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PREFACE 

Th i s  concep tua l  s t u d y  was performed f o r  B a t t e l l e  Memorial I n s t i t u t e ,  

P a c i f i c  Northwest  Labora to ry ,  under  purchase  o r d e r  BOK-S77-61074. The 

p r e p a r a t i o n  o f  th is  r e p o r t  was completed d u r i n g  May 1970,  w h i l e  t h e  FFTF 

p r o j e c t  was undergoing  e x t e n s i v e  r e e v a l u a t i o n .  The d e t a i l s  p r e s e n t e d  i n  

t h i s  r e p o r t  t h e r e f o r e  r e f l e c t  t h e  s t a t u s  of  t h e  p r o j e c t  a t  t h e  t i m e  t h e  

r e p o r t  was p r e p a r e d .  
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EXTENDED CONCEPTUAL STUDY OF DISASSEMBLY -REASS lEMBLU EQUIPMENT 
FOR EXANINATION OF FFTF CORE COMPONENTS AND TEST ASSEMBLIES 

Abstract 

The results of a supplemental extended conceptual study 
of the disassembly-reassembly equipment to be Located in the 
Interim Examination and Disassembly Cell at the proposed Fast 
Flux Test Facility in Richland, Washington, are reported here. 
This extended study was performed t o  consider the effects of 
a reduction in the lengths of core components and test assem- 
blies to be handled with the disassembly-reassembly equipment, 
addition of equipment capability for remote welding of girth 
joints in flow ducts of test assemblies, deletion of one set 
of disassembly-reassembly equipment, and the deletion of pcr- 
fornance testing O E  the equipment at Oak Ridge National Labo- 
ratory. The changes to the disassembly-reassembly equipment 
resulting from these criteria revisions are discussed, and 
the critical path time-cost schedule and cost estimate are 
updated to reflect the revisions. Assuming a start date of 
July 1971, the functionally tested equipment is scheduled for 
delivery t o  Richland 36 months later with completion of liai- 
son work scheduled for May 31, 1975. A s  proposed, the total 
estimated cost f o r  Oak Ridge National Laboratory participation 
in this 4-year program is $1,444,000,  including escalation. 

I I INTRODUCTION 

The Fast Flux Test Facility (FFTF) will provide the capability for 

irradiating reactor core Components and test assemblies in J high flux of 

k a s t  neutrons u p  to lo1" IIV, subsequent disassembly and nondestructive 

examination o i  t h c ~ s c  core components and test assemblies, and f o r  reassem- 

bly of test assemblies when further irradiation in the reactor is required. 

A conceptual study of the remotely operated equipment required for these 

disassembly, examination, and reassembly operations was made by personnel 

of the General Engineering Division at Oak Ridge National Laboratory, and 

the resulrs of that study were reported i n  USAEC Repor t ORNL-TM-2759 (Ref. 

I.>. T h i s  original conceptual study was recently extended to consider the 

effects of some criteria revisions that primarily involve a reduction in 
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t h e  l e n g t h  of c o r e  components and t e s t  a ~ ~ e m l ~ l i ~ s  t o  be  hand]-ed by t h e  

disassenibly-reassembly equipment and t h e  a d d i t i o n  of equipment c a p a b i l i t y  

f o r  remote we ld ing  of g i r t h  j o i n t s  i n  flow d u c t s  of  t e s t  a s s e m b l i e s .  The 

c r i t e r i a  f o r  and r e s u l t s  of t h i s  extended s t u d y  a re  r e p o r t e d  here  a s  a 

supplement t o  t h e  o . r i g i n a l  c o n c e p t u a l  s t u d y  r e p o r t ,  and t h e  c r i t i c a l  

p a t h  t ime-cos t  s c h e d u l e  and c o s t  e s t i m a t e  a r e  updated t o  r e f l e c t  t h e  

c r i t e r i a  r e v i s i o n s  and work invo lved  f o r  f u r t h e r  design,  development, 

f a b r i c a t i o n ,  and t e s t i n g  of t h e  equipment.  

Except Cor c e r t a i n  s i g n i f i c a n t  p o i n t s ,  o n l y  t h e  r e v i s i o n s  i n  c r i t e -  

r i a  and the i . r  e f f e c t s  o n  t h e  disassembly-reassembly equipment as o r i g i -  

n a l l y  conceived a r e  d i s c u s s e d  i n  t h i s  r e p o r t .  V a l i d  d a t a  c o n t a i n e d  i n  
1 t h e  o r ig ina l .  c o n c e p t u a l  r e p o r t  a r e  n o t  u s u a l l y  r e p e a t e d ,  b u t  t he  o u t l i n e  

of t h i s  r e p o r t  i s  i n  general .  t h e  same as t h a t  of  t h e  o r i g i n a l  r -eport  s o  

t h a t  a comparison and c o n s o l i d a t i o n  of i n f o r m a t i o n  may he  e a s i l y  made. 

The d e s i g n  c r i t e r i a  f o r  s h o r t e n e d  c o r e  components and t e s t  a s s e m b l i e s  a r e  

summarized i n  Appendix A, a l t e r n a t e  welding methods a r e  d i s c u s s e d  i n  

Appendix H, and t h e  c o n c e p t u a l  drawings of t h e  s h o r t e n e d  d i sa s sembly -  

reassern1)I.y equipment and i t s  c h a r a c t e r i s t i c s  and c a p a b i l i t i e s  a r e  g iven  

i n  Appendix C .  
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2. SUMMARY 

The b a s i c  f u n c t i o n  of  t h e  FFTF d isassembly- reassembly  equipment t o  

b e  l o c a t e d  i n  t h e  I n t e r i m  Examinat ion and Disassembly C e l l  is unchanged. 

Th i s  f u n c t i o n  i s  t o  p rov ide  a r e l i a b l e  means under c o n t r o l l e d  environmen- 

t a l  c o n d i t i o n s  by which i r r a d i a t e d  c o r e  components and t e s t  a s sembl i e s  

may b e  remote ly  p o s i t i o n e d ,  d i sassembled ,  examined, and reassembled  when 

r e q u i r e d .  The r e v i s e d  d isassembly- reassembly  equipment c o n s i s t s  of one 

p o s i t i o n i n g  machine w i t h  i t s  a c c e s s o r y  t o o l i n g  and c o n t r o l s  t h a t  can be  

o p e r a t e d  and ma in ta ined  from one o p e r a t i n g  s t a t i o n .  

The f e a t u r e s  and g e n e r a l  c a p a b i l i t i e s  of  t h e  d isassembly- reassembly  

equipment and i t s  modes of o p e r a t i o n  are  e s s e n t i a l l y  t h e  same a s  p r e s e n t e d  

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

components and tes t  a s sembl i e s  w i t h  a nominal l e n g t h  o f  12 f t  can  be han- 

d l e d .  A s  b e f o r e ,  t h e s e  a s sembl i e s  may c o n t a i n  e i t h e r  t op - suppor t ed  o r  

bo t tom-suppor ted  p i n  bundles  and i n s t r u m e n t s ,  b u t  t hcy  m u s t  have l e n g t h  

inc remen t s  w i t h i n  t h e  l i m i t s  o u t l i n e d  i n  Appendix A .  

1 

The s t r u c t u r a l  frame of t h e  p o s i t i o n i n g  machine, upon which t h r e e  

s l i d e  a s sembl i e s  move up and down, has been s h o r t e n e d  s o  t h a t  t h e  machine 

i s  now 3 3 . 5  f t  t a l l .  The g r i p  and d r i v e  subassembl i e s  on t h e  lower s l i d e  

have been in te rchanged ,  and t h e  l e n g t h  of  t h e  middle  s l i d e  has  been 

reduced from 10 t o  8 f t  so  t h a t  s h o r t e r  c o r e  components and t e s t  assem- 

b l i e s  can  be handled more e a s i l y .  The f e a t u r e s  and f u n c t i o n s  of the  

t h r e e  s l i d e  a s sembl i e s  a r e  unchanged, i n c l u d i n g  t h e  p r o v i s i o n s  f o r  induced 

a rgon  c o o l i n g  o f  t h e  p i n  bundle  d u r i n g  a l l  modes of  o p e r a t i o n .  

A major  change i n  t h e  a c c e s s o r y  t o o l i n g  i s  t h e  a d d i t i o n  o f  computer- 

d i r e c t e d  we ld ing  equipment f o r  t h e  remote weld ing  of  g i r t h  j o i n t s  i n  t h e  

hexagonal  f low d u c t s  o f  reassembled  t e s t  a s s e m b l i e s .  This  oquipment w i l l  

c o n ~ r o l  t h e  weld ing  o p e r a t i o n  from s t a r t  t o  f i n i s h  and w i l l  a u t o m a t i c a l l y  

r e g u l a t e  t h e  v a r i o u s  weld ing  pa rame te r s  to e n s u r e  a r e l i a b l e  weld. 

Devices t o  i n s p e c t  t h e  completed weld o r  t o  r e c o r d  o p e r a t i n g  v a l u e s  of 

t h e  weld ing  pa rame te r s  a r e  n o t  i nc luded  i n  t h i s  equipment.. A complete  

e v a l u a t i o n  of  t h e  p o t e n t i a l  equipment f o r  i n - c e l l  we ld ing  was n o t  made i n  

t h i s  s tudy ,  and f u r t h e r  e v a l u a t i o n  of t h e  equipment d e s c r i b e d  h e r e i n  w i l l  
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be n e c e s s a r y .  A b r i e f  i n v e s t i g a t i o n  was made of t h e  p r i n c i p l e s  t h a t  

might b e  used t o  a l i g n  t h e  welding f i x t u r e  on t h e  p o s i t i o n i n g  machi.ne 

and t o  a l i g n  t h e  d u c t  p i e c e s  f o r  wel.dirig. The use of a s e l f - a l i g n i n g  

s l i p  j o i n t  i n  t h e  flow d u c t s  o f  reassembled t e s t  a s s e m b l i e s  i s  recommended 

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

The c r i t i c a l  p a t h  t i m e - c o s t  s c h e d u l e  f o r  ORNL p a r t i c i p a t i o n  i n  t h e  

des ign ,  development, f a b r i c a t i o n ,  and t e s t i n g  of  t h e  FFTF disasseinbly-  

reassembly equipment has  been r e v i s e d  t o  r e f l e c t  t h e  changes i n  t h e  equip-  

ment and program r e q u e s t e d  by FFTF p r o j e c t  management. The net:work of 

a c t i v i t i e s  i n  t h e  r e v i s e d  s c h e d u l e  r-ernai.ns s i m i l a r  t o  c h a t  p r e s e n t e d  i n  

t h e  o r i g i n a l .  s chedu le .  The p r e l i m i n a r y  d e s i g n  and development work w i l l  

proceed j o i n t l y ,  fo l lowed  by t h e  f i n a l  des ign ,  procurement,  f a b r i c a t i o n  

by o u t s i d e  c o n t r a c t o r s ,  and shipment t o  OKNL. The i n t e g r a t e d  f u n c t i o n a l  

t e s t i n g  of  t h e  p o s i t i o n i n g  machine and too l - ing  w i l l  complete  t h e  major 

p o r t i o n  of ORNL p a r t i c i p a t i o n  i n  t h e  p r o j e c t .  The performance t e s t i n g ,  

welding development, and f i n a l  a c c e p t a n c e  t e s t i n g  (>E t h e  equipment w i l l  

be  performed by FFTF r e p r e s e n t a t i v e s  i n  t h e  Fue l  Examination C e l l  Mockup 

a t  Richland,  Washington; fo l lowed  by i n s t a l l a t i o n  i n  t h e  I n t e r i m  Examina- 

t i o n  and Disasseinbly C e l l  and p r e - s t a r t - u p  t e s t i n g .  Adequate e n g i n e e r i n g  

l i a i s o n  is schedu led  d u r i n g  t h e  c o u r s e  of  t h e  p r o j e c t .  

Assuming a s t a r t i n g  d a t e  of J u l y  1, 1971, t h e  p r o j e c t  i s  schedu led  

f o r  complet ion on May 31, 1975.  The e s t i m a t e d  c o s t  f o r  ORNL p a r t i c i p a -  

t i o n  i n  t h i s  &yea r  p r o j e c t  i s  $1,444,000,  and t h i s  f i g u r e  i n c l u d e s  a 

c o s t  e s c a l a t . i o n  f a c t o r .  
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3 .  FUNCTIONS AND DESIGN REQUIREMENTS 

The functions of the FFTF disassembly-reassembly equipment and the 

design requirements for the equipment given in Chapter 3 of the original 

conceptual study report are considered baseline data, Revisions to the 

data for the extension of the conceptual study are presented in this 

chapter e 

1 

3.1 Functions 

The basic function of the disassembly-reassembly equipment is 

unchanged. It is to provide a reliable means under controlled environ- 

mental conditions by which irradiated core components and test assemblies 

may be remotely positioned for examination, disassembly, and reassembly 

when required. The equipment will still be  used to perform limited 

interim, extended interim, and final nondestructive examinations. 

The operations involved in these examinations that are to be per- 

formed either directly or indirectly with the disassembly-reassembly 

equipment are also unchanged. These remote examination operations 

include measurement of the overall dimensions of the assembly, removal of 

the pin bundle from the flow duct, visual inspection, photography, mea- 

surement of inter-pin spacing, disassembly of the pin bundle, testing 

and repairing of instrumentation, and reassembly of test assemblies for 

further irradiation. 

3 . 2  Design Requirements 

The design requirements for the FFTF disassembly-reassembly equip- 

ment include those that are basic and those that are concept related. 

Revisions to these requirements are given in the following two subsec- 

tions. There are no firm design choices since no portion of the extended 

conceptual design is considered definitely fixed at this time. 
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3 . 2 . 1  Bas i c  Design Requirements 

The d e s i g n  r equ i r emen t s  i n c l u d e d  i n  t h i s  s u b s e c t i o n  are  a p p l i c a b l e  

r e g a r d l e s s  of  t h e  d e s i g n  d e t a i l s .  Those b a s i c  d e s i g n  r equ i r emen t s  g iven  

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

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

1 

(a) One complete  s e t  of  d i sa s sembly - reas sembly  equipment s h a l l  be  

i n s t a l l e d  i n  t h e  I n t e r i m  Examination and Disassembly C e l l .  

(b) The disassembly-reassembly equipment shal.1 p r o v i d e  f o r  t h e  d i s -  

assembly and examina t ion  of  FFTF c o r e  Components and t e s t  a s s e m b l i e s .  

The r e f e r e n c e  s h o r t e n e d  d r i v e r  f u e l  asseinbly i l l u s t r a t e d  i n  F i g .  3 . 1  and 

on P a c i f i c  Northwest Labora to ry  drawing SK-3-14718, f i r s t  i s s u e  d a t e d  

August 14, 1969, s h a l l  be used i n  s iz i .ng t h e  equipment.  2 

(c) Drawings of  o t h e r  s h o r t e n e d  c o r e  components and t e s t  a s s e m b l i e s  

a r e  n o t  c u r r e n t l y  avai1abl.e.  S p e c i f i c  changes i n  l e n g t h  inc remen t s  of 

r e p r e s e n t a t i v e  c o r e  components and t e s t  a s s e m b l i e s  t o  pe rmi t  t h e i r  han- 

d l i n g  w i t h  t h e  disassembly-reassembly equipment s h a l l  be i d e n t i f  i e d . 2  

The r e p r e s e n t a t i v e  a s s e m b l i e s  t o  be  used i n  t h i s  extended s t u d y  i n c l u d e  

1. t h e  i n n e r  r e f  l e c t o r  assembly shown on P a c i f i c  Northwest Labora to ry  

drawi-ng SK-3-14636, f i r s t  i s s u e  d a t e d  March 14, 1969, excep t  modif ied 

as  shown i n  F ig .  3 . 1  so  t h a t  t h e  lower s h i e l d  s e c t i o n  i s  a s e p a r a t e  

component, t h e r e b y  r educ ing  t h e  t o t a l  p i n  l e n g t h ;  

2 .  t h e  c o n t r o l  s a f e t y  rod  po i son  t i p  shoTwn on P a c i f i c  Northwest Labora- 

t o r y  drawing SK-3-14732, second i s s u e  d a t e d  August  26, 1969, excep t  

mod i f i ed  as shown i n  F i g .  3 . 1  so  t h a t  t h e  l e n g t h  o f  t h e  i n t e g r a l  

hanger rod  and d u c t  above t h e  g i r t h  c u t  does n o t  exceed 10 f t  6 i n . ;  

3 .  t h e  open t e s t  assembly w i t h  an o v e r a l l  l e n g t h  of 12 f t  and a 7 - f t -  

6 - i n .  l e n g t h  of t op - suppor t ed  interna1.s t h a t  must be fxposed, a s  

i l l u s t r a t e d  i n  F i g .  3 . 1 ;  and 

4 .  t h e  c l o s e d - l o o p  t e s t  assembly w i t h  an o v e r a l l  l e n g t h  of  L O  f t  3 i n .  

and a n  8 - f t - 6 - i n .  l e n g t h  of  t op - suppor t ed  i n t e r n a l s  t h a t  must be 

exposed, a s  i l l u s t r a t e d  i.n F i g .  3 . 1 .  

(d) Other non- fue led  c o r e  components must be accommodated by t h e  

d i s as  s ernb l y  - r e a  s s emb 1 y eq ui-pmen t , b u t con E i g  u ra  t i o n  and s i z e da t a f o r  

s h o r t e n e d  v e r s i o n s  of t h e s e  components a r e  n o t  c u r r e n t l y  a v a i l a b l e .  
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D R I V E R  FUEL ASSEMBLV 

L r. 11 f t  3 In: 

8 f t  3 in.- 

G I R T H  CUT 

C O N T R O L  S I F E T Y  R O D  
POISON T I P  A S S E I B L Y  

O P E N  T f S l  A S S E M B L V  

C L O S E D - L O O P  T E S T  ASSEMBLY 

Fig. 3 . 1 .  Core ComponenLs and Test Assemblies Specifically Related 
to Extended Conceptual Study of the FFTF Disassembly-Reassembly Equipment. 



These components i n c l u d e  o u t e r  r e f l e c t o r  a s s e m b l i e s  and  s h i e l d  assembli-es .  

Closed-loop tubes  canno t  b e  handled because of  t h e i r  lerig~rh. 

(e) The disassembly-reassembly equipment s h a l l  p rov ide  f o r  reassem- 

b l y  of  t e s t  a s s e m b l i e s  des igned  s p e c i f i c a l l y  f o r  remote reasseiubly.  

G i r t h  j o i n t s  may have mechanical  o r  welded c l o s u r e s .  Ax ia l  j o i n t s  must 

have mechanical  c l o s u r e s .  

( f )  The disassembly-reassembly equipment shal.1 p r o v i d e  f o r  remote 

welding of  g i r t h  j o i n t s  i n  t h e  hexagonal  flow d u c t s  of t e s t  a s s e m b l i e s .  

Only t e s t  a s s e m b l i e s  w i t h  top - suppor t ed  p i n  bund les  need be c o n s i d e r e d  

f o r  welding a t  t h i s  t ime.  Welding of  t e s t  a s s e m b l i e s  w i t h  bottom- 

suppor t ed  p i n  bund les  may be  c o n s i d e r e d  d u r i n g  l a t e r  phases  of  t h e  des ign  

work i f  r e q u i r e d .  

(9) No s p e c i f i c  p r o v i s i o n s  s h a l l  b e  made f o r  i n s p e c t i o n  of  welded 

j o i n t s  d u r i n g  t h i s  phase of  c o n c e p t u a l  s t u d y .  I n s p e c t i o n  r equ i r emen t s  

and t h e  n e c e s s a r y  equipment s h a l l  be  c o n s i d e r e d  d u r i n g  l a t e r  phases  of  

t h e  d e s i g n  work. 

(h) The f l o o r  of t h e  h o t  c e l l  hous ing  t h e  disassembly-reassembly 

equipment shal.1 be l o c a t e d  7 f t  below t h e  c e n t e r  l i n e  o f  t h e  lower window 

t o  f a c i l i t a t e  h a n d l i n g  of i n d i v i d u a l  p i n s  abou t  8 f t  long and t o  f a c i l i -  

t a t e  o t h e r  o p e r a t i o n s  r e q u i r e d  a t  t h i s  level  of  t h e  cell.3 

( i )  S i n c e  t h e  l e n g t h  of  a l l  assembl-ies i s  l i m i t e d  t o  12  f t ,  t h e r e  

i s  no longe r  a need f o r  a winder  f o r  i n s t r m e n t  l e a d s  as p a r t  of  the  

disassembly-reassembly equipment.  The i n s t r u m e n t  l e a d s  w i l l  be  c o i l e d  

o r  removed from t h e  assemh1.y when t h e  hanger rod  i s  removed p r i o r  t o  

t r a n s f e r  of  t he  assembly from t h e  r e a c t o r  con ta inmen t .  

3 . 2 . 2  Concept -Re l a  t ed Requirements 

Those d e s i g n  r equ i r emen t s  r e s u l t i n g  from t h e  r e f c r e n c e  d e s i g n s  f o r  

t he  c o r e  components and t e s t  a s s e m b l i e s  and from t h e  c o n c e p t u a l  des ign  

f o r  t h e  d i s a s  s emb 1 y - r e  a s  s e mb 1 y eq u i pmen t a r e c on s i de r e d  c on c e p t -re 1 a t e d 

d a t a .  There a r e  no changes i n  Lhe c o n c e p t - r e l a t e d  r equ i r emen t s  g iven  i n  

t h e  o r i g i n a l  c o n c e p t u a l  s t u d y  r e p o r t  excep t  t h a t  t h e s e  r equ i r emen t s  now 

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

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

1 
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4 .  PHYSICAL DESCRIPTION 

Shor t en ing  of c o r e  components and t e s t  a s sembl i e s  has p e r m i t t e d  a 

r e d u c t i o n  i n  t h e  h e i g h t  of t h e  d isassembly- reassembly  equipment .  This  

r e d u c t i o n  i n  h e i g h t  results i n  co r re spond ing  changes i n  t h e  h o t  c e l l  

r equ i r emen t s  t h a t  w i l l  r educe  t h e  c o s t s  of t h e  c e l l .  Var ious  equipment 

components have been  e i t h e r  s h o r t e n e d  o r  r ea r r anged  t o  f u r t h e r  enhance 

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

b i l i t y  f o r  remote we ld ing  has  been added so  t h a t  g i r t h  w e l d s  can  b e  made 

i n  t h e  hexagonal  f l o w  d u c t s  of reassembled  t es t  a s sembl i e s .  Except  t o  

account  f o r  t h e s e  r e v i s i o n s ,  t h e  p h y s i c a l  d e s c r i p t i o n  of t h e  d isassembly-  

reassembly  equipment p r e s e n t e d  i n  t h e  o r i g i n a l  c o n c e p t u a l  s t u d y  report’ .  

i s  s t i l l  v a l i d .  The r e v i s i o n s  made t o  t h e  equipment and t h e  new r e q u i r e -  

ments r e l a t e d  t o  t h e  h o t  c e l l  and s u p p o r t  equipment f o r  t h i s  ex tended  

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

The f u n c t i o n s ,  f e a t u r e s ,  and g e n e r a l  c a p a b i l i t i e s  of t h e  d isassembly-  

reassembly  equipment and i t s  modes oE o p e r a t i o n  a r e  e s s e n t i a l l y  t h e  same 

a s  p r e s e n t e d  i n  t h e  o r i g i n a l  concep tua l  s t u d y  r e p o r t  excep t  that:  t h e  

equipment w i l l  now a c c e p t  o n l y  s h o r t e n e d  c o r e  components and t e s t  assem- 

b l i e s  t h a t  a r e  nomina l ly  12 f t  long .  The equipment r e q u i r e d  f o r  t h e  

I n t e r i m  Examination and Disassembly C e l l  now c o n s i s t s  of  one p o s i t i o n i n g  

machine w i t h  one s e t  of  a c c e s s o r y  t o o l i n g  and c o n t r o l s .  The second se t  

of d i sassembly- reassembly  equipment t h a t  was t o  have been i n s t a l l e d  i n  

t h i s  c e l l  has  been d e l e t e d  by t h e  c r i t e r i a  f o r  c h i s  ex tended  ccjnceptual 

s tudy ,  and t h e  s p a c e  and services for  t h e  equipment w i l l  n o t  be a l l o c a t e d .  

The i n s t a l l a t i o n  and s e r v i c e  r equ i r emen t s  f o r  t h e  r e q u i r e d  equipment a r e  

1 

d i s c u s s e d  i n  S e c t i o n  4.4 of t h i s  r e p o r t .  

The p o s i t i o n i n g  machine s t i l l  b a s i c a l l y  c o n s i s t s  of a s t r u c t u r a l  

frame upon which t-hree s l i d e  a s sembl i e s  may be  moved up and down, b u t  t h e  
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column p o r t i o n  has been s h o r t e n e d  s o  t h a t  t h e  o v e r a l l  h e i g h t  of  t h e  

machine from t h e  c e l l  f l o o r  i s  now 33 f t  6 i n .  The l e n g t h  of t h e  middle 

s l i d e  body has  been reduced from 10 f t  t o  8 f t  so  t h a t  s h o r t e r  c o r e  com- 

ponents  and tes t  a s s e m b l i e s  can be  handled more e a s i l y ,  and t h e  p o s i t i o n s  

of t h e  lower -g r ip  and moto r -d r ive  subassembl i e s  on t h e  lower s l i d e  body 

have been in t e rchanged .  The f u n c t i o n s  and o t h e r  f e a t u r e s  of i h e  t h r e e  

s l i d e  asseml2liesY i n c l u d i n g  t h e  p r o v i s i o n s  f o r  induced a rgon  cool i n g  of 

p i n  bund les  d u r i n g  a l l  modes of  ope ra t  

d e s c r i p t i o n  of t h e  changes made t o  t h e  

S e c t i o n  4 . 2 .  

Except f o r  t h e  a d d i t i o n  of remote 

t o o l i n g  r e q u i r e d  f o r  disassembly,  exam 

on, remain unchanged. A d e t a i l e d  

p o s i t i o n i n g  machine i s  g iven  i n  

w e  Id i n g  equ i  pmen t, t h e  ac c e s  s o r y  

n a t i o n ,  and reassembly o p e r a t i o n s  

i s  e s s e n t i a l l y  t h e  same as t h a t  d e s c r i b e d  i n  t h e  or- i .ginal  concep tua l  s t u d y  

r e p o r t .  One r e t r a c t a b l e  w o r k t a b l e  w i l l  s t i l l  b e  r eq l i i r ed  a t  each window 

s e r v i n g  t h e  p o s i t i o n i n g  machine, b u t  t h e  reduct i .on i n  t h e  l e n g t h  of  c o r e  

components and t e s t  a s s e m b l i e s  t o  b e  h.nndled and t h e  co r re spond ing  reduc-  

t i o n  i n  t h e  h e i g h t  of t h e  p o s i t i o n i n g  machine have o b v i a t e d  t h e  need f o r  

a middle  viewing wi-ndow i n  the c e l l .  The p r o v i s i o n  of a lower vFewing 

window i s  c o n s i d e r e d  o p t i o n a l  f o r  r e a s o n s  d i s c u s s e d  i n  S u b s e c t i o n  5.5.1.  

Winders f o r  i n s t r u m e n t  l e a d s  w i l l  no longe r  be  a p a r t  of t h e  d i sa s sembly -  

reassembly equipment because the ins t rumen t  l e a d s  w i l l  be  c o i l e d  o r  

removed from t h e  assembly p r i o r  t o  i t s  t r a n s f e r  from t h e  r e a c t o r  cor i ta in-  

ment.  The ph i losophy  of  emphasizing t h e  u s e  of  master-slave m a n i p u l a t o r s  

and o p e r a t o r  judgment r a t h e r  t han  h i g h l y  automated and i n t e r l o c k e d  i n -  

c e l l  equipment w i l l  s t i l l  be  fo l lowed  f o r  a l l  a c c e s s o r y  t o o l i n g  as much 

as i s  p r a c t i c a l .  

1 

The major change i n  a c c e s s o r y  tool.ing i s  t h e  a d d i t i o n  of  a welding 

f i x t u r e  and s p e c i a l  aut-ornatic we ld ing  equipment t o  p r o v i d e  f o r  remote 

welding of  g i r t h  j o i n t s  i n  t h e  hexagonal  f low d u c t s  of t e s t  assembl- ies .  

The equipment d e s c r i b e d  i n  S e c t i o n  4 . 3  w i l l  comple t e ly  c o n t r o l  t h e  weld- 

i ng  o p e r a t i h i  from s t a r t  t o  f i n i s h  and w i l . l  a u t o m a t i c a l l y  regulat ie  t h e  

v a r i o u s  welding pa rame te r s  t o  e n s u r e  a r e l i a b l e  we ld .  The equipment uses  

a s m a l l  computer, sequence t i m e r s ,  and reedback-type s e r v o  c o n t r o l  s y s -  

t e m s  f o r  c o n t r o l  pu rposes .  The we ld ing  t o r c h  and w i r e  f e e d i n g  components 
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will be mounted on a portable welding fixture that can be installed and 

removed remotely in accordance with need as can other items of accessory 

too 1 ing . 

4 . 2  Detailed Description o f  Changes to Positioning Machine 

The disassembly-reassembly positioning machine has been modified to 

accept only shortened core components and test assemblies with a nominal 

length of 12 ft. A s  before, these assemblies may contain either bottom- 

or top-supported pin bundles and instruments, but they must have length 

increments within the limits outlined in Appendix A of this report. The 

modified positioning machine is shown on conceptual drawing M-11325-EM- 

080-F in Appendix C as it will be installed in the Interim Examination 

and Disassembly Cell. Only one operating station is required to serve 

the machine because of the shorter length of the core components and test 

assemblies to be handled. This station is equipped with a viewing win- 

dow, two master-slave manipulators, and a retractable worktable. An 

overhead crane and a wall-mounted electromechanical manipulator are 

required as support equipment. The provision of a lower viewing window 

i n  the cell is considered optional for reasons discussed in Subsection 

5.5.1. 

