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FOREWORD 

(Prepared by EG&G Idaho, Inc.) 

The overall objectives for the tasks discussed in this 

document were recommended by the TMI-2 Examination 

Planning Group 7.2. The Planning Group was formed to 

study the unique data available as a result of the March, 
1979 accident, and provide recommendations on data 

acquisition. The results of the study were divided into 
five major phases; before head removal, before plenum 

removal, and before, during and after fuel removal. The 

completed Planning Group report was subsequently published 

as Section 7.2 of the GEND Planning Report (GEND-001; 

October, 1980). Subsection 3.1 of that report addresses 

data acquisition prior to the removal of the reactor 

vessel head and, in part, forms the planning basis and 

objectives for this document. The overall objective, that 
of providinq for an internal inspection of the upper 

reactor vessel (RV) internals and upper fuel assembly end 

fittings with the RV head still in place, is intended to: 

E 

1. Provide information at the earliest possible 

date on the operational conditions to be 

encountered, at least between head removal and 

the initiation of defueling, and possibly in 
defueling itself. Planning uL these evolutiu~~s 

must currently cover a broad spectrum of 

potenti-a1 conditions, and this spectrum can only 

be reduced by actual observation. 

2. Provide information to help "benchmark" the 

range of damage estimates currently in use. The 

damage estimates, in turn, provide input for (1) 



above. At this stage, the "benchmark" would 

consist of damage assessment (e.g., 'peak 

temperatures and effects) of upper core 

internals, extent of fuel assembly "slumping," 

and distribution/type/size of core debris in the 

upper vessel region. 

3. Provide information at the earliest possible 

date on the in-vessel conditions for the 

technical comrnuni ty . 

To develop.the initial scopes of work and preconceptual 

techniques, a working group of technical personnel from 

EG&G Idaho and Babcock & Wilcox was assembled. The group 

reviewed the Planning Group 7.2 recommendations, the types 

of inspection devices applicable, the access routes 

available, and the kinds of information which could be 

extracted. Preliminary work scopes defining those results 

which were considered valuable were then generated. 

Alternative techniques which were of questionable 

feasibility or of high risk were deleted at that point. 

The tables and figures attached to this Foreword are 

provided to familiarize the reader with the results of 

this precontract work. Table i f  in conjunction with the 

figures, outlines the inspection areas, access routes and 
anticipated information. Table ii briefly reviews 

alternative inspection techniques and the reasons for 

deletion from the work scope. For additional background, 

the reader is referred to Section 7.2 of the GEND-001 

report referenced above. 
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TAB; i 

PRE-HEAD REMOVAL IN-VESSEL INSPECTION 

I n s p e c t  i o n  Area  A c c e s s  Route  ( s e e  F i q .  i & / o r  i i )  I n f o r m a t i o n  A n t i c i p a t e d  

1. Plenum Cover (horizontal # l ;  t y p i c a l  o f  s e v e r a l  l o c a t i o n s ;  P r e s e n c e ,  s i z e ,  and  d i s t r i b u t i o n  o f  d e b r i s ; . i f  
t o p  p l a t e  t h a t  f o r m s  t o p  v iew is  essentially s t r a i g h t  down d e b r i s  p r e s e n t ,  i t ' s  i n d i c a t i v e  o f  f l o w  p a t h s  a n d  
s u r f s c e  o f  plenum] o r  a t  a  s l i g h t  a n g l e .  v e l o c i t i e s  ( s i z e  and  j i s t r i b u t i o n )  i n  a n o r m a l l y  

low-f low r e g i o n ,  a n d  p o t e n z i a l  r a d i a t i o n - f i e l d  
p r o b l e m s  f o r  head  ren.>=l.  

2. ~ n t e r n a l  S t r u c t u r e  o f  112 & # 3 :  L y p i c a l  o f  s e v e r a l  P r e s e n c e  o f  d i s t o r t . - 0 3  ~ f  zube  a n d / o r  r e l e a s e  o f  
C o n t r o l  Rod. G u i d e  Tubes  l o c a t i o n s ;  v i e g  is  e s s e n t i a l l y  c o n t r o l  r o d  g u i d e  brazen en:^; i n d i c a t i v e  o f  t h e r m a l  

s t r a i g h t  dbwn w h i l e  d e s c e n d i n g  d i s t o r t i o n  o f  plenum a n j / o :  t e m p e r a t u r e s  >2300°F 
l o n g i t u d i n a l  a t i s  o f  t u b e s .  ( b r a z e  m e l t i n g  pain:]: i n p a ~ t  f o r  plenum r e m o v a l  
Route  # 3  u s e d  i n  l o c a t i o n s  where  t a s k .  
CRDM l e a d  s c s e g  c a n n o t  b e  r e m v e d .  

3. Bottcm end  .of CRW .Lead # 3 ;  a s  r e q ~ i r e d .  
S c r e w s  Which C a n m t  b e  
Removed 

F u e l  A s s e d l y  Upper # 2 ,  113, & 114; z y p i c i l  o f  s e v e r a l  
S t r u c t u , r e s  l o c a t i o n s .  Royte  1 4  p r o v i d e s  

a c c e s s  t o  ? e r  i p h e r a l  f u e l  
a s s e m b l i e s .  which  d o  n o t  c o n t a i n  
c o n t r o l  e l s m e n z s :  r o u t e  is  
be tween  Plenum Cover OD and  
Plenum C y l i n d e :  ID. 

C o r e  Region  ( g o s s j b l e ,  8 2  6 #3: a v a i l a b l e  o n l y  i f  f u e l  
p r o b a b i l i t y  u n c e r t a i n )  a s s e m b l y  u > p e r  s t r u c t u r e  i f  f a u n d  

t o  b e  m i s s i n g  : i. e . ,  h a s  d r o w d )  
i n t o  c o r e ) .  

I n t e r n a l s  Vent  V a l v e  #5 ;  a s  a v a i l a b a e ;  r o u t e  be tween  
Plenum Cylinde:  OD snd  C o r e  
S u p p o r t  S h i e l d  I D .  

Plenum-to-Core S u p p o r t  85; t y p i c a l  o f  s e v e r a l  l o c a t i ~ n s .  
F l a n g e  

I n f o r m a t i o n  o n  p r o b a b l e  c a u s e  p r e v e n t i n g  
" d e l a t c h i n g "  ( f u s e d  t o  ZR s p i d e r ,  l a c k  o f  f u e l  
a s s e m b l y  u p p e r  s t r u c t t ~ r e ,  jamming) : i n p u t  f o r  b o t h  
h e a d  removal  and  p l c a ~ r n  removal .  

E v i d e n c e  o f  c o r e  "slumping." m i s s i n g  u p p e r  
s t r u c t u r e ( s ) ,  and/or  i t c u m o l a t i o n s  o f  d e b r i s  above  
t h e  upper  s t r u c t u r e s ;  i n p u z  i n d i c a t i v e  o f  f l o w  
v e l o c i t i e s ,  i n f e r e n c e  od c o r e  damage s e v e r i t y ;  i n p u t  
f o r  plenum removal .  

Camera l o w e r e d  i n t o  c o r e :  = h e  o n l y  d i r e c t - a c c e s s  
r o u t e  p o s s i b l e .  

E v i d e n c e  o f  jammin'g or  j i s z o r t i o n  o f  v e n t  v a l v e ;  
i n p u t  f o r  plenum renom?a9.  

E v i d e n c e  o f  d e b r i s  a c c u a u l a t i o n  i n  f l a n g e  a r e a ,  
i n f e r r e n c e  o f  s i z e  a n d  g u a e t i t y  o f  d e b r i s  s w e p t  
i n t o  o u t l e t  n o z z l e s ;  i n y t  f o r  p l e n u n  removal  a n d  
l a t e r  work o n  p r i m a r y  p i p i n g .  ' 



Figure i . Access routes f o r  pre-head removal in-vessel inspect ion .  
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TABLE ii 

IN-VESSEL INSPECTION ALTERNATIVES 

1. Use of Thermocouple (TC) Flange kcess diameter thus prwided is too small for conunercially-available CCTV 
for Optical System Access cameras and lights; borescope, which would fit access diameter, is very 

limited in mechanical and visual range, incapable of articulation, and 
could not see fuel assembly upper structure level: fiber optic system is 
not comercially available for this range, environment or radiation level. 

2. Cut Additional wenings in 
Reactor Head 

Very limited locations available: high radiatioh fields for workers; 
increased manipulative requirements; limited access to CR guide tubes and 
fuel asselnbly upper structures. 

3. Cut Access Opening in Primary High risk of CCTV camera "hang up" resulting in loss of camera and 
System Inlet Piping and "Snake" complicating removal of vessel internals: view limited to bottom head of 
CCTV Camera into Bottom of vessel because camera cannot be manipulated; opening in primary piping 
Pressure Vessea (See Pig. i) must be made with a substantial head of water in the pipe (s45 ft) with 

inherent leak risks and contamination control problems, worker location 
is in area of potentially high radiation fields. 
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1. OBJECTIVE AND SUMMARY 

BtW was a s s i g n e d  t h e  t a s k  to  p e r f o r m  P h a s e  I o f  t h e  TMI-I1  

R e a c t o r  V e s s e l  I n s p e c t i o n  B e f o r e  Head Removal by G e n e r a l  

P u b l i c  U t i l i t i e s  S e r v i c e  C o r p o r a t i o n  o n  J u n e  9,  1980.  The 

d e f i n i t i o n  o f  work was o u t l i n e d  i n  Babcock and Wilcox 

p r o p o s a l  l e t t e r  B&W/GPU-80-67 d a t e d  May 1, 1980.  

