( 84 ) , 
P r e l i mi na r y O e s 1 gn R e v 1 ew Repo r t f o r  the  App l 1 c a t 1 on o f  t h e  W R emo t e l y 
O pe r a ted  Se r v i c e  Arm  ( ROSA ) f o r  B u l k  O e f ue l i n g o f  GPU  N u c l ear TM I - 2  
N u c l ear  P ower S t a t 1 on . 

1 7 . N u c l ear  Se r v i c e s  I n t eg r a t i on 0 1 v i s i on Repor t ,  SAE - S E P - D R - 1 7  ( 84 ) , 
P r e l 1 mi na r y D e s i g n Re v i ew Repor t f or Ma nua l Too l P o s t  f o r  B u l k  
Def u e l i n g o f  GPU  N u c l ea r  TM I - 2 N u c l ear  Power S t a t 1 on .  

1 8 . N u c l ear  Ser v 1 c e s  I n t e g r a t i on D 1 v i s i on Repor t ,  SAE - S E P - D R - 1 1  ( 84 ) , 
P r e l i mi na r y  D e s i gn Rev 1 ew Repor t f o r  B u l k  D e f ue l 1 ng Too l  Rac k s  f o r  
GPU  N u c l ear  TM I - 2  N u c l ea r  P ower S ta t 1 on . 
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Deacidified using the Bookkeeper process. 
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