Very few changes were made t o  the positioning machine. Its design 

is based upon the same operating philosophy discussed in the original 

conceptual study report, and the functions o f  the various components of 

the machine and the features of construction remain the same. However, 

the overall height of the positioning machine is reduced in this extended 

conceptual study, and several components are modified or rearranged. 

Except to account for these changes, the detailed description of the 

positioning machine presented in Section 4.2 of the original conceptual 

study report” is still valid. 

following subsections, and the motion studies used to derive the overall 

height of the machine and the arrangement of its parts are discussed in 

Section 5.1 of this report. 

1 

The changes are discussed in detail in the 
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4 .2 .1  S t r u c t u r a l  F rame  

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

modular column a t t a c h e d  t o  a squa re  base,  as i l l u s t r a t e d  on concep tua l  

drawing M-11325-EM-080-F i n  Appendix C .  The column has  been shor t ened  

so t h a t  t h e  o v e r a l l  h e i g h t  of  t h e  frame from t h e  f l o o r  of  t h e  c e l l  is 

now 33 f t  6 i n .  The column now c o n s i s t s  of two modules w i t h  t h e  upper 

module b e i n g  15 f t  long  and t h e  lower b e i n g  16 f t  long .  The base i s  

s t i l l  2 f t  4 i n .  h i g h  and 6 f t  square ,  and i t  is s t i l l  anchored t o  2 - in . -  

h i g h  f l o o r  pads.  The c o n s t r u c t i o n a l  d e t a i l s  of t h e  column and b a s e  a r e  

t h e  same a s  d e s c r i b e d  i n  t h e  o r i g i n a l  concep tua l  s t u d y  r e p o r t . ’  

j o i n t  i n  t h e  column i s  l o c a t e d  s l i g h t l y  below t h e  o p e r a t i n g  window where 

i t  i s  a c c e s s i b l e  f o r  viewi.ng and man ipu la t ion  of b o l t i n g  i f  t h e  w o r k t a b l e  

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

‘The 

S ince  t h e  h e i g h t  of the machine column i s  reduced and i t s  c r o s s -  

s e c t i o n a l  s i z e  i s  unchanged, t h e  d e f l e c t i o n  a t  t h e  t o p  of t h e  column 

caused by o p e r a t i o n a l  l oad ing  w i l l  b e  less than  t h a t  o r i g i n a l l y  r e p o r t e d  

f o r  t h e  t a l l  column. D e f l e c t i o n s  and s t r e s s e s  f o r  t h e  sho r t ened  column 

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

High b o l t  l oad ing  a t  t h e  column j o i n t s  and b a s e  anchorage brought  

about  by a c c i d e n t a l  bumping of  t h e  column i s  s t i l l  a problem, but: the  

magnitude of  t h e  problem has been reduced somewhat because  of  t h e  

l e s sened  h e i g h t  o f  t h e  c r a n e  h o i s t  from t h e  c e l l  f l o o r .  Th i s  new r e l a -  

t i o n s h i p  causes  a r e d u c t i o n  i n  t h e  t o t a l  impact  energy  and, a f t e r  c o r -  

r e c t i n g  f o r  the  reduced  weight  of t h e  column, r e s u l - t s  i n  a n e t  r e d u c t i o n  

i n  b o l t  l oad ing .  For an  impact  e l e v a t i o n  20 f t  above t h e  c e l l  f l o o r ,  

t h e  anchor  b o l t  l oad ing  is  reduced from 43,800 l b  f o r  t h e  t a l l  column t o  

35,400 l b  f o r  t h e  sho r t ened  column. This  i n d i c a t e s  t h a t  b o l t  l oads  a t  

column j o i n t s  and anchor  p o i n t s  caused by impact l oad ing  of t h e  type  

d e s c r i b e d  i.n t h e  o r i g i n a l  conceptual .  s t u d y  r epor t ’  w i l l  g e n e r a l l y  b e  

less f o r  t h e  s h o r t e r  pos i - t i on ing  machine.  

The v i - b r a t i o n a l  c h a r a c t e r i s t i c s  of t h e  sho r t ened  column were n o t  

de te rmined .  S i n c e  t h e  t a l l  column was s a t i s f a c t o r y  :in t h i s  r e s p e c t ,  t h e  

s h o r t e n e d  column w i t h  t:he same c r o s s - s e c t i o n a l  s i z e  shou ld  a l s o  be  

s a t i s f a c t o r y .  
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4 .2 .2  S l i d e  Bodies and Subassembl ies  

The need t o  h a n d l e  s h o r t e n e d  c o r e  components and test a s sembl i e s  

made n e c e s s a r y  a r e e v a l u a t i o n  of t h e  s i z e  and arrangemeni: of components 

of t h e  t h r e e  s l i d e  a s s e m b l i e s .  Two f a c t o r s  had t o  b e  c o n s i d e r e d  w i t h  

t.he s l i d e s  assumed t o  be  c l o s e l y  spaced .  These w e r e  (1) t h e  d i s t a n c e  

between t h e  upper g r a p p l e  on t h e  upper  s l i d e  and t h e  lower a d a p t o r  on t h e  

lower s l i d e  and (2) t h e  l o c a t i o n  o f  t h e  t r a n s v e r s e  c o o l i n g  shrouds  on t h e  

middle  s l i d e  w i t h  r e s p e c t  t o  t h e  upper g r a p p l e  and t h e  lower a d a p t o r .  

As a r e s u l t  of t h i s  r e e v a l u a t i o n ,  t h e  l e n g t h  of t h e  middle  s l i d e  

liody w a s  s h o r t e n e d  €rom 10 t o  8 f t  and t h e  p o s i t i o n s  of t h e  subassembl i e s  

on t h e  lower s l i d e  w e r e  i n t e r c h a n g e d  t o  p l a c e  t h e  motor d r ive  benea th  t h e  

lower -g r ip  subassembly.  The s h o r t e n e d  middle  s l i d e  i s  of adequa te  l e n g t h  

t o  hand le  p i n  bund les  up t o  8 f t  long, and s l i g h t l y  longe r  bund les  may be 

handled  i f  s p e c i a l  t o o l i n g  is  provided .  R e l o c a t i o n  of t he  motor d r i v e  

below t h e  lower -g r ip  subassembly on t h e  lower s l i d e  n e c e s s i t a t e d  two 

minor changes t o  a l l o w  t h e  lower s l i d e  t o  travel down t h e  rnachine column 

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

i d l e r  g e a r  on t h e  motor d r ive  and ex tend ing  t h e  r a c k  on t h e  column. The 

u p p e r - g r i p  subassembly o n  t h e  upper  s l i d e  w a s  not  r e loca ted  t o  a p o s i t i o n  

below t h e  motor d r i v e  because  t h i s  would have r e q u i r e d  an  a d d i t i o n a l  2 F t  

oE cell. h e i g h t  a t  t h e  top  of t h e  c e l l .  

The advantages  r e s u l t i n g  from t h e  r e p o s i t i o n i n g  of subassemb Lies on 

t h e  Lower s l i d e  a r e  t h a t  

I .  space  fo r  t o o l i n g  above t h e  Lower-grip subassembly is  n o t  r e s t r i c t e d  

by t h e  moto r -d r ive  subassembly as  i t  was i n  t h e  i n i t i a l  arrangement ,  

2 .  t h e  motor d r i v e  i s  b e t t e r  p r o t e c t e d  from b o t h  thermal  and gamma r a d i a -  

t i o n  emit-ted f r o m  t h e  f u e l  s e c t i o n  of  p i n  bundles ,  

3 .  more s p a c e  i s  a v a i l a b l e  € o r  t h e  r e t u r n  bend of t h e  c o o l i n g  hose  

a t t a c h e d  to t h e  a x i a l  c o o l i n g  plenum, and 

4 .  a g r e a t e r  span between t h e  m i d d l e  g u i d e  and t h e  lowel- a d a p t o r  is  pos- 

s i b l e  and t h i s  span  i s  w i t h i n  t h e  m a n i p u l a t i v e  r a n g e ,  

This  f o u r t h  advantage  improves t h e  s t a b i l i t y  of a n  assembly d u r i n g  load- 

i n g  o p e r a t i o n s ,  a s  i s  d i s c u s s e d  i n  S u b s e c t i o n  5 .5 .1  of t h i s  r e p o r t .  The 

n e t  r e s u l t  o f  t h e  changes d e s c r i b e d  i n  t h i s  s e c t i o n  is  t h e  c a p a b i l i t y  
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f o r  h a n d l i n g  t h e  s h o r t e n e d  r e f e r e n c e  d r i v e r  f u e l  assembly and a l l  t h e  

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

extended c o n c e p t u a l  s t u d y  w i t h  a minimum u s e  of  a d a p t o r s  and a n  e f f i c i e n t  

u s e  of c e l l  space .  

4.3  D e t a i l e d  D e s c r i p t i o n  of  Changes i n  Accessory Tool ing 

Accessory t o o l i n g  is r e q u i r e d  as p a r t  of t h e  disassembly-reassembly 

equipment t o  perform t h e  disassembly,  examinat ion,  and reassembly ope ra -  

t i o n s .  The t y p i c a l  t o o l s  d i s c u s s e d  i n  S e c t i o n  4.3  of  t h e  o r i g i n a l  con- 

c e p t u a l  s t u d y  r e p o r t  a r e  i n d i c a t i v e  of t h o s e  r e q u i r e d  f o r  work on t h e  

s h o r t e n e d  c o r e  components and tes t  a s s e m b l i e s .  They i n c l u d e  a r e t r a c t -  

a b l e  work tab le ,  g i r t h  c u t t e r s ,  l o n g i t u d i n a l  c u t t e r s ,  and t o o l s  f o r  t h e  

d i sa s sembly  and reassembly of  p i n  bund les .  Only one r e t r a c t a b l e  work- 

t a b l e  i s  r e q u i r e d  as p a r t  of t h e  a c c e s s o r y  t o o l i n g  s i n c e  o n l y  one ope r -  

a t i n g  s t a t i o n  i s  now r e q u i r e d  t o  serve t h e  p o s i t i o n i n g  machine. It w i l l  

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

t o  p a s s  through i t ,  as i l l u s t r a t e d  on concep tua l  drawing M-11325-KM-080-F 

i n  Appendix C .  

1 

Tool s  f o r  winding in s t rumen t  l e a d s  are  a l s o  mentioned i n  t h e  o r i g i -  
1 n a l  c o n c e p t u a l  s t u d y  r e p o r t ,  b u t  t hey  are  n o t  d i s c u s s e d  i n  d e t a i l .  

These winding d e v i c e s  are  no longe r  a p a r t  of t h e  a c c e s s o r y  t o o l i n g  f o r  

t h e  d i sa s sembly - reas sembly  equipment because  i n s t r u m e n t  l e a d s  w i l l  be  

c o i l e d  o r  removed from t h e  assembly p r i o r  t o  i t s  t r a n s f e r  from t h e  

r e a c t o r  containment .  

S p e c i a l  measuring equipmenf: n o t  a p a r t  of  t h e  a c c e s s o r y  t o o l i n g  may 

be  used w i t h  t h e  s h o r t e n e d  p o s i t i o n i n g  machine t o  measure s h o r t e n e d  c o r e  

components and tes t  a s s e m b l i e s  and t h e i r  p i n  bund les .  The same c o n s i d e r -  

a t i o n s  of machine accu racy ,  d i s a d v a n t a g e s ,  and l i m i t a t i o n s  d i s c u s s e d  i n  

S u b s e c t i o n  4 . 3 . 5  of  t h e  o r ig ina l .  c o n c e p t u a l  s t u d y  r e p o r t ’  a re  a p p l i c a b l e  

i n  t h i s  extended c o n c e p t u a l  s t u d y .  

Equipment f o r  f u s i o n  welding a g i r t h  j o i n t  i n  t h e  hexagonal flow 

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

disassembly-reassembly equipment.  This equipment c o n s i s t s  of a s p e c i a l  
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i n - c e l l  welding f i x t u r e  upon which t h e  n e c e s s a r y  we ld ing  componenis w i l l  

b e  mounted and complete  c o n t r o l s ,  power supply,  and a u x i l i a r y  equipment.  

Devices  t o  i n s p e c t  t h e  completed weld o r  t o  r e c o r d  o p e r a t i n g  va lues  of 

v a r i o u s  we ld ing  pa rame te r s  a r e  n o t  i n c l u d e d .  The welding equipment and 

i n - c e l l  we ld ing  f i x t u r e  a re  d i s c u s s e d  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

4 . 3 . 1  Welding Equipment and C o n t r o l s  

The c r i t e r i a  f o r  remote we ld ing  of  t h e  s t a i n l e s s  s tee l  flow d u c t s  

of reassembled t e s t  a s s e m b l i e s  have n o t  been fo rmula t ed ,  b u t  h i g h - q u a l i t y  

f u s i o n  we ld ing  of a c i r c u m f e r e n t i a l  b u t t  j o i n t  may b e  r e q u i r e d  because  

t h i s  i s  t:he type  of! weld s p e c i f i e d  fo r  f low d u c t s  of d r i v e r  f u e l  assem- 

b l i e s .  The t u n g s t e n - i n e r t - g a s  (TIG) welding p r o c e s s  a p p e a r s  t o  be  t h e  

most a p p l i c a b l e  f o r  we ld ing  t h e s e  f low d u c t s  when t h e  r e q u i r e d  weld q u a l -  

i t y ,  d imens iona l  t o l e r a n c e s  on t h e  welded assembly, and t h e  l i m i t a t i o n s  

of t h e  welding equipment: are  c o n s i d e r e d .  M u l t i p l e  we ld ing  passes u s i n g  

f i l l e r  w i r e  would produce a weld t h a t  would b e  l e a s t  l i k e l y  t o  c r a c k .  

An a l t e r n a t e  method of  j o i n i n g  t h e  f l o w  d u c t s  of  reassembled tes t  

a s s e m b l i e s  would u t i l i z e  f u s i o n  s p o t  we ld ing .  SimiLar TIG we ld ing  equ ip -  

ment would he  used, b u t  t h e  we ld ing  t i m e  would b e  a c c u r a t e l y  c o n t r o l l e d  

t o  produce a f u s e d  s p o t  i n  t h e  flow d u c t .  T h i s  method would r e q u i r e  a 

s l i p  j o i n t  i n  t h e  d u c t ,  and t h e  spo t -we lds  c o u l d  h e  made i n  e i t h e r  t h e  

body of  t h e  j o i n t  o r  a t  t h e  o u t e r  edge. The a p p l i c a t i o n  o f  f u s i o n  s p o t  

we ld ing  i s  d i s c u s s e d  f u r t h e r  i n  Appendix B.  

Assuming t h a t  a c i r c u m f e r e n t i a l  Eusion type  of  b u t t  v e l d  w i l l  be  

r e q u i r e d ,  t h e  most i m p o r t a n t  o b j e c t i v e s  t o  b e  m e t  by t h e  d u c t  we ld ing  

equipment r eq u i r  ed as acces so r y  t o o  1 i ng f o r  t h e  d i  s ass emb l y  - r e a s s emh l y  

equipment i n c l u d e  

1. t h e  p r o d u c t i o n  of a con t inuous  g i r t h  weld i n  a hexagonal s t a i n l e s s  

s t e e l  f low d u c t  w i t h  rounded c o r n e r s ,  

2 .  t h e  maintenance of c l o s e  d imens iona l  t o l e r a n c e s  on t h e  welded 

a s  s emb 1 y , 
3 .  the m i n i m i z a t i o n  of o v e r a l l  h e a t  i n p u t  and l o c a l i z e d  h o t  s p o t s  t o  

p r e v e n t  damage t o  t h e  p i n  bundle,  
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4 .  t h e  p r o d u c t i o n  of h igh -qua l i . t y  we lds  with no c r a c k s  and a minimum of 

p o r o s i t y  and d i s t o r t i o n ,  and 

5. t h e  c a p a b i l i t y  f o r  accommodating flow d u c t s  of  d i f f e r e n t  s i z e s .  

These o b j e c t i v e s  c2n be met by u s i n g  op t imized  we ld ing  t echn iques  

t h a t  a s s u r e  smooth contii-!uous welds  w i t h  minimum h e a t i n g  f o r  t h e  t a s k .  

T r a n s l a t e d  i n t o  we ld ing  t e r m s ,  t h e s e  o b j e c t i v e s  d i c t a t e  t h a t  t h e  we ld ing  

speed be  c o n s t a n t  and t h a t  t h e  a x i s  of t h e  t u n g s t e n  we ld ing  e l e c t r o d e  be  

m a i n t a i n e d  normal t o  t h e  s u r f a c e  of  t h e  flow duc t  a t  a l l  t i m e s .  To 

a c h i e v e  c o n s t a n t  we ld ing  speed, t h e  r o t a t i o n a l  speed of  t h e  d u c t  must be  

v a r i e d  c o n t i n u o u s l y  so t h a t  i t s  s u r f a c e  speed w i l l  b e  c o n s t a n t  w i t h  

r e s p e c t  t o  the e l e c t r o d e ,  and the we ld ing  t o r c h  must p i v o t  a t  t h e  s u r f a c e  

of t h e  duc t  d i r e c t l y  under t h e  e l e c t r o d e  t i p .  T n  a d d i t i o n ,  t h e  a n g u l a r  

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

t h e  d u c t ;  and t h e  we ld ing  c u r r e n t ,  a r c  v o l t a g e ,  and f i l l e r  wi.re speed 

m u s t  be  v a r i a b l e  throughout  t h e  weld c y c l e .  

The d u c t  we ld ing  equipment needed t o  a t t a i n  t h e s e  o b j e c t i v e s  can b e  

d e f i n e d  t o  a l a r g e  e x t e n t  from i n f o r m a t i o n  r e s u l t i n g  from a developmental  

e f f o r t  c u r r e n t l y  b e i n g  unde r t aken  a t  P a c i f i c  Northwest Labora to ry  (PNL). 

This  task+< bei.ng performed f o r  t h e  FF'1'P p r o j e c t  i n v o l v e s  t h e  development 

of au tomat i c  welding equipment t o  weld u n i r r a d i a t e d  flow d u c t s  i n  t h e  

h o r i z o n t a l  p o s i t i o n .  It w i l l  serve as a good s o u r c e  of i n f o r m a t i o n  

re la t ive  t o  vendor  q u a l i f i c a t i o n ,  f i x t u r e  design,  d e v i a t i o n  o f  welding 

parameters, and equipment r e l i a b i l i t y .  For t h i s  program, a welding f i x -  

t u r e  b e i n g  b u i l t  a t  PNL w i l l  be  i n t e g r a t e d  wit.h a compute r -d i r ec t ed  weld- 

i ng  system b e i n g  s u p p l i e d  by Sciaky B r o t h e r s ,  Tnc., of Chicago, I l l i n o i s .  

This  i n t e g r a t e d  we ld ing  system w i l l  b e  used i - n i t i a l l y  a t  PNL f o r  develop-  

ment of  f low d u c t  welding p rocedures  and p r a c t i c e s  and l a t e r  i n  a p i l o t  

l i n e  r o l e  f o r  t h e  assembly of f low d u c t s .  

A complete  e v a l u a t i o n  of p o t e n t i a l  we ld ing  systems f o r  i n - c e l l  

we ld ing  was n o t  made d u r i n g  t h i s  s t u d y  because  of  t h e  need f o r  we ld ing  

c r i t e r i a  € o r  t e s t  assembLies, fund ing  l i m i t a t i o n s ,  and t h e  a d v i s a b i l i t y  

of  o b t a i n i n g  f u r t h e r  i n f o r m a t i o n  from t h e  FFTF development program f o r  

"Tladding and Duct Development Task 189a-121 CD. 
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d u c t  weld ing  b e i n g  conducted  a t  PNL. Whether t h i s  Sc iaky  we ld ing  sys tem 

w i l l  a c t u a l l y  b e  used f o r  t h e  remote we ld ing  of f low d u c t s  on reassembled  

t es t  a s s e m b l i e s  w i l l  depend upon p o s s i b l e  a c c e p t a n c e  o f  a n  a l t e r n a t e  

weld ing  method of  j o i n i n g  t h e  duc t s ,  t h e  p e r m i s s i b l e  d e v i a t i o n  of weld- 

i n g  parameters ,  and f u r t h e r  i n v e s t i g a t i o n  of  o t h e r  methods of  s e r v o  con-  

t r o l  t h a t  might  r e q u i r e  i n - c e l l  d e v i c e s  t h a t  are  less complex o r  less 

s u b j e c t  t o  t h e  envi ronmenta l  h a z a r d s  of t h e  h o t  c e l l .  

However, t h e  d e s c r i p t i o n  of t h e  d u c t  we ld ing  equipment r e q u i r e d  a s  

a c c e s s o r y  t o o l i n g  f o r  t h e  d isassembly- reassembly  equipment is  based  on 

t h e  Sc iaky  weld ing  system t o  b e  used f o r  t h e  FFTF d u c t  weld ing  program 

a t  PNL. It  shou ld  b e  c o n s i d e r e d  t e n t a t i v e  and s u b j e c t  t o  e x t e n s i v e  

review when more i n f o r m a t i o n  i s  a v a i l a b l e .  Such a review can b e  p e r -  

formed d u r i n g  t h e  p r e l i m i n a r y  d e s i g n  of  t h e  d isassembly- reassembly  equ ip -  

ment. The duc t  weld ing  equipment r e q u i r e d  as  a c c e s s o r y  t o o l i n g  c o n s i s t s  

o f  weld ing  components, a power s u p p l y  and a u x i l i a r i e s ,  s e r v o  and s l o p e  

c o n t r o l s ,  sequencing  c o n t r o l s ,  and a d i g i t a l  computer system. The main 

f e a t u r e s  and some o f  t h e  m o d i f i c a t i o n s  n e c e s s a r y  f o r  i n - c e l l  u se  of t h i s  

equipment a r e  b r i e f l y  d e s c r i b e d  i n  t h e  fo l lowing  pa rag raphs .  

The weld ing  equipment c o n s i s t s  of 

a s p e c i a l  wa te r - coo led  T I G  weld ing  i o r c h  w i t h  a c u r r e n t  c a p a c i t y  of 

400 amperes and p r o v i s i o n s  f o r  remote rep lacement  of t h e  t u n g s t e n  

e l e c t r o d e ,  e l e c t r o d e  c o l l e t ,  and gas  cup and 

1. 

2 .  a s p e c i a l  w i r e  f e e d e r  w i t h  a d i r e c t - c u r r e n t  servomotor  and i n t e g r a l  

tachometer  and p r o v i s i o n s  f o r  remote rep lacement  of w i r e  f eed  r o l l s ,  

nozz le s ,  condu i t ,  and w i r e  reel .  

These we ld ing  components are mounted on a s p e c i a l  weld ing  f i x t u r e ,  which 

i s  d i s c u s s e d  i n  Subsec t ion  4 . 3 . 2 .  

The weld ing  power supp ly  w i l l  p rov ide  a c o n s t a n t  p r e s e t  c u r r e n t  w i t h  

low r i p p l e  and v a r i a b l e  o p e n - c i r c u i t  v o l t a g e  t h a t  i s  r e q u i r e d  f o r  T I G  

weld ing .  The pr imary  a l t e r n a t i n g - c u r r e n t  power is conve r t ed  i n t o  d i r e c t -  

c u r r e n t  powcr by wa te r - coo led  s i l i c o n - c o n t r o l l e d  r e c t i f i e r s .  The u n i t  i s  

equipped w i t h  a c u r r e n t  p u l s i n g  f e a t u r e ,  and t h e  weld ing  c u r r e n t  j s  main- 

t a i n e d  a t  i t s  prclset  v a l u e  d u r i n g  weld ing  by a p r o p o r t i o n a l  p l u s  i n t e g r a l  

s e r v o  c o n t r o l  system. The o p e r a t i n g  r ange  o f  t h e  c u r r e n t  i s  F r o m  6 t o  

400 amperes at: 100% d u t y  c y c l e ,  and t h e  o p e n - c i r c u i t  v o l t a g e  i s  
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a d j u s t a b l e  by s t e p s  from 80 t o  150 v o l t s  t o  p e r m i t  r e l i a b l e  a r c  s t a r t i n g  

f o r  t h e  e n t i r e  c u r r e n t  r ange .  

A u x i l i a r i e s  t o  t h e  we ld ing  t o r c h  and power s u p p l y  i n c l u d e  

1. a c l o s e d - c i . r c u i t  w a t e r  c o o l a n t  s y s  tern w i t h  r a d i a t o r  and i n t e r c o n n e c t -  

i n g  hoses  t o  c o o l  t h e  weldi-ng t o r c h  and power supp ly ;  

2 .  a s h i e l d i n g  gas  system f o r  r e g u l a t i n g ,  s t a r t i n g ,  and sr_opping t h e  

flow of argon s h i e l d i n g  g a s  t o  t h e  welding t o r c h ;  and 

3 .  a n  a r c  s t a r t i n g  system t h a t  imposes h igh - f r equency  energy on t h e  

we ld ing  c i r c u i t  and i o n i z e s  t h e  g a s  i n  t h e  small. gap between t h e  

t u n g s t e n  e l e c t r o d e  and t h e  workpiece,  t he reby  c r e a t i n g  a p a t h  f o r  

t h e  welding c u r r e n t .  

The l e n g t h  of we ld ing  c a b l e s  and t h e  problems invo lved  i.n s h i e l d i n g  t h e  

h igh - f r equency  r a d i a t i o n  produced by t h e  type  of  a r c  s t a r t i n g  system 

d e s c r i b e d  i n  i t e m  3 above sometimes p r e v e n t  i t s  use  i n  h o t  c e l l  work. 

I f  t h i s  shou ld  b e  t h e  c a s e  f o r  t h i s  proposed a p p l i c a t i o n ,  a n  impulse a r c  

s t a r t i n g  system may b e  used t o  a p p l y  a inomentary s u r g e  of h i g h  v o l t a g e  

t o  t h e  welding. c i r c u i t .  A t o u c h - a n d - r e t r a c t  s t a r t i n g  method i s  n o t  rcc- 

ommended because of  p o s s i b l e  e l e c t r o d e  damage o r  me ta l  pickup t h a t  would 

b e  d i f f i c u l t  t o  d e t e c t  i n  t h e  h o t  c e l l .  

A p p r o p r i a t e  p o s i t i o n  o r  v e l o c i t y  s e r v o  control.  systems t h a t  u t i l i z e  

p r o p o r t i o n a l  p l u s  i n t e g r a l  c o n t r o l  a c t i o n  are p rov ided  f o r  p r e c i s e  r egu-  

l a t i o n  of t h e  v a r i o u s  we ld ing  pa rame te r s .  P r o p o r t i o n a l  c o n t r o l  a c t i o n  

p rov ides  c o r r e c t i o n  of p o s i t i o n  o r  v e l o c i t y  p ropor t iona l .  t o  t h e  e r r o r  s i g -  

n a l ,  and t h e  i n t e g r a l  c o n t r o l  a c t i o n  t ends  t o  e l i m i n a t e  any s t e a d y - s t a t e  

system e r r o r .  The p r o p o r t i o n a l  a c t i o n  a l s o  p r o v i d e s  s u f f i c i e n t  "damping" 

t o  produce a s t a b l e  system. Highly a c c u r a t e  p r o p o r t i o n a l  r e sponse  t o  t h e  

i n p u t  r e f e r e n c e  s i g n a l  i s  claimed f o r  t h e s e  s e r v o  systems, and t h i s  makes 

them i d e a l  f o r  u s e  w i t h  numerical. o r  computer c o n t r o l  systems.  The weld- 

i n g  pa rame te r s  c o n t r o l l e d  by t h e s e  s e r v o  systems a r e  t h e  we ld ing  c u r r e n t ,  

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

t o r c h .  C o n t r o l l e d  s t a r t i n g  and s t o p p i n g  of  a l l  of t h e s e  parameters  

excep t  t h e  a n g u l a r  p o s i t i o n  of t h e  t o r c h  i s  p rov ided  by l i n e a r  t i m e -  

d e f i n e d  i n i t i a l  and f i n a l  s l o p e  c o n t r o l s .  These c o n t r o l s  pe rmi t  each  

p a r a m e t e r  w i t h  t h i s  f e a t u r e  t o  be v a r i e d  from a n  i n i t i a l  v a l u e  a t  s t a r t -  

up  to a r u n  v a l u e  and t h e n  from the  run  v a l u e  t o  a f i n a l  v a l u e  a t  
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shutdown. The r a t e  o f  r e sponse  of t h e  a r c  head, which ho lds  t h e  weld ing  

to rch ,  can b e  s e t  s o  t h a t  t h e  a r c  v o l t a g e  sys t em i s  o p e r a t i n g  a t  maximum 

s e n s i t i v i t y .  I n  o p e r a t i o n ,  t h e  a r c  head w i l l  move t h e  t o r c h  i n  and o u t  

t o  f o l l o w  t h e  con tour  of  t h e  hexagonal  f low duct ,  t h e r e b y  keeping  t h e  

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

Sequencing c o n t r o l s  p rov ide  programmed s t a r t i n g  and s t o p p i n g  of t h e  

weld ing  o p e r a t i o n .  S h i e l d i n g  gas  flow, a r c  i n i t i a t i o n ,  w i r e  feed ,  and 

r o t a t i o n  of  t h e  f low d u c t  a r e  a u t o m a t i c a l l y  i n i t i a t e d  and t e rmina ted  i n  

a prede termined  sequence .  The d u r a t i o n  of weld ing  may a l s o  b e  s e t .  