1.1 O b i e c t i v e  

The o b j e c t i v e  o f  t h e  t a s k  is to  p r o v i d e  f o r  an i n t e r n a l  

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

p r i o r  to  reactor v e s s e l  head removal'. Because  t h e  

d e g r e e  o f  damage t o  equipment  and f u e l  i n  t h e  TMI-I1 

r e a c t o r  is n o t  p r e c i s e l y  known, it is i m p o r t a n t  t h a t  a s  

much i n f o r m a t i o n  a s  p o s s i b l e  be o b t a i n e d  on p r e s e n t  

c o n d i t i o n s  i n s i d ' e  t h e  r e a c t o r .  T h i s  i n f o r m a t i o n  w i l l  

s e r v e  t o  benchmark the v a r i o u s  anamlyses a l r e a d y  

comple t ed  or underway and w i l l  a l s o  g u i d e  t h e  

deve lopmen t  o f  p rograms to  o b t a i n  more i n f o r m a t i o n  on 

t h e  TMI-I1 core damage. I n  a d d i t i o n ,  t h e  e a r l y  l o o k  

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

program. 

The e n t i r e  t a s k  is d i v i d e d  i n t o  t h r e e  p h a s e s :  1. Concep- 

t u a l  Development ,  2. D e t a i l e d  Des ign ,  3. T o o l i n g  and 



Inspection Equipment Fabrication and Checkout. This report 

covers the work performed in Phase I, Conceptual Development. 



1 .2  Summary 

P h a s e  I o f  t h i s  t a s k  i n c l u d e d  i n v e s t i g a t i o n  and 

c o n c e p t u a l  deve lopmen t  o f  d e s i g n s  and  p r o c e d u r e s  f o r  t h e  

f o l l o w i n g  areas: 

1. S e l e c t i o n  o f  p e n e t r a t i o n s  

2. S e l e c t i o n  o f  a n y  n e c e s s a r y  s e c o n d a r y  bounda ry  

c o n c e p t s  

3 .  C o n t i n g e n c y  a c c e s s  t o o l i n g  

4. E v a l u a t i o n  o f  a v a i l a b l e  i n s p e c t i o n  k e c h n i q u e s  

5. E v a l u a t i o n  o f  o p t i o n s  f o r  m a n i p u l a t i n g  s u r v e i l l a n c e  

equ ipmen t  

The  f o l l o w i n g  areas were n o t  i n c l u d e d  i n  P h a s e  I ,  b u t  a  

c o n c e p t u a l  s t u d y  o f  t h e s e  areas was p e r f o r m e d  and it is 

recommended t h a t  t h e y  be i n c l u d e d  i n  P h a s e  11. 

1. Plenum c o v e r  d e b r i s  s a m p l i n g  

2. ( T L U )  ' I 'hermoluminescent  ~ o s i m e t e r  m o n i t o r i n g  a t  v a r i o u s  -' 

h e i g h t s  above  t h e  u p p e r  g r i d  

3 .  C o n t i n u o u s  water ' l e v e l  m o n i t o r i n g  . d u r i n g  i n s p e c t i o n /  

s a m p l i n g  a c t i v i t i e s  

To c o n c l u d e  P h a s e  I ,  a more d e t a i l e d  cost e s t i m a t e  and 

s c h e d u l e  i n c l u d i n g  t h e s e  t h r e e  o p t i o n s  f o r  P h a s e s  11, 

I11 was p r e p a r e d .  



A summary of the results of Phase I follows. Detailed 

discussion of each area is covered in the appropriate 

section of this report. 

Penetration Selection - A detailed. evaluation of potential 
access points into the reactor vessel upper head area was 

performed. The Control Rod Drive Mechanism (CRDM) nozzles were 

chosen because of' their size and location as the p r i n ~ a r y  ~ C L ' ~ S S  

point for the inspection equipment, sampling equipment, and 

radiation monitoring equipment. Contingent upon normal CRDM 

uncoupling procedures, additional centrally located CRDM(s) 

will be utilized as inspection access points. The vent. valve 

thermocouple nozzles were chosen because of their accessibility 

and closure only by a bolted blind flange as a primary access 

point for a possible reactor vessel water level indication 

system and for connection of the reactor vessel head purge 

system. A flow chart of the penetration procedure is shown in 

Figure 1.2-1. 

Secondary Bqundaries - An evaluation was made concerning the 
necessity of secondary boundaries such as glove boxes and 

gland seals for the different accesses. A current assessment 

of expected radiation levels inside the reactor vessel has 

been performed. Further analysis is required to determine 

the effects of plateout and potential airborne activity 

inside the drained vessel head, however, it is estimated that 



s e c o n d a r y  b o u n d a r i e s  w i l l  n o t  be r e q u i r e d  p r o v i d e d  t h a t  t h e  

f o l l o w i n g  p r e c a u t i o n s  are t a k e n :  

1. P r i o r  t o  any  work t h a t  b r e a c h e s  t h e  i n t e g r i t y  o f  t h e  

v e s s e l ,  a n  a d e q u a t e  p u r g e  s y s t e m  is e s t a b l i s h e d  s u c h  t h a t  

t h e r e  would be a  c o n t i n u o u s  " i n  f l ow"  o f  o u t s i d e  a i r  

t h r o u g h  a n y  "work ingn  p e n e t r a t i o n s  p r e v e n t i n g  e s c a p e  o f  
, 

a n y  p a r t i c u l a t e  or g a s e o u s  a c t i v i t y .  

2. Upon r emova l  o f  e a c h  CRDM, a n  empty  motor t u b e  is p l a c e d  

i n  p o s i t i o n  and b o l t e d  on t h e  CRDM n o z z l e  to  p r o v i d e  a 

r a d i o l o g i c a l  boundary  and to  s e r v e  as  a g u i d e  t u b e  f o r  

t h e  i n s p e c t i o n  and s a m p l i n g  equ ipmen t .  A f t e r  access to  a 

p a r t i c u l a r  CRDM n o z z l e  is n o t  l o n g e r  n e c e s s a r y ,  t h e  empty motor 

t u b e  may be r e p l a c e d  w i t h  a - b l i n d  f l a n g e ,  

C o n t i n g e n c y  T o o l i n g  - I n  t h e  e v e n t  o f  u n s u c c e s s f u l  u n c o u p l i n g  

and  r emova l  of t h e  CRDM v i a  normal  p r o c e d u r e s ,  c o n t i n g e n c y  

t o o l i n g  w i l l  be n e c e s s a r y  to  u n c o u p l e  and  remove t h e  CRDM b y  

abno rma l  means. A f l o w  c h a r t  showing t h e  recommended 

. s equence  of e v e n t s  f o r  u n c o u p l i n g  and  r emova l  o f  a CRDM a f t e r .  

s t a t o r  r emova l  is shown i n  F i g u r e  1.2-2 and  1.2-3. The t o o l i n g  

r e q u i r e d  f o r  abno rma l  removal  is l i s t e d  i n  T a b l e  2.3-3. The 

recommended p r o c e d u r e  f o r  abnormal  removal  o f  a CRDM is as 

f o l l o w s :  

1. E s t a b l i s h  n e c e s s a r y  r a d i o l o g i c a l  c o n t r o l s .  

2. C u t  access i n t o  s e r v i c e  s u p p o r t  s t r u c t u r e  a d j a c e n t  t o  

CRDM t o  be removed. 

3 .  Cut  t h e  motor t u b e  and l e a d s c r e w  a t  a s e l e c t e d  l o c a t i o n .  



4. L i f t  o f f  upper  c u t  s e c t i o n  of the .  CRDM and move t o  t h e  

laydown a r e a .  

5. Unbol t  t h e  f l a n g e  assembly.  Force  b o l t s  i f  necessa ry .  

6. L i f t  o f f  lower  motor t u b e  s e c t i o n  w i t h  a  l i f t i n g  t o o l  

and move tn t h e  laydown a r e a .  

7. I n s t a l l  t h e  l eadsc rew push/gull to01 and Peaducrew 

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

l e a d s c r e w ,  l i f t  l eadsc rew,  and move t o  t h e  laydown a r e a .  

If t h e  l eadsc rew is h i g h l y  r a d i o a c t i v e ,  it should  be 

moved t o  a  s h i e l d e d  a r e a  such a s  t h e  deep  end o f  t h e  

r e f u e l i n g  c a n a l .  

8. P o s i t i o n  an empty motor tube  on t h e  CRDM nozz le  and s e a l .  

9. With a  CRDM removed, a n  a d j a c e n t  CRDM which w i l l  n o t  

uncouple  can be removed by s e v e r i n g  t h e  l eadsc rew below 

t h e  l e a d s c r e w  cupport and u n b o l t i n g  thc n o z z l e  f l ange .  

I f  d i f f i c u l t i e s  a r e  encoun te red  wi th  u n b o l t i n g  t h e  v e n t  v a l v e  

thermocouple  n o z z l e  f l a n g e ,  t o o l i n g  c a p a b l e  o f  f o r c i n g  o r  

b r e a k i n g  t h e  b o l t s  w i l l  be r e q u i r e d .  

I n s p e c t i o n  Technique - For t h e  i n t e r n a l  v e s s e l  i n s p e c t i o n ,  

b o t h  u l t r a s o n i c s  and v i d e o  t echno logy  were reviewed and 

compared. I n  t h i s  comparison t h e  v i d e o  sys tems  proved 

s u p e r i o r  to  u l t r a s o n i c  sys tem both  i n  resul t s  and cost. The 

v i d e o  sys tems  g i v e  r e a l - t i m e  r e s u l t s ,  need no p o s i t i v e  



p o s i t i o n  c o n t r o l ,  c a n  i n s p e c t  a g r e a t e r  area a t  one  t i m e ,  

g i v e  more i n t e r p r e t a t i v e  r e s u l t s  ( s u c h  a s  shadow e f f e c t s  and  

s u r f a c e  f e a t u r e s )  and are of a p r o v e n  d e s i g n .  The o n l y  real  

a d v a n t a g e  t h a t  t h e  u l t r a s o n i c  s y s t e m ' w o u l d  h a v e  is i t s  

a b i l i t y  to  p r o v i d e  imaging  i n  murky water. The p r o b l e m s  

a s s o c i a t e d  w i t h  murky water c a n  be  overcome t o  some d e g r e e  

w i t h  a p r o p e r l y  m o d i f i e d  v i d e o  sys t em.  T h r e e  i d e a s  to  

c o m p e n s a t e  f o r  murky water c o n d i t i o n s  were t e s t e d .  The most 

s u c c e s s f u l  s y s t e m  w i l l  allow v i e w i n g  of s i n g l e  o b j e c t s  a t  a 

d i s t a n c e  up  t o  a p p r o x i m a t e l y  o n e  foot.  The s y s t e m  u s e s  a clear 

p l a s t i c  "bag" which  is s l i p p e d  o v e r  t h e  f r o n t  of t h e  camera and 

i n f l a t e d  w i t h  clear water i n .  