The d i g i t a l  computer system proposed by Sc iaky  i s  composed of compo- 

n e n t s  and a c c e s s o r i e s  manufac tured  by t h e  D i g i t a l  Equipment Corpora t ion  

Maynard, Massachuse t t s .  The sys tem e s s e n t i a l l y  c o n s i s t s  of  

a Model PDPS/L b a s i c  computer w i t h  4 K  c o r e  memory t h a t  w i l l  a c t  upon 

a p a r t  d e f i n i t i o n  program through a n  e x e c u t i v e  program provided  by 

Sc iaky  Bro the r s ,  Inco rpora t ed ,  

a Model ASR35 t e l e t y p e w r i t e r  t h a t  p r o v i d e s  t h e  means f o r  communicat- 

i n g  w i t h  t h e  computer, 

a Model DMO1 d a t a  channe l  m u l t i p l e x e r  t h a t  a l lows  up t o  seven  d i f f e r -  

e n t  d e v i c e s  d i r e c t  a c c e s s  t o  t h e  computer memory, 

a Model KDS/L d a t a  b reak  t h a t  f a c i l i t a t e s  t h e  a c c e s s  t o  c o r e  memory 

f o r  one- and t h r e e - c y c l e  d a t a  b reaks ,  ‘2nd 

two Model AAOLA d i g i t a l - t o - a n a l o g  c o n v e r t e r s  (one 3 -channe l  and one 

2-channel )  t h a t  c o n v e r t  t h e  d i g i t a l  o u t p u t  of  t h e  computer t o  an  

ana log  v o l t a g e  f o r  u s e  as a r e f e r e n c e  s i g n a l  by t h e  s e r v o  cont ro l .  

s y s  t e m s  . 
The computer sys tem p rov ides  Lhe c a p a b i l i t y  of a u t o m a t i c a l l y  program- 

ming t h e  run  v a l u e s  f o r  we ld ing  c u r r e n t ,  a r c  v o l t a g e ,  w i r e  f eed  speed,  

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

d u r i n g  t h e  complete  we ld ing  c y c l e .  The we ld ing  c y c l e  may c o n s i s t  of a s  

many as f o u r  r e v o l u t i o n s  oL t h e  hexagonal  f low d u c t  w i t h  t h e  run  v a l u e s  

be ing  p r e s e t  by t h e  computer t o  s u i t  c o n d i t i o n s  d u r i n g  e a c h  r e v o l u t i o n .  

A run  v a l u e  f o r  each  of t h e  compute r - con t ro l l ed  we ld ing  parameters  may 

b e  s e t  a t  each  of 264 change p o i n t s  which w i l l  be a v a i l a b l e  f o r  t h e  f o u r  

r e v o l u t i o n s .  Th i s  a l l o w s  66 change p o i n t s  pe r  r e v o l u t i o n  o r  a s  many a s  

11 change p o i n t s  f o r  each  s i d e  of t h e  hexagonal  f low d u c t .  The d u r a t i o n  



between each of t h e s e  change p o i n t s  may be  se t  t o  s u i t  t h e  r e q u i r e d  

we ld ing  schedu le  a s  a f u n c t i o n  o f  t h e  r o t a t i o n a l  p o s i t i o n  of t h e  d u c t .  

A d i g i t a l  tachometer  ( s h a f t  encoder)  w i l l  e s t a b l i s h  720 duc t  p o s i t i o n s  

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

Up t o  66 of t h e s e  720 duc t  p o s i t i o n s  may be  desi.gnaLed a s  change p o i n t s  

f o r  each  r e v o l u t i o n .  Wi th in  t h e  l i m i t s  of  any two s u c c e s s i v e  change 

p o i n t s ,  t h e  computer w i l l  i n t e r p o l a t e  t h e  run  v a l u e s  f o r  each  of  t h e  

we ld ing  pa rame te r s  a s  a l i n e a r  f u n c t i o n  of  duc t  posi . t ion based on t h e  

run  v a l u e s  s e t  a t  t h e s e  s u c c e s s i v e  change p o i n t s .  Sciaky i n d i c a t e s  t h a t  

t h e  we ld ing  speed a long  t h e  f l a t  of t h e  f low d u c t  w i l l  be t h e o r e t i c a l l y  

c o r r e c t ,  b u t  t h e  we ld ing  speed a t  t h e  rounded c o r n e r s  of t h e  d u c t  w i l l  

b e  a ser ies  of  c l o s e  approx ima t ions  of  t h e o r e t i c a l  v a l u e s .  

The we ld ing  c y c l e  i s  c o n t r o l l e d  j o i n t l y  by t h e  sequencing and s l o p e  

c o n t r o l s  and t h e  computer system. The s t a r t i n g  p o s i t i o n  of t h e  computer 

i s  set  by p o s i t i o n i n g  t h e  t o r c h  w i t h  r e s p e c t  t o  t h e  flow duc t  and pushing 

t h e  r e s e t  b u t t o n .  When t h e  s e q u e n c e - s t a r t  b u t t o n  i s  a c t i v a t e d ,  t h e  a r c  

w i l l  be  i n i t i a t e d  and a l l  welding pa rame te r s  w i l l  b e  o p e r a t e d  a s  program- 

med under t h e  command of t h e  s e q u e n c e - s t a r t  and i n i t i a l - s l o p e  c o n t r o l s ,  

Command s i g n a l s  from the computer b e g i n  w i t h  t h e  i n i t i a t i o n  o f  d u c t  r o t a -  

t i o n  w i t h  f u l l  l i n e a r  i n t e r p o l a t i o n  of  run v a l u e s  between change p o i n t s  

d u r i n g  t h e  welding c y c l e .  Welding can  be  t e rmina ted  manual.1-y by t h e  

o p e r a t o r  o r  a u t o m a t i c a l l y .  I n  e i t h e r  case,  a l l  pa rame te r s  w i l l  be  t e r m i -  

n a t e d  i n  l o g i c a l  o r d e r  by t h e  programmed f i n a l - s l o p e  and sequence - s top  

c o n t r o l s  a 

The r e a s o n s  f o r  s e l e c t i n g  a compute r -d i r ec t ed  system f o r  t h e  FFTF 

welding program a t  PNL a r e  r e p o r t e d  i n  a f e a s i b i l i t y  s tudy . "  

ing,  s i m p l i f i e d  mechanical  and /o r  e l e c t r i c a l  c o n t r o l ,  numer i ca l  c o n t r o l ,  

and s m a l l - s c a l e  computer c o n t r o l  were c o n s i d e r e d ,  Only numer i ca l  and 

computer c o n t r o l  were adequa te  t o  hand le  t h e  complexi ty  of the problem 

caused by t h e  shape o f  t h e  flow d u c t .  The compute r -d i r ec t ed  system was 

c o n s i d e r e d  more f l e x i b l e  than  t h e  numer i ca l  system because i t  does n o t  

r e q u i r e  a comple t e ly  new c o n t r o l  t a p e  when parameter  changes a r e  made. 

The computer system w a s  a l s o  c o n s i d e r e d  more r e l i - a b l e  because  i t  uses  a 

s h o r t e r  c o n t r o l  t a p e  and i t  r e a d s  t h i s  t a p e  p r i o r  t o  a c t u a l  we ld ing  so 

t h a t  e r r o r s  can  be  d e t e c t e d  and c o r r e c t e d  b e f o r e  we ld ing  i s  begun. 

Manual weld- 
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A d e f i n i t e  advan tage  of u s i n g  t h e  same type  of  Sc iaky  weld ing  

c o n t r o l  sys tem f o r  t h e  PNL-FFTF d u c t  weld ing  program and f o r  i n - c e l l  

weld ing  i n  t h e  I n t e r i m  Examinat ion and Disassembly C e l l  i s  t h a t  t h e  same 

computer programs can be  used.  S l i g h t  changes i n  t h e  set v a l u e s  of weld- 

i n g  pa rame te r s  w i l l  be r e q u i r e d  because  of t h e  d i f f e r e n c e  i n  t h e  we‘lding 

p o s i t i o n s .  Welding of reassembled  t e s t  a s s e m b l i e s  must be done w i t h  t h e  

d u c t  a x i s  v e r t i c a l  because  of  assembly c r i t e r i a  and t h e  v e r t i c a l  o r i e n t a -  

t i o n  of t h e  p o s i t i o n i n g  machine. A s m a l l  development program w i l l  be 

r e q u i r e d  t o  de t e rmine  t h e  optimum v a l u e s  f o r  weld ing  parameters ,  and t h i s  

work can  b e  done d u r i n g  t h e  performance t e s t i n g  of t h e  d i sa s sembly -  

reassembly  equipment .  

The d i s a d v a n t a g e s  a s s o c i a t e d  w i t h  t h e  u s e  of t h i s  Sc iaky  equipment 

f o r  i n - c e l l  weld ing  i n  t h e  I n t e r i m  Examinat ion and Disassembly C e l l  a r e  

i t s  complexi ty  and u t i l i z a t i o n  of d i r e c t - c u r r e n t  e l e c t r i c a l  sys tems.  

The equipment i s  i n h e r e n t l y  complex from t h e  s t a n d p o i n t  t h a t  feedback 

d e v i c e s  such  a s  tachometers  and encoders  w i l l  be r e q u i r e d  i n  t h e  c e l l  i n  

a d d i t i o n  t o  t h e  d r i v e  motors. This  means t h a t  more e l e c t r o m e c h a n i c a l  

d e v i c e s  w i l l  be s u b j e c t e d  t o  r a d i a t i o n  and b rush  wear, w i t h  t h e  r e s u l t a n t  

remote main tenance  problems. Brush wear may be a l l e v i a t e d  by u s i n g  s p e -  

c i a l  b r u s h  m a t e r i a l s ,  b u t  t h e i r  e f f e c t i v e n e s s  w i l l  depend upon t h e  r o t a -  

t i o n a l  speed  of t h e  dev ice ,  t h e  type of s p e c i a l  b rush  m a t e r i a l  used, and 

t h e  d ryness  of t h e  a rgon  c e l l  a t ~ n o s p h e r e . ~ ’ ~  

atmosphere on b r u s h  a r c i n g  and on t h e  a b i l i t y  of motors  t o  d i s s i p a t e  h e a t  

must a l s o  b e   ons side red.^ 

The e f f e c t s  of t h e  a rgon  

4 . 3 . 2  Welding F i x t u r e  

A welding  f i x t u r e  w i l l  b e  r e q u i r e d  w i t h i n  t h e  I n t e r i m  Examinat ion 

and Disassembly C e l l  t o  per form t h e  g i r t h  weld ing  of hexagonal  flow d u c t s  

on reassembled  t e s t  a s s e m b l i e s .  This  f i x t u r e  must accommodate open t e s t  

and c l o s e d - l o o p  t e s t  a s sembl i e s  t h a t  have d i f f e r e n t  s i z e  flow d u c t s ,  and 

i f  p o s s i b l e ,  i t  must be s u i t a b l e  f o r  making t h e  g i r t h  weld a t  bo th  t h e  

upper  end and t h e  lower m d  of t h e s e  a s s e m b l i e s .  The l o c a t i o n  of  t h e  
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weld i n  t h e  flow d u c t  i s  determined by t h e  l o c a t i o n  of t h e  s u p p o r t  g r i d  

f o r  t h e  p i n  bundle,  t h e  weld b e i n g  made n e a r  t h e  s u p p o r t  g r i d .  

The conceptual.  work on t h e  remote welding f i x t u r e  t h a t  was performed 

d u r i n g  t h i s  s t u d y  c o n s i s t e d  mainly of  i d e n t i f y i n g  t h e  components which 

would be r e q u i r e d  on t h e  f i x t u r e  and a b r i e f  i n v e s t i g a t : i o n  of t h e  p r i n c i -  

p l e s  t h a t  might be  used t o  a l i g n  t h e  d u c t  p i e c e s  and t o  a l i g n  t h e  wel-ding 

f i x t u r e  on t h e  p o s i t i o n i n g  machine. Conceptual drawings were n o t  p r e -  

pared, and a complete  c o n c e p t u a l  a n a l y s i s  was n o t  performed because o f  

fundi-ng l imitatzions and t h e  need f o r  a b e t t e r  d e f i n i t i o n  (I.€ t h e  welding 

r equ i r emen t s .  The work performed shou ld  t h e r e f o r e  b e  c o n s i d e r e d  t e n t a -  

t ive  and s u b j e c t  t o  e x t e n s i v e  review when more i n f o r m a t i o n  is  a v a i l a b l e .  

The functi.oiis of t h e  welding f i x t u r e  i n c l u d e  r o t a t i n g  t h e  f low duct ,  

moving t h e  we ld ing  t o r c h  as r e q u i r e d  t o  m a i n t a i n  the c o r r e c t  r e l a t i o n s h i p  

w i t h  t h e  duc t ,  and p r o v i d i n g  a mounting p l a c e  f o r  t h e  w i r e  f e e d i n g  

devi-ces.  Depending upon t h e  a l ignmen t  ph i losophy  followed, t h e  welding 

f i x t u r e  may a l s o  p rov ide  a l l  a l ignment  f o r  t h e  f low d u c t  p i e c e s .  The 

n e c e s s a r y  mechanisms and components w i l l  be  c o n s t r u c t e d  a s  r e p l a c e a b l e  

modules on a s t r u c t u r a l  frame to f a c i l i t a t e  remote maintenance.  Like 

o t h e r  i t e m s  of  t h e  disassembly-reassembly equipment a c c e s s o r y  t o o l i n g ,  

t h e  e n t i r e  weldi-ng f i x t u r e  w i l l .  be p o r t a b l e  arid c a p a b l e  of be ing  moved 

w i t h  t h e  c e l l  c r a n e  when t h e  s e r v i c e  l i n e s  have been d i sconnec ted .  

The major  components of  t h e  welding f i .xture  w i l l  c o n s i s t  of a chuck 

t o  r o t a t e  t h e  flow duct ,  an a r c  head t o  maneuver t h e  t o r c h ,  and an e l e -  

v a t i n g  mechanism t o  a d j u s t  t h e  e l e v a t i o n  of t h e  t o r c h .  The welding t o r c h  

and w i r e  f e e d i n g  d e v i c e s  a r e  c o n s i d e r e d  p a r t  of  t h e  welding equi.pment, as  

di  s cussed  i n  Subsec t ion  4 . 3 . 1 .  

A s p e c i a l  l o w - i n e r t i a  chuck w i t h  s i x  jaws w i l l  be  used t o  r o t a t e  

t h e  flow d u c t .  The jaws w i l l  clamp t h e  c o r n e r s  of the  duc t  t o  minimize 

p o s s i b l e  d u c t  d i s t o r t i o n .  These jaws may be o p e r a t e d  w i t h  a man ipu la to r  

u s i n g  a spanner  wrench, o r  t h e  chuck d r i v e  system may b e  used i n  conjunc-  

t i o n  w i t h  t h e  spanner  wrench f o r  f i n a l .  t i g h t e n i n g  and f o r  opening t h e  

chuck. The chuck j a w s  w i l l  be  r emote ly  r e p l a c e a b l e  t o  accommodate a wide 

range of flow d u c t  s i z e s  and s h a p e s .  The chuck w i l l  be d r i v e n  by a 

servomotor  w i t h  i n t e g r a l  tachometer  through a gearbox and s p u r  g e a r  d r i v e  
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t r a i n .  A shaf t -  encoder  w i l l  be  d r i v e n  by t h e  b u l l  g e a r  on t h e  chuck t o  

t r a n s m i t  t h e  r o t a r y  p o s i t i o n  of t h e  f low duc t  t o  t h e  computer system. 

The a r c  head t h a t  h o l d s  t h e  weld ing  t o r c h  w i l l  be  l o c a t e d  to  one 

s i d e  of t h e  f low duct ,  and i t  must move t h e  t o r c h  toward and away from 

t h e  f low d u c t  t o  m a i n t a i n  t h e  c o r r e c t  a r c  v o l t a g e  a s  t h e  duc t  r o t a t e s .  

I t  must a l s o  p i v o t  t h e  t o r c h  through an  a n g l e  of about  2 7 ”  on e i t h e r  s i d e  

o f  t h e  c e n t e r  l i n e  of p i v o t  mot ion  t o  keep t h e  t o r c h  p e r p e n d i c u l a r  t o  

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

c o n s i s t  of a h o r i z o n t a l  b a l l - b e a r i n g  s l i d e  assembly d r i v e n  by a gea red  

servomotor  through a b a l l  screw. A t achometer  i n t e g r a l  w i t h  t h e  se rvo-  

motor w i l l  p rov ide  feedback  d a t a  t o  t h e  s e r v o  c o n t r o l  system. A h o r i z o n -  

t a l  curved  t r a c k  w i l l  be  mounted on top  oE t h e  s l i d e ,  and a r o l l e r -  

mounted c a r r i a g e  w i l l  r u n  on t h i s  t r a c k .  The c a r r i a g e  w i l l  s u p p o r t  t h e  

weld ing  t o r c h ,  and i t  w i l l  b e  d r i v e n  by a gea red  servomotor  w i t h  i n t e g r a l  

tachometer  th rough a p i n i o n  and g e a r  segment.  A p o t e n t i o m e t e r  d r i v e n  by 

a p i n i o n  o f f  t h e  g e a r  segment w i l l  be  used t o  t r a n s m i t  c a r r i a g e  p o s i t i o n  

to t h e  s e r v o  c o n t r o l  sys tem.  The axis of t h e  we ld ing  t o r c h  w i l l  pass  

th rough t h e  t h e o r e t i c a l  p i v o t  p o i n t  o f  t h e  c a r r i a g e  and t h e  a x i s  of  t h e  

f low d u c t .  The torch w i l l  a l s o  be  l o c a t e d  a x i a l l y  on t h e  c a r r i a g e  so 

t h a t  the  p i v o t  p o i n t  w i l l  b e  a t  t h e  s u r f a c e  o f  t h e  duc t  when t h e  t o r c h  

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

The e n t i r e  a r c  head w i l l  be mounted on a v e r t i c a l  b a l l - b e a r i n g  s l i d e  

t o  a l low t h e  t o r c h  t o  b e  moved up and down f o r  a l ignment  w i t h  t h e  we ld  

- j o i n t .  Th i s  ad jus tmen t  w i l l  be man ipu la to r  o p e r a t e d  and w i l l  have a 

p o s i t i v e  lock  t o  p reven t  d r i f t .  

The w i r e  f e e d  p o s i t i o n e r  o r  n o z z l e  must move w i t h  t h e  to rch ,  so i t  

w i l l  a l s o  be  mounted on t h e  ro l l e r -moun ted  c a r r i a g e  t h a t  suppor ts  t h e  

weld ing  t o r c h .  The b e s t  r e l a t i o n s h i p  between t h e  n o z z l e  and t h e  t o r c h  

w i l l  b e  de te rmined  e x p e r i m e n t a l l y  f o r  each  s i z e  f low d u c t  t o  b e  welded.  

The t o r c h  and n o z z l e  a l ignment  on t h e  c a r r i a g e  w i l l  t h e n  b e  f i x e d  t o  p r e -  

v e n t  misadjus tment  w i t h i n  t h e  c e l l ,  and s p e c i f i c  n o z z l e s  w i l l  be used 

f o r  each  s i z e  f low d u c t  i f  r e q u i r e d .  The f i l l e r  w i r e  w i l l  r u n  d i r e c t l y  

from t h e  enc losed  w i r e  r ee l  t o  t h e  a d j a c e n t  w i r e  Eeeder and thence  through 

a w i r e  f e e d  c o n d u i t  t o  t h e  nozz le .  The w i r e  f e e d e r  must be l o c a t e d  so 

t h a t  t h e  w i r e  w i l l  n o t  b ind  i n  t h e  c o n d u i t  a s  t h e  n o z z l e  moves w i t h  t h e  
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t o r c h .  The b e s t  l o c a t i o n  f o r  t h e  f e e d e r  a p p e a r s  t o  be  above and t o  t h e  

n e a r  s i d e  of t h e  t o r c h  w i t h  t h e  f e e d  a x i s  v e r t i c a l .  The f eed  r o l l s  on 

t h e  w i r e  f e e d e r  would al.so be  a c c e s s i b l e  i n  t h i s  l o c a t i o n .  

The o p e r a t o r  w i l l  b e  a b l e  t o  see t h e  t i p  of t h e  welding e l e c t r o d e  

d i r e c t l y  through t h e  o p e r a t i n g  window because t h e  a r c  head and t o r c h  w i l l  

be  t o  one s i d e  of t h e  flow d u c t .  However, t h e  f i l l e r  w i r e  w i l l  have t o  

be  r e t r a c t e d  t o  view t h e  e l e c t r o d e  s i n c e  t h e  n o z z l e  w i l l  be  on t h e  n e a r  

s i d e  of t h e  t o r c h .  The a l ignmen t  of t h e  e l e c t r o d e  and t h e  f i l l e r  w i r e  

w i t h  r e s p e c t  t o  t h e  weld seam can be checked w i t h  a t e l e s c o p e .  

One of  t h e  c r i t i c a l  o p e r a t i o n s  invo lved  i n  t h e  j o i n i n g  of  t h e  flow 

d u c t  i s  a l i g n i n g  t h e  two p o r t i o n s  of t h e  duc t  s o  t h a t  t hey  a r e  on t h e  

same a x i s  and even ly  spaced from each o t h e r  a t  a s u i t a b l e  d i s t a n c e .  The 

d u c t  p i e c e s  must a l s o  be  o r i e n t e d  so t h a t  t h e  c o r n e r s  on one p i e c e  a r e  

a l i g n e d  w i t h  t h e  c o r n e r s  on t h e  o t h e r  p i e c e .  Ideal.Iy, t h i s  a l ignmen t  

shou ld  be  mai-ntained d u r i n g  we ld ing  whi-le t h e  duct: p i e c e s  a r e  b e i n g  

r o t a t e d  i n  un i son  because  r e l a t ive  movement between t h e s e  d u c t  p i e c e s  

would develop stiresses t h a t  could induce  c r a c k i n g  of t h e  we ld .  Two 

approaches may b e  used t o  e s s e n t i a l l y  m e e t  t h e s e  a l ignmen t  r e q u i r e m e n t s .  

I n  t h e  f i r s t  approach, t h e  d u c t  p i e c e s  would be  h e l d  i n  s e p a r a t e  

chucks t o  p rov ide  a l ignmen t .  The a l ignmen t  of t h e  axes of t h e  two 

chucks and t h e  accu racy  of t h e  chuck b e a r i n g s  would b e  c r i t i c a l  i f  r e l a -  

t ive  movement between t h e  d u c t  p i e c e s  a t  t h e  j o i n t  is  t o  b e  minimized. 

R e l a t i v e l y  r i g i d  f i x t u r e  c o n s t r u c t i o n  and mach ine - too l  accu racy  would 

probably be  n e c e s s a r y .  It would a l s o  b e  n e c e s s a r y  t o  p rov ide  a means f o r  

a d j u s t i n g  t h e  phase of t h e  chucks s o  t h a t  t h e  c o r n e r s  of t h e  a d j o i n i n g  

d u c t  p i e c e s  cou ld  be  a l i g n e d .  Th i s  t ype  of welding f i - x t u r e  would permit  

c o n v e n t i o n a l  b u t t  welds  t o  be  made w i t h o u t  back-up p i e c e s ,  and t h e  f i x -  

t u r e  would p rov ide  a l l  t h e  al ignment  of t h e  welded j o i n t .  It wou1.d be  

n e c e s s a r y  t o  a l i g n  t h i s  t ype  of welding f i x t u r e  v e r y  a c c u r a t e l y  w i t h  t h e  

a x i s  of  t h e  p o s i t i o n i n g  machine t o  p r e v e n t  any tendency t o  s t r a i n  the 

f low d u c t  t h a t  cou ld  i n  t u r n  a f f e c t  a l ignmen t  of  t h e  unwelded j o i n t .  

The second approach t h a t  may b e  used t o  m e e t  t h e  duc t  aligiunent 

r equ i r emen t s  i s  based upon t h e  p r i n c i p l e  of t h e  duc t  p i e c e s  b e i n g  s e l f -  

a l i g n i n g .  Th i s  approach would r e q u i r e  r e d e s i g n  o f  t h e  flow d u c t  t o  p ro -  

v i d e  a s l i p  j o i n t ,  as i l l u s t r a t e d  i n  F i g .  4 .1 .  The r e s u l t i n g  weld would 
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be  t h e  same a s  f o r  a b u t t  j o i n t  w i t h  a back-up piece, and no f i l l e r  w i r e  

would b e  used on t h e  r o o t  p a s s .  The shape of t h e  ends of the  d u c t  p i e c e s  

would p r o v i d e  t h e  n e c e s s a r y  a l ignmen t .  The c l e a r a n c e  between t h e  p i e c e s  

would, of cour se ,  p e r m i t  some l a t e r a l  misal ignment  and t h e  a x i a l  runou t  

o r  s q u a r e n e s s  of  t h e  a b u t i n g  ends would de te rmine  t h e  a x i a l  a l ignmen t .  

I f  t h i s  j o i n t  i s  a r e a s o n a b l e  d i s t a n c e  from t h e  end of t h e  assembly, a s  

would b e  t h e  case f o r  tes t  a s s e m b l i e s  w i t h  top - suppor t ed  i n t c r n a l s ,  t h e  

r e s u l t i n g  accu racy  of t h e  welded assembly shou ld  b e  s a t i s f a c t o r y .  

I n  t h i s  second approach,  t h e  welding f i x t u r e  would p r o v i d e  no a l i g n -  

ment of t h e  duct. pieces. The upper and lower g r i p s  of t h e  p o s i t i o n i n g  

machine would a p p l y  a n  a x i a l  load t o  t h e  assembly t o  keep t h e  d u c t  p i e c e s  

t o g e t h e r  t i g h t l y .  The re la t ive  motion between t h e  d u c t  p i e c e s  would be  

n e g l i g i b l e ,  i f  n o t  ze ro ,  because  t h e  g r i p s  of t h e  p o s i t i o n i n g  machine 

a re  s e l E - a l i g n i n g .  T h e  amount o f  wandering of  t h e  j o i n t  under t h e  weld- 

i n g  t o r c h  would depend upon t h e  a c c u r a c y  of t h e  ends of the d u c t  p i e c e s .  

T h i s  e f f e c t  would have t o  be  i n v e s t i g a t e d  by us ing  Llie proposed dimen- 

s i o n s  of  t h e  d u c t  t o  de t e rmine  whether  t h e  welding would b e  unduly 

a f f e c t e d .  A chuck would b e  p rov ided  on the we ld ing  f i x r u r e  t o  a l i g n  t h e  

t o r c h  w i t h  t h e  f low d u c t  and t o  p r o v i d e  d u c t  r o t a t i o n .  

E i t h e r  of t h e  two approaches j u s t  d e s c r i b e d  cou ld  b e  used t o  s a t i s -  

f a c t o r i l y  a l i g n  t h e  d u c t  p i e c e s  f o r  we ld ing .  However, t h e  second a l i g n -  

ment approach t h a t  i n v o l v e s  t h e  u s e  of a s l i p  j o i n t  i n  t h e  f low d u c t s  o f  
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reassenibl.ed t es t  a s s e m b l i e s  and a we ld ing  f i x t u r e  w i t h  o n l y  one chuck 

appea r s  i n h e r e n t l y  b e t t e r -  f o r  h o t - c e l l  work. Th i s  wel-ding f i x t u r e  would 

be more s i m p l e ,  i t s  components would be  more a c c e s s i b l e  f o r  maintenance, 

and i t  would r e q u i r e  l e s s  accu racy  of s e t u p .  It i s  t h e r e f o r e  recommended 

t h a t  t h e  u s e  of a s l i p  j o i n t  i n  t h e  flow d u c t s  of  t e s t  a s s e m b l i e s  be  con- 

s i d e r e d  f o r  t h e i r  reassembly.  

Another impor t an t  o p e r a t i o n  t o  c o n s i d e r  i s  t.he al ignment  of t h e  

a x i s  of  t h e  we ld ing  f i x t u r e  w i t h  the a x i s  of t h e  p o s i t i o n i n g  machine. 

Any misal ignment  has  t h e  p o t e n t i a l .  f o r  s t r a i n i n g  t h e  flow d u c t  and t h e r e -  

by a f f e c t i n g  t h e  a l ignmen t  of t h e  uiiwel.ded j o i n t .  There i s  a l s o  a need 

t o  c o n s i d e r  methods of s u p p o r t i n g  t h e  reassembled t e s t  assembly as i t  i s  

b e i n g  loaded j.nto t h e  welding f i x t u r e  and whether t h i s  s u p p o r t  i s  a l s o  

needed d u r i n g  welding.  The r equ i r emen t s  t h a t  b o t h  open t e s t  and c l o s e d -  

loop t e s t .  a s s e m b l i e s  b e  accommodated and t h a t  t h e i r  i n t e r n a l s  may b e  

e i t h e r  t op  o r  bottom suppor t ed  p r e s e n t  f u r t h e r  c o m p l e x i t i e s  i n  t h e  s e l e c -  

t i o n  of a l ignmen t  p r i n c i p l e s  and i n c r e a s e d  p o t e n t i a l  f o r  i n t : e r f e rences  

w i t h  components of t h e  p o s i - t i o n i n g  machine. It w a s  n o t  p o s s i b l e  du r ing  

t h i s  s t u d y  t o  c o n s i d e r  t h e s e  problems i n  enough d e t a i l  t o  make. f i r m  rec- 

ommendat:ions, b u t  c e r t a i n  p r i n c i p l e s  a re  a p p a r e n t  a t  t h i s  t ime.  

A b r i e f  i n v e s t i g a t i o n  t o  de t e rmine  t h e  requ.i.rements f o r  a l i g n i n g  

t h e  we ld ing  f i x t u r e  w i t h  r e s p e c t  t o  t h e  p o s i t i o n i n g  machine r e v e a l e d  t h a t  

t h e  problem i s  r e s o l v e d  i n t o  a c c u r a t e l y  a l i g n i n g  t h r e e  b e a r i n g s  o r  pro- 

v i d i n g  some means by whi.ch one of t h e s e  b e a r i n g s  can s e l f - a d j u s t  l a t e r -  

a l l y  so t h a t  on ly  two b e a r i n g s  de t e rmine  t h e  a x i s  of  r o t a t i o n  of  t h e  flow 

d u c t .  A l l  t h e  b e a r i n g s  a l s o  shou ld  be c a p a b l e  of a d j u s t i n g  t o  the  a x i s  

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

i n  t h e  s y s  terii. 