M a n i p u l a t o r s  - V a r i o u s  c o n c e p t u a l  des i 'gns  were d e v e l o p e d  f o r  

u s e  w i t h  t h e  i n s p e c t i o n  and l i g h t i n g  e q u i p m e n t .  These  

c o n c e p t s  u s e  t h e  t h e r m o c o u p l e  and CRDM n o z z l e  as p e n e t r a t i o n s .  

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

c o n t r o l l e d  f rom t h e  t o p  o f  t h e  s e r v i c e  s u p p o r t  s t r u c t u r e .  

A l s o ,  a c o n c e p t u a l  d e s i g n  was d e v e l o p e d  for t h e  o p t i o n a l  

s a m p l i n g  sys t em.  
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2. DISCUSSION 

2.1 Penetration Selection 

A detailed access evaluation of the potential access 

points into the'reactor vessel was performed. The 

evaluation was limited to access points into the upper 

head of the reactor vessel. 

The primary objectives ' considered in performing the 

access evaluation are: 

1. Allow access for manipulated inspection equipment 

including auxiliary lighting. 

2. Allow access for attachment of a reactor vessel head 

purge system to provide an inflow of air through all 

other penetration. 

Optional objectives were also considered in performing 

the access evaluation and are: 

1. Allow access for primary water level sensing 

equipment. 

2. Allow access for radiation monitoring equipment. 

3. Allow access for sampling equipment. 

For each of these objectives, criteria were established 

as a basis for penetration selection. Each of these 

criteria is listed below: 

1. Manipulated inspection equipment must be capable of 

viewing the following areas as a minimum: 



a .  Genera l  a r e a  i n  t h e  upper head i n c l u d i n g  t h e  

plenum c o v e r  and c o n t r o l  rod g u i d e  tubes .  

b. I n s i d e  t h e  plenum between t h e  plenum wall and 

c o n t r o l  g u i d e  t u b e  down to  and i n c l u d i n g  t h e  

upper  g r i d  assembly  i n  one q u a d r a n t  of t h e  

v u f s o l .  

c. O u t s i d e  t h e  plenum c y l i n d e r  and i n s i d e  t h e  core 

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

d .  V e r t i c a l l y  down th rough  a  c o n t r o l  rod gu ide  

brazement  t o  t h e  t o p  o f  t h e  f u e l  assembly. 

2. The r e a c t o r  v e s s e l  head purge  sys tem must be 

a t t a c h e d  to  a  head p e n e t r a t i o n  such t h a t  a  

c o n t i n u o u s  " a i r  in-f low" is moni tored  through t h e  

working p e n e t r a t i o n s  a t  a l l  times. 

3 .  The p r imary  wa te r  l e v e l  - sens ing  sys tem moni to r s  t h e  

p r i m a r y  w a t e r  l e v e l  d i r e c t l y  through a p e n e t r a t i o n  

( O p t i o n a l ) .  

4 The r a d i a t i o n  m o n i t o r i n g  equipment must be lowered 

t h r o u g h  t h e  head down to  t h e  upper g r i d  to  p r o v i d e  a  

"map" of i n t e r n a l  r a d i a t i o n  l e v e l s  ( O p t i o n a l ) .  

5. The sampl ing  equipment  must be c a p a b l e  o f  

c o l l e c t i n g  swipe samples  from t h e  plenum cover .  



Three penetration locations in the upper head were 

considered for each objective. These penetrations are 

the CRDM vessel nozzle, the vent valve thermocouple 

nozzle, and a special hole cut through the reactor 

vessel head. 

A new hole cut through the head was considered as an 

option in the event of unsuccessful access attempts 

through the other penetration location. The drawbacks 

of such a cut 'are discussed in Chapter 2.3 and it is not 

considered a viable option at this point. Emphasis was 

placed on conceptual development of contingency tooling' 

required for gaining access through the CRDM nozzles and 

vent valve thermocouple nozzles. 

The CRDM nozzles have a 2.765" inside diameter and are 

considered the first.choice penetration location for the 

following equipment: 

1. Inspection equipment 

2. Sampling equipment (Optional) 

3. Radiation measuring equipment (Optional) 



For inspection equipment, 12 primary locations on the 

periphery as shown in Figure 2.1-1 are chosen for the 

following reasons: 

1. Provides minimum of £set required to lower inspection 

probes past the plenum cover and into the plenum. 

2. Provides miniml-irn offset required to lower 1nspectiur.1 

probes between the plenum cylinder and core support > 

shield. 

3. Access down the periphery of the plenum will allow 

viewing the maximum number of fuel assemblies. 

4. In the event of unsuccessful leadscrew uncoupling 

and CRDM removal, these CRDM's are accessible by 

cutting through .the service support structure wall. 

Access through any one of these 12 locations would, with 

the equipment provided, ensure access to any CRDM location 

by successively removing adjacent assemblies if necessary. 

Additionally, contingent upon normal CRDM uncoupling 

methods, centrally located CRDM(s) will be utilized as 

access points for inspectiurl. 

Up to three CRDM nozzles in one quadrant will be required 

to perform all of the recommended inspections, optional 

sampling, and monitoring procedures. Sampling equipment, 

radiation measuring equipment, and inspection devices can 

be inserted through these penetrations as well 



as CRDM nozzles closer to the pattern center if CRDM removal 

does not require motor tube cutting. The normal procedures for 

removal of a CRDM are outlined in Appendix I. 

The vent valve thermocouple nozzles have a 0.614" inside 

diameter and are considered the first choice penetration 

location for the following equipment: 

1. Reactor vessel head purge system 

2. Primary water.leve1 indication system (Optional) 

The vent va'lve thermocouple nozzle, shown in Figure 2.1-2 

is the best penetration location for these prerequisite 

systems because they are accessible outside the service 

support structure and are closed only by a bolted bl.ind 

flange. With appropriate radiological controls, these 

systems can be established at the thermocouple nozzles 

after head venting but prior to breaching a CRDM with minimum 

nlan-rem exposure. 
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2 .2  Secondary  Boundary 

The '  n e c e s s i t y  o f  secondary  boundar ies  such a s  g l o v e  

boxes  and g l a n d '  s e a l s  f o r  t h e  a c c e s s e s  t o  be used h a s  

been e v a l u a t e d .  T h i s  a s sessment  has  been based on two 

aosumpt ioncl  

I. P r i o r  t o  any work t h a t  b r e a c h e s  t h e  i n t e g r i t y  of  t h e  

v e s s e l ,  a  purge  would be e s t a b l i s h e d  i n  t h e  r e a c t o r  

v e s s e l  head such t h a t  t h e r e  would be a  con t inuous  

" i n  f low" through any open p e n e t r a t i o n s  p r e v e n t i n g  

t h e  r e l e a s e  o f  any p a r t i c u l a t e  or gaseous  a c t i v i t y .  

2. Upon removal o f  each CRDM, a  g u i d e  t u b e  s i m i l a r  to  a n  

empty motor t u b e  is p laced  i n  p o s i t i o n  and b o l t e d  on 

t h e  CRDM n o z z l e  to  p r o v i d e  a  r a d i o l o g i c a l  boundary 

when t h e  p e n e t r a t i o n  is n o t  i n  use  and to s e r v e  a s  a  

g u i d e  t u b e  f o r  t h e  i n s p e c t i o n  equipment .  A f t e r  a c c e s s  

t o  a  p a r t i c u l a r  CRDM nozz le  is no l o n g e r  n e c e s s a r y ,  

t h e  empty motor t u b e  may be r e p l a c e d  w i t h  a b l i n d  

f l a n g e .  

A c o n c e p u t a l  d e s i q n  of  a  purge  sys tem t o  be used is shown 

in ~ i g u r e  2.2-1. This sysleii~ iequires t h e  lower ing  s f  t h e  

p r i m a r y  wa te r  l e v e l  t o  a  p o i n t  below t h e  bottom of t h e  

v e n t  v a l v e  thermocouple n o z z l e ,  i ts  s u c t i o n  p o i n t .  

C u r r e n t  e s t i m a t e s  of  r a d i a t i o n  l e v e l s  i n s i d e  t h e  r e a c t o r  

v e s s e l  a r e  a s  f o l l o w s :  



1. I n s i d e  t h e  reactor v e s s e l  head  n e a r  t h e  t o p ,  

a s suming  a maximum c o n t r i b u t i o n  by t h e  n o b l e  g a s  

i n v e n t o r y ,  300-500 R/hr i s  e x p e c t e d  b e f o r e  p u r g e .  

2. I n s i d e  t h e  reactor v e s s e l  head  n e a r  t h e  t o p ,  

a s suming  no c o n t r i b u t i o n  o f  g a s e o u s  a c t i v i t y ,  

100-300 R/hr is  e x p e c t e d  a f t e r  p u r g e  or i f  no n o b l e  

g a s e s  are e n c o u n t e r e d .  