Consider  a reassembled t e s t  assembly t h a t  has  a s e l f - a l i g n e d  j o i n t  

r eady  f o r  we]-ding. The assembly j.s h e l d  i n  t h e  upper and lower g r i p s  of 

t h e  p o s i t i o n i n g  machine and t h e  welding f i x t u r e  w i t h  a s i n g l e  chuck i s  i n  

p l a c e .  End t h r u s t  by t h e  g r i p s  keeps t h e  unwelded j o i n t  t i g h t l y  c l o s e d .  

Alignment of t h e  we ld ing  f i x t u r e  a t  any p o i n t  a long  t h e  axi-s of t h e  flow 

d u c t  is  n o t  as c r i t i c a l  i f  t h e  f i x t u r e  can f l o a t  l a t e r a l l y  and i f  i t s  

chuck i s  s e l f - a l i g n i n g  o r  i f  t h e  chuck j a w s  are  v e r y  s h o r t .  If t h e  
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f i x t u r e  canno t  f l o a t  and i t  i s  not  a c c u r a t e l y  a l i g n e d  w i t h  t h e  a x i s  of  

t h e  g r i p s ,  t h e r e  w i l l  be  a tendency f o r  t h e  unwelded j o i n t  t o  buck le  and 

t h e  j o i n t  w i l l  then  open and c l o s e  as t h e  d u c t  is  r o t a t e d .  S l i g h t  t i p -  

p i n g  of t h e  we ld ing  f i x t u r e  w i L l  n o t  a f f e c t  t h e  we ld ing  o p e r a t i o n  because  

a l l  p o i n t s  on t h e  j o i n t  w i l l  pa s s  under  t h e  we ld ing  t o r c h .  However, 

g r o s s  misa l ignment  is  t o  be  avoided  s i n c e  t h i s  cou ld  change t h e  shape  o f  

t h e  weld produced by t h e  programmed we ld ing  o p e r a t i o n .  

Allowing t h e  we ld ing  f i x t u r e  t o  f l o a t  and t h e r e b y  seek  t h e  a x i s  of 

t h e  d u c t  i s  f e a s i b l e  i f  s u f f i c i e n t  end t h r u s t  can b e  a p p l i e d  t o  t h e  assem- 

b l y  t o  make t h e  j o i n t  s t a b l e  d u r i n g  we ld ing .  It shou ld  b e  emphasized 

t h a t  t h e  s t r a i g h t n e s s  of t h e  assembly w i l l  depend upon t h e  machining o f  

t h e  ends of the d u c t  p i e c e s  and t h e  e f f e c t s  of weld d i s t o r t i o n .  T h i s  

method w i l l  produce t h e  b e s t  r e s u l t s  when t h e  weld j o i n t  i s  c l o s e  t o  t h e  

end of t h e  assembly, a s  w i l l  be  t h e  c a s e  w i t h  top-suppor ted  i n f e r n a l s .  

F o r t u n a t e l y ,  most t e s t  a s sembl i e s  are expec ted  to  have Lop-supported 

i n t e r n a l s  t o  pe rmi t  t h e  u s e  of c o n t a c t  i n s t r u m e n t a t i o n .  

4 . 4  I n s t a l l a t i o n  and S e r v i c e  Requirements  

The r e v i s i o n s  i n  t h e  b a s i c  d e s i g n  r equ i r emen t s  f o r  t h i s  ex tended  

c o n c e p t u a l  s t u d y  pe rmi t  t h e  use  o f  a s h o r t e n e d  p o s i t i o n i n g  machine i n  t h e  

I n t e r i m  Examinat ion and Disassembly C e l l  t h a t  i n  t u r n  r e s u l t s  i n  a r educ -  

t i o n  i n  t h e  h e i g h t  of t h e  c e l l .  Th i s  and o t h e r  changes i n  E a c i l i t y -  

r e l a t e d  r equ i r emen t s  f o r  space,  services, viewing,  and hand l ing  t h a t  a r e  

n e c e s s a r y  f o r  remote i n s t a l l a t i o n ,  o p e r a t i o n ,  and main tenance  of t h e  

d i sa s sembly - reas sembly  equipment a r e  d i s c u s s e d  i n  t h i s  s e c t i o n .  The 

i n t e r E a c e s  f o r  t h i s  equipment p r e s e n t e d  i n  Appendix D of t he  o r i g i n a l  

c o n c e p t u a l  s t u d y  r epor t ’  a r e  s t i l l  v a l i d .  

4.4.1 C e l l  Requirements  

Only one p o s i t i o n i n g  machine w i t h  i t s  a c c e s s o r y  t o o l i n g  and c o n t r o l s  

w i l l  b e  r e q u i r e d  f o r  t h e  I n t e r i m  Examinat ion and Disassembly C e l l .  The 
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s p a t i a l  r e l . a t i o n s h i p s  r e q u i r e d  f o r  t h e  i n s t a l l a t i o n ,  o p e r a t i o n ,  and 

maintenance of t h i s  equipment. are i l l u s t r a t e d  i n  F i g .  4 . 2 .  The t r a n s f e r  

space  r e q u i r e d  above t h e  t o p  of t h e  w o r k t a b l e  provi.des about  a 6-Et-wide 

a i s l e w a y  a d j o i n i n g  t h e  back and s i d e  of  t h e  p o s i t i o n i n g  machine column t o  

be  used f o r  l oad ing  o p e r a t i o n s  and t r a r i s f e r  of machine components and 

l a r g e  a c c e s s o r y  t o o l i n g  i t ems .  S i n c e  t h e  r e q u i r e d  amount of f l o o r  space  

i s  smaller  than t h e  r e q u i r e d  amount of  t r a n s f e r  space,  i t  w i l l  be  p o s s i -  

b l e  to  perform o t h e r  work i n  t h e  s p a c e  a d j o i n i n g  t h e  p o s i t i o n i n g  machine 

a t  t h e  lower l e v e l  of t h e  c e l l .  The f i n a l  l o c a t i o n  of t h e  machine w i t h  

respect  t o  t h e  i n s i d e  w a l l  of t h e  c e l l  must b e  d e t e c m i n e d  duri.ng t h e  

O R Y L  DVrti 7 0 - 5 0 3 2  

1 2  f t  

I i  

12 f t -  J 
F i g .  4 . 2 .  S p a t i a l  Re la t i -onsh ips  Required f o r  I n s t a l l a t i o n ,  Opera- 

t i o n ,  and Maintenance of  Disassembly-Reassembly Equipment i n  t h e  I n t e r i i n  
Examination and Disassembly C e l l .  
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developmenta l  work t o  a s s u r e  t h e  b e s t  compromise among v iewing  coverage,  

mas t -e r -s lave  m a n i p u l a t i v e  o p e r a t i o n s ,  and maintenance work w i t h  t h e  w a l l -  

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

I t  i s  s t i l l  p lanned  t o  anchor  t h e  p o s i t i o n i n g  machine t o  f l o o r  pads 

which a r e  c o n c r e t e  embedments s e a l  welded t o  t h e  f l o o r  Liner .  The l o c a -  

t i o n  and e l e v a t i o n  of t h e s e  f l o o r  pads remain unchanged. The u p l i f t  and 

b t a r i n g  load ing  of 25,000 l b  f o r  each  f l o o r  pad i s  s t i l l  c o n s i d e r e d  v a l i d  

i f  a c c i d e n t a l  bumping of  t h e  machine column can be  a d e q u a t e l y  c o n t r o l l e d .  

Th i s  problem w i l l  b e  c o n s i d e r e d  f u r t h e r  d u r i n g  t h e  p r e l i m i n a r y  des ign .  

The r e d u c t i o n  i n  t h e  l e n g t h  o f  c o r e  components and tes t  a s sembl i e s  

t o  be  handled  has  r e q u i r e d  t h e  e s t a b l i s h m e n t  of new r e l a t i o n s h i p s  between 

t h e  s h o r t e n e d  machine, t h e  h o t  c e l l ,  and t h e  o p e r a t i n g  window, as i s  i l l u -  

s t r a t e d  on c o n c e p t u a l  drawing M-11325-EM-080-F i n  Appendix C .  The i n s i d e  

h e i g h t  of  t h e  c e l l  has  been reduced  t o  40 f t ,  and o n l y  one o p e r a t i n g  s t a -  

t i o n ,  which has  been r e l o c a t e d ,  w i t h  i t s  v iewing  window, mas t e r - s l a v e  

man ipu la to r s ,  and r e t r a c t a b l e  work tab le  i s  now r e q u i r e d  t o  serve t h e  

p o s i t i o n i n g  machine.  P r o v i s i o n  of t h e  lower v iewing  window i n  t h e  c e l l  

i s  c o n s i d e r e d  o p t i o n a l  s i n c e  i t s  p resence  i s  n o t  an  a b s o l u t e  n e c e s s i t y  

Tor i n s t a l l a t i o n ,  o p e r a t i o n ,  and maintenance of t h e  d isassembly- reassembly  

equipment,  a s  i s  d i s c u s s e d  i n  Subsec t ion  5 .5 .1 .  However, t h i s  lower win- 

dow would p rov ide  conven ien t  v iewing  f o r  c e r t a i n  o p e r a t i o n s  i f  i t  cou ld  

b e  j u s t i f i e d  fo r  o t h e r  purposes .  

4 .4 .2  Service Requirements  

S p e c i f i c  d e t a i l s  of t h e  services r e q u i r e d  f o r  t h e  d isassembly-  

reassembly  equipment remain u n c e r t a i n  a t  t h i s  s t a g e  O E  t h e  concep tua l  

d e s i g n  work. The s e r v i c e  r equ i r emen t s  s p e c i f i e d  i n  t h e  o r i g i n a l  concep- 

t u a l  s t u d y  r epor t ’  a r e  s t i l l  v a l i d ,  b u t  a d d i t i o n a l  e l e c t r i c a l  service 

w i l l  b e  r e q u i r e d .  The power u n i t  f o r  t h e  weld ing  equipment r e q u i r e s  a 

nominal 220/440-vol t  3 -phase  60 -cyc ie  c . l e c t r i c a 1  supply ,  and c e l l  service 

p lugs  t o  f eed  t h e  we ld ing  t o r c h  m u s t  have low-vol tage  h i g h - c u r r e n t  d i s -  

c o n n e c t s .  A c l o s e d - c i r c u i t  w a t e r - c o o l i n g  sys tem w i l l  b e  s u p p l i e d  as p a r t  

of t h e  weld ing  equipment,  so  a w a t e r  s o u r c e  and d r a i n  w i l l  n o t  b e  needed. 
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4 . 4 . 3  Window and Mas te r -S lave  Manipulator  1-1. Coverage 

The viewing r ange  and m a s t p r - s l a v e  man ipu la to r  coverage d e s c r i b e d  

i n  t h e  o r i g i n a l  concept-ual s t u d y  r epor t ’  were a s s u r e d  f o r  t h i s  extended 

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

window and man ipu la to r s  w i t h  r e s p e c t  t o  t h e  o p e r a t i n g  f l o o r  a r e  a l s o  

unchanged. The CRL* Model .J m a s t e r - s l a v e  man ipu la to r  w i t h  powered index-  

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

of  master and s l a v e  arms d i s c u s s e d  i n  t h e  o r i g i n a l  r e p o r t  i s  s t i l l  recom- 

mended a s  t h e  b e s t  commercially a v a i l a b l e  u n i t  f o r  t h e  j o b .  Only two 

m a s t e r - s l a v e  m a n i p u l a t o r s  a r e  needed s i n c e  o n l y  one o p e r a t i n g  s t a t i o n  i s  

now r e q u i r e d  t o  serve t h e  p o s i t i o n i n g  machine. 

4 . 4 . l ~  Other  Support  Equipment 

The need f o r  and t h e  s p e c i f i c  d e t a i l s  of  t h e  wal.1-mounted manipula- 

t o r ,  overhead c rane ,  overhead man ipu la to r ,  and camera t h a t  a r e  d i s c u s s e d  

i n  t h e  o r i g i n a l  c o n c e p t u a l  s t u d y  r epor t ’  remain unchanged. 

of  t h e  b r i d g e  beam f o r  t h e  overhead man ipu la to r  shou ld  now b e  l o c a t e d  

34 f t  above t h e  c e l l  f l o o r  s o  t h a t  i t  w i l l  c l e a r  t h e  top  of t h e  machine 

column by 6 i n .  A wall-mounted e l e c t r o m e c h a n i c a l  m a n i p u l a t o r  i s  recom- 

mended t o  s e r v e  t h e  s h o r t e n e d  p o s i t i o n i n g  machine because  i t  can  b e  used 

t o  a s s i s t  i n  t he  i n s t a l l a t i o n  and removal of machine modules and compo- 

n e n t s ,  perform maintenance o p e r a t i o n s  anywhere a l o n g  t h e  l e n g t h  of t h e  

machine column, and t o  perform o p e r a t i o n a l  f u n c t i o n s  t h a t  are beyond t h e  

c a p a c i t y  of t h e  m a s t e r - s l a v e  m a n i p u l a t o r s .  The wall-mounted manipu1at:or 

would t h e r e f o r e  f r e e  t h e  overhead man ipu la to r  f o r  s e r v i c e  e l sewhere  i n  

t h e  c e l l  bank. 

The u n d e r s i d e  

L 

W e n t r a l  Research L a b o r a t o r i e s ,  Inc . ,  Red Wing, Minn. 
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5 .  OPERATING PR IWCIPLES 

The t h r e e f o l d  o p e r a t i n g  phi losophy o r i g i n a l l y  s e l e c t e d  a s  t h e  b a s i s  

fo r  t h e  c o n c e p t u a l  d e s i g n  of t h e  d isassembly- reassembly  equipment i s  n o t  

a f f e c t e d  by s h o r t e n i n g  o f  t h e  l e n g t h s  of  t h e  c o r e  components and tes t  

a s sembl i e s  t o  b e  hand led .  The t h r e e  a s p e c t s  o f  t h i s  ph i lo sophy  i n c l u d e  

1. maneuvering t h e  c o r e  component o r  t e s t  assembly up o r  down so t h a t  

any c r i t i c a l  a r e a  may be p l aced  d i r e c t l y  i n  f r o n t  of  t h e  o p e r a t o r  t o  

i n c r e a s e  e f f i c i e n c y ,  

2 .  g rouping  i n t r i c a t e  o p e r a t i o n s  w i t h i n  conven ien t  r e a c h  and u s i n g  

m a s t e r - s l a v e  man ipu la to r s  as much as p o s s i b l e  t o  minimize t h e  need 

f o r  s p e c i a l  dev ices ,  and 

3 .  u s i n g  p o r t a b l e  and e a s i l y  r e p l a c e a b l e  t o o l i n g  t o  a c h i e v e  maximum 

v e r s a t i l i t y  i n  c u r r e n t  and Cuture o p e r a t i o n s .  

5.1 Motion S t u d i e s  

Motion s t u d i e s  were performed d u r i n g  t h e  e a r l y  phase  of t h e  o r i g i n a l  

c o n c e p t u a l  d e s i g n  work on t h e  d isassembly- reassembly  equipment t o  d e f i n e  

t h e  motions invo lved  and t h e  v e r t i c a l  d i s t a n c e  through which t h e  c o r e  com- 

ponents  and t e s t  a s sembl i e s  had t o  be moved d u r i n g  d isassembly  o p e r a t i o n s .  

The o p e r a t i n g  c r i t e r i a  deve loped  d u r i n g  t h e  e v o l u t i o n  o f  t h e s e  motion 

s t u d i e s  w e r e  d i s c u s s e d  i n  S u b s e c t i o n  5 . 1 . 1  of  t h e  o r i g i n a l  c o n c e p t u a l  

s t u d y  r e p o r t , ’  and t h e  r e s u l t s  of t h e  motion s t u d i e s  were summarized i n  

S u b s e c t i o n  5 . 1 . 2  o f  t h a t  r e p o r t .  While t h i s  work was done f o r  a s sembl i e s  

up t o  36 f t  long, o n l y  d i sa s sembly  o p e r a t i o n s  on the  lower end of t h e s e  

long  a s sembl i e s  were c o n s i d e r e d  i n  t h e  f i n a l  motion s t u d i e s  because  t h e  

lower end c o n t a i n e d  t h e  p i n  bundle  and i n s t r u m e n t s  o f  pr imary  i n t e r e s t .  

S i n c e  t h e  s h o r t e n e d  c o r e  components and t e s t  a s s e m b l i e s  have e s s e n t i a l l y  

t h e  same c o n f i g u r a t i o n  a s  t h e  lower ends of t h e i r  r e s p e c t i v e  longe r  

a s sembl i e s  o r i g i n a l l y  s t u d i e d ,  t h e  p r i n c i p l e s  p r e s e n t e d  i n  S e c t i o n  5 . 1  o f  

t h e  o r i g i n a l  concep tua l  s t u d y  r epor t ’  a r e  i n  g e n e r a l  s t i l l  a p p l i c a b l e  f o r  

t h i s  ex tended  concep tua l  s t u d y .  
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The motion envel.ope f o r  t h e  p o s i t i o n i n g  machine d e f i n e s  t h e  v e r t i c a l  

d i s t a n c e  r ange  through which the  s h o r t e n e d  c o r e  components and tes t  assem- 

b l i e s  must be  moved d u r i n g  d i sa s sembly  o p e r a t i o n s .  Th i s  motion enve lope  

was d e r i v e d  from t h e  r equ i r emen t s  f o r  d i s m a n t l i n g  t h e  1 2 - f t - l o n g  r e f e r e n c e  

d r i v e r  f u e l  assembly and from machine l o a d i n g  c o n s i d e r a t i o n s .  The d r i v e r  

f u e l  assembly w a s  usc?d a s  a b a s i s  f o r  t h i s  d e r i v a t i o n  because s p e c i f i c  

o v e r a l l  l e n g t h s ,  Length increments ,  and c o n f i g u r a t i o n  d a t a  w e r e  n o t  a v a i l -  

a b l e  f o r  t h e  s h o r t e n e d  v e r s i o n s  of  o t h e r  c o r e  components and t e s t  assern- 

b l i e s .  R e p r e s e n t a t i v e  i n n e r  r e f l e c t o r ,  c o n t r o l  s a f e t y  rod  po i son  t i p ,  

open t e s t ,  and c l o s e d - l o o p  t e s t  a s sembl i e s ,  as i l l u s t r a c e d  i n  F i g .  3.1, 

were then  used t o  de t e rmine  whether  they cou ld  be  d i sa s sembled  w i t h i n  

the  ava i. l a b  l e  s p a c e .  

The ope ra t i . ng  c r i t e r i a  and motion s t u d y  p r i n c i p l e s  used t o  de t e rmine  

t h e  motion envelope were the  same as those  used a t  t h e  coiiipletion of  t h e  

o r i g i n a l  c o n c e p t u a l  s t u d y .  The loca t i -on  of t h e  c u t  and camera l i n e  i s  

r e t a i n e d  a t  2 f t  6 i n .  below t h e  c e n t e r  l i n e  of  t h e  o p e r a c i n g  window, 

which i s  now t h e  upper window i n  t h e  c e l l  as shown on c o n c e p t u a l  drawing 

M-1132.5-EM-080-F i n  Appendix C .  The camera f i e l d  of v i e w  i s  assumed to 

be  12 i n .  h i g h  a t  t h e  p l a n e  of t h e  assembly.  A p o r t a b l e  c o o l i n g  man i fo ld  

a t  t h e  t o p  of  t h e  d r i v e r  f u e l  assembly p r o v i d e s  upward suct:ion c o o l i n g  

d u r i n g  a l l  d i sa s sembly  o p e r a t i o n s .  A f t e r  t h e  g i r t h  c u t  i s  made, t h e  

assembly i s  moved upward so t h a t  t h e  c u t  i n  t h e  f low d u c t  i s  a t  t h e  cen-  

t e r  l i n e  of t h e  o p e r a t i n g  window. I n  t h i s  p o s i t i o n ,  t h e  top  of t h e  c o o l -  

i n g  manifold de t e rmines  t h e  upper end o f  t h e  motion envelope, as i l l u -  

s t r a t e d  i.n F ig .  5.1. The d i s t a n c e  from t h e  top  of t h e  motion envelope t o  

t h e  c e i l i n g  of t h e  h o t  c e l l  was k e p t  t h e  same as i n  t h e  o r i g i n a l  concep- 

t u a l  s t u d y  t o  a l l o w  adequa te  room f o r  t h e  overhead c r a n e  and overhead 

man ipu la to r  and t o  p rov ide  t h e  n e c e s s a r y  space  f o r  t h e  upper s l i d e  a t  t h e  

top  of t h e  machj-ne column. 

T h e o r e t i c a l l y ,  t h e  bottom of t h e  motion r a v e l o p e  shou ld  be determined 

by t h e  e f f e c t i v e  Length of  t he  r e f e r e n c e  d r i v e r  f u e l  assembly s i n c e  i t  

w a s  used a s  a b a s i s  f o r  d e r i v a t i o n  of t h e  moti.on enve lope .  Th i s  would 

place t h e  lower end of t h e  motion enve lope  about  14 f t  below t h e  c e n t e r  

l i n e  of t h e  o p e r a t i n g  window. However, i t  appeared d e s i r a b l e  t o  p r o v i d e  

a lower window i n  t h e  h o t  c e l l  so  t h a t  b o t h  t h e  top  and bot tom of a n  
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F i g .  5.1. P o s i t i o n i n g  Machine Envelope Developed t o  Dismant le  
12-f t -Long Core Components and T e s t  Assemblies .  

assembly would b e  a c c e s s i b l e  s i m u l t a n e o u s l y  d u r i n g  load ing  o p e r a t i o n s .  

Th i s  lower window would a l s o  p rov ide  a c c e s s  t o  t h e  lower s l i d e  subassem- 

b l i e s  f o r  maintenance,  and i t  would improve v iewing  c a p a b i l i t i e s  d u r i n g  

i n s t - a l l a t i o n  of t h e  p o s i t i o n i n g  machine b a s e  and column. The lower end 

o f  t h e  mot ion  envelope  was t h e r e f o r e  lowered an a d d i t i o n a l  3 f t ,  as i s  

i l l u s t r a t e d  i n  F i g .  5.1. 

The d i s t a n c e  from t h e  c e n t e r  l i n e  of t h e  lower window t o  the f l o o r  

of the  c e l l  was s e t  a t  7 f t  i n  accordance  w i t h  t h e  d e s i g n  c r i t e r i a  s o  

that s p a c e  would be a v a i l a b l e  f o r  work on i n d i v i d u a l  p i n s  8 f t  long.  

Witrh t h e  mot ion  envelope  and floor l e v e l  o f  t h e  c e l l  de te rmined ,  it 
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became p o s s i b l e  t o  i n v e r t  t h e  p o s i t i o n  of t h e  subassembl i e s  on t h e  lower 

s l i d e  so  t h a t  t h e  motor d r i v e  i s  p o s i t i o n e d  b e n e a t h  t h e  l o w e r - g r i p  sub-  

assembly.  Th i s  arrangement  r e s u l t s  i n  b e t t e r  s h i e l d i n g  of t h e  motor 

d r i v e  and an improved a b i l i t y  to hand le  s h o r t  a s s e m b l i e s .  

Upon checking t h e  c a p a b i l i t y  of  t h e  p o s i t i o n i n g  machine t o  accommo- 

d a t e  t h e  r e p r e s e n t a t i v e  r e f l e c t o r  and po i son  t i p  a s s e m b l i e s ,  as r e q u i r e d  

by desi.gn c r i t e r i a ,  i t  became n e c e s s a r y  t o  sli.ght1.y modify the disassem- 

b l y  p rocedure .  S i n c e  b o t h  t h e  i n n e r  r e f l e c t o r  assembly and t h e  poison 

t i p  assembly have bot tom-supported p i n  bundl.es, t h e i r  d i sa s sembly  p roce -  

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

of r e f l e c t o r  and po i son  t i p  p i n  bund les  i s  n o t  r e q u i r e d .  The t o p  of t h e  

motion envelope was determined by t h e  t o p  of  t h e  c o o l i n g  rnani-fold on t h e  

d r i v e r  f u e l  assembly when t h e  g i r t h  c u t  i n  t h e  flow duc t  of  t h a t  assembly 

w a s  p o s i t i o n e d  a t  t h e  c e n t e r  l i n e  of t h e  o p e r a t i n g  window. For t h e  r e p -  

r e s e n t a t i v e  r e f l e c t o r  and po i son  t i p  a s s e m b l i e s  b e i n g  checked, i t  was nec- 

e s s a r y  t o  a c c e p t  an upward movement of t h e  g i - r t h  c u t  t o  a p o i n t  somewhat 

below t h e  c e n t e r  l i n e  of t h e  window because  they  cou ld  be moved no h i g h e r  

without.  i n c r e a s i n g  t h e  h e i g h t  of t h e  motion envelope.  Th i s  l i m i t a t i o n  i s  

a c c e p t a b l e  because  t h e r e  i s  s t i l l  a t  l e a s t  18 i n .  o f  space  between t h e  

f i x e d  f l o w  d u c t  and t h e  t o p  of  t h e  w o r k t a b l e  i n  which t h e  pi.n bund le  can  

be  viewed and worked on a s  i t  i s  b e i n g  withdrawn downward from t h e  f i x e d  

flow d u c t .  

The d i sa s sembly  procedure used f o r  t h e  representative open t e s t  and 

c l o s e d - l o o p  t e s t  a s s e m b l i e s  was s i m i l a r  t o  t h a t  used i n  t h e  p r e v i o u s  con- 

c e p t u a l  d e s i g n  work, arid t h e  p o s i t i o n i n g  machine motion envelope d e r i v e d  

w i t h  t h e  r e f e r e n c e  s h o r t e n e d  d r i v e r  f u e l  asseinh1.y was adequa te  f o r  t h e s e  

t e s t  a s s e m b l i e s .  A f u r t h e r  d i s c u s s i o n  of t h e  f e a t u r e s  of  t h e  d i sa s sembly  

of r e p r e s e n t a t i v e  r e f l e c t o r ,  po i son  t i p ,  open tes t ,  and c l o s e d - l o o p  t e s t  

a s s e m b l i e s  is  g iven  i n  S e c t i o n  5 . 4  of  t h i s  r e p o r t .  
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5 . 2  Machine C h a r a c t e r i s t i c s  and C a p a b i l i t i e s  

The s h o r t e n e d  v e r s i o n  of t h e  d isassembly- reassembly  equipment 

d e s c r i b e d  i n  Chapter  4 of t h i s  r e p o r t  p rov ides  t h e  means f o r  hand l ing  and 

examining c o r e  components and test  a s sembl i e s  t h a t  a r e  up t o  12 f t  long  

and have t h e  s p e c i f i c  c o n f i g u r a t i o n  d e t a i l s  and l e n g t h  increments  d i s -  

cussed  i n  t h i s  s e c t i o n .  The s p e c i f i c  r e f e r e n c e  drawings and c r i t e r i a  

f o r  t h e  a s sembl i e s  used t o  conce ive  t h i s  v e r s i o n  o f  t h e  d isassembly-  

reassembly  equipment a r e  g iven  i n  Paragraphs  3 . 2 . l ( b )  and 3 . 2 . l ( c )  of 

t h i s  r e p o r t .  I n  c e r t a i n  c a s e s ,  a s s e m b l i e s  t h a t  a r e  s l i g h t l y  longe r  than  

12 f t  may be accommodated. T e s t  a s s e m b l i e s  w i t h  top - suppor t ed  i n t e r n a l s  

may r e q u i r e  t h e  use  of an a d a p t o r  a t  t h e  top  o f  each  assembly t o  ex tend  

i t s  l e n g t h  and the reby  pe rmi t  p rope r  placement  of t h e  t r a n s v e r s e  c o o l i n g  

sh rouds .  

The g e n e r a l  c a p a b i l i t i e s  of t h e  equipment and t h e  d i sa s sembly  c r i -  

t e r i a  t h a t  w i l l  a f f e c t  t h e  d e s i g n  o f  c o r e  components and tes t  a s sembl i e s  

a r e  e s s e n t i a l l y  t h e  same a s  t h o s e  p r e s e n t e d  i n  S e c t i o n  5 . 2  of  t h e  o r i g i -  

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

m o d i f i c a t i o n s  r e s u l t i n g  from t h e  c r i t e r i a  r e v i s i o n s  of t h i s  ex tended  

s t u d y .  

1 

1. The equipment w i l l  b e  c a p a b l e  of c i r c u m f e r e n t i a l l y  s e v e r i n g  and 

a x i a l l y  s l i t t i n g  t h e  f low d u c t  o f  c o r e  components and test a s sembl i e s  t o  

pe rmi t  a x i a l  wi thdrawal  o f  t h e  i n t e r n a l s .  

2 .  The i n t e r n a l s  may be  e i t h e r  t op  o r  bot tom s u p p o r t e d ;  however, 

c o n s i d e r a t i o n  shou ld  be  g i v e n  t o  p o s s i b l e  damage t o  in s t rumen t  l e a d s  

d u r i n g  d i sa s sembly .  

3 .  The a c t i v e  f u e l  s e c t i o n  may b e  coo led  d u r i n g  a l l  phases  of load-  

ing,  c u t t i n g ,  examining, and d i sa s sembly .  The planned c o o l i n g  c a p a b i l i t y  

i s  up t o  20 kw f o r  a x i a l  c o o l i n g  and up t o  10 kw f o r  t r a n s v e r s e  c o o l i n g  

of t h e  f u e l  bundle .  

4 .  Access t o  top - suppor t ed  i n t e r n a l s  i s  made by c i r c u m f e r e n t i a l l y  

c u t t i n g  t h e  f l o w  d u c t  n m r  t h e  top  of t h e  i n t e r n a l s  and below t h e  s u p p o r t .  

The i n t e r n a l s  a r e  then  withdrawn upward. 

5.  Access t o  bot tom-suppor ted  i n t e r n a l s  i s  made by c i r c u m r e r e n t i a l l y  

c u t t i n g  t h e  f low d u c t  n e a r  t h e  bot tom of  t h e  i n t e r n a l s  and above (.he 
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s u p p o r t .  The c u t  i s  then moved upward a s  n e a r  as p o s s i b l e  t o  t h e  c e n t e r  

l i n e  of  t h e  o p e r a t i n g  window f o r  b e t t e r  viewing and clamping of t h e  bun- 

d l e ,  and t h e  i n t e r n a l s  a r e  withdrawn downward. 

6 .  A f t e r  w i thd rawa l  of t h e  i n t e r n a l s  from t h e  € i x e d  flow duct ,  t h e  

e n t i r e  l e n g t h  of  t h e  i n t e r n a l s  may b e  r e p o s i t i o n e d  i n  f r o n t  o f  t h e  o p e r -  

a t i n g  window f o r  optimum a c c e s s .  

7 .  The i n s t r u m e n t  package is  c o n s i d e r e d  p a r t  of t h e  i n t e r n a l s  i f  

a x i a l  w i thd rawa l  t o  expose i n s t r u m e n t s  i s  r e q u i r e d .  

8.  Removal of  an upper end f i t t i n g  and a l l  o p e r a t i o n s  on p i n  bun- 

d l e s  and i n s t r u m e n t s  a r e  performed a t  t h e  o p e r a t i n g  window, 

9 .  The e n t i r e  e x t e r i o r  of  an assembly w i l l  be  a c c e s s i b l e .  

The s p e c i f i c  c a p a b i l i t . i e s  of t h e  s h o r t e n e d  disassembly-reassembly 

equipment may be  d e f i n e d  i n  t e r m s  of  t h e  l i m i t a t i o n s  t h a t  must be  p l a c e d  

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

e n s u r e  t h a t  t hey  may be c u t ,  examined, and d i sman t l ed .  These l i m i t a t i o n s  

a r e  s i m i l a r  t o  those  found t o  be n e c e s s a r y  f o r  t h e  longe r  a s s e m b l i e s  

o r i g i n a l l y  s t u d i e d ,  and they a r e  based on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of 

t h e  equipment and t h e  c e l l  s t r u c t u r e  shown on c o n c e p t u a l  drawing M-11325- 

EM-081-F i n  Appendix C .  The r e s u l t i n g  d e s i g n  m i t e r i a  f o r  s h o r t e n e d  c o r e  

components and t e s t  a s s e m b l i e s  v7i.th e i t h e r  bottom- o r  t op - suppor t ed  i n t e r -  

n a l ~  a r e  summarized i n  Appendix A .  

A s  i n  t h e  o r i g i n a l  conceptrual s tudy ,  t h e  nominal h i g h  and low p o i n t s  

of t r a v e l  f o r  t h e  upper and lower s l i d e s ,  r e s p e c t i v e l y ,  de t e rmine  a 

motion envelope f o r  t h e  c o r e  component o r  (:est assembly t o  b e  worked. 

The top  end of t h e  motion envelope d e f i n e s  t h e  p r e f e r r e d  uppermost p o i n t  

of  t ravel  f o r  t h e  top  end of  an assembly, w h i l e  t h e  bottom end of t h e  

moti.on envelope d e f i n e s  t h e  p r e f e r r e d  lowermost p o i n t  of  t r a v e l  f o r  t h e  

bottom end of an assembly.  A s  i n  t h e  p r e v i o u s  work, o v e r t r a v e l  h a s  been 

p rov ided  a t  t h e  i o p  and bot tom of  t h e  frame of t h e  p o s i t i o n i n g  machine 

t o  a l l o w  t h e  upper and lower s l i d e s  t o  exceed t h e i r  nominal t r a v e l  by 

6 i n .  Th i s  p r o v i s i o n  a l lows  f o r  l e n g t h  t o l e r a n c e s  on p a r t s  and t h e  nec-  

e s s a r y  c l e a r a n c e  r e q u i r e d  t o  swing flow d u c t s  a s i d e .  It  a l s o  p r o v i d e s  a 

s t o p p i n g  d i s t a n c e  € o r  t h e  s l i d e s  b e f o r e  they  h i t  mechanical  s t o p s .  How- 

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

p a r t  of t h e  nominal. motion enve lope  € o r  an assembly.  
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The maximum l e n g t h  of an  assembly t h a t  can b e  loaded o n t o  t h e  

p o s i t i o n i n g  machine a t  Lhe o p e r a t i n g  window i s  l i m i t e d  by t h e  maximum 

h e i g h t  t h a t  t h e  assembly can be  l i f t e d  by t h e  c r a n e  and t h e  need f o r  t h e  

o p e r a t o r  t o  view i n s e r t i o n  of t h e  bot tom end of the assembly i n t o  t h e  

lower a d a p t o r .  Th i s  maximum l e n g t h  appea r s  t o  b e  about  15 f t  when an 

a l lowance  is  made f o r  t h e  t r a n s f e r  g r a p p l e  and t h e  p o r t a b l e  c o o l i n g  mani- 

f o l d .  I f  an  assembly i s  t o  be loaded  a t  t h e  Lower window, t h i s  assembly 

must be r a i s e d  above t h e  upper  w o r k t a b l e  and then  passed  downward through 

t h e  h o l e  i n  t h e  upper  t a b l e .  A s l i g h t l y  longe r  assembly may b e  loaded i n  

t h i s  manner. 

The e n t i r e  o u t e r  s u r f a c e  of  an  assembly, e x c l u s i v e  of a r e a s  r e q u i r e d  

f o r  a t t achmen t  i n  t h e  p o s i t i o n i n g  machine, may b e  made a c c e s s i b l e  For 

v iewing  and man ipu la t ion ,  a s  shown i n  F i g .  5 . 2 .  The e n t i r e  s u r f a c e  o f  
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t h a t  p o r t i o n  of t h e  assembly above t h e  upper w o r k t a b l e  may be  viewed and 

man ipu la t ed  by moving t h e  assembly downward p a s t  t h e  o p e r a t i n g  window. 

About 7 . 5  i t  of movement w i l l  be r e q u i r e d  t o  p l a c e  t h e  top  of  t h e  assem- 

b l y  a t  t h e  top  of t h e  m a n i p u l a t i v e  r ange .  That p o r t i o n  of t h e  assembly 

below t h e  upper w o r k t a b l e  must be moved downward s o  t h a t  p o i n t  A on t h e  

assembly shown i n  F i g .  5 . 2  i s  a t  t h e  top  of t h e  m a n i p u l a t i v e  r ange  a t  

t h e  lower window. 

The r e q u i r e d  maneuvering space,  s i s  r e l a t e d  t o  t h e  d i s t a n c e  my 
between t h e  work tab le s ,  D t ,  and t h e  m a n i p u l a t i v e  range above t h e  work- 

t a b l e s ,  R ' ,  as i l l u s t r a t e d  i n  F i g .  5 .2 .  The r e q u i r e d  maneuvering space  

s = D t - - R f  . m 

S i n c e  D = 15 E t  and R '  = 4.5 f t ,  t 

s =- 15 - 4.5 = 10.5 f t  . m 

The maximum l e n g t h  of  a n  assembly, 

manner i s  r e l a t e d  t o  t h e  h e i g h t  of t h e  motion envelope and t h e  maneuver- 

i ng  s p a c e ,  The re fo re ,  

 la,, t h a t  can  be  maneuvered i n  tihis 

= 26 f t  - sm .:: 15.5 f t  . Lka x (5 * 2) 

This  l e n g t h  must i n c l u d e  t h e  p o r t a b l e  c o o l i n g  man i fo ld  when i t  i s  

r e q u i r e d  d u r i n g  d i sa s sembly  o p e r a t i o n s .  Without u s i n g  t h e  lower window, 

a c c e s s  t o  t h e  e x t e r i o r  of  a s s e m b l i e s  w i t h  a maximum l e n g t h  of 1 3 . 5  f t  

can b e  p rov ided  a t  t h e  o p e r a t ~ i n g  window. Th i s  l e n g t h  a l s o  must i n c l u d e  

t h e  p o r t a b l e  c o o l i n g  man i fo ld  when i t  i s  needed f o r  subsequen t  disassem- 

b l y  o p e r a t i o n s .  

I f  photography of t h e  o u t s i d e  s u r f a c e  of an assembly i s  r e q u i r e d  

under t h e s e  c o n d i t i o n s  o f  maximum leng th ,  a p o r t a b l e  camera t h a t  can be 

p l aced  a t  e i t h e r  of  two p o s i t i o n s  a t  each window w i l l  be  r e q u i r e d .  The 

camera p o s i t i o n s  can b e  s e l e c t e d  t o  produce i n  e f f e c t  a pho tograph ic  

range s i m i l a r  t o  t h e  viewing and m a n i p u l a t i v e  r ange .  

Other  c h a r a c t e r i s t i c s  and c a p a b i l i t i e s  of t h e  s h o r t e n e d  d i sa s sembly -  

reassembly equipment r e l a t i v e  t o  t h e  s h o r t e n e d  c o r e  components and tes t  

a s sembl i e s  a re  shown on c o n c e p t u a l  drawing M-11325-EM-081-F i n  Appendix 

C of t h i s  r e p o r t .  With r e f e r e n c e  t o  t h i s  drawing, t h e  mini-mum l e n g t h  of 

a n  assembly t h a t  can be  handled is  determined by 
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1. t h e  d i s t a n c e  between t h e  upper  g r a p p l e  and the lower a d a p t o r  when 

t h e  t h r e e  s l i d e s  a r e  c l o s e l y  spaced ;  

2.  t h e  d i s t a n c e  from t h e  bot tom end of t h e  assembly t o  t h e  bot tom of 

t h e  a c t i v e  Euel s e c t i o n  ( co re ) ,  and t h i s  may d i c t a t e  a need t o  space  

t h e  lower and middle  s l i d e s  f a r t h e r  a p a r t ;  

3 .  t h e  d i s t a n c e  from t h e  t o p  of t h e  upper end f i t t i n g  t o  t h e  top  of  t h e  

a c t i v e  f u e l  s e c t i o n  (core) ,  and t h i s  may d i c t a t e  a need t o  space  t h e  

upper  and middle  s l i d e s  f a r t h e r  a p a r t ;  and 

4 .  t h e  u s e  of s p e c i a l  a d a p t o r s  t o  c i rcumvent  t h e  p h y s i c a l  l i m i t a t i o n s  

j us  t men t ioned  . 
It shou ld  be  no ted  Lhat i n  t h i s  v e r s i o n  of t h e  d isassembly- reassembly  

equipment,  t h e  middle  s l i d e  body i s  s h o r t e r  and t h e  subassembl i e s  on t h e  

lower s l i d e  body have been i n t e r c h a n g e d  t o  improve t h e  c a p a b i l i t y  of  t h e  

p o s i t i o n i n g  machine t o  hand le  s h o r t e r  a s s e m b l i e s .  I n  s p i t e  of t h i s ,  how- 

eve r ,  i t  has  been found n e c e s s a r y  L O  u s e  an  a d a p t o r  a t  t h e  upper  end of  

s h o r t  t e s t  a s sembl i e s  w i t h  top - suppor t ed  i n t e r n a l s  t o  pe rmi t  placement  

of t h e  t r a n s v e r s e  c o o l i n g  sh rouds  a d j a c e n t  t o  t h e  a c t i v e  f u e l  s e c t i o n  of 

t h e s e  a s s e m b l i e s .  The c r i t i c a l  l e n g t h  t h a t  must b e  checked is t h e  d i s -  

t a n c e  from t h e  t o p  of t h e  a c t i v e  f u e l  s e c t i o n  t o  t h e  top  of t h e  assembly.  

Th i s  l e n g t h  increment  must be  6 f t  3 i n .  o r  more, as shown on  c o n c e p t u a l  

drawing M- 1 13 25 - EM- 08 1 -F . 
For a s sembl i e s  w i t h  bot tom-suppor ted  i n t e r n a l s ,  t h e  c r i t i c a l  l e n g t h  

Lhat must be checked i s  t h e  d i s t a n c e  from t h e  bot tom of  t h e  a c t i v e  f u e l  

s e c t i o n  t o  t h e  bot tom of  t h e  assembly.  This  l e n g t h  increment  must be  

1 f t  11 i n .  o r  more, o r  i n  t h e  c a s e  of  c l o s e d - l o o p  tes t  a s sembl i e s ,  i t  

must b e  11 i n .  o r  more, as shown on concep tua l  drawing M-11325-EM-081-F. 

F o r t u n a t e l y ,  Lhis l e n g t h  c o n d i t i o n  r e q u i r e d  o f  a s sembl i e s  w i t h  bot tom- 

s u p p o r t e d  i n t e r n a l s  i s  m e t  by a l l  o f  t h e  proposed d e s i g n s  t h a t  have been  

c o n s i d e r e d  t o  d a t e .  I f  t h i s  c o n d i t i o n  is  not  m e t  by any f u t u r e  assembly, 

t h e  l e n g t h  of  t h e  lower a d a p t o r  can e a s i l y  be i n c r e a s e d .  

Adherence t o  t h e s e  l e n g t h  c o n d i t i o n s  i s  necessa ry  o n l y  when t h e  

a c t i v e  f u e l  s e c t i o n  must b e  coo led  w i t h  t h e  t r a n s v e r s e  c o o l i n g  shrouds  

d u r i n g  d i sa s sembly  o p e r a t i o n s .  These c o n d i t i o n s  may be  d i s r e g a r d e d  when 

t r a n s v e r s e  cooling i s  n o t  r e q u i r e d .  
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A s  i l l u s t r a t e d  on c o n c e p t u a l  drawing M-11325-EM-081-F, t h e  c u t - r a n g e  

c a p a b i l i t y  of t h e  disassembly-reassembly equipment may b e  expres sed  i n  

terms o f  minimum and maximum c u t  d i s t a n c e s .  The c u t  d i s t a n c e ,  D, i s  

d e f i n e d  as t h e  d i s t a n c e  from t h e  bottom end of  a n  assembly t o  t h e  g i r t h  

c u t .  Equat ions have been d e r i v e d  t o  ma themat i ca l ly  d e f i n e  t h e  c u t  d i s -  

t a n c e s  i n  terms of t he  v a r i o u s  l e n g t h  inc remen t s  of t h e  a s s e m b l i e s .  

S i n c e  t h e s e  e q u a t i o n s  a l s o  depend upon t h e  motion enve lope  and i t s  r e l a -  

t i o n s h i p  t o  t h e  c u t  and camera l i n e ,  some a re  s i g n i f i c a n t l y  d i f f e r e n t  

from t h o s e  p r e s e n t e d  i n  t h e  o r i g i n a l  c o n c e p t u a l  s t u d y  r e p o r t . ’  

ciEi.c e q u a t i o n s  t o  b e  used f o r  each of t h e  c o r e  components and t e s t  assem- 

b l i e s  depend 011 whether  t h e  i n t e r n a l s  o f  t h a t  assembly are  t o p  suppor t ed  

o r  bottom s u p p o r t e d .  In c e r t a i n  c a s e s ,  t h e  e q u a t i o n s  a p p l y  d i r e c t l y  o n l y  

t o  a s s e m b l i e s  w i t h  a r e l a t i v e l y  long nose  p i e c e .  A c o r r e c t i o n  f a c t o r  

must be a p p l i e d  t o  t h e  c a l c u l a t e d  maximum c u t  d i s t a n c e  i f  the end of  t h e  

assembly cannot  be  f u l l y  i n s e r t e d  i n t o  t h e  plenum of  t h e  l o w e r - g r i p  sub -  

assembly. For  c l o s e d - l o o p  t e s t  assembl-ies and a s s e m b l i e s  w i t h  s h o r t  

nose  p i e c e s ,  i t  i s  n e c e s s a r y  t o  r e s t r i c t  i n s e r t i o n  of t h e  assembly i n t o  

t h e  plenum so t h a t  t h e  lock  p i n  w i l l  remain a c c e s s i b l e  and SO a g i r t h  c u t  

can  be  made i f  t h e  assembly has  bot tom-supported i n t e r n a l s .  The maximum 

c u t  d i s t a n c e  f o r  t h e s e  types  of a s s e m b l i e s  is  1 f t  less than  that: c a l c u -  

l a t e d  by u s i n g  t h e  a p p l i c a b l e  e q u a t i o n .  

The s p e -  

The maximum c u t  d i s t a n c e  f o r  a s s e m b l i e s  w i t h  bot tom-supported i n t e r -  

n a l s  i s  15 f t  minus t h e  l e n g t h  of  t h e  i n t e r n a l s ,  a, measured from t h e  

g i - r t h  c u t  t o  t h e  t o p  of  t h e  upper g r i d .  Thus, 

Bottom-supported Dmax = (15 f t )  - 1 . ( 5 . 3 )  

This  a l l o w s  f o r  w i thd rawa l  of t h e  i n t e r n a l s  and p e r m i t s  photography of  

t h e  upper end of  t h e  i n t e r n a l s .  

The minimum c u t  d i s t a n c e  f o r  a s s e m b l i e s  w i t h  bot tom-supported i n t e r -  

nals i s  a f u n c t i o n  of t h e  o v e r a l l  l e n g t h  of t h e  assembly, L, and a l s o  t h e  

l e n g t h  o f  t h e  p o r t a b l e  c o o l i n g  manifold,  P, when c o o l i n g  i s  r e q u i r e d  

d u r i n g  d i sa s sembly  o p e r a t i o n s .  Thus, 

Bottom-supported D m i  11 = L + P - (LO f t  6 i n . )  . (5 .4)  

T h i s  p e r m i t s  t h e  assembly t o  be  r a i s e d  so t h a t  t h e  g i r t h  c u t  w i l l  h e  



41 

w i t h i n  18 i n .  o f  t h e  c e n t e r  l i n e  of  t h e  o p e r a t i n g  window p r i o r  t o  

downward wi thd rawa l  of t h e  i n t e r n a l s  from t h e  f low d u c t .  

The maximum c u t  d i s t a n c e  f o r  a s sembl i e s  w i t h  top - suppor t ed  i n t e r n a l s  

i s  14 f t .  Th i s  a l lows  room t o  lower t h e  f low d u c t  below t h e  work tab le  

a f t e r  t h e  i n t e r n a l s  have been withdrawn s o  t h a t  i t  may b e  swung a s i d e .  

The minimum c u t  d i s t a n c e  f o r  a s sembl i e s  w i t h  top - suppor t ed  i n t e r n a l s  

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

t h e  i n t e r n a l s ,  R ,  measured from Lhe g i r t h  c u t  t o  t h e  bot tom of  t h e  bundle  

o r  t o  t h e  bot tom o f  any in s t rumen t s  t h a t  a r e  below t h e  bund le .  Thus, 

Top-supported D m i  n = L + R -  (12 f t )  . (5.5) 

Th i s  a l l o w s  f o r  w i thd rawa l  of t h e  i n t e r n a l s  and p e r m i t s  photography of  

t he  lower end of t h e  i n t e r n a l s .  

A p h y s i c a l  c h a r a c L e r i s t i c  of t h e  a s sembl i e s  t h a t  r e l a t e s  d i r e c t l y  t o  
1 machine c a p a b i l i t y  was r e p o r t e d  i n  t h e  o r i g i n a l  concep tua l  s t u d y .  Th i s  

c h a r a c t e r i s t i c  was termed t h e  " ' e f f ec t ive  l e n g t h "  of an assembly. The 

e f f e c t i v e  l e n g t h  o f  a s s e m b l i e s  w i t h  bot tom-suppor ted  i n t e r n a l s  i s  t h e  

d i s t a n c e  from t h e  bottom of t h e  assembly t o  t h e  t o p  of t h e  i n t e r n a l s  t o  

b e  exposed, i n c l u d i n g  t h e  upper  g r i d .  A s  shown on concep tua l  drawing 

M-11325-EM-081-F, t h e  maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  of a s sembl i e s  

w i t h  bot tom-suppor ted  i n t e r n a l s  i s  15 E t ,  excep t  f o r  c l o s e d - l o o p  tes t  

a s s e m b l i e s  and t h o s e  a s sembl i e s  w i t h  s h o r t  nose  p i e c e s .  For t h e s e  assem- 

b l i e s ,  t h e  maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  i s  1 f t  s h o r t e r  o r  14 f t .  

The e f f e c t i v e  l e n g t h  of a s sembl i e s  w i t h  top-suppor ted  i n t e r n a l s  i s  t h e  

d i s t a n c e  from t h e  top  of t h e  assembly t o  t-he bot tom of t h e  i n t e r n a l s  t o  

be  exposed, i n c l u d i n g  any i n s t r u m e n t s  t h a t  a r e  below t h e  bundle .  The 

maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  of a s sembl i e s  w i t h  top-suppor ted  

i n t e r n a l s  i s  12 f t .  Th i s  i n c l u d e s  c l o s e d - l o o p  and s i m i l a r  a s s e m b l i e s ,  

In t h i s  extended c o n c e p t u a l  s tudy ,  a second c h a r a c t e r i s t i c  of  t h e  

a s sembl i e s  t h a t  a l s o  r e l a t e s  d i r e c t l y  t o  machine c a p a b i l i t y  w a s  recog-  

n i z e d .  I%is second C h a r a c t e r i s t i c  has  been termed t h e  " s p e c i f i c  duc t  

lerigLti" of t h e  assembly, and i t  a p p l i e s  t o  t h a t  p o r t i o n  of t h e  f low duc t  

t h a t  su r rounds  t h e  i n t e r n a l s  and t o  c e r t a i n  e x t e n s i o n s  o f  t h a t  p o r t i o n  

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

of  t h e  motion envelope,  t h e  c u t  l i n e ,  and an assumed v i e w  l i n e ,  as shown 
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on c o n c e p t u a l  drawing M-1.1325-EM-081-F. For  a s s e m b l i e s  w i t h  bottom 

suppor t ed  i n t e r n a l s ,  t h e  s p e c i f i c  duc t  l e n g t h  i s  measured from t h e  g i r t h  

c u t  t o  t h e  t o p  of  t h e  asseriib1.y. The maximum p e r m i s s i b l e  s p e c i f i c  duc t  

l e n g t h  f o r  t h e s e  a s s e m b l i e s  i s  10 f t  6 i n .  minus t h e  l e n g t h  of  t h e  p o r t -  

a b l e  c o o l i n g  manifold when c o o l i n g  is  r e q u i r e d .  For a s s e m b l i e s  w i t h  top-  

suppor t ed  i n t e r n a l s ,  t h e  s p e c i f i c  d u c t  l e n g t h  i s  measured from t h e  g i r t h  

c u t  t o  t h e  bottom of t h e  assembly. The maximum p e r m i s s i b l e  s p e c i f i c  d u c t  

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

b e i n g  14 f t  f o r  a s s e m b l i e s  w i t h  long nose  p i e c e s  and 13 f t  f o r  c l o s e d -  

loop a s s e m b l i e s  and a s s e m b l i e s  w i t h  s h o r t  nose pieces .  

The e f f e c t i v e  l e n g t h  o f  an assembly and t h e  s p e c i f i c  d u c t  l e n g t h  are  

u s e f u l  pa rame te r s  t h a t  may be  used i n  de t e rmin ing  whether  a s p e c i . € i c  c o r e  

component o r  t es t  assembly can be  accommodated by t h e  disassembly-  

reassembly equipment.  These pa rame te r s  may a l s o  be  used i n  de t e rmin ing  

t h e  maximum l e n g t h  of a n  assembly t h a t  can b e  handled by t h e  equipment, 

a s  i s  d i s c u s s e d  i n  S e c t i o n  5.3. A s  a p o i n t  of i n t e r e s t ,  t h e s e  pa rame te r s  

a r e  a l s o  d i r e c t l y  r e l a t e d  t o  t h e  minimum and maximum c u t  d i s t a n c e s  and 

may b e  used i n  l i e u  of c a l c u l a t i o n s  of t h e s e  cut: d i s t a n c e s  i n  determin-  

i n g  t h e  c a p a b i l i t y  of t h e  equipment These r e l a t i o n s h i p s  are  as Eol.lows. 

1. The maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  o f  an assembly w i t h  

bot tom-supported i n t e r n a l s  i s  d i r e c t l y  r e l a t e d  t o  t h e  m a x i m u m  c u t  

d i s t a n c e ,  

2. ‘The maximum p e r m i s s i b l e  s p e c i E i c  d u c t  l e n g t h  of an assembly 

w i t h  bot tom-supported i.nterna1.s i s  d i r e c t l y  r e l a t e d  t o  t h e  minimum c u t  

d i s t a n c e .  

3 .  The maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  o f  an assembly w i t h  

top - suppor t ed  i n t e r n a l s  i s  d i r e c t l y  r e l a t e d  t o  the minimum c u t  d i s t a n c e .  

4 .  The maximum pe rmi - s s ib l e  s p e c i f i c  duc t  l e n g t h  of an assembly 

w i t h  top - suppor t ed  i n t e r n a l s  i s  d i r e c t l y  r e l a t e d  t o  t h e  maximum c u t  

d i s t a n c e .  

From the r e s u l t s  of  t h e  s t u d i e s  p r e s e n t e d  i n  t h i s  s e c t i o n ,  i t  is 

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

t o  de t e rmine  whether  a s p e c i f i c  c o r e  component o r  t e s t  assembly can be 

handled w i t h  t h e  disassembly-reassembly equipment.  The b a s i c  d a t a  

r e q u i r e d  fo r  i n i t i a l  assessment  i n c l u d e  t h e  
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1. o v e r a l l  l e n g t h  of t h e  assembly;  

2 .  p o s i t i o n  of t h e  f i x e d  s u p p o r t  ( g r i d )  f o r  t h e  i n t e r n a l s  (whether i t  i s  

a t  t h e  t o p  o r  bot tom of t h e  i n t c r n a l s ) ;  

3 .  d e t a i l s  o f  t h e  f i x e d  s u p p o r t  ( g r i d )  so  t h a t  t h e  c u t  p o i n t  i n  t h e  f low 

d u c t  may be de t e rmined ;  

4 .  o v e r a l l  l e n g t h  of  t h e  i n t e r n a l s ,  i n c l u d i n g  in s t rumen t s  i f  they  a r e  

t o  be  exposed by a x i a l  w i t h d r a w a l ;  

5.  l o c a t i o n  of t h e  i n t e r n a l s  w i t h  respec t  t o  one end of t h e  assembly;  

6 .  l o c a t i o n  of t h e  a c t i v e  c o r e  s e c t i o n  of t h e  i n t e r n a l s  i f  t h a t  c o r e  

s e c t i o n  r e q u i r e s  c o o l i n g ;  and 

7 .  c o n f i g u r a t i o n  of t h e  lower and upper  ends  of t h e  assembly f o r  machine 

a t t achmen t  c o n s i d e r a t i o n s .  

5.3 Maximum Length of  Test  Assemblies  

Three pa rame te r s  must b e  c o n s i d e r e d  i n  de t e rmin ing  t h e  maximum 

l e n g t h  o f  a s s e m b l i e s  t h a t  can be handled  by the s h o r t e n e d  d isassembly-  

reassembly  equipment .  They a r e  (1) t h e  maximum p e r m i s s i b l e  s p e c i f i c  duc t  

l e n g t h ,  (2) t h e  maximum p e r m i s s i b l e  e f f e c t i v e  l eng th ,  and (3)  t h e  p o s i t i o n  

of t h e  a c t i v e  f u e l  s e c t i o n  w i t h  r e s p e c t  t o  t h e  end of  t h e  assembly .  I n  

a d d i t i o n ,  i t  is  n e c e s s a r y  t o  know t h e  e n d  c o n f i g u r a t i o n s  and l e n g t h  i n c r e -  

ments beyond the p i n  bund les  i n  a s sembl i e s  be ing  e v a l u a t e d .  The l o c a t i o n  

of t h e  a c t i v e  f u e l  s e c t i o n  and t h e  assumed end c o n d i t i o n s  f o r  open t e s t  

and c l o s e d - l o o p  t e s t  a s sembl i e s  t h a t  a re  used i n  t h e  c a l c u l a t i o n s  i n  t h i s  

s e c t i o n  a r e  i l l u s t r a t e d  i n  F i g .  5.3.  

The maximum l e n g t h  of an  assembly w i t h  bot tom-suppor ted  i n t e r n a l s  
t h a t  can  be  handled by t h e  s h o r t e n e d  d isassembly- reassembly  equipment i s  

t h e  lesser of  

1. t h e  sum of t h e  maximum p e r m i s s i b l e  s p e c i f i c  d u c t  l e n g t h  and t h e  d i s -  

t a n c e  from t h e  g i r t h  c u t  t o  t h e  bot tom o f  t h e  assembly o r  

2 .  t h e  sum o f  t h e  maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  and t h e  d i s t a n c e  

from t h e  top  o f  t h e  p i n  bundle  t o  t h e  top  of  t h e  assembly.  

A f t e r  d e t e r m i n a t i o n  of t h e  maximum l e n g t h ,  t h e  p o s i t i o n  of t h e  a c t i v e  f u e l  
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C L O S E D - L O O P  T E S T  

F i g .  5 . 3 .  Assumed End Cond i t ions  f o r  Determining t h e  Maximum 
Length of  T e s t  Assemblies .  

s e c t i o n  w i t h  r e s p e c t  t o  t h e  bottom of t h e  assembly shou ld  be  checked t o  

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

The maximum l e n g t h  of a n  assembly w i t h  top - suppor t ed  i n t e r n a l s  t h a t  

c a n  be  handled i s  t h e  l e s s e r  o f  

1. t h e  sum of t h e  maximum p e r m i s s i b l e  s p e c i f i c  d u c t  l e n g t h  and t h e  d i s -  

t a n c e  from t h e  g i r t h  cut  t o  t h e  t o p  of t h e  assembly o r  

2 .  t h e  sum of t h e  maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  and t h e  d i s t a n c e  

from t h e  bottom of t h e  p i n  bund le  t o  t h e  bottom of  t h e  assembly. 