Assuming a worst case e s t i m a t e d  r a d i a t i o n  l e v e l ,  i n s i d e  

t h e  reactor v e s s e l  head  n e a r  t h e  t o p ,  o f  '500 R/hr ; t h e  

r a d i a t i o n  l e v e l  a t  t h e ,  t o p  o f  an empty motor t u b e  d u e  to 

s t r e a m i n g  is e s t i m a t e d  t o  b e  2-3R. 

G e n e r a l  area r a d i a t i o n  l e v e l s  on t h e  work ing  p l a t f o r m  o f  

t h e  s e r v i c e  s t r u c t u r e  d u e  t o  s o u r c e s  i n s i d e  and o u t s i d e  

t h e  p r i m a r y  s y s t e m  are e s t i m a t e d  to be 500-700 mR/hr 

u n s h i e l d e d .  

. T h e s e  estimates do  n o t  a c c o u n t  f o r  any  p o s s i b l e  p l a t e o u t  

o f  r a d i o a c t i v e  materials  on t h e  reactor i n t e r n a l  s u r f a c e s  

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

p r o d u c e d  d u r i n g  d r y i n g  o f  t h e  d r a i n e d  u p p e r  head  r e g i o n .  

The a i r b o r n e  p a r t i c u l a t e  c o n t r i b u t i o n  w i l l  be removed 

o n c e  t h e  p u r g e  s y s t e m  becomes o p e r a t i o n a l .  



Further  a n a l y s e s  a r e  r e q u i r e d  to determine  the  g a s  
. - 

p r o d u c t i o n  r a t e  r e s u l t i n g  f  rom.'the p o s s i b l e  r e l e a s e  of 

b u b b l e s  o r i g i n a t i n g  w i t h i n  t h e  v e s s e l  and the  effects  of 

p l a t e o u t  and p o t e n t i a l  a i r b o r n e  p a r t i c u l a t e s .  These 

a n a l y s e s  a r e  n e c e s s a r y  to c o n c l u s i v e l y  determine the  

adequacy of a purge system i n  p r e v e n t i n g  a release of 

p a r t i c u l a t e  and g a s e o u s  a c t i v i t y  through. open 

p e n e t r a t i o n s .  
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2.3 C o n t i n g e n c y  T o o l i n g  

An e v a l u a t i o n  w a s  p e r f o r m e d  to  assess t h e  p o t e n t i a l  

p r o b l e m s  i n  o b t a i n i n g  access i n t o  t h e  reactor v e s s e l  by  

u n b o l t i n g  e x i s t i n g  f l a n g e s .  C o n t i n g e n c y  t o o l i n g  h a s  

b e e n  i d e n t i f i e d  which  w i l l  be  n e c e s s a r y  a s  a backup  
, 

method %or g a i n i n g  access t h r o u g h  t h e s e  e x i s t i n g  

f l a n g e s .  A d d i t i o n a l l y ,  t h e  c u t t i n g  o f  a s p e c i a l  h o l e  i n  

t h e  reactor v e s s e l  head  was e v a l u a t e d .  

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

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

u n c o u p l i n g ,  CRDM r e m o v a l ,  o r  v e n t  v a l v e  t h e r m o c o u p l e  

n o z z l e  b l i n d  f l a n g e  removal .  

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

p r o p e r t i e s  o f  t h e  CRDM were c o n s i d e r e d  and are o u t l i n e d  

i n  F i g u r e s  2.3-1 a n d  2.3-2. 

Thermocouple  B l i n d  F l a n g e  - .  The t h e r m o c o u p l e  b l i n d  

f l a n g e  is s e c u r e d  by f o u r  3/4" d i a m e t e r  b o l t s .  Shou ld  

t h e y  f a i l  to  come free u s i n g  s t a n d a r d  p r o c e d u r e s  and 
. , . .  

t o o l i n g  a l a r g e r  wrench  w i l l  be  u t i l i z e d  t o  a p p l y  more - 

t o r q u e .  I f  t h e  b o l t s  are s t i l l  f r o z e n  t h e y  w i l l  be c u t  



off. Tooling design and development would be minimal due 

to the accessibility of the flange. 

CRDM - Standard tooling and procedures for leadscrew 
uncoupling and CRDM removal may prove to be inadequate 

due to conditions imposed during and since the TMI-I1 

incident. Possible complicating conditions considered 

are : 

1. Corrosion of bolts and fittings 

2. ~elting/fusin~ of leadscrew to the control rod 

spider 

3. Warpage of leadscrew or CRDM due to thermal 

stresses. 

4. Melting or warpage of the quide tube brazements. 

It has been estimated that the leadscrews in the peripheral 

CRDM1s experience a minimum of 1500°F for a period of 

approximately one hour before being quenched. Although this 

by itself would not have significantly changed the 

metallurigical properties of any of the key components, it 

could have been sufficient to cause degree of warpage. If 
9 

the temperature reached as high as 2100°F, the rod guide 

bra.zements could have begun to melt. It is possible that 

the male coupling on the end of the leadscrew assembly was 

fused or deformed and will not uncouple from the spider. 

Some degradation of both components is expected due to the 



i n i t i a l  t h e r m a l  g r a d i e n t s  and s u b s e q u e n t  e n v i r o n m e n t .  

An a l t e r n a t e  p r o c e d u r e  f o r  removing a CRDM is o u t l i n e d  

i n  F i g u r e s  1.2-2 and  1.2-3. A l i s t  o f  t o o l i n g  ,which was 

c o n s i d e r e d  is l i s t e d  i n  T a b l e  2.3-3. The  P I  is a t t a c h e d  

a t  t h e  bottom by  .a s i n g l e  s t u d  and n u t  and a t  t h e  top by 

a clamp. Shou ld  t h e s e  f a i l  to  come o f f  u t i l i z i n g  

s t a n d a r d  p r o c e d u r e s  and t o o l i n g ,  t h e y  c b u l d  be b roken  

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

p u l l e r .  The s t a to r  s h o u l d  t h e n  be - l i f t e d  o f f ,  u s i n g  

e i t h e r  t h e  s t a n d a r d  tool  or a h e a v i e r  v e r s i o n  (see F i g u r e  

2.3-4) wh ich  g r a b s  it a t  t h e  bo t t om and is a b l e  to  e x e r t  

much more l i f t i n g  force. I n  t h e  u n l i k e l y  e v e n t  t h a t  t h e  

s t a t o r  s t i l l  f a i l s  to l i f t  o f f ,  it may be b y p a s s e d  by 

u s i n g  a d o u b l e  o f f s e t  f l a n g e  b o l t  r e m o v a l - t o o l  ( ~ i g u r e  . . 

2.3-5) s p e c i f i c a l l y  d e s i g n e d  for  t h a t  p u r p o s e .  

An access h o l e  would now be c u t  i n  t h e  service s t r u c t u r e  

a s  shown i n  F i g u r e  2.3-6, T h i s  is . n o t  a stress r e l i e v e d  

s t r u c t u r e .  The s t r u c t u r a l  aspects o f  c u t t i n g  s u c h  a n  

b p e n i n g  h a v e  been  e v a l u a t e d  and no s t r e n g t h  or s t a b i l i t y  

p r o b l e m s  would e x i s t .  The material  i s  3/4" c a r b o n  s tee l  



and would lend itself quite well to gas torch or 

abrasive disc cutting. Both of these methods would be 

both fast and relatively easy, but the potential 

airborne contamination is considered undesirable. A 

power reciprocating hacksaw would reduce potential 

airborne contamination but would take much longer to 

cut. 

Once an access hole is established, the motor tube and 

leadscrew could be cut. Two possible' cut locations have 

been identified. The upper cut location is between the 

top of the rotor assembly and the bottom of the torque 

tube assembly. The lower cut location is between the 

bottom of the rotor assembly and the top of the thermal 

barrier assembly. 

The upper cut location has the.following advantages over 

the lower cut location: 

1. Thinner motor tube wall, 0.3" versus 0.5" 

2. More leadscrew would be exposed, 2' versus 6" 

3. Rotor assembly would require anchoring or capturing 

before cut section could be lifted away. 

A disadvantaqe of the upper cut location is that the 

stator must first be removed or cut. 



P o s s i b l e  c u t t i n g  me thods  are shown i n  F i g u r e s  2.4-7 and  

2.3-8. C u t t e r s  c o n s i d e r e d  are power r e c i p r o c a t i n g  

hacksaw,  power bandsaw,  and a b r a s i v e  d i s c .  A s  w i t h  t h e  

s e r v i c e  s t r u c t u r e  c u t ,  t h e  a b r a s i v e  d i s c  is e x p e c t e d  to  

be t h e  q u i c k e s t  and easiest  method,  w i t h  a i r b o r n e  

c o n t a m i n a t i o n  a g a i n  a c o n c e r n .  A power bandsaw or 

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

b u t  t h e  work h a r d e n i n g  of t h e  metals mus t  be c o n s i d e r e d .  

A f t e r  t h e  c u t  is complete, t h e  uppe r  p o r t i o n  would be 

c a r r i e d  t o  a d e s i g n a t e d  l a y  down area. The f l a n g e  b o l t s  

would t h e n  be l o o s e n e d  u s i n g  a p p r o p r i a t e  t o o l i n g  . 
A l t h o u g h  i t  is assumed t h a t  t h e  t o r q u e  n e c e s s a r y  to  s t r i p  

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

c u t t i n g  or b r e a k i n g  o f  t h e  b o l t s  may b e  r e q u i r e d .  The  

r e m a i n d e r  o f  t h e  CRDM would t h e n  be removed. 

A t  t h i s  p o i n t ,  i t  would be n e c e s s a r y  to  separate t h e  

l e a d s c r e w  a s s e m b l y  a t  a  c o n t r o l l e d  l o c a t i o n  down i n s i d e  

t h e  head .  The access is l i m i t e d  by  t h e  2.765" i n s i d e  

d i a m e t e r  o f  t h e  CRDM n o z z l e  and t h c  1-1/2" o u t c i d c  

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

a s s e m b l y  s e p a r a t i o n  o p t i o n s  were i n v e s t i g a t e d  and are 

l i s t e d  below: 

1. T o r c h  c u t  - g a s  



Electric ARC cut, Electron Discharge Machining 

Mechanically cut. - cutting tools, hydraulic shear 
Chemically cut - acid, etc. 
Chemically machine 

Hydrogen embrittlement 

Thermal Shock 

Freeze - nil ductility 
Heat soften 

Twist apart 

Pull apart 

As shown in Figure 2.3-1, the leadscrew assembly 

consists of four sections connected at three locations 

by pairs of stainless steel pins held in place by 

sleeves. The relative material strengths of the 

components are listed in Table 2.3-9. Based on the 

geometric and structural considerations all but two of 

the ele'ven options investigated were discarded as 

impractical. The following corresponding list briefly 

summarizes the reasons for rejection: 

1. Geometric constraints limit the size of the torch 

and stainless steel does not burn, it requires 

flux or powder injection. 



2.. Power l e v e l s  r e q u i r e d  coupled  wi th  g e o m e t r i c  

c o n s t r a i n t s  o f  t o o l i n g  make i m p r a c t i c a l .  

3. Geometr ic  c o n s t r a i n t s  on t o o l i n g  and t h e  d i f f i c u l t y  

i n  a c c u r a t e l y  c o n t r o l l i n g ' t h e  feed  speed.  

4.  Would t a k e  t o o  long.  Time needed is e s t i m a t e d  t o  

he one month. 

5. I t  is i m p r a c t i c a l  to e s t a b l i s h  anod ic -ca thod ic  

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

v e s s e l  and t h e  r e a c t o r  v e s s e l  i t s e l f  a r e  e lec t r i -  

c a l l y  connected  to  t h e  l eadsc rew.  

6. Hard t o  m a i n t a i n  hydrogen envi ronment ,  e x p l o s i v e ,  t o o  slow, 

u n r e l i a b l e  r e s u l t s .  

7. Would a t  b e s t  make b r i t t l e ,  s t i l l  need impact  t o  

b r e a k ,  hard  to  a p p l y .  

8. E s s e l l L i d l l y  IIU 11i1 d u c t i l i  k y  t empera tu re .  

9. Conceivably  cou ld  h e a t  to  r e d u c e  stress f low,  

however, problems i n  h e a t i n g  t h e  l eadsc rew i n s i d e  

t h e  r e a c t o r  v e s s e l  make t h i s  i m p r a c t i c a l .  

The l a s t  t w o  o p t i o n s ,  numbers 10  and 11, were investi- 

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

performed appear  i n  T a b l e  2.3-10. The 5 0 0 f t - l b s  of 

t o r q u e  n e c e s s a r y  t o  s h e a r  t h e  p i n s  would n o t  be hard  t o  

g e n e r a t e , .  however, due  t o  t h e  u n c e r t a i n  c o n d i t i o n  of t h e  



s p i d e r  and b razemen t  it was c o n s i d e r e d  n o t  p o s s s i b l e  to  

p r e d i c t  where  b r e a k a g e  would o c c u r .  

The b e s t  method f o r  o b t a i n i n g  a c o n t r o l l e d  s e p a r a t i o n  

would b e  s h e a r i n g  t h e  c o n n e c t i n g  p i n s  by p u l l i n g  t h e  

l e a d s c r e w  a s sembly  a p a r t .  The m a g n i t u d e  o f  t h e '  f o r c e  

n e c e s s a r y  would be  a p p r o x i m a t e l y  s i x  t o n s .  I n  o r d e r  t o  

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

f u e l  a s s e m b l y ,  a t h i c k  w a l l e d  p i p e  would be s l i p p e d  down 

a r o u n d  t h e  l e a d s c r e w  to t h e  hub  of t h e  s p i d e r  a s s e m b l y  

a s  a h o l d  down w h i l e  a j a c k i n g  f o r c e  w a s  a p p l i e d .  A 

b l o c k  c lamp would be p l a c e d  on t o p  o f  t h e  l e a d s c r e w  to  

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

l e a d s c r e w  a s s e m b l y  upon t h e  a p p l i c a t i o n  o f  f o r c e  would 

t a k e  p l a c e  a t  e i t h e r  o n e  o f  t h e  r e m a i n i n g  t w o  p i n n e d  

c o n n e c t i o n s  or a t  t h e  c o n c e p t u a l  d e s i g n  of t h e  p u s h / p u l l  

tool  a s  shown i n  F i g u r e  2.3-11. 

Once an  i n i t i a l  CRDM p e n e t r a t i o n  h a s  been  comple t ed  u s i n g  

the p r e c e e d i n g  methods  t h e n  s u b s e q u e n t  l e a d s c r e w s  which 

f a i l  to  u n c o u p l e  c o u l d  be c u t  i n  t h e  head  u s i n g  remote 

t o o l i n g .  A saw t y p e  or h y d r a u l i c  s h e a r  c u t t e r  c o u l d  be  

l o w e r e d  t h r o u g h  an  open  n o z z l e  and u sed  to c u t  a d j a c e n t  

l e a d s c r e w s  be low t h e  l e a d s c r e w  s u p p o r t .  



T o o l i n g  would h a v e  to  be  d e s i g n e d  which  would f i t  

t h r o u g h  a CRDM n o z z l e  and  . r e ach  o v e r  t o .  a n  a d j a c e n , t  

l e a d s c r e w  l o c a t e d  a p p r o x i m a t e l y  1 2" away. T h i s  would 

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

p r o b a b l y  r e d u c e  s e p a r a t i o n  t i m e  and  ma,n-rem e x p o s u r e .  

A c o n c e p t u a l d e s i g n  . o f  t h i s  in -head  l e a d s c r e w  c u t t e r  i s  

shown i n  F i g u r e  2.3-12. 

T h e  c u t t i n g  o f  a s p e c i a l  h o l e  i n  t h e  reactor v e s s e l  

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

or making  a separate p e n e t r a t i o n  w a s  e v a l u a t e d .  

The reactor v e s s e l  h e a d  is made o f  7" t h i c k  c a r b o n  s teel  

c l a d  w i t h  0.125" minimum 3/16"nomi,nal  s t a i n l e s s  s teel .  The 
I 

e x i s t i n g  t h e r m o c o u p l e  p e n e t r a t i o n  is  a 0.614" d i a m e t e r  h o l e  

d r i l l e d  v e r t i c a l l y  t h r o u g h  t h e  head .  

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

p a t h .  The new p e n e t r a t i o n  would be  made r a d i a l l y  i n  o r d e r  

t o  r e d u c e  stress c o n c e n t r a t i o n s .  The n e c e s s a r y  s i z e  o f  

e a c h  p e n e t r a t i o n  would depend  on  t h e  e x a c t  l o c a t i o n s  of t h e  

h o l e s  a n d  would b e  o n  t h e  o r d e r  o f  2 t o  4 i n c h e s  i n  

d i a m e t e r .  T o o l i n g  would c o n s i s t  o f  b o r i n g  e q u i p m e n t  

mounted  o n  a template. The t e m p l a t e  would b e  b o l t e d  to  t h e  



head  u s i n g  d r i l l e d  and t a p p e d  h o l e s .  I n  t h e  case of t h e  

new p e n e t r a t i o n ,  a p i l o t  h o l e  would f i r s t  be made u s i n g  a 

m a g e n t i c  b a s e  d r i l l .  I n  b o t h  i n s t a n c e s ,  t h e  h o l e  would be 

c u t  u s i n g  p r o g r e s s i v e l y  l a r g e r  b o r i n g  b a r s .  The c u t t i n g  

o f  t h e  h o l e  would p r e s e n t  no real  p rob l em i n  i t s e l f  o t h e r  

t h a n  b e i n g  a t i m e  consuming p r o c e s s .  However, t h e  

s u b s e q u e n t  r e p a i r  o f  s u c h  a  h o l e  .would p r e s e n t  p r o b l e m s  i n  

t h r e e  major a r e a s :  

1. S t r e s s  r e l i e f  a round  h o l e  

2. P r o t e c t i o n  o f  e x p o s e d  c a r b o n  s tee l  s u r f a c e s  

3 .  S t r u c t u r a l  i n t e g r i t y  o f  p r e s s u r e  v e s s e l  f o l l o w i n g  

r e p a i r .  

I n v e s t i g a t i o n  i n t o  t h e s e  p rob l em areas h a s  r e s u l t e d  i n  

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

c o n c e i v a b l y  be made and r e p a i r e d  it would be done o n l y  

a s  a l a s t  resort and would be  f u r t h e r  e v a l u a t e d  a t  t h a t  

t i m e .  A 1  t e r n a t e  access r o u t e s  o t h e r  t h a n  e x i s t i n g  CRDMs 

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

t i m e .  



CRDM FLANGE 
3 3 0 ' - 6 "  ELEVATION 

I TH3EADED PORTION r PINS 
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151" 

Figure 2 . 3 - 1  .LEADSCREW ASSEMBLY 



CLOSURE INSERT 

r TAKER 

PROPOSED CUT 

MALE 

' [STATOR ROLLER ASSEMBLY , 
SUPPORT 

Figure 2.3-2 CONTROL ROD DRIVE MECHANISM 



Purpose 

Remove PI  

Remove S t a t o r  

Cut through s e r v i c e  
s t r u c t u y e  

Cut through motor 
tube  and leadscrew 

P a l l  a p a r t  leadscrew 
assenbly 

Remove CRDM hof ddown 
bolts 

Bemove TIC f lange  
h o l d d ~ ~ n  bolts 

Cut adjacent leadscrew 

Notes - Tooling Considered 

Rose type clamp and stud 
and nut engagement 

L i f t  and Remove 

3/4" thick carbon steel 
no t  s t r e s s  rel ieved 

Hotor tube - app. 1/2" 
th ick  s t a i n l e s s  s t e e l  
Leadscrew - 1 1/2' dia.  
threaded s h a f t ,  17-4 Ph 
H-$100 condit ion 

Shear two 0.3125" dia.  SS 
pin&/pull coupling o u t  
of sp ider  

1" b o l t s  ( 8 )  

314" bolts ( 4 )  

Pry bars,  long handled 
c u t t e r s ,  L i f t e r s  

U-shaped hook to l i f t  
a t  bottom 

Cutting torch, abra- 
s i v e  d i s c  recipro- 
ca t ing  hacksaw 

1. Reciprocating 
, hacksaw 

2. Power bandsaw 
3. Abrasive d i s c  

Hydraulic hallow - 
cylinder  jaek, long 
th ick  walled pipe. 
Glycerogen t o  be used 
as hydrol ic  f lu id .  