A f t e r  d e t e r m i n a t i o n  of t h e  maximum leng th ,  t h e  p o s i t i o n  of t h e  a c t i v e  

f u e l  s e c t i o n  w i t h  r e s p e c t  t o  t h e  t o p  of  t h e  assembly shou1.d b e  checked 

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



45 

Applying these rules and using the maximum permissible specific duct 

lengths and effective lengths of assemblies given in Section 5.2, the 

assumed end conditions shown in Fig. 5.3, and an assumed length of 10 in. 

for the portable cooling manifold; the following calculations can be made. 

The maximum length of an open test assembly with bottom-supported 

internals that can be handled is the lesser of 

= (9 ft 8 in.) -t 
L1 (max) 

= 13 ft 6 in. 

or 

(15 ft) + 

(3 ft 10 in.) 

(8 in.) ( 5  7) 
= 15 ft 8 in., 

where the overall length of the assembly L is based on the specific 

duct length and L is based on the effective length of the assembly. 

Thus, the open test assembly with bottom-supported internals can be 13 ft 

6 i n .  long. For this assembly, the bottom of the active fuel section 

must be 1 ft 11 in. or more from the bottom of the assembly for proper 

positioning of the transverse cooling shrouds. This requirement is ful- 

filled by the assumed end conditions shown in Fig. 5.3. 

1 (max) 

2 (max) 

The maximum length ( i f  an open Lest assembly with top-supported inter 

nals that can be handled is the lesser of 

= (14 ft) i- (9 in.) 

= 14 ft 9 in. 
L1 

or 

(12 ft) -t ( 3  ft 9 in.) 

(5 .8)  

( 5  9)  
= 15 ft 9 in. 

Thus, the open test assembly with top-supported internals can be 14 ft 

9 in. long. For this assembly, the top of the active fuel section must 

be 6 Et 3 in. or more from the top of the assembly for proper positioning 

of the transverse cooling shrouds. This requirement is fulfilled since 

the overall length of the assembLy minus 7 Et 6 in. ( 3  ft 9 in. -1- 3 ft 

9 in. shown in F i g .  5 . 3 )  is 7 f t  3 in. 

The maximum length of a closed-loop test assembly with bottom- 

supported internals that can be handled is the lesser of 
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= (9 f t  8 i n . )  + (1 f t  1 i n . )  (5. lo)  
'1- (max) 

= 10 f t  9 i n .  

o r  

= (14 f t )  t- (8 i n . )  

= 14 f t  8 i n . ,  
' 2  (max) 

(5.11) 

where t h e  o v e r a l l  l e n g t h  of t h e  assembly L i s  based on t h e  s p e c i f i c  

d u c t  l e n g t h  and L i s  based on t h e  e f E e c t i v e  l e n g t h  of  t h e  assembly. 

Thus, t h e  c l o s e d - l o o p  t e s t  assembly w i t h  botLom-supported i n t e r n a l s  can 

b e  10 f t  9 i n .  l ong .  For  t h i s  assembly, t h e  bottom of  t h e  a c t i v e  f u e l  

s e c t i o n  must be 11 i n .  o r  more from t h e  bottom of t h e  assembly f o r  proper  

p o s i t i o n i n g  of t h e  t r a n s v e r s e  c o o l i n g  sh rouds .  T h i s  r equ i r emen t  i s  f u l -  

f i l l e d  by t h e  assumed end c o n d i t i o n s  shown i n  F i g .  5 . 3 ,  

1 (max) 

2 (max) 

The maximum l e n g t h  of a c l o s e d - l o o p  t e s t  assembly w i t h  top - suppor t ed  

i n t e r n a l s  t h a t  can  be handled is  t h e  lesser of 

=; (13 f t )  + (9 i n . )  

= 13 f t  9 i n .  
Li (max) 

= (12 f t )  3- (1 f t )  
' 2  (max) 

= 13 f t .  

(5.12) 

(5.13) 

Thus, t h e  c l o s e d - l o o p  tes t  assembly w i t h  top - suppor t ed  i n t e r n a l s  can  be  

13 f t  long.  For  t h i s  assembly, t h e  t o p  of  t h e  a c t i v e  f u e l  s e c t i o n  must 

be  6 f t  3 i n .  o r  more l r o m  t h e  t o p  o f  t h e  assembly f o r  p rope r  p o s i t i o n -  

i n g  of  t h e  t r a n s v e r s e  c o o l i n g  s h r o u d s .  Th i s  r equ i r emen t  i s  f u l f i l l e d  

s i n c e  t h e  o v e r a l l  l e n g t h  of  t h e  assembly minus 4 f t  9 i n .  (1 f t  + 3 f t  

9 i n .  shown i n  F i g .  5 . 3 )  i s  8 f t  3 i n .  

If t h e  p i n  bund le  does n o t  f i l l  t h e  d u c t  t o  t h e  e x t e n t  shown i n  

F ig .  5.3, i t  is  p o s s i b l e  t o  c a l c u l a t e  ex t r eme ly  long "accep tab le"  l e n g t h s  

by u s i n g  t h e  p r e v i o u s l y  g i v e n  r u l e s .  It i s  t h e r e f o r e  n e c e s s a r y  t o  l i m i t  

t h e  o v e r a l l  l e n g t h  of a n  assembly i o  15 f t ,  which i s  t h e  maximum l e n g t h  

t h a t  can be loaded o n t o  t h e  p o s i t i o n i n g  machine.  
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5 . 4  Disassembly Opera t ions  

The d i sa s sembly  sequences f o r  t h e  r e f e r e n c e  1 2 - f t - l o n g  d r i v e r  Fuel 

assembly and f o r  t h e  r e p r e s e n t a t i v e  i n n e r  r e f l e c t o r ,  c o n t r o l  s a f e t y  rod 

p o i s o n  t i p ,  open tes t ,  and c l o s e d - l o o p  t e s t  a s s e m b l i e s  a r e  d e p i c t e d  on 

c o n c e p t u a l  drawings M-l1325-EPI-082-F7 EM-083-F, and EM-084-F i n  Appendix 

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

S e c t i o n s  5 .1  and 5 . 2  as a p p l i e d  t o  s p e c i f i c  a s s e m b l i e s  and conf i rm t h e  

a c c e s s i b i l i t y  r e q u i r e d  t o  pe r fo rm t h e  n e c e s s a r y  o p e r a t i o n s .  A p o s s i b l e  

sequence o f  o p e r a t i o n s  f o r  complete  d i sa s sembly  of t h e  r e f e r e n c e  d r i v e r  

f u e l  assembly from t h e  t i m e  t h e  assembly i s  loaded o n t o  t h c  p o s i t i o n i n g  

machine u n t i l  t h e  f u e l  bund le  i s  exposed arid r e p o s i t i o n e d  f o r  photography 

and d i sa s sembly  is  i l l u s t r a t e d  on c o n c e p t u a l  drawing M-11325-E3-082-F. 

The d i sa s sembly  sequences f o r  t h e  r e p r e s e n t a t i v e  a s s e m b l i e s  shown on t h e  

o t h e r  two drawings d e p i c t  o n l y  t h e  " loading" mode and t h e  ' b i t h d r a w a l  

completed" mode because  t h e s e  modes i l l u s t r a t e  t h e  s i g n i s i c a n t  f e a t u r e s  

of  t h e  d i sa s sembly  o p e r a t i o n  a f f e c t e d  by s h o r t e n i n g  of  t h e  p o s i t i o n i n g  

machinc.  The n o t e s  on t h e s e  drawings g e n e r a l l y  d e s c r i b e  t h e  s t e p s  i n  

t h e  d i sa s sembly  o p e r a t i o n s .  However, t h e  o b s e r v a t i o n s  i n  t h e  fo l lowing  

s u b s e c t i o n s  may a l s o  b e  made. 

5.4.1 Disassembly of  Shor t ened  Driver F u e l  Assemblies 

A s  p r e v i o u s l y  noted,  a p o s s i b l e  sequence o f  d i sa s sembly  o p e r a t i o n s  

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

drawing M-11325-EM-082-F. Both t h e  o p e r a t i n g  and t h e  lower v i ewing  win- 

dows a r e  used i n  t h e  l o a d i n g  o p e r a t i o n  so that.  t h e  assembly may be s t a -  

b i l i z e d  i n  t h e  p o s i t i o n i n g  machine by t h e  lower a d a p t o r  and the middle  

g u i d e  b e f o r e  t h e  c r a n e  g r a p p l e  i s  removed. Note t h a t  t h e  l o a d i n g  ope ra -  

t i o n s  must b e  performed a t  t h e  extremes of t h e  m a n i p u l a t i v e  r a n g e s .  An 

a l t e r n a t e  method o f  l o a d i n g  performed o n l y  a t  t h e  o p e r a t i n g  window i s  

d i s c u s s e d  i n  S u b s e c t i o n  5.5.1 of t h i s  r e p o r t .  

The p o r t a b l e  c o o l i n g  man i fo ld  a t  t h e  t o p  o f  t h e  assembly induces 

a x i a l  c o o l a n t  f low upward th rough  t h e  bundle ,  and t h e  man i fo ld  must be  
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i n  p l a c e  du r ing  wi thd rawa l  of t h e  bundle  t o  p r o v i d e  e f f e c t i v e  c o o l i n g .  

I t  i s  a l s o  d e s i r a b l e  t h a t  t h i s  man i fo ld  be  i n  p l a c e  d u r i n g  t h e  g i r t h  c u t -  

t i n g  operat . ion t o  minimize h a n d l i n g .  T h i s  w i l l  r e q u i r e  t h a t  the man i fo ld  

be  c o n s t r u c t e d  i n  a manner t h a t  w i l l  p e r m i t  f r e e  r o t a t i . o n  of  t h e  flow 

d u c t  . 
With t h e  g i r t h  c u t  i n  t h e  f low d u c t  l o c a t e d  ai: t h e  c e n t e r  l i n e  of 

t h e  o p e r a t i n g  wi-ndow, t h e  f u e l  p i n  bund le  i s  withdrawn downward from t h e  

f i x e d  d u c t .  The bund le  can b e  observed and clamped w h i l e  i t  i s  b e i n g  

withdrawn. Mote t h a t  t h e  bundle  must be  p a r t i a l l y  withdrawn from t h e  

d u c t  b e f o r e  downward movement of  t h e  mi.ddle s l i d e  i s  i n i t i a t e d .  This i s  

n e c e s s a r y  t o  a l i g n  t h e  a c t i v e  f u e l  s e c t i o n  of  t h e  bund le  w i t h  t h e  t r a n s -  

verse c o o l i n g  sh rouds .  

5 . 4 . 2  Disassemblv of  I n n e r  R e f l e c t o r  and Poison T i D  Assemblies 

The g e n e r a l  sequence of d i sa s sembly  o p e r a t i o n s  f o r  t h e  r e p r e s e n t a -  

t ive  i n n e r  r e f l e c t o r  and c o n t r o l  s a f e t y  r o d  po i son  t i p  a s s e m b l i e s  i.s 

shown on c o n c e p t u a l  drawing M-11325-EM-084-F. Both of  t h e s e  types  o f  

a s s e m b l i e s  c o n t a i n  bot tom-supported p i n  bund les  and are  t h e r e f o r e  d i s -  

mant led i n  a manner s i m i l a r  t o  t h a t  used f o r  d r i v e r  f u e l  a s s e m b l i e s .  

However, c o o l i n g  of t h e  pi.n bund le  is  n o t  r e q u i r e d  f o r  e i t h e r  O F  t h e s e  

two types  of  a s sembl i e s ,  and a p o r t a b l e  c o o l i n g  man i fo ld  i s  n o t  used.  

S i n c e  d e s i g n  d a t a  and drawings f o r  t h e  s h o r t e n e d  v e r s i o n s  of t h e s e  two 

types  of  a s s e m b l i e s  were n o t  a v a i l a b l e  fox- t h i s  s tudy ,  a s s e m b l i e s  

i n t e n d e d  f o r  u se  i n  a r e a c t o r  c o r e  w i t h  1 4 - f t - l o n g  d r i v e r  f u e l  a s s e m b l i e s  

w e r e  mod i f i ed  f o r  u s e  as r e p r e s e n t a t i v e  a s s e m b l i e s  The m o d i f i c a t i o n s  

were o n l y  t h o s e  n e c e s s a r y  f o r  t h e s e  a s s e m b l i e s  t o  be d i sman t l ed  w i t h  t h e  

s h o r t e n e d  disassembly-reassembly equipment.  

The i n n e r  r e f l e c t o r  assembly was assumed t o  be c o n s t r u c t e d  w i t h  rhe  

lower s h i e l d  s e c t i o n  as a s e p a r a t e  component s i m i l a r  t o  a 1 4 - f t - l o n g  

d r i v e r  f u e l  assembly. Th i s  m o d i f i c a t i o n  reduced t h e  s p e c i f i c  d u c t  l e n g t h  

of t h e  assembly t o  9 f t  8 i n .  and p e r m i t s  t h e  g i r t h  c u t  i n  t h e  flow d u c t  

t o  be p l aced  8 i n .  below t h e  c e n t e r  l i n e  of t h e  o p e r a t i n g  window h e f o r e  

downward wi thd rawa l  of t h e  p i n  bund le .  
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The c o n t r o l  s a f e t y  rod  po i son  t i p  assembly was modi f ied  by r educ ing  

t h e  l e n g t h  of i t s  i n t e g r a l  hanger  rod .  The i n t e n t  was n o t  t o  r e d e s i g n  

t h e  assembly b u t  t o  i n d i c a t e  t h e  r e s t r i c t i o n  t h a t  must be p l a c e d  on i t s  

d e s i g n  t o  e n s u r e  cha t  i t  can  b e  d i sman t l ed  w i t h  t h e  s h o r t e n e d  p o s i t i o n -  

i n g  machine and equipment.  The s p e c i f i c  d u c t  l e n g t h  of  t h e  assembly was 

thus  made t h e  maximum p e r m i s s i b l e  l eng th ,  which i s  10 f t  6 i n .  Th i s  

change w i l l  pe rmi t  t h e  g i r t h  c u t  i n  t h e  d u c t  t o  b e  p l aced  18 i n .  below 

t h e  c e n t e r  l i n e  of t h e  o p e r a t i n g  window, and t h e r e  w i l l  b e  adequa te  space 

between t h e  bot tom of t h e  f i x e d  d u c t  and t h e  top  of t h e  work tab le  f o r  

v iewing  and clamping of t h e  bundle  a s  i t  i s  withdrawn downward, 

The s h o r t  nose  p i e c e  on t h e  c o n t r o l  s a f e t y  rod  po i son  t i p  assembly 

and t h e  need f o r  a low g i r t h  c u t  p reven t  t h e  nose  p i e c e  from b e i n g  

i n s e r t e d  deep ly  i n t o  t h e  lower a d a p t o r .  The middle  g u i d e  i s  used t o  s t a -  

b i l i z e  t h e  assembly d u r i n g  load ing  o p e r a t i o n s ,  b u t  i t  must be  p l aced  r e l -  

a t i v e l y  low on the assembly t o  remain a c c e s s i b l e .  Th i s  p o s i t i o n i n g  i s  

p robab ly  adequate ,  b u t  t h e  gu ide  cou ld  b e  p l aced  f a r t h e r  above t h e  lower 

a d a p t o r  t o  p rov ide  g r e a t e r  s t a b i l i t y  i f  t h e  assembly were loaded a t  t h e  

o p e r a t i n g  window r a t h e r  t han  a t  t h e  lower window. This method of l oad ing  

i s  d i s c u s s e d  i n  Subsec t ion  5 . 5 . 1  of  t h i s  r e p o r t .  

5 . 4 . 3  Disassembly of Fue l  T e s t  Assemblies  With Top-Supported In t e rnaLs  

The g e n e r a l  sequence  o f  d i sassembly  o p e r a t i o n s  f o r  r e p r e s e n t a t i v e  

open f u e l  t e s t  and c l o s e d - l o o p  f u e l  t e s t  a s sembl i e s  i s  shown 011 concep- 

t u a l  drawing M-11325-EM-083-F. Both of t h e s e  types  of  a s sembl i e s  have 

top - suppor t ed  p i n  bundles ,  and c o o l i n g  o f  t h e s e  bund les  is assumed t o  be 

r e q u i r e d  d u r i n g  d i sa s sembly  o p e r a t i o n s .  Except f o r  a s l i g h t  d i f f e r e n c e  

i n  t h e  methods used t o  p rov ide  s t a b i l i t y  d u r i n g  load ing  o p e r a t i o n s ,  b o t h  

types  of a s sembl i e s  a r e  d i sman t l ed  i n  a s imi l a r  manner. 

Each type  of assembly i s  shown on drawing M-11325-EM-083-F be ing  

loaded i’nto t h e  lower a d a p t o r  of t h e  p o s i t i o n i n g  machine a t  t h e  lower 

v iewing  window. The open t e s t  assembly i s  long enough t o  p e r m i t  use of 

b o t h  t h e  o p e r a t i n g  window and t h e  lower v iewing  window d u r i n g  loading ,  

and t h e  middle  g u i d e  may b e  a t t a c h e d  h i g h  on t h e  assembly.  The c l o s e d  
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a d a p t o r  has  been extended t o  i -ncrease t h e  s t a b i l i t y  of  t h e  assembly w i t h -  

o u t  u s ing  a middle  g u i d e .  A b e t t e r  method of l o a d i n g  t h a t  would p r o v i d e  

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

o p e r a t i o n s  and t h a t  cou ld  be  used f o r  a l l  a s s e m b l i e s  i s  d i s c u s s e d  i n  

S e c t i o n  5 .5 .1 .  

Both of t h e s e  t y p e s  of t e s t  a s s e m b l i e s  r e q u i r e  an upper a d a p t o r  t o  

ex tend  t h e i r  l e n g t h .  A s  no ted  i n  S e c t i o n  5 .2 ,  t h i s  a d a p t o r  i s  n e c e s s a r y  

t o  pe rmi t  p r o p e r  placement of t h e  t r a n s v e r s e  c o o l i n g  sh rouds  a d j a c e n t  t o  

t h e  a c t i v e  f u e l  s e c t i o n  of t h e  bundle  a s  i t  i s  b e i n g  wi.thtlrawn. However, 

t h e  a d a p t o r  i s  n o t  needed i f  t h e  p i n  bundle  does n u t  r e q u i r e  c o o l i n g .  

With t h e  g i r t h  c u t  i n  t h e  f low d u c t  posit i .onetl  6 i n .  above t h e  t o p  of t h e  

work tab le ,  t h e  bund le  i s  withdrawn upward from t h e  f i x e d  d u c t .  Th i s  p o s i  

t i o n i n g  of  t h e  g i - r t h  c u t  p e r m i t s  viewing and clamping of  t h e  bund le  du r -  

i n g  wi thd rawa l .  The a x i a l  c o o l i n g  plenum induces  downward c o o l a n t  f low 

through t h e  bundle  t o  p r o v i d e  e f f e c t i v e  c o o l i n g  as t h e  bund le  i s  b e i n g  

withdrawn upward, and t h e  p o r t a b l e  c o o l i n g  man i fo ld  may t h e r e f o r e  be  

removed as soon as  t h e  plenum s u c t i o n  flow i s  s t a r t e d .  

5 .5  Improvements i n  Opera t ing  __ Methods 

Loading of t h e  p o s i t i o n i n g  machine can be performed mare e a s i l y  and 

perhaps more r e l i a b l y  i f  s l i g h t  changes are  made i n  t h e  previous1.y d i s -  

cus sed  o p e r a t i n g  p rocedures .  These changes i n v o l v e  l o a d i n g  of a n  assem- 

b l y  o n t o  t h e  p o s i t i o n i n g  machine a t  t h e  upper o r  operat: ing window of t h e  

c e l l  w i t h  t h e  r e s u l t i n g  o b v i a t i o n  of t h e  need t o  use  t h e  lower window f o r  

t h i s  o p e r a t i o n .  There a r e  a l s o  i n d i c a t i o n s  t h a t  t h e  c a p a b i l i t y  of  t h e  

machine f o r  hand l ing  v a r i e d  a s s e m b l i e s  can  be  improved by changing t h e  

re1at : ionship between t h e  o p e r a t i n g  window and t h e  motion enve lope  of t h e  

p o s i t i o n i n g  machine. The e x a c t  d e t a i l s  o f  t h i s  change must be  v e r i f i e d  

when s i z e  and c o n f i g u r a t i o n  d a t a  become a v a i l a b l e  f o r  a l l  of t h e  s h o r t -  

ened c o r e  components and t e s t  a s s e m b l i e s  t u  be  hand led .  The recommended 

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

t h i s  s e c t i o n .  
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5.5.1 Machine Loading at. Opera t ing  Window 

The load ing  of an assembly o n t o  t h e  p o s i t i o n i n g  machine must b e  

performed i n  such a way t h a t  t h e  assembly w i l l  remain s t a b l e  d u r i n g  a l l  

l oad ing  o p e r a t i o n s  and n o t  be damaged by a n  a c c i d e n t a l  bump o r  i n c i d e n -  

t a l  maneuvering. The pr imary  o p e r a t i o n s  invo lved  a r e  the  placement  of  

t h e  assembly i n t o  a lower a d a p t o r  and s t a b i l i z a t i o n  of t h e  assembly w i t h  

a middle  g u i d e  w h i l e  t h e  c r a n e  g r a p p l e  and g r a p p l e  on t h e  upper  s l i d e  a r e  

i n t e r c h a n g e d .  These o p e r a t i o n s  can be  performed w i t h o u t  maneuvering t h e  

assembly i f  b o t h  t h e  o p e r a t i n g  window and t h e  lower v iewing  window a r e  

used and i f  t h e  assembly i s  long enough t o  pe rmi t  s imul t aneous  a c c e s s  t o  

b o t h  of i t s  ends .  Th i s  i s  t h e  b a s i s  f o r  t h e  load ing  p rocedure  i l l u s -  

t r a t e d  on Lhe c o n c e p t u a l  drawings M-11325-EM-082-F, EM-083-F, ,and EM-084-F 

i n  Appendix C of  t h i s  r e p o r t  and d i s c u s s e d  i n  S e c t i o n  5.4. This  method 

oL' l oad ing  i s  j u s t  adequa te  f o r  d r i v e r  f u e l ,  r e f l e c t o r ,  and open tes t  

a s s e m b l i e s ;  b u t  problems a r i s e  i n  t h e  l o a d i n g  of  c o n t r o l  s a f e t y  rod  poison  

t i p  and c l o s e d - l o o p  tes t  a s sembl i e s  because  of t h e i r  s h o r t e r  l e n g t h s .  

Subsequent  t o  t h e  p r e p a r a t i o n  of  t h e  d isassembly  sequence drawings,  

i t  w a s  de te rmined  t h a t  t h e  load ing  o p e r a t i o n s  cou ld  be  performed a t  t h e  

upper o r  o p e r a t i n g  window by a c c e p t i n g  a s h o r t e r  d i s t a n c e  of  about  4 f t  

between t h e  middle  g u i d e  and t h e  lower a d a p t o r .  Th i s  s h o r t e r  d i s t a n c e  o r  

span  shou ld  p r o v i d e  r e a s o n a b l e  s t a b i l i t y  of t h e  a s sembl i e s  and i s  a c t u -  

a l l y  a n  improvement ove r  what cou ld  b e  ach ieved  f o r  po i son  t i p  and c losed -  

loop  t e s t  a s sembl i e s  by us ing  t h e  i n i t i a l  l oad ing  method. The d isassem-  

b l y  sequence drawings were n o t  changed so  t h a t  t h e  problems invo lved  i n  

t h e  load ing  oE t h e s e  s h o r t e r  a s sembl i e s  a t  t h e  lower window would be  

appa ren t  . 
The l o a d i n g  of an  assembly o n t o  t h e  p o s i t i o n i n g  machine a t  t h e  oper -  

a t i n g  window i s  i l l u s t r a t e d  i n  F i g .  5 . 4 .  I n s e r t i o n  of t h e  nose  p i e c e  of 

t h e  assembly i n t o  t h e  lower a d a p t o r  can b e  seen much b e t t e r  when t h i s  

l oad ing  method i s  used .  Th i s  method appea r s  t o  b e  a p p l i c a b l e  f o r  a l l  

c o r e  components and tes t  a s sembl i e s  t h a t  can be handled  w i t h  t h e  short- 

ened d isassembly- reassembly  equipment .  However, one d i sadvan tage  i s  t h a t  

t h e  c r a n e  g r a p p l e  cannot  be  s e e n  t o  v i s u a l l y  conf i rm r e l e a s e  o f  t h e  assem- 

b l y .  To lower t h e  g r a p p l e  so t h a t  i t  can be  seen  through t h e  o p e r a t i n g  
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window would r e q u i r e  s y n c h r o n i z a t i o n  of t h e  c r a n e  h o i s t  and t h e  lower 

s l i d e ,  o r  some ove r load  d e v i c e  would be  n e c e s s a r y  t o  p r o t e c t  t h e  assembly 

from t h e  downward p u l l  of t h e  lower s l i d e .  Cons ider ing  a l l  f a c t o r s ,  

l oad ing  a t  t h e  o p e r a t i n g  window appea r s  t o  be t h e  most d e s i r a b l e  method 

and i s  t h e r e f o r e  recommended i n  l i e u  of t h e  i n i t i a l  method d e p i c t e d  on 

t h e  c o n c e p t u a l  d i sassembly  sequence drawings.  

I f  comple te  l o a d i n g  of  t h e  p o s i t i o n i n g  machine can b e  performed a t  

t h e  o p e r a t i n g  window, i t  i s  l o g i c a l  t o  r e c o n s i d e r  t h e  need fo r  t h e  lower 

v iewing  window. The remain ing  r easons  f o r  p rov id ing  a lower window t h a t  

are r e l a t e d  t o  t h e  i n s t a l l a t i o n ,  o p e r a t i o n ,  and main tenance  of t h e  

d isassembly- reassembly  equipment a r e  t o  p r o v i d e  improved v iewing  d u r i n g  

i n s t a l l a t i o n  of t h e  machine b a s e  and column, easier  maintenance of t h e  

lower s l i d e  assembly, and t o  p r o v i d e  t h e  o p t i o n  f o r  l oad ing  a t  t h e  lower 

window. The lower s l i d e  assembly may b e  rnainLained a t  t h e  o p e r a t i n g  win- 

dow, b u t  work on t h e  motor d r i v e  f o r  t h i s  s l i d e  may r e q u i r e  t h e  use  of 

i n - c e l l  t e l e v i s i o n  because  of t h e  l i m i t e d  v iewing  r ange  and t h e  i n a b i l i t y  

t o  ra ise  t h e  s l i d e  t o  a p o s i t i o n  d i r e c t l y  i n  f r o n t  of t h e  window. I n s t a l -  

l a t i o n  of t h e  p o s i t i o n i n g  machine b a s e  t o  t h e  f l o o r  of t h e  c e l l  and b o l t -  

i n g  of  t h e  column-to-base j o i n t  w i l l  a l s o  r e q u i r e  t h e  use  of t e l e v i s i o n  

i n  l i e u  of d i r e c t  v iewing  through t h e  lower window. Therefore ,  f rom t h e  

s t a n d p o i n t  o f  i n s  t a l l a t i o n ,  o p e r a t i o n ,  and maintenance of t h e  d isassembly-  

reassembly  equipment,  i t  can  be concluded  t h a t  a lower window i n  t h e  c e l l  

i s  n o t  a n  a b s o l u t e  n e c e s s i t y  bu t  i s  cons ide red  o p t i o n a l .  I f  windows a r e  

i n s t a l l e d  a t  t h e  lower level of t h e  c e l l  f o r  o t h e r  reasons ,  such  a s  f o r  

work on i n d i v i d u a l  p ins ,  t h e s e  windows can  p rov ide  conven ien t  v iewing  

f o r  c e r t a i n  i n s t a l l a t i o n ,  o p e r a t i o n ,  and main tenance  p rocedures .  

5 .5 .2  Op t imiza t ion  of Machine C a p a b i l i t i e s  

The d isassembly- reassembly  equipment d e s c r i b e d  i n  t h i s  ex tended  con- 

c e p t u a l  s t u d y  r e p o r t  was s i z e d  i n  accordance  w i t h  t h e  des ign  c r i t e r i a  t o  

pe rmi t  h a n d l i n g  and examinat ion  o f  1 2 - f t - l o n g  d r i v e r  fuel. assembl i e s .  

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

o t h e r  s h o r t e n e d  c o r e  components and t e s t  a s sembl i e s  t o  b e  handled,  



r e p r e s e n t a t i v e  v e r s i o n s  of t h e s e  a s sembl i e s  were used t o  check t h e  

c a p a b i l i t i e s  of t h e  equipment.  The r e s u l t s  of  t h i s  work a r e  documented 

i n  t h i s  r e p o r t ,  and t h e  c h a r a c t e r i s t i c s  and c a p a b i l i t i e s  of  t h e  equip-  

ment a r e  d e f i n e d .  

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

p r e s e n t e d  h e r e i n  t h a t  machine motion above t h e  c e n t e r  l i n e  of t h e  o p e r -  

a t i n g  window should  be  i n c r e a s e d .  The same e f f e c t  could  be  a t t a i n e d  by 

lower ing  t h e  c e n t e r  l i n e  of  t h e  o p e r a t i n g  window 2 f t  t o  e l e v a t i o n  -25 f t .  

This  would a l low t h e  lower s l i d e  t o  be  p l aced  d i . r e c t l y  i n  f r o n t  of  t he  

window f o r  e a s i e r  maintenance,  p rov ide  t h e  c a p a b i l i t y  of examining t h e  

e x t e r i o r  of a s sembl i e s  cha t  a r e  up t o  15.5 f t  long,  and p rov ide  improved 

v iewing  arid a c c e s s  t o  p i n  bundles  of r e f l e c t o r  and po i son  t i p  a s sembl i e s  

a s  they  a r e  b e i n g  withdrawn.  The motion of  t h e  p o s i t i o n i n g  machine 

below t h e  c e n t e r  l i n e  of t h e  o p e r a t i n g  window would b e  reduced i.f t h e  

t o t a l  v e r t i c a l  range  of  machine motion w e r e  unchanged, b u t  t h i s  would 

have no d e t r i m e n t a l  e f fec . t  on t h e  hand l ing  of t h o s e  a s sembl i e s  t h a t  have 

been s t u d i e d .  