1. Heavy duty socket 
wrench with l eve r  
arm 

2. Saw 
3. Double o f f s e t  

wrench 

I Same as 1 1 2 above 

Reach through UZDM m z z l  Saw typ@ c u t t e r ,  
and cut ad jacant lead- 1 Hydraulic 
mxew in the hemi 



TOP VIEW 

e 
Figure 2.3-4 STATOR LIFTING TOOL 



Figure 2.3-5 DOUBLE OFFSET FLANGE BOLT..TOOL --,,,., ,. ,, ._. ._ _ _ _ - - .. . .  
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VISE ATTACKMENT 

RECIPROCATING 
SERVICE STRUCTURE 

SAW 

LOCKING SCREW 

FEED HANDLE ' 
FEED HANDLE 

L RECIPROCATING SAW 

. . .  . . . .  - . . . . .  . Figure .2.3-7 MOTOR. TlJBVLSAOSCREW . . CU.TT1NG . . .  CONCEPT. * -  , . . . . . w . .  
- .  



ABRASIVE WHEEL 

HIGH VELOCITY 
VACWM SHROUD 

SERVICE 
STRUCTURE 
CYLINDER OCKING SCREW 

.SUPPORT FRAME 

HAND WHEEL FEED, 
MOTOR FEED FOR 
REMOTE OPERATION 
OPTIONAL 

CRDM 

HAND .FEED 
HANDLE 
OPTIONAL 

Figure 2.3-8 CRDM CUT-OFF CONCEPT 



Source: Mark's Handbook 

Material Ultimate (PSI) Yield (PSI) 

304 Annealed 

410 Anne.aled ' 75,000 

Best Estimate Of  Current Properties: 

No Significant Change. Due To Transient 

Figure 2.3-9 Relative Strengths 



Torque To Shear Pins 500 Ft-Lbs 

Lifting Force To Shear Pins 11,500 Lbs 

Torque To Shear Off Teeth On 
Coupling > 3,000 Ft-Lbs 

Torque To Twist Off Shaft 
(304 Annealed) > 1,900 Ft-Lbs 

Assuming No Significant Change In 
Metalurgical Properties Due To Transient 

Figure 2.3-10 Forces Necessary 
To Separate Leadscrew 



LEADSCREW ASS'Y 

HOU.CrVV PLUNGER 
HYDRA~LIC cnINDE 

CONTROL ROD MECHANISM 

TUBING 

PIN I N  LEADSCREW 
CONNECTION 

HAND 

c w m  ROD ASS 

Figure 2.3-11 LEADSCREW PULLeW/SEPARATOR -- - 
- .  . . . , . . . . . . 

- - 



TOP OF SERVICE 
STRUCTURE 

CONTROL ROD GUIDE 

CUT-OFF TOOL 

Ct' 
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2.4 Inspection Technique 

The objective of this inspection is to obtain a 

geometrical representation of the reactor internals down 

to and including the top of several fuel assemblies. 

, 
The uriLsria used in evaluating different inepe~rinn 

techniques are divided into three areas: Results, 

Physical limitations, and Environment. 

Under results, the following characteristics were 

considered: 

1. Resolution - the system must have sufficient 
resolution to accurately represent complex 

shapes of any damage or unusual findings. 

2 .  nefererrces - the inspection system muet be position 
referenced, either through a positive position 

control system or have a "field of viewm 

sufficiently large so that enough points of 

reference are included to define the location. 

3. Recordable Output - the inspection results must be 
I.-?accurately recorded either by a hard copy output, 

1 - 
' , , . '  ., 8 .  . . ,I, ' ,-,. =. -: 

.'. 8 8,. 
,-? --  . *xi::+ .-;, :! ,; photographs, or video tapes. ;:' ,:;*;; 4!-,.,L. a, 

.A -. \I ;. SJ 'L . ,YLmL~b '  
. , . -  , . 

1 . 1  :. 
. .  , - I. 

Under physical size limitations, the following 

characteristics were considered: 
8 ,rx 

, r 7  . - 
- 
7. ?&ii'+&& 

T' :- 
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1. The inspection probe must operate at a minimum of 40 

feet from the control unit. 

2. The inspection probe must be capable of passing through 

a 2.765" diameter opening. 

3. The rigid length of the probe should be minimized to 

facilitate ease of entry via a complex entry path. 

Under environment, the following conditions were 

considered: 

1. Maximum underwater depth of 40' 

2. Maximum water temperature 1 5 0 " ~  

3. Radiation levels up to 1000 R/hr. 

4. No light 

5. Possible opaque water 

Two types of systems were considered in meeting the 

above criteria, video and ultrasonics. An example of 

ultrasonic system was conceptualized after resea~ching  

the present ultrasonic market and determining that no 

current system was available which could meet the 

inspection criteria, This system would include a 

foldable transd~icer array, control unit, and a computer 

for processing the returning information and providing 



a n  o u t p u t  t o  a g r a p h i c  d i s p l a y  or h a r d  copy . u n i t .  The 

' u l t r a s o n i c  s y s t e m  would r e q u i r e  p o s i t i v e  a r r a y  

p o s i t i o n i n g .  T h i s  p o s i t i v e  p o s i t i o n i n g  o f  t h e  a r r a y  

would b e  r e q u i r e d  s i n c e  u l t r a s o n i c  t r a n s d u c e r s  c a n  

t r a n s m i t  and s e n s e  a t  o n l y  o n e  p o i n t  a t  any  p a r t i c u l a r  

t i m e .  Tu b u i l d  a n  image, t h e  t r a n s d u c e r  a r r a y  must. be 

moved i n  a c o n t r o l l e d  p a t h  to  trace o u t  a l i n e  o f  d a t a .  

T h i s  c o n t r o l l e d  p a t h  c a n '  be  d e s i g n e d  s u c h  t h a t  a n  

o r d e r l y  s c a n  of t h e  d e s i r e d  o b j e c t  is t r a c e d  o u t .  I n  

t h e  c o n c e p t u a l  s y s  t e m  o u t 1  i n e d  p x e v i o l l s l y ,  t h e  c o n t r o l  

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

b e  a b l e  t o  move t h e  t r a n s d u c e r  a r r a y  a c c u r a t e l y  enough 

t o  obtain a f i n e  r e s o l u t i o n  s c a n .  The c o n t r o l  s y s t e m  

wh ich  would a c c o m p l i s h  t h i s  would be complex and would 

h a v e  t~ be develnped a l o n g  w i t h  the overall u l t r a s o n i c  

s y c t c m .  The ia laye is c o n s t r u c t e d  by sound  r e f l e c t e d  from 

p e r p e n d i c u l a r  s u r f a c e s  o n l y .  The image would be 

t o p o g r a p h i c  and would n o t  show shadow e f f e c t s  or s u r f a c e  

a p p r e a r a n c e .  A f i n i t e  p e r i o d  o f  t i m e  would be r e q u i r e d  

for t h i s  imag ing  p r n c c n s .  The p r i n c i p a l  a d v a n t a g e  of t h e  

u l t r a s o n i c  s y s t e m  would be  its a b i l i t y  to o p e r a t e  i n  an  

opaque .  l i q u i d .  

T h r e e  v i d e o  s y s t e m s  were compared and t h e  r e s u l t s  o f  

t h i s  c o m p a r i s o n  are shown i n  T a b l e  2.4-1. The v i d e o  



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

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

o f  o p e r a t i o n  i n  opaque  water. A s  a c o n t i n g e n c y  i n  t h e  

e v e n t  o f  a murky water s i t u a t i o n ,  some c o n c e p t u a l  

d e s i g n s  o f  murky water v i e w i n g  s y t e m s  were t e s t e d .  

These  d e s i g n s  were t e s t e d  on a n  a c t u a l  u n d e r w a t e r  camera 

( t h e  Wes t inghouse  ETV 1 2 5 0 )  i n  a m i x t u r e  o f  t a p  water 

and  common so i l .  V i s i b i l i t y  w a s  measu red  a t  a b o u t  2". 

The f i r s t  i d e a  t e s t e d  w a s  t h e  u s e  o f  a f r e s h  water jet 

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

camera  w i t h  a clear water v i e w i n g  plume. A s  t e s t e d ,  t h e  

f l u s h i n g  a c t i o n  sucked  d e b r i s  i n t o  t h e  plume and t h e  

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

camera l i g h t s  t o  be  r e d u c e d .  The end  r e s u l t  o f  u s i n g  t h e  

plume was d e c r e a s e d  n o t  i n c r e a s e d  v i e w i n g  c a p a b i l i t y .  

The s e c o n d  c o n c e p t  t e s t e d  employed b r i g h t  l i g h t s  n e a r  

t h e  camera. T h i s  method was u n s u c c e s s f u l  b e c a u s e  t h e  

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

g l a r e .  