The g e n e r a l  resu1.t of  lower ing  t h e  c e n t e r  l i n e  of  t h e  o p e r a t i n g  win-  

dow appea r s  t o  be  an o p t i m i z a t i o n  of machine c a p a b i l i t y  f o r  hand l ing  

v a r i e d  types  of a s sembl i e s .  The maximum l e n g t h  of tes t  a s sembl i e s  t h a t  

could  be accommodated i f  t h e  window were r e l o c a t e d  a s  sugges t ed  would 

g e n e r a l l y  approach  more p r a c t i c a l  v a l u e s  of about  1 2  t o  13 f t .  S ince  

t h e  d e s c r i b e d  change i s  r e a l l y  an o p t i m i z a t i o n  of t h e  p o s i t i o n i n g  machine, 

i t  does no t  appear  d e s i r a b l e  t o  c o n s i d e r  t h e  d e t a i l s  u n t i l  t h e  r e l a t i v e  

importance of  t h e  v a r i o u s  parameters  a r e  b e t t e r  known. It i s  t h e r e f o r e  

recommended t h a t  t h i s  change b e  implemented a t  t h e  beg inn ing  of t h e  p r e -  

l i m i n a r y  des ign  work when s p e c i f i c  i n fo rma t ion  on t h e  s h o r t e n e d  assem- 

b l i e s  w i l l  be a v a i l a b l e .  
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6 .  SCHEDULE AND COSTS 

A r e v i s e d  c r i t i c a l  p a t h  schedu le ,  an  updated c o s t  e s t i m a t e ,  and 

s e v e r a l  c a s t  a n a l y s e s  f o r  t h e  des ign ,  development,  f a b r i c a t i o n ,  and t e s t -  

i n g  of t h e  FFTF d isassembly- reassembly  equipment a r e  d i s c u s s e d  i n  t h i s  

c h a p t e r .  The c r i t i c a l  p a t h  t ime-cos t  s chedu le  is a p p r e c i a b l y  d i f f e r e n t  

from t h e  schedu le  p r e s e n t e d  i n  t h e  o r i g i n a l  concep tua l  s t u d y  r e p o r t '  

because  of t h e  changes i n  t h e  program and equipment t h a t  were r e q u e s t e d  

by t h e  FFTF p r o j e c t  management. The most s i g n i f i c a n t  changes were t h e  

d e l e t i o n  of t h e  second p o s i t i o n i n g  machine w i t h  i t s  a c c e s s o r y  ~ o o l i n g  

and c o n t r o l s ,  t h e  a d d i t i o n  of compute r -d i r ec t ed  weld ing  equipment a s  p a r t  

of t h e  a c c e s s o r y  t o o l i n g  f o r  t h e  remain ing  machine, and t h e  d e l e t i o n  of 

performance t e s t i n g  of t h e  equipment a t  ORNL. Performance t e s t i n g  w i l l  

now b e  conducted i n  t h e  Fuel  Examinat ion C e l l  Mockup a t  Richland ,  Wash- 

ing ton ,  w i t h  ORNL e n g i n e e r s  p r o v i d i n g  i n c r e a s e d  l i a i s o n .  

Recent developments i n  t h e  o v e r a l l  FFTF program have r e s u l t e d  i n  a 

d e l a y  i n  funding  € o r  t h e  d isassembly- reassembly  equipment,  and a s t a r t i n g  

d a t e  f o r  t h e  proposed program i s  u n c e r t a i n  a t  t h i s  t i m e .  The c o s t  e s t i -  

mate f u r  ORNL p a r t i c i p a t i o n  i n  t h e  des ign ,  development,  f a b r i c a t i o n ,  and 

t e s t i n g  of t h e  r e v i s e d  FFTF d isassembly- reassembly  equipment p r e s e n t e d  

h e r e i n  was c o r r e c t e d  t o  i n c l u d e  changes i n  t h e  schedu led  a c t i v i t i e s  and 

t h e n  was updated  on t h e  b a s i s  of an assumed p r o j e c t  s t a r t  d a t e  o f  J u l y  

1971.  The c o s t  a n a l y s e s  i n  t h i s  c h a p t e r  i n c l u d e  a summary of t h e  e € f e c t s  

of  t h e  program and equipment changes on c o s t ,  a breakdown of c o s t s  f o r  

t h e  weld ing  equipment,  a c o s t  a n a l y s i s  by f i s c a l  yea r ,  and a c o s t  a n a l -  

y s i s  by c a t e g o r y  of  work o r  a c t i v i t y .  The c o s t  and s c h e d u l i n g  d a t a  a r e  

a l s o  combined i n  a b a r  c h a r t  f o r  g r a p h i c a l  r e p r e s e n t a t i o n  of thc  c o s t  

and t i m e  i nvo lved  i n  t h e  des ign ,  development,  f a b r i c a t i o n ,  and t e s t i n g  

of  t h e  r e v i s e d  d isassembly- reassembly  equipment .  
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6 . 1  C r i t i c a l  Pa th  Time-Cost Schedule  --. - 

The c r i - t i c a l  p a t h  t i m e - c o s t  s c h e d u l e  i l l u s t r a t e d  on drawing M-11325- 

EM-085-F i n  Appendix C i s  t h e  culminat:j.on of  communication between p e r -  

s o n n e l  of  t h e  FFTF p r o j e c t  and ORNL. I n  a d d i t i o n  t o  p r o v i d i n g  a l o g i c a l  

pl-an f o r  accomplishing t h e  work, t h i s  schedu1.e d e f i n e s  f o r  e s t i m a t i n g  

purposes  t h e  s e p a r a t e  s t e p s  i-nvolved and p r o v i d e s  a conven ien t  method f o r  

i d e n t i f y i n g  each a c t i v i t y  by I-J numbers. The new s c h e d u l e  i s  based on 

the schedu le  p r e s e n t e d  i n  t h e  o r i g i n a l  c o n c e p t u a l  s t u d y  r e p o r t , ’  and 

t h e r e  a r e  some s i m i l a r i t i e s  between t h e  networks of  a c t i v i t i e s  i n  t h e  

two s c h e d u l e s .  However, t h e  two s c h e d u l e s  are  a p p r e c i a b l y  d i f f e r e n t  i n  

o v e r a l l  c o n t e n t  because  of  s i g n i f i c a n t :  r e v i s i o n s  t h a t  have been made i n  

t h e  program under t h e  c r i t e r i a  f o r  t h i s  extended c o n c e p t u a l  s t u d y .  

P r e l i m i n a r y  d e s i g n  and development of the p o s i t i o n i n g  machi.ne, 

a c c e s s o r y  t o o l i n g ,  and c o n t r o l s  are  schedu led  t o  proceed j o i n t l y ;  fol lowed 

by f i n a l  des ign ,  procurement,  f a b r i c a t i - o n ,  and shipment t o  ORNL i n  a man- 

n e r  e s s e n t i a l l y  t h e  same a s  shown on t h e  o r i g i n a l  c r i t i c a l  p a t h  s c h e d u l e .  

Allowance has  been made f o r  e n g i n e e r i n g  l i a i s o n  d u r i n g  b o t h  p r e l i m i n a r y  

and f i n a l  phases  of  machine and t o o l i n g  d e s i g n .  It i s  s t i l l  assumed t h a t  

f a b r i c a t i o n  w i l l  b e  by o u t s i d e  c o n t r a c t o r s ;  t h a t  t h e  Purchas ing  D i v i s i o n  

of  Union Carbide Corporati-on, Nuclear  D iv i s ion ,  w i l l  n e g o t i a t e  f a b r i c a -  

t i o n  c o n t r a c t s ;  and t h a t  e n g i n e e r i n g  l i a i s o n  w i l l  b e  provided by t h e  

Genera l  Eng inee r ing  D i v i s i o n  of ORNL d u r i n g  procurement n e g o t i a t i o n s ,  

f a b r i c a t i o n ,  and shop t e s t i n g .  The p o s i t i o n i n g  machine, a c c e s s o r y  t o o l -  

ing,  and c o n t r o l s  w i l l  be sh ipped  t o  ORNL f o r  i n t e g r a t e d  f u n c t i o n a l  t e s t -  

i n g  t o  e n s u r e  mating of components f a b r i c a t e d  i n  d i f f e r e n t  shops and t o  

check t h e  adequacy of t h e  d e s i g n  for remote o p e r a t i o n  and maintenance.  

A t  t h e  d i r e c t i o n  of  FFTF p r o j e c t  management, performance t e s t i n g  of 

t h e  di-sassembly-reassembly equipment w i l l  now be done by FFTF r e p r e s e n t -  

a t i v e s  i n  t h e  F u e l  Examination C e l l  Mockup a t  Richland,  Washington, wi.th 

i n c r e a s e d  e n g i n e e r i n g  l i a j . son  b e i n g  p rov ided  by ORNL. As a consequence 

o f  e l i m i n a t i o n  o f  performance t e s t i n g  a t  ORNL, f u n c t i o n a l  t e s t i n g  of  

t o o l i n g  was added t o  t h e  s c h e d u l e .  ‘This new a c t i v i t y  i s  n e c e s s a r y  t o  

pe rmi t  mat ing and check-out  o f  t o o l i n g  w i t h  t h e  p o s i t i o n i n g  machine w h i l e  

t h e  equipment i s  a t  ORNL. Any c o r r e c t i o n s  n e c e s s a r y  can  then  be  made 
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b e f o r e  t h e  equipment i s  s h  pped t o  R ich land .  R e p r e s e n t a t i v e s  of  t h e  FFTF 

p r o j e c t  w i l l  be p r e s e n t  a t  a p p r o p r i a t e  t i m e s  t o  w i t n e s s  t h e  f i n a l  func-  

t i o n a l  tests, the reby  perm t t i n g  t h e s e  t e s t s  t o  a l s o  s e r v e  as p r e l i m i n a r y  

a c c e p t a n c e  t e s t s .  Some form of accep tance  a c t i v i t y  such  a s  t h i s  i s  nec-  

essary t o  s i g n i f y  formal  FFTF p r o j e c t  s a t i s f a c t i o n  w i t h  t h e  equipment 

b e f o r e  i t  i s  sh ipped  t o  Richland  f o r  performance t e s t i n g .  

Except f o r  subsequent  e n g i n e e r i n g  l i a i s o n  work, t h i s  w i l l  complete  

ORNL p a r t i c i p a t i o n  i n  t h e  p r o j e c t .  The performance t e s t i n g ,  developmen- 

t a l  work t o  o p t i m i z e  we ld ing  parameters ,  and t h e  f i n a l  accep tance  t e s t i n g  

w i l l  b e  performed by FFTF r e p r e s e n t a t i v e s  a t  R ich land ;  and t h e  schedu le  

has  been  r e v i s e d  t o  r e f l e c t  t h i s  change of r e s p o n s i b i l i t y .  It i s  l o g i c a l  

t o  assume t h a t  t h e  f i n a l  accep tance  tes ts  w i l l  be  performed d u r i n g  o r  

n e a r  t h e  end of  t h e  perEormance t e s t i n g  pe r iod ,  and an a c t i v i t y  f o r  ORNL 

l i a i s o n  d u r i n g  performance and accep tance  t e s t i n g  has  been added i n  l i e u  

of t h e  a c t i v i t y  f o r  o p e r a t i o n a l  t e s t i n g  l i a i s o n  shown on t h e  o r i g i n a l  

s chedu le .  The f i n a l  phase  of  t h e  s c h e d u l e  p rov ides  f o r  remote i n s t a l l a -  

t i o n  and p r e - s t a r t - u p  tes ts  of i h e  equipment i n  t h e  I n t e r i m  Examination 

and Disassembly C e l l .  

One of  t h e  more impor t an t  r e v i s i o n s  t h a t  was made i n  t h e  schedu le  i s  

t h e  d e l e t i o n  of a l l  procurement ,  f a b r i c a t i o n ,  t e s t i n g ,  and l i a i s o n  a c t i v -  

i t i e s  f o r  t h e  second p o s i t i o n i n g  machine and i t s  a c c e s s o r y  t o o l i n g  and 

c o n t r o l s .  There a r e  no p r o v i s i o n s  i n  t h e  new schedu le  f o r  f u t u r e  a c q u i s i -  

t i o n  of a second machine w i t h  i t s  a c c e s s o r y  t o o l i n g  and c o n t r o l s  o r  f o r  

p r o v i d i n g  any s e r v i c e s  o r  s u p p o r t  equipment r e q u i r e d  f o r  a second machine.  

S e v e r a l  new a c t i v i t i e s  w e r e  added t o  t h e  t ime-cos t  schedule ,  and 

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

t o  p r o v i d e  t h e  equipment needed t o  r emote ly  weld g i r t h  j o i n t s  i n  t h e  

f low d u c t s  of reassembled  t e s t  a s s e m b l i e s .  The s p e c i f i c  a c t i v i t i e s  t h a t  

were added o r  changed are g iven  i n  t h e  breakdown of c o s t s  f o r  t h e  weld-  

i n g  equipment i n  S u b s e c t i o n  6 . 3 . 2 .  I n  de te rmin ing  t h e s e  changes i n  t h e  

schedule ,  i t  was assumed t h a t  a p p r o p r i a t e  i n fo rma t ion  w i l l  b e  f u r n i s h e d  

by t h e  FFTF p r o j e c t  from t h e i r  f low duc t  weld ing  program* b e i n g  conducted 

a t  PNL t o  a s s i s t  i n  t h e  d e s i g n  of  t h e  weld ing  f i x t u r e  and s p e c i f i c a t i o n  

of  weld ing  equipment.  

"Cladding and Duct Devrlopment Task 189a-121 CD. 
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The r e q u i r e d  we ld ing  f i x t u r e  w i l l  be designed a t  t h e  same time t h e  

o t h e r  a c c e s s o r y  t o o l i n g  i s  b e i n g  des igned  so t h a t  i t  w i l l  b e  compa t ib l e  

w i t h  t h e  p o s i t i o n i n g  machine and o t h e r  t o o l i n g .  Procurement arid f a b r i c a -  

t i o n  of t h e  f i x t u r e  a r e  inc luded  i n  t h e  s c h e d u l e  as p a r t  of t h a t  work f o r  

a l l  t h e  a c c e s s o r y  t o o l i n g ,  F a b r i c a t i o n  of  t h e  we ld ing  equipment and con- 

t r o l s  i s  shown as a s e p a r a t e  a c t i v i t - y  on the s c h e d u l e  because of i t s  

s i g n i f i c a n c e  and t h e  p r o b a b i l i t y  t h a t  t h i s  equipment w i l l  b e  procured 

s e p a r a t e l y  r a t h e r  t han  a s  a p a r t  of  t h e  o t h e r  a c c e s s o r y  t o o l i n g .  Speci-  

f i c a t i o n s  w i l l  be  w r i t t e n  f o r  t h e  we ld ing  equipment, i n c l u d i n g  t h e  com- 

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

p r o c e s s ;  and t h e s e  items w i l l  b e  p rocured  as a package from a commercial 

vendor  of  t h i s  type of equipment.  The welding f i x t u r e  and t h e  welding 

equipment and c o n t r o l s  w i l l  be  shop t e s t e d  b e f o r e  shipment t o  ORNL, and 

then  t h e  f i x t u r e  a n d  equipment w i l l  be  reassembled and f u n c t i o n a l l y  

t e s t e d  a t  ORNL t o  e n s u r e  c o m p a t i b i l i t y  w i t h  t h e  p o s i t i o n i n g  machine and 

s u i t a b i l i t y  f o r  remote o p e r a t i o n  and maimtenance. N o  welding w i l l  b e  

performed as  p a r t  of t h e  f u n c t i o n a l  t e s t i n g .  F i n a l  d e t e r m i n a t i o n  of t h e  

we ld ing  pa rame te r s  and t h e  t e s t  welding w i l l  be  done d u r i n g  t h e  perform- 

ance t e s t i n g  by r e p r e s e n t a t i v e s  of t h e  FFTF p r o j e c t .  

I n  t h e  t ime-cos t  s c h e d u l e  p r e s e n t e d  i n  t h e  o r i g i n a l  c o n c e p t u a l  s t u d y  

r e p o r t ,  t h e  funct ional .  and performance tes t s  were t o  be conducted i n  t h e  

same l a r g e  t e s t  f a c i l i t y  a t  ORNL. S i n c e  t h e  performance t e s t i n g  w i l l  no 

longe r  be  conducted a t  ORNL, t h e  a c t i v i t i e s  p e r t a i n i n g  t o  t h i s  l a r g e  t e s t  

f a c i l i t y  have been d e l e t e d  from t h e  s c h e d u l e  and a c t i v i t i e s  have been 

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

a t  ORNL . 

I 

S e v e r a l  o t h e r  changes were made i n  t h e  s c h e d u l e .  The c o s t s  f o r  

a c t i v i t i e s  r e l a t e d  t o  t h e  f a b r i c a t i o n ,  t e s t i n g ,  and shipment of  t h e  p o s i -  

t i o n i n g  machine were reduced because of t h e  r e d u c t i o n  i n  t h e  h e i g h t  of  

t h e  machine.  However, t h e  c o s t s  f o r  t h e s e  a c t i v i t i e s  shown on t h e  sched-  

u l e  r e f l e c t  a n e t  i n c r e a s e  because of c o s t  e s c a l a t i o n  e f f e c t s  produced by 

d e l a y i n g  t h e  s t a r t i n g  t ime f o r  t h e  p r o j e c t .  The t o t a l  s chedu led  t ime f o r  

a c t i v i t i e s  r e ] - a t ed  t o  t h e  des ign ,  f a b r i c a t i o n ,  and shipment of  t h e  machine 

t o  R ich land  w a s  reduced 4 months t o  meet a s p e c i f i e d  complet ion da te ,  b u t  

subsequent  d e l a y  i n  funding and t h e  r e s u l t a n t  u n c e r t a i n t y  of t h e  s t a r t i n g  
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date for the project void the specified completion date. Assuming a 

starting date of .July 1, 1971, the project is scheduled for completion 

on May 31, 1975.  Work on the design, development, fabrication and test- 

ing of the revised disassembly-reassembly equipment is scheduled to con- 

tinue for 47 months, and the significant milestones of this period are 

tabulated below. 

Event 
Months After 
Start Time 

Completion of machine design and development 

Completion of tooling design and development 

Completion of machine fabrication and shipment 

Completion ot tooling fabrication and shipment 

Completion of Lunctional testing and shipment 

Completion of performance testing, remote 

with FFTF approval 

with FFTF approval 

to ORNL 

to ORNL 

to Richlnnd 

installation, and pre-start-up test-ing by 
FFTF representatives 

18 

22 

30  

3 4  

36 

47  

Because of the shorter overall project period, the Labor figures 

for project administration and documentation shown on the schedule 

reflect a net decrease. The increased need for documentation for the 

welding equipment partially offsets the benefits of the shorter period. 

This shorter period results in a reduction in the required number of 

monthly activity and cost reports, updating of critical path schedules 

and cost study charts, and time for which project direction is needed. 

It should be noted at this point that no attempt has been made to sched- 

ule the reports that will be required at various times throughout the 

course of the project. The critical path schedule is based on the assump- 

tion that approval of documentation will not delay the scheduling of 

activities. For example, final design may proceed after FFTF project 

approval of preliminary design drawings and possibly before approval. of 

the formal preliminary report. In reviewing the revised schedule, the 

need for a schedule with as short a time period as is practicable appears 

more urgent than ever when the cost effects of delaying the project are 

considered. 
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6 . 2  Cost: E s t i m a t e  

The c o s t  e s t i m a t e  f o r  ORNL p a r t i c i p a t i o n  i n  the des ign ,  development, 

f a b r i c a t i - o n ,  and t e s t i n g  of  t h e  r e v i s e d  disassembly-reassembly equipment 

i s  g i v e n  on t h e  f o l l o w i n g  f ive  pages.  Th i s  e s t i m a t e  does n o t  i n c l u d e  

FFTF l i a i s o n  a c t i v i t i e s  o r  t h e  c o s t  of performance t e s t i n g ,  f i n a l  a c c e p t -  

ance t e s t i n g ,  remote i n s t a l l a t i o n ,  and p r e - s t a r t - u p  t e s t i n g  of  t h e  equip-  

ment. The c o s t  e s t i m a t e  was comple t e ly  r e c a l c u l a t e d  t o  i n c l u d e  t h e  

changes i n  t h e  program and equipment t h a t  were r e q u e s t e d  by FFTF p r o j e c t  

management and t o  upda te  t h e  c o s t s  on t h e  b a s i s  of t h e  assumed p r o j e c t  

s t a r t  d a t e  of J u l y  1 9 7 1 .  The c o s t  e s t i m a t e  f o r  each  a c t i v i t y  was f i r s t  

based on a s t a r t  d a t e  of  J u l y  1969 t o  p e r m i t  t h e  use  of  e x i s t i n g  c o s t  

d a t a ,  and t h e s e  c o s t s  were then i n c r e a s e d  14% t o  accoun t  f o r  t h e  d e l a y  

i n  t h e  p r o j e c t  s t a r t  d a t e .  A con t ingency  f a c t o r  of 20% was a p p l i e d  t o  

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

t h e  remote welding equipment i n c l u d e s  a con t ingency  f a c t o r  of  o n l y  10% 

because t h i s  c o s t  was d e r i v e d  from a v e n d o r ' s  p r o p o s a l  f o r  s imi l a r  equip-  

ment f o r  t h e  FFTF fl.ow-duct we ld ing  program a t  PNL. 

Assuming a p r o j e c t  s t a r t  d a t e  of J u l y  1971, t h e  t o t a l  e s t i m a t e d  

c o s t  f o r  ORNL p a r t i c i p a t i - o n  i n  t h e  desi.gn, development, f a b r i c a t i o n ,  and 

t e s t i n g  of  t h e  FFTF disassembly-reassembly equipment i s  $1,444,000. This  

t o t a l  i n c l u d e s  $109,000 f o r  c o s t  e s c a l a t i o n  o v e r  t h e  4 -yea r  p e r i o d  of  t he  

p r o j e c t .  The e s t i m a t e d  c o s t  of FFTF p a r t i c i p a t i o n  must be  added t o  t h e  

c o s t  f o r  ORNL p a r t i c i p a t i o n  t o  o b t a i n  t h e  t o t a l  c o s t  of  t h e  d i sa s sembly -  

reassembly equipment.  
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x- 10 

SUMMAilY 

10-20 
P r o j e c t  Review 

10-210 
P r o j e c t  Admin i s t r a t ion  & Documentatior 

20-24 
Pre l imina ry  Machine Design 

20-25 
Pre l imina ry  Con t ro l  Design - Machine 

25-27 
FFTF Approval P re l imina ry  Machine 

Design 

27-29 
F i n a l  Machine Design 

27-70 
F i n a l  Con t ro l  Design - Machine 

70-75 
FFTF Approval F i n a l  Machine Design 

20-75 
Machine Design L i a i s o n  

25-31 
S t a r t  P re l imina ry  Too l ing  Design 

31-33 
Complete P re l imina ry  Tool ing  Design 

25-33 
Pre l imina ry  Con t ro l  Design - Tool ing  

33-35 
FETF Approval P re l imina ry  Tooling 

Design 

en.  Eng. D i x  

4,100 

151,500 

28,600 

7,300 

38,200 

14,500 

- 

LO, 000 

15,100 

28,600 

3,600 

M a t e r i a l  Labor T O T A L  

4,100 

151,500 

28,600 

7,300 

38,200 

14,500 

10,000 

15,100 

28,600 

3,600 
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U C N  1 * 9 8 *  
13 I O  531 COST ESTIMATE (Continuation Sheet) 

SUMMARY 

35-150 
F i n a l  Tool ing Design 

35- 155 
F i n a l  Con t ro l  Design - Tool ing  

155-160 
FFTF Approval F i n a l  Too l ing  Design 

20- 160 
Tooling Design L i a i s o n  

20-21 
Design Development F a c i l i t i e s  

21-23 
Cons t ruc t  Development F a c i l i t i e s  

(CPFF) 

20-23 
S t a r t  Machine Development - Prototype 

Design, F a b r i c a t e ,  and T e s t  

23-70 
Complete Machine Development - Proto-  

type Design,  F a b r i c a t e  and T e s t  

2 0- 34 
S t a r t  Too l ing  Development - Pro to type  

Design, F a b r i c a t e  and T e s t  

34 - 35 
Complete Tool ing Development - 

Pro to type  Design, F a b r i c a t e  and 
Test 

21-35 
Development Area S e r v i c e s  and 

Maintenance - Machine, Too l ing  
and Con t ro l s  

75-77 
Machine Con t rac t  L i a i s o n  

75-80 
Award F a b r i c a t i o n  Con t rac t  - Machine 

and Con t ro l s  

;en. Eng. D i  

74,500 

5,000 

11,900 

4,000 

1,700 

19,100 

24,800 

33,400 

33,400 

6,100 

- 

M a t e r i a l  

2,900 

4,100 

8,200 

4,300 

4,300 

7,800 

Labor 

8,500 

16,600 

35,000 

39,700 

39,700 

~ 

E L  
~ 

2 of 5 

T O T A L  

74,500 

5,000 

11,900 

4,000 

13,100 

39,800 

68,000 

77,400 

77,400 

7,800 

6,100 
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COST ESTIMATE (Continuation Sheet) 
-~ - -  ..-................. . . . . _ _  -. . . . . . . . . . . ..... . 
SUMMARY 

80-90 
F a b r i c a t e  Machine 

80- 100 
F a b r i c a t e  Machine Con t ro l s  

90- 110 
Assemble and Shop T e s t  Machine 

110-170 
Dismantle  and S h i p  Machine and 

Con t ro l s  t o  ORNL 

80- 110 
Machine and Con t ro l s  F a b r i c a t i o n  

L i a i s o n  

80- 170 
Upgrade Machine Drawings 

160- 161  
Tool ing  Con t rac t  L i a i s o n  

160-163 
Award F a b r i c a t i o n  Con t rac t  - Tooli , lg 

and Con t ro l s  

163- 165 
F a b r i c a t e  Too l ing  

163-166 
F a b r i c a t e  Too l ing  Con t ro l s  

165-167 
Assemble and Shop T e s t  Too l ing  

163-164 
F a b r i c a t e  Welding Equipment and 

Con t ro l s  

164-167 
Shop T e s t  Welding Equipment and 

Con t ro l s  

167-174 
Ship  Tooling, Welding Equipment, and 

Con t ro l s  t o  ORNL 

7,800 

3,400 

9,600 

- 

- 

__e__ 

Material 

24,000 

8,600 

7 00 

4,400 

28,200 

3,400 

2 00 

156,000 

800 

1,700 

... . . . . . . .------ 

Labor 

60,500 

1 7  I 100 

11,300 

4,400 

124,800 

6,800 

4,300 

- 

6,200 

3,400 

84,500 

25,700 

12,000 

8,800 

7 ,800 

3,400 

9,600 

- 

153,000 

10,200 

4,500 

156,000 

7,000 

5,100 
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COST ESTIMATE (Continuation Sheet) 

163-167 
Tool ing ,  Welding Equipment, and 

Con t ro l s  F a b r i c a t i o n  L i a i s o n  

163-174 
Upgrade Too l ing  Drawings 

80-83 
Design T e s t  F a c i l i t y  

83-170 
F a b r i c a t e  and E r e c t  T e s t  F a c i l i t y  

(CPFF) 

83-84 
T e s t  Area S e r v i c e s  and Maintenance - 

F a c i l i t y  

170-173 
Machine and Too l ing  Modi f i ca t ions  

170-174 
S t a r t  Func t iona l  T e s t  and P re l imina ry  

Acceptance - Machine and Con t ro l s  

174-175 
Complete F u n c t i o n a l  T e s t  and Pre- 

l imina ry  Acceptance - Machine, 
Too l ing  and Con t ro l s  

175-180 
Dismantle and Sh ip  Machine, Too l ing  

and Con t ro l s  t o  FFTF 

170-175 
T e s t i n g  L i a i s o n  - Machine, Too l ing  

and Con t ro l s  

170-178 
Upgrade A l l  Drawings 

170-180 
Test Area S e r v i c e s  and Maintenance, 

Machine, Tool ing and Con t ro l s  

180-190 
Performance T e s t  and F i n a l  Acceptance 

of Machine, Tool ing and Control-s 
by FFTF 

n. Eng. Div 

15,600 

3,400 

2,400 

800 

29,700 

8 ,900  

4 ,100 

2,800 

Mater i a  1 

2,500 

2,000 

1,700 

900 

5,100 

6,000 

__ 1 
Labor 

-- 

8,000 

20,500 

15,000 

3,600 

7,900 

- 

- 

4 of 5 
...--____ 

T O T A L  

15,600 

3,400 

2,400 

11,300 

2,000 

22,200 

45,600 

12,500 

13,000 

4 ,100 

2,800 

6,000 
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COST ESTIMATE (Continuation Sheet) L I C N - I Z P B X  
13 10-631 

................. 
5" :  E T  I 5 o f 5  

....... ..... ... .... ......... __ ___r__ 

SUMMARY 

190-200 
Remote Installation i n  IGCEP by E'FTF 

200-210 
P r e - S t a r t u p  T e s t s  i n  IGCEF by FFTF 

180-210 
Performance Testing and Acceptance 

Liaison 

Sub to tal 

en. Eng. Div 

- 

20,000 

623,900 

............................ ......... 
Material 

277,800 

Escalator (4-year p e r i o d )  

TOTAL 

6 . 3  Cost Analyses 

433,300 

T O T A L  

20,000 

1,335,000 

109 000 

1,444,000 

Several cost analyses were prepared to permit evaluation of various 

aspects of the program for t h e  FFTF disassembly-reassembly equipment. 