The  t h i r d  and o n l y  s u c c e s s f u l  d e s i g n  t r i e d  was an  

i n f l a t a b l e  bag.  I n  t h i s  s y s t e m ,  a c lear  p l a s t i c  bag i s  

s l i p p e d  o v e r  t h e  f r o n t  of t h e  camera and i n f l a t e d  w i t h  a 

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



s p a c e  o f . c l e a r  w a t e r  between t h e  camera l e n s  and t h e  

ob jec t . . v iewed .  Vent h o l e s  a r e  p l a c e d  around t h e  bag f o r  

d i s c h a r g e  of t h e  c l e a r  wa te r .  The bag t e s t e d  provided 

c l e a r  v iewing a s  l o n g  a s  t h e  bag was i n  c o n t a c t  w i t h  t h e  

v iewing  s u r f a c e .  A c o n c e p t u a l  s k e t c h  of  t h e  i n f l a t i n g  

bag sys tem is shown i n  F i g u r e  2.4-2. 

Demons t ra t ions  of  t h e  Westinghouse ETV-1250 and t h e  

Diamond ST-6 were conducted  a t  B&W i n  Lynchburg. The 

West inghouse  sys tem proved t o  be t h e  b e t t e r  system 

d u r i n g  t h e  d e m o n s t r a t i o n s .  The i n t e g r a l  l i g h t i n g  sys tem 

was judged s u p e r i o r  i n  both  r i .ght  a n g l e  and s t r a i g h t  

ahead v iewing.  The Westinghouse sys tem a l s o  h a s  a  

b e t t e r  a r rangement  f o r  changing viewing a c c e s s o r i e s ,  

( t h r e a d e d  c o n n e c t i o n s  v e r s u s  set  screws). The Diamond 

camera h a s  a  h i g h e r  r e s o l u t i o n  s p e c i f i c a t i o n ,  800 v s  550 

l i n e s  f o r  t h e  West inghouse;  however, t h e  Westinghouse 

produced a much c l e a r e r  p i c t u r e  d u r i n g  t h e  d e m o n s t r a t i o n s .  

U n l i k e  t h e  Westinqhouse sys tem,  the r i g h t  a n g l e  viewing 

a t t a c h m e n t s  Iur t h e  Uiamond sys tem have no t  ye t .  been f u l l y  

deve loped  and t e s t e d .  

O t h e r  d i f f e r e n c e s  between t h o s e  cameras were minor. The 

FERNSEH System was e l i m i n a t e d  e a r l y  i n  t h e  s e l e c t i o n  



process because of larger camera size, larger size of 

the forward viewing attachment, and discontinuities in 

the surface of the right angle viewing attachment which 

would cause the camera to hang up. 

No system considered would have sufficient lighting 

integral with the camera. Auxiliary lighting will be 

necessary for general area coverage. These lights can 

be fabricated from existing components to meet the 

access and environmental requirements of the inspection 

process. 



Table 2.4-1 

CAMERA SPECIFICATION TABLE 

Westinghouse 

Diamond ST-6 

Dia X length (with 1-1/8 X 14.5" 
connector ) 

Resolution 800 lincc 

Gray Scale 10 shades 

Focus Range. 

Remote Focus Yes 

Automatic Light Yes 
Compensation 

Straight Ahead <20 watts 
Lighting Power 

Right Angle 20 watts 
Lighting Power 

Newicon Tube Ep i con 
Available 

Maximum Radiation 5 x lo6 R/hr 
Field 

Cumulative Exposure lo8 R 
Limit 

Temperature Range -20°C to +70°C 

Lens 16mm 

Fersneh R-93---TM ETV 1250 

1-19/32 X 11-5/6" 1-1/4 X 13- 
without connector 2 / 5 "  

550 lines 550 lines 

10 shades 10 shades 

Yes Yes 

Remote Iris Yes 
Control 

150 watts 40 watt 
integral 

150 watts 150 watt 

Yes Yes 

Unknown 2 X lo6 R/hr 

-25°C to +60°C +60 "C 

llmm 16mm 

NOTES : Right angle viewing 
attachments not 
devel ped and . . 
teste& 

Camera system 
and all 
-.attachments . 
first 
marketed 
May 1977 
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2.5 Manipula tors  

Manipula tors  must be designed to maneuver t h r e e  types  of 

d e v i c e s  w i t h i n  t h e  reactor v e s s e l  du r ing  i n s p e c t i o n  

o p e r a t i o n s :  

1. Cameras - Manipulator must be a b l e  to move a camera 

t o  four d e s i r e d  p o i n t s  of obse rva t ion r  

a ,  Tops of p e r i p h e r a l  f u e l  assemblies. 

cover  then  down a long  t h e  i n s i d e  of t h e  

plenum c y l i n d e r  to a p o i n t  d i r e c t l y  above the 

p e r i p h e r a l  f u e l  assemblies .  

be  The area between t h e  core suppor t  s h i e l d i n g  and 

the  plcfirrfi, 

o The camera must t r a v e l  from p o i n t  of e n t r y  to 

t h e  gap between t h e  core suppor t  s h i e l d  and 

t h e  plenum, then down i n t o  t h i s  gap as f a r  a s  

p o s s i b l e .  

c. The i n t e r i o r  of  t h e  c o n t r o l  rod brazements. 

0 The camera w i l l  be lowered s t r a i g h t  down from 

t h e  c o n t r o l  rod d r i v e  mechanism nozzle  i n t o  

t h e  gu ide  tube  brazements. 

d .  The area on t o p  of t h e  plenum cover,  



o The camera will be swept over the plenum in 

the available open area below the entry 

point. 

,2. Auxiliary Lighting - Manipulator must be able to 
position the auxiliary lighting in the upper head 

region for general illumination. It must be also 

capable of positioning auxiliary lighting down 

inside the plenum cylinder to a point above the fuel 

assemblies and down between -the plenum cylinder and 

core support shield. 

3. Sampling Equipment (Optional) - This manipulator must 
carry the swipe system over a section of the plenum 

cover to collect swipe samples of the plenum cover. 

In addition to maneuvering its particular device to a 

desired location, each manipulator must also: 

1 .  Be able to fit through the available penetration in 

the closure head. 

2. Not encounter interference from existing structures 

within the clo'sure head. L 

3. Allow the connecting cable for the device to feed 

freely for both entry and exit operations. 

4 .  Operate reliably. 



5. A l l o w  m a n i p u l a t o r  c o n t r o l  f rom o u t s i d e  o f  

p e n e t r a t i o n  i n  v e s s e l  head .  

6. A l l o w  c o o r d i n a t i o n  w i t h  v i s u a l  o b s e r v a t i o n  e q u i p m e n t  for  

p l a c e m e n t ,  s a m p l e  g a t h e r i n g ,  etc. 

7.  Be s a l v a q a b l e  i f  camera or l i g h t i n g  g e t s  s t u c k  beyond 

r e m o v a l .  

T h e  f o l l o w i n g  o p t i o n s  were c o n s i d e r e d  f o r  m a n i p u l a t o r s  : 

1. A h i n g e d  arm shown i n  F i g u r e  2.5-1. 

2. A h i n g e d  t u b e  shown i n  F i g u r e  2.5-2. 

3. A h i n g e d  t u b e  w i t h  p r o v i s i o n  for h o u s i n g  t h e  camera  

shown i n  F i g u r e  2.5-3. 

I n  e a c h  case, t h e  lower arm o f  t h e  m a n i p u l a t o r  is r a i s e d  

a n d  lowered by d d e p l o y m e n t  c a b l e .  Thc camera  or light 
. . 

would  be  l o w e r e d  t h r o u g h  t h e  m a n i p u l a t o r  by h a n d l i n g  i L s  

e l ec t r i ca l  c a b l e s .  

Based  on t h e  e s t a b l i s h e d  c r i t e r i a  and an  e v a l u a t i o n  o f  

t h e  a d v a n t a g e s  and U i s a d v a n t a y e s  o f  each t y p e  

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

o p e r a t i o n .  
. , 

Camera - A h i n g e d  t u b e  w i t h  a camera recess, which 

allows a maximum l e n g t h  o f ' t h e  lower m a n i p u l a t o r  arm,  

w a s  c h o s e n .  T h i s  l o n g e r  lower arm a l l o w s  t h e  g r e a t e s t  

l a t e r a l  movement and  g i v e s  a l a r g e r r a n g l e  f o r  a g i v e n  



o f f s e t .  Th.is  l a r g e r  a n g l e  r e d u c e s  c a b l e  d r a g  and allows 

a more c o n t r o l l e d  p l a y o u t  o f  t h e  camera cable. 

A method f o r  c a n t i n g  t h e  camera a t  a s l i g h t  a n g l e  

( 0 - 3 0 " )  i n  a g i v e n  d i r e c t i o n  is r e q u i r e d .  By u s e  of a  

d r a w  c a b l e  a t t a c h e d  to  t h e  camera head ,  and by r o t a t i o n  

o f  t h e  camera c a b l e ,  t h i s  m a n i p u l a t i o n  c o u l d  b e  

a c h i e v e d .  A c o n c e p t u a l  d e s i g n  -is shown i n  F i g u r e  2.5-4. 

S p e c i f i c  d e s i g n s  w i l l  r e q u i r e  e x t e n s i v e  mock-up 

t e s t i n g .  

~ u x i l i a r y  L i g h t i n g  - A h i n g e d  t u b e  w i t h  or w i t h o u t  t h e  

recess c a p a b i l i t y  ( F i g u r e  2.5-5) would be  u sed  f o r  t h e  

a u x i l i a r y  l i g h t i n g .  A t u b e  was c h o s e n  o v e r  a c l o s e d  

h i n g e d  arm b e c a u s e  by e n c l o s i n g  t h e  e lec t r ica l  c a b l e  i n  

a t u b e ,  t h e r e  is a r e d u c e d  r i s k  o f  f o u l i n g  i n  t h e  

m a n i p u l a t o r s .  

D e b r i s  Sampl ing /Swipe  Sampl ing  ( O p t i o n a l )  - F o r  t h i s  

o p e r a t i o n ,  a h i n g e d  t u b e  w i t h  a n  a d d i t i o n a l  w e i g h t e d  arm 

c o n n e c t e d  a t  t h e  bo t t om o f  t h e  lower arm would be used 

( F i g u r e  2 .5-6) .  T h i s  a r r a n g e m e n t  w i l l  allow movement o v e r  

t h e  plenum c o v e r  i n  t h e  v i c i n i t y  of t h e  CRDM n o z z l e  

( a p p r o x i m a t e l y  25" r a d i u s ) .  The w e i g h t e d  arm which  w i l l  

hang  v e r t i c a l l y ,  w i l l  allow c o n t r o l l e d  p o s i t i o n i n g  



of the swipe sampler over desired areas of the plenum 

cover. 
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2.6  Swipe  Sampl ing  ( O p t i o n a l )  

Once access is o b t a i n e d  i n t o  t h e  reactor v e s s e l  head ,  

s p e c i a l  s a m p l i n g  e q u i p m e n t  c o u l d  b e  u sed  to  col lect  s w i p e  

s a m p l e s  of par t  o f  t h e  plenum c o v e r  i n  t h e  v i c i n i t y  o f  t h e  

access. C o l l e c t i o n  o f  p a r t i c u l a t e  material  c o u l d  b e  

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

i n  F i g u r e  2.6-1. A n a l y s i s  o f  t h i s  would be e x t r e m e l y  

b e n e f i c i a l  i n  f u r t h e r  e v a l u a t i o n  t h e  c o n s e q u e n c e s  o f  t h e  

i n c i d e n t .  

2.7 TLD Sampling.  ( O p t i o n a l )  

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

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

"tree" v e r t i c a l l y  down t h r o u g h  a c o n t r o l  rod g u i d e  

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

t i m e .  A map o f  r a d i a t i o n  l e v e l s  i n s i d e  t h e  upper  

v e s s e l  c o u l d  t h e n  be  d e v e l o p e d  and u sed  to  benchmark 

o t h e r  a n a l y s i s  pe r fo rmed  and underway. 

Water L e v e l  M o n i t o r i n g  ( u p t i o n a l )  

A p r i m a r y  water .  l e v e l  i n d i c a t o r  s y s t e m  s h o u l d  be 

e s t a b l i s h e d  t h r o u g h  a v e n t  v a l v e  t h e r m o c o u p l e  n o z z l e .  

T h i s  s y s t e m ,  i f  - c o n t i n o u s l y  m o n i t o r e d ,  would s e r v e  as a 



back-up f o r  e x i s t i n g  s y s t e m s  t h u s  a s s u r i n g  e a r l y  wa rn ing  o f  

a n y  water l e v e l  c h a n g e s .  

2.9 Mock-ups 

Mock-ups w i l l  be r e q u i r e d  f o r  c h e c k o u t  and t e s t i n g  o f  

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

11. T h e s e  mock-ups w i l l  a l so  be n e c e s s a r y  f o r  t r a i n i n g  

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

The Diamond Power S p e c i l i t y  Co. (.DPSC) h a s  been 

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

t h e  reactor v e s s e l  and CRDM a r r a n g e m e n t .  The DPSC h a s  a 

t e s t  f a c i l i t y  w h i c h ' i n c l u d e s  s e v e r a l  f u l l  scale CRDM's 

u sed  for o p e r a t i o n a l  t e s t i n g .  O t h e r  smaller mock-ups 

w i l l  a l so  b e  r e q u i r e d  to  t es t  s p e c i f i c  tools .  

C o n c e p t u a l  d e s i g n s  o f  t h e s e  mock-ups are shown i n  

F i g u r e s  2.9-1, 2.9-2, a n d  2.9-3. 



PLUNGER 7 

OUTER CABLE 
(SIMILAR TO A 
SPEEDOMETER CABLE 

' SWIPE TAKING. 
MATERIAL 

OPEN E N D  

Figure 2.6-1  SWIPE SAWLER 



TO TEST NORMAL 8 CONTINGENCY TOOLING,MANIPULATORS, 

CAMERAS AND LIGHTING DEBRIS S W L I N G  TOOLS 

Flgure 2.9-1 TEST FACILITY MOCK-UP 



MOTOR TUBE 
SPECIMEN 

BUSHING 

Figure 2.9-2 MOTOR TUBVLEADSCREW C U l T I N G  MOCKUP 



PINS 

Figure 2.9-3 LEADSCREW MOCK-UP 
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APPENDIX I 

OUTLINE OF NORMAL CRDM REMOVAL 

\ 

Loosen  s ~ I s ~ ~ I c  clamp. 

U s i n g  t h e  p o s i t i o n  i n d i c a t o r  ( P I )  a d j u s t m e n t  tool ,  F i g u r e  

1-1, u n t h r e a d  t h e  P.I. ( F i g u r e  2 .3-2) .  

Remove t h e  seismic clamp.  

U s i n g  t h e  P . I .  l i f t i n g . t o o 1 ,  F i g u r e  1-2 remove t h e  P . I .  

Us ing  t h e  s t a t o r  i n s t a l l a t i o n / r e m o v a l  tool ,  F i g u r e  1-3, 

remove  t h e  s ta tor  and  w a t e r  j a c k e t s .  

Remove t h e  CRDM v e n t  p l u g  and  by u s i n g  t h e  v e n t i n g  t oo l ,  

F i g u r e  1-4 ,  v e n t  t h e  d r i v e .  

Remove ' t h e  CRDM top c l o s u r e .  

U s e  t h e  0  r i n g  r e m o v a l  ' t oo l  F i g u r e  1-5 ,  to remove t h e  

d r i v e .  

Uncoup l e  and  p a r k  t h e  l e a d s c r e w  u s i n g  e i t h e r  t h e  

l e a d s c r e w  i n s t a l l a t i o n / r e m o v a l  too l ,  F i g u r e  1-6, or t h e  

a1 t e r n a t e  u n c o u p l i n g  tool ,  F i g u r e  1-7. 

Remove t h e  l e a d s c r e w  f rom t h e  d r i v e  u s i n g  t h e  l e a d s c r e w  

l i f t i n g  tool ,  F i g u r e  1-8. 

U n b o l t  t h e  CRDM u s i n g  t h e  holddown b o l t  

i n s t a l l a t i o n / r e m o v a l  tool F i g u r e  1-9. 

Remove t h e  CRDM u s i n g  t h e  CRDM l i f i n g  tool  F i g u r e  1-10. 



SQUARE TANG 
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0ALLCRANK 

POSITION INDICATOR 
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IdOUNTING SCREW 

POSlTlON INDICATOR BASE 
(BOTTOM PLUG) 

POSITION INDICATOR 
ADJI ISTMENT GEAR 

APPROXIMATE TOTAL. LENGTH 196" 

FIGUi;E 111 P.!. ADJUSTMENT TOOL, 706508-1049 



HOIST RING 

INDEXED INTO 
RI.  RECEPTACL 

OUTER NUT 

El: CONNECTOR 
(REF.) \THREAD ENGAGES WI 

P.I. RECEPTACLE 

FIGURE 1-2 P.I. LIFTING TOOL, 703724-1 143 



INDEXING SLOT 

MOTOR TUOE 

SLOT IN TOOL SMALL HOLE 

LARGE HOLE 

APPROX. TOTAL LENGTH 190" 

FIGURE 1-3 STATOR INSTALLATION/REMOVAL TOOL, 706544- 1052 



ENGAGED 
P O S I T I O N  \ 

KNURLED LOCKIN'G 

WISE T O  HARDSTOP . 
ENGAGING TOOL STEM 
WITH T H E  VENT VALVE. 

VENT HOUSING 

BACK-UP VL L V E  
(SHOWN 90' OUT CLOSURE INSERT 
O F  ROTATION FOR 
C L A R I T Y  

,,--CRD V E N T  VALVE 

DISENGAGED POSITION 

FIGURE I- 4 VENTING 7 OOL, 70754 1-1046 

1 



. .  v INSTALLED 

FIGURE 1-5 O-RING REMOVAL TOOL, 709007-1 049 
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INDICATOR FLAG 

AIR CYLINDER 

COUPLED SLOT 

U P  POSITION OF HANDLE 
( NUT RUNNER ASSEMBLY) 

DOWN POSITION OF HANDLE / INDEXING TUBE 
ASSEMBLY 

INDEXING PIN LOCATING TOOL 

- 

TOP OF SPLINE0 

L I F T  TUBE 
ASSEMBLY 

NUT RUNNER 
ASSEMBLY 

ENGAGING BALLS 

.APPROXIt,IATE TOTAL LENGTH 201 112 " - .. 
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INDICATOR BUTTON 
r 
r 

I 

r -7 

T-HANDLE 

SHAFT 

/INDEXING 
SLE EVE 

.APPROXIMATE TOTAL LENGTH 29" 

FIGURE 1-7 ALTERNATE UNCOUPLING TOOL, 706788-1 057 



ING 
R 

APPROXIMATE TOTAL LENGTH 20"  
- 1 

FIGURE 1-8 LEADSCREW LIFTING TOOL, 706568-1053 



LIFTING RING ASSY 

DRIVE EXTENSION BAR 

SLEEVE 

UPPER LOCK 
SLEEVE 

SUPPORT BRACKE 

L'.\'r 1- . 
7 EXTENSION BAR 

LOWER LOCK 

I" SQUARE DR 

,SOCKET 

APPROX. TOTAL LENGTH 252" 
t 

HOLD DOWN BOLT 
MOVEMENT PATTERN 

FIGURE 1-9 HOLDDOWN BOLT I NSTALLATjON/REMOVAL TOOL, 703707-1 151 



F I G U R E  1-10 C R D M  LIFTING TOOL, 703708-1 150 