These included an analysis of the effects of program and equipment changes 

on costs, an analysis of t h e  welding equipment costs to better define the 

source of these costs for this important addition to the accessory tool- 

ing, a cost analysis by fiscal year to assisi in the preparation of fiscal 

year budgets, arid a cost analysis by category to show how the costs are 

divided among common categories o t  work or activities. A bar chart was 

also prepared to show cost and scheduling data f o r  various categories of 

work by f i s c a l  yea r .  

6 .3 .1  E f f e c t s  of Program and Equipment Changes on Costs 

The effects of program and equipment changes on the cost of ORNL 

participation in the FFTF disassembly-reassembly equipment project are 

given in Table 6.1. Except as noted, the costs given in Table 6.1 are 
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based  on J u l y  1969 v a l u e s .  Note t h a t  c o s t s  f o r  performance t e s t i n g ,  

wel-ding development, and equipment i n s t a l l a t i o n  i n  t h e  h o t  c e l l  a r e  not  

i n c l u d e d  . 

Tab1.e G . l .  E f f e c t  of Program and Equipment Changes on 
Cost of  Disassembly-Reassembly Equipment 

cost 

- ($1 _- I t e m  

O r i g i n a l  c o s t  of  5 -yea r  program g i v e n  i.n R e f ,  1 1,4 74,000 
(no e s c a l a t i o n )  

equipment (no we ld ing  c a p a b i l i t y )  
N e t  c o s t s  d e l e t e d  by changes i n  program and - 529,000 

Cost of 4 -yea r  program f o r  one s h o r t e n e d  945,000 
machine w i t h  no welding c a p a b i l i t y  and p e r -  
formance t e s t i n g  by FFTF 

Cost f o r  a d d i t i o n  of  g i r t h  welding c a p a b i l i t y  t 226,000 

Cost of  4 -yea r  program 1,171,000 

14% c o s t  i n c r e a s e  f o r  d e l a y  of p r o j e c t  s t a r t  .+ 164,000 
d a t e  t o  J u l y  1971 

(no e s c a l a t i - o n )  
Cost of  4 -yea r  program s t a r t i n g  J u l y  1971 1,335,000 

8% c o s t  e s c a l a t i o n  ove r  4 -yea r  p e r i o d  .t 109,000 

T o t a l  c o s t  of ORNL p a r t i c i p a t i o n  i n  4 -yea r  $1,444,000 
p r  og ram --- 

6 .3 .2  A n a l y s i s  of Welding Equipment Cos t s  

The remote welding equipment, which i s  a p a r t  of t h e  d i sa s sembly -  

reassembly equipment a c c e s s o r y  t o o l i n g ,  c o n s i s t s  of a welding f i x t u r e ,  

welding components, a power s u p p l y  and a u x i l i a r i e s ,  sequence c o n t r o l s ,  

s e r v o  and s l o p e  c o n t r o l s ,  and a s m a l l  d i g i t a l .  computer system. The 

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

c o s t  of t h e  disassembly-reassembly equipment, and i t  is  a p p r o p r i a t e  t h a t  

t h e  composi t ion of t h i s  c o s t  be ana lyzed  b r i e f l y ,  

The s p e c i f i c  a c t i v i t i e s  i n  t h e  c r i t i c a l  p a t h  t ime-cos t  s c h e d u l e  

t h a t  w e r e  added o r  mod i f i ed  because  of t h e  add i - t i on  of t h e  we ld ing  equ ip -  

ment a r e  g iven  i n  Table  6 . 2 .  The I-J numbers i n  Table  6 .2  co r re spond  



Table  6 .2  Breakdown of  Es t imated  Cos ts  f o r  Remote Welding Equipment 

A c t i v i t y  J u l y  1969 J u l y  1971 F i s c a l ,  Year Average E s c a l a t e d  
a Number c o s t  c o s t a  A c t i v i t y  E s c a l a t o r  c o s t a  

I J  A c t i v F t y  T i t l e  ($1 (S 1 Scheduled (72) (S) 

10 210 

25 31 

31 33 

35 150 

20 160 

160 161 

163 165 

165 167 

163 164 

164 167 

163 167 

167 174 

174 175 

170 173 

175 180 

P r o j e c t  A d m i n i s t r a t i o n  and Documentation 

S t a r t  P r e l i m i n a r y  Tool ing Design 

Complete P r e l i m i n a r y  Tool ing Design 

F i n a l  Tool ing  Design 

Tool ing  Design L i a i s o n  

Tool ing  C o n t r a c t  L i a i s o n  

F a b r i c a t e  Tool ingb 

Assemble and Shop Test Tool ing  

F a b r i c a t e  Welding Equipment and C o n t r o l s  

Shop T e s t  Welding Equipment and C o n t r o l s  

T o o l i n g ,  Welding Equipment, and C o n t r o l s  

Ship  Tool ing ,  Welding Equipment, and Con- 

Complete F u n c t i o n a l  T e s t  and P r e l i m i n a r y  

F a b r i c a t i o n  L i a i s o n  

t r o l s  t o  ORNL 

8 ) 000 

2 ) 950 

2 , 9 5 0  

13 ) 300 

5 ,300  

3,100 

28,600 

800 

137 , 000 

6,100 

6 ) 900 

2,300 

3 ,100  
Acceptance - Machine, Tool ing ,  and C o n t r o l s  

Machine and T o o l i n g  M o d i f i c a t i o n s  3 ,300  

Dismantle  and S h i p  Machine, Tool ing ,  and 2,300 
C o n t r o l s  t o  FFTF 

Sub t o t a l s  22,6,000 

9,100 

3 ,400  

3,400 

15,200 

6,000 

3 ,500  

32,600 

900 

156,200 

7,000 

7,900 

2 ) 600 

3,500 

3 ,  SO0 

2,600 

1972,  73, 74 

1972 

1972, 1973 

1973 

1972, 1973 

1973 

1974 

1974 

1974 

1974 

1974 

1974 

1974 

1974 

1974 

7 

0 

3 . 5  

7 

3.5 

7 

14 

14  

14  

14 

14 

14 

14 

1 4  

14 

9,700 

3 , 4 0 0  

3,500 

16,300 

6 ,200  

3 ,700  

37)  200 

1 ) 000 

8,000 01 

178,  LOO 

4 
9,000 

3,000 

4,000 

4 )  300 

3,000 

257,700 E s c a l a t e d  Cost  of Welding 290,400 

32,700 T o t a l  E s c a l a t o r  (3-year 
Equ i pment 

p e r i o d )  

aCosts  shown are o n l y  t h o s e  a t t r i b u t e d  t o  weld ing  equipment. 

b Inc ludes  weld ing  f i x t u r e  and f i x t u r e  a d a p t e r s  f o r  p o s i t i o n i n g  machine and worktab le .  
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witlh t h e  a c t i v i t y  i d e n t i  S i - ca t ion  numbers shown on t h e  new c r i t i c a l  p a t h  

s c h e d u l e  i l l u s t r a t e d  on drawing M-11325-EM-085-F i n  Appendix C .  The 

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

t o  t h e  a d d i t i - o n  of  welding equipment i s  g iven  i n  t h e  f i r s t  c o s t  column 

i n  which t h e  c o s t s  a r e  based on J u l y  1969 v a l u e s  t o  p e r m i t  u se  of  a v a i l -  

a b l e  c o s t  d a t a .  The v a l u e s  g i v e n  i n  t h e  second c o s t  column a r e  based on 

t h e  assumed p r o j e c t  s t a r t  d a t e  of J u l y  1971 and have been i n c r e a s e d  14% 
t o  o b t a i n  t h i s  updated c o s t  b a s i s .  The f i s c a l  y e a r s  i n  which t h e  spe -  

c i f i c  a c t i v i t i e s  are  schedu led  t o  occur  and t h e  ave rage  p e r c e n t a g e  of  

c o s t  e s c a l a t i o n  t h a t  may be  a p p l i e d  t o  each  a c t i v i t y  based on t h e  sched-  

uLing of t h a t  a c t i v i t y  a r e  g iven .  Thi.s i s  an approximate method of c a l -  

c u l a t i n g  c o s t s  b u t  an a c c e p t a b l e  one i n  t h i s  c a s e  because few a c t i v i t i e s  

occur  i n  more than  one f i s c a l  y e a r .  The e s c a l a t i o n  f a c t o r  used was 7% 

p e r  y e a r .  Based on a p r o j e c t  s t a r t  d a t e  o f  J u l y  1971, t h e  t o t a l  c o s t ,  

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

l a s t  column o€  Table 6 . 2 .  

The t o t a l  e s t i m a t e d  c o s t  of t h e  welding equipment and cont : rols  i s  

$290,400. Th i s  c o s t  i n c l u d e s  an e s c a l a t i o n  v a l u e  of $32,700 t h a t  i s  

12 .7% of t h e  tot :a l  updated c o s t .  Th i s  e s c a l a t i o n  p e r c e n t a g e  i s  h i g h e r  

t han  t h e  ave rage  e s c a l a t i o n  of 8 .2% f o r  t h e  e n t i r e  p r o j e c t  because  most 

o f  t h e  a c t i v i t i e s  r e l a t e d  t o  t h e  we ld ing  equipment occur  i n  t h e  t h i r d  

y e a r  of t h e  program. 

6.3 .3  Cost Ana lys i s  by F i sca l  Year 

Non-cr i t ical .  a c t i v i t i e s  i n  t h e  c r i t i c a l  p a t h  t i m e - c o s t  s c h e d u l e  

r e q u i r e  l e s s  t i m e  t o  complete  than one or more p a r a l l e l  a c t i v i t i e s  and 

they a r e  s a i d  L O  have " f l o a t "  t i m e .  They can be al lowed t o  s l i p  t h e  

e x t e n t  of t h e  f l o a t  time w i t h o u t  d e l a y i n g  complet ion of t h e  p r o j e c t .  I f  

t h e  f i s c a l  y e a r s  change d u r i n g  t h e  l i f e  of a n  a c t i v i t y  t h a t  has  f l o a t  

time, t h e  d i v i s i o n  of  c o s t s  between t h e  f i s c a l  y e a r s  i s  c o n t r o l l e d  by 

whether  and when s l i p p a g e  o c c u r s  e 

The r e v i  s ed  d i s  a s  s emb 1 y - r e a s  s emb 1 y eq u i  pmen t cos t ana l y  s is  by 

f i s c a l  y e a r  i s  g i v e n  i n  Tab le  6 .3 .  I n  compi l ing  t h e s e  v a l u e s ,  t h c  c o s t s  
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Table 6.3.  Cost Analysis by Fiscal Year Lor Revised FFTF Disassembly-Reassembly Equipment 

Updated Percentage of Prorated Cost Escalated Cost  
C o s t  of Activity Sched- oi Activity for 

F i s c a l  Activity Numberd Activity uled for this for Fiscal Year Fiscal Year 
Year I J ($) Fiscal YearC ($) (9 
19 72 10 20 

10 210 
20 24 
20 25 
25 2 7  
27 29 
27 70 
20 75 
25 31 
31 33 
25 33 
20 160 
20 21 
21 23 
20 23 
23 i o  
20 34 
34 35 

19 72 21 35 
Totals 

1973 10 210 
27 29 
27 70 
70 75 
20 75 
31 33 
33 35 
35 150 
35 1.55 

155 160 
20 160 
34 35 
21 35 
75 77 
75 80 
80 90 
80 100 
80 110 
80 170 

160 161 
160 163 
80 83 
83 170 

19 73 83 84 
Tota l s  

4,100 
15 1,500 

28,600 
7,300 
0 

38,200 
14,500 

15 , 100 
28,600 

3,600 
11,900 

13,100 
39,800 
68,000 
77,400 
77,400 

7,800 

10,000 

4,000 

15 1,500 
38,200 
14,500 

0 
10,000 
28,600 

0 
74,500 
5,000 

0 
11,900 
77,400 

7,800 
6,100 

0 
84,500 
25,700 

7,800 
3,400 
9,600 

0 
2,400 

11,300 
2,000 

100 

LOO 
100 
100 
33 
40 
6 7  

100 
50 

100 
55 

100 
100 
100 
100 
100 
57 
77 

33d 

33d 
67 
60 

100 
33 
50 

100 
LOO 
100 
100 
45 
43 
23 

100 
100 
50 
67 
44 
50 

100 
100 
100 
100 
100 

4,100 
50,000 
28,600 

7,300 
0 

12,600 
5,800 
6,700 
15,100 
14,300 
3,600 
6,500 
4,000 

13,100 
39,800 
68,000 
77,400 
44,100 

6,000 
407,000 

50,000 
25,600 

8,700 
0 

3,300 
14,300 

0 
74,500 

0 
5,400 

33,300 

6,100 
0 

42,200 
17,200 
3,400 
1,700 
9,600 

0 
2,400 

11,300 
2,000 

317,800 

5,000 

1,800 

407,000 

53,500 
27,400 
9,300 

0 
3,500 

15,300 
0 

79,700 
5,400 

0 
5,800 

35,600 
1,900 
6,500 

0 

18,400 
3,600 

10,300 
0 

2,600 
12,100 

2,100 
340,000 

45,200 

I ,  a00 



Table 6.3 ( con t inued)  

F i s c a l  
Year 

A c t i v i t y  Numh~e/- 
I J 

Updated 
c o s t  of 

A c t i v i t y b  
($1 

Pe rcen tage  of P r o r a t e d  Cost 

u l ed  f o r  t h i s  f o r  F i s c a l  Year 
A c t i v i t y  Sched- of A c t i v i t y  

F i s c a l  YearC ($> 

E s c a l a t e d  Cost 
f o r  

F i s c a l  Year 
($) 

19 74 

19 74 
T o t a l s  

19 75 

19 75 
T o t a l s  

10 210 
80 90 
80 100 
90 110 

110 170 
80 110 
80 170 

163 165 
163 166 
165 167 
163 164 
164 167 
167 174 
163 167 
163 174 
170 173 
170 174 
174 175 
175 180 
170 175 
170 178 
170 180 

151,500 
84,500 
25,700 

8,800 
7,800 
3,400 

153,000 
10,200 
4,500 

156,000 
7,000 
5,100 

22,200 

12,000 

15,600 
3,400 

45,600 
12,500 
13 , 000 
4,100 
2,800 
6,000 

33d 
50 
33 

100 
100 
56 
50 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

LO 210 15 1,500 
180 190 0 
190 200 0 
200 210 0 
180 210 20,000 

ld 
100 
100 
100 
100 

50,000 
42,300 

8,500 

8,800 
4,400 
1,700 

153,000 

4,500 
156,000 

12,000 

10,200 

7,000 
5,100 

22,200 

15,600 
3,400 

45,600 
12,500 
13,000 
4,100 
2,800 
6,000 

588,700 

1,500 
0 
0 
0 

21,500 
20, 000 

57,000 
48,200 

10,000 
5,000 
1,900 

5,100 

9,700 
13,700 

174,400 
11,600 

177,800 
8,000 
5,800 

17,800 
3,900 

25,300 
52,000 
14,300 
14,800 
4,700 

6,800 
671,000 

1,800 
0 
0 
0 

24,200 
26,000 

3,200 

T o t a l  Cost f o r  ORNL p a r t i c i p a t i o n  1,335,000 1,444,000 

T o t a l  Cost E s c a l a t i o n  109,000 
.I...-....__II 

aFrorn c r i t i c a l  p a t h  t ime-cos t  s chedu le  shown on drawing M-11325-EM-085-F. 

bFrom c o s t  e s t i m a t e  g iven  i n  S e c t i o n  6.2.  

‘Percentage of a c t i v i t y  performed i n  e a c h  f i s c a l  yea r  based on e a r l y  s t a r t  t ime.  

dBased on work-load a n a l y s i s  of P r o j e c t  Admin i s t r a t ion  and Documentation A c t i v i t y .  

were p r o r a t e d  on t h e  b a s i s  t h a t  no s l i p p a g e  o c c u r r e d .  It was assumed 

t h a t  eve ry  a c t i v i t y  was completed d i r e c t l y  i n  t h e  t i m e  e s t i m a t e d  and 

t h a t  any f l o a t  t i m e  i nvo lved  t r a n s p i r e d  a f t e r  complet ion of t h e  a c t i v i t y .  

Some assumption of th is  n a t u r e  must be made t o  complete  such  a c o s t  a n a l -  

y s i s ,  and t h i s  assumption seemed t o  be t h e  s i m p l e s t .  However, i n  a c t u a l  

p rac t : i ce ,  t h e  normal s l i p p a g e  would tend t o  r educe  e x p e n d i t u r e s  i n  t h e  

ea r l i e r  f i s c a l  y e a r s  and i n c r e a s e  e x p e n d i t u r e s  i n  t h e  l a t e r  f i s c a l  y e a r s .  

Because of t h e  con t inuous  r i s e  i n  c o s t s ,  an e s c a l a t i o n  f a c t o r  of 7% 

p e r  y e a r  was a p p l i e d .  Th i s  r e s u l t e d  i n  no e s c a l a t i o n  f o r  f i s c a l  y e a r  
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1472, 7% e s c a l a t i o n  f o r  f i s c a l  y e a r  1973, 14% e s c a l a t i o n  f o r  f i s c a l  y e a r  

1974, and 21% e s c a l a t i o n  f o r  f i s c a l  y e a r  1975. When t h e  c o s t  of  a n  

a c t i v i t y  was d i v i d e d  among f i s c a l  y e a r s ,  t h e  e s c a l a t i o n  f a c t o r  f o r  each  

y e a r  was a p p l i e d  t o  t h a t  p o r t i o n  of t h e  c o s t  a s s i g n e d  t o  each  y e a r .  

Because of  t h e  d i s t r i b u t i o n  p a t t e r n  of work d u r i n g  t h e  f i s c a l  y e a r s ,  t h e  

a v e r a g e  e s c a l a t i o n  f a c t o r  i s  8 . 2 % .  

6 . 3 . 4  Cost  A n a l y s i s  by Category 

An a n a l y s i s  of e s c a l a t e d  c o s t s  by c a t e g o r y  of work i s  g iven  i n  

Tab le  6 . 4 .  This  a n a l y s i s  w a s  developed by s e g r e g a t i n g  c o s t s  of s i m i l a r  

ac t iv i t i e s  i n t o  common c a t e g o r i e s  where t h e  r e l a t i v e  magnitude of t h e s e  

c a t e g o r i e s  becomes r e a d i l y  a p p a r e n t .  T h i s  i n f o r m a t i o n  shou ld  be  of v a l u e  

t o  t h o s e  concerned w i t h  i n d u s t r i a l  o r  r e s e a r c h  management. Again, t h e  

a c t i v i t y  I-J numbers g i v e n  i n  Table  6.4 cor re spond  w i t h  t h e  numbered 

a c t i v i t i e s  shown i n  t h e  c r i t i c a l  p a t h  t ime-cos t  s c h e d u l e  on drawing 

M-11325-EM-085-F of Appendix C .  The e s c a l a t e d  c o s t s  f o r  each a c t i v i t y  

w e r e  o b t a i n e d  from t h e  c o s t  a n a l y s i s  by f i s c a l  y e a r  g i v e n  i n  Tab le  6 . 3 .  

Note t h a t  t h e  c o s t  a n a l y s i s  g i v e n  i n  Tab le  6.4 i n c l u d e s  o n l y  t h e  c o s t s  

f o r  ORNL p a r t i c i p a t i o n  i n  t h e  p r o j e c t  and does n o t  i n c l u d e  c o s t s  f o r  p e r -  

formance t e s t i n g  o r  remote i n s t a l l a t i o n  of t h e  disassembly-reassembly 

equipment.  
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Tab le  6 . 4 .  E s c a l a t e d  Cost A n a l y s i s  by Category f o r  Revised FFTF 
Disas  senib ly-Reass embly Equipment 

.I__ 

Inc luded  E s c a l a t e d  E s c a l a t e d  
A c  t i v i  t i e s  A c t i v i t y  Ca t egory 

by I-J F i s c a l  c o s t  c o s t  
C o s t  Category Numb e r _____ Year ($1 ($1 
P r o j e c t  A d m i n i s t r a t i o n  and 10-210 

Documentation 10-210 
10-210 
10-210 

L i a i s o n  f o r  Design, Pro-  10-20 
curement, F a b r i c a t i o n ,  and 20-75 
Tes t ing ,  i n c l u d i n g  t r a v e l  20- 75 

20- 160 
20-160 
75 -7  7 
80- 1 LO 
80- 110 

163-167 
170- 175 
180-210 

160- 16 1 

Machine and C o n t r o l s  
Des igii 

Too l ing  and C o n t r o l s  
D e  s i. g t i  

20-24 
20-25 
27-29 
27-29 
27-70 
27-70 
80- 170 
80- 170 

170- 1 7 8  

25-3 1 
25-33 

3 1-33 
35-150 
35- 1-55 

163 -1 74 

3 1-33 

Deve lopmen t a 1 Fac i 1 i t i es 20-21 
21-23 

Development, Machine and 20-23 
Con t r 01s 23-70 

1972 
19 73 
19 74 
19 75 

1972 
19 72 
19 13 
1972 
19 73 
19 73 
19 73 
19 74 
19 73 
19 74 
19 74 
19 75 

19 72 
19 72 
19 72 
19 73 
1972 
19 73 
19 73  
19 74 
19 74 

19 72 
19 72 
19 72 
19 73 
19 73 
19 73 
19 74 

19 72 
19 72 

19 72 
1972 

50,000 
53,500 
57,000 

1,800 
162,300 

4,100 
6,700 
3,500 
6,500 
5,800 
6,500 
3,600 

10,300 
17,800 
4,700 

24,200 

5,000 

98,700 

28,600 
7,300 

12,600 
27,400 

5,800 
9,300 
1,800 
1,900 
3,200 

97,900 

15,100 
3,600 

14,300 
15,300 
79,700 
5,400 
3,900 

13 7,300 

4,000 
13,100 

17,100 

39,800 
68,000 

107,800 
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T a b l e  6.4  ( con t inued)  
___ 

Cost  Category 

__ 

Inc luded  E s c a l a t e d  E s c a l a t e d  
A c t i v i t i e s  A c t i v i t y  Category 

by I-J F i s c a l  cost c o s t  
Number Year ($) ($) 

Development, Too l ing  and 
C o n t r o l s  

F a b r i c a t i o n ,  Machine and 
Con t r o  1 s 

F a b r i c a t i o n ,  Too l ing  and 
Con t r o  Is 

F a b r i c a t i o n ,  Welding 
Equipment and C o n t r o l s  

T e s t i n g  F a c i l i t y  

F u n c t i o n a l  T e s t i n g  and 
M o d i f i c a t i o n s  

S e r v i c e s  and Maintenance 
i n  Development and Test 
Areas 

Di sman t l e  and S h i p  
Machine, Too l i n g ,  and 
C o n t r o l s  t o  FFTF S i t e  

20-34 
34-35 
34-35 

80-90 
80-90 
80- 100 
80- 100 
90-110 

110-170 

163 - 165 
163-166 
165- 167 
16 7 -  174 

163-164 
164- 167 
167-174 

80-83 
83-170 

170-174 

170-173 
174-175 

21-35 
21-35 
83 -84 

170- 180 

175-180 

1972 
19 72  
19 73 

19 73 
19 74 
19 73 
19 7 4  
19 7 4  
1974 

19 74 
19 74 
19 74 
19 74 

19 7 4  
19 74 
19 74 

19 73 
1973 

19 74 
19 74 
19 7 4  

19 72 
19 73 
19 73 
19 74 

19 74 

7 7,400 

35,600 
44,100 

45,200 
48,200 
18,400 
9,700 

13,700 
10,000 

174,400 
11,600 
5,100 
2,800 

177,800 
8,000 
3,000 

2,600 
12,100 

52,000 
14,300 
25,300 

6, 000 
1,900 

6,800 

14,800 

2,100 

157,100 

145,200 

193,900 

188,800 

14, 700 

9 1,600 

16,800 

14,800 

1,444,000 T o t a l  E s c a l a t e d  Cost of A l l  C a t e g o r i e s  



74 

6.3.5 Bar Char t  

The combined d u r a t i o n s  of v a r i o u s  a c t i v i t i e s  t h a t  were grouped 

t o g e t h e r  i n  each o f  t h e  14 c a t e g o r i e s  g iven  i n  Table  6 .4  a r e  d e p i c t e d  

g r a p h i c a l l y  i n  F ig .  6 . 1  t o  i l l u s t r a t e  t h e  g e n e r a l  p a t t e r n  of ORNL p a r t i c -  

i p a t i o n  i n  t h e  p r o j e c t .  The c o s t s  f o r  each  f i s c a l  yea r ,  t h e  cos t  of  each 

ca tegory ,  and t h e  pe rcen tage  of  t h e  t o t a l  c o s t  of ORNL p a r t i c i p a t i o n  t h a t  

each  catregory c o s t  r e p r e s e n t s  a r e  inc luded  i n  t:his b a r  c h a r t .  However, 

t h e  b a r s  i n  t h e  c h a r t  i n d i c a t e  o n l y  t h e  d u r a t i o n  of each a c t i v i t y  and 

g i v e  no i n d i c a t i o n  of  c o s t .  A h i g h - c o s t  c a t e g o r y  w i l l  appear  no d i f f e r -  

e n t  t h a n  a lower -cos t  c a t e g o r y  w i t h  t h e  same d u r a t i o n ,  a s  may be  s e e n  

from tihe c a t e g o r y  c o s t  f i g u r e s  a t  t h e  end of t h e  c h a r t .  

P r o j e c t  a d m i n i s t r s t i o n ,  documentat ion,  and L ia i son  a c t i v i t i e s  con- 

t i n u e  throughout  t h e  d u r a t i o n  of  t h e  e n t i r e  p r o j e c t .  Design and deve l -  

opment a c t i v i t i e s  p r e v a i l  d u r i n g  f i s c a l  y e a r  1.972 and e a r l y  f i s c a l  y e a r  

1973. Fahr i - ca t ion  s t a r t s  i n  l a t e  f i s c a l  y e a r  1973 and c o n t i n u e s  i n t o  

f i s c a l  y e a r  1974.  F u n c t i o n a l  t e s t i n g  i s  completed by t h e  end of f i s c a l  

yea r  1974.  The a c t i v i t i e s  t o  b e  performed by ORNL d u r i n g  f i s c a l  y e a r  

1975 c o n s i s t  p r i m a r i l y  of e n g i n e e r i n g  I - i a i son  du r ing  t h e  performance 

t e s t i n g  and i n s t a l l a t i o n  phases  of  t h e  work a t  Richland ,  Washington. 
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Appendix A 

DESIGN C R I T E R I A  FOR 
SHORTENED CORE COMPONENTS AND TEST ASSEMBLIES 

The f o l l o w i n g  l i m i t a t i o n s  must be  p l aced  on t h e  d e s i g n  f o r  t h e  c o r e  

components and test a s s e m b l i e s  t o  a s s u r e  t h a t  they can  be  c u t ,  examined, 

and d i sman t l ed  w i t h  t h e  FFTF disassemb1.y-reassembly equipment as  con- 

c e i v e d  i n  t h i s  ex tended  c o n c e p t u a l  s t u d y .  These l i m i t a t  ions a r e  d i s -  

cussed  i n  S e c t i o n  5.2,  and those  a p p l i c a b l e  t o  a s p e c i f i c  assembly must 

b e  complied w i t h  c o n c u r r e n t l y .  It shou ld  b e  noted  t h a t  t h e  c r i t e r i a  

g i v e n  h e r e  w i l l  change i f  the o p e r a t i n g  window is lowered a s  recommended 

i n  S u b s e c t i o n  5 . 5 . 2 .  

1. Maximum l e n g t h  of an assembly f o r  l o a d i n g  15 f t  
a t  the  o p e r a t i n g  window 

2 .  Maximum l e n g t h  of an assembly f o r  a c c e s s  t o  12 f t *  
i t s  e x t e r i o r ,  exc lud ing  t h a t  p o r t i o n  of t h e  
assembly w i t h i n  t h e  lower a d a p t o r  ( g r i p ) ,  a t  
t h e  o p e r a t i n g  window 

3 .  Maximum p e r m i s s i b l e  e f f e c t i v e  l e n g t h  t o r  
assembl. i.es w i t h  
a .  bo t tom-suppor ted  i n t e r n a l s  and long nose 15 f t  

b . b o t  tom-suppor t e d  i n t  e r n a l s  and s hor- t 14 f t  
p i e c e  

nose  p i e c e  o r  no nose  p i e c e  
c .  t op - suppor t ed  i n t e r n a l s  12  f t  

4 .  Maximum p e r m i s s i b l e  spec:i..fic d u c t  l e n g t h  
f o r  a s s e m b l i e s  w i t h  
a .  b o t  tom-s uppor t ed i n  t e r n a  Is 10 f t  6 i n . "  
b .  t op - suppor t ed  i . t i terna1s and long nose  14 ft: 

c.  t op - suppor t ed  i.nterna1.s and s h o r t  nose  13 f t  
p i e c e  

p i e c e  or  no nose p i e c e  

5. Minimum l e n g t h  increment  from t h e  bot tom of 
an  assenibly w i t h  bot tom-suppor ted  i n t e r n a l s  
t o  t h e  bot tom of t h e  a c t i v e  f u e l  s e c t i o n  fo-r 
a. d r i v e r  f u e l  assemblies  1 f t  11 i n .  
1). open t e s t  a s s e m b l i e s  I f t  1.1 i n .  
c .  c l o s e d - l o o p  t e s t  a s s e m b l i e s  11 i n .  

%ength  i n c l u d e s  p o r t a b l e  c o o l i n g  man i fo ld  on a s sembl i e s  w i t h  
bot tom-suppor  t.ed i n  t e r n a l s  t h a t  r e q u i r e  c o o l i n g  . 



6 .  M i n i m u m  l e n g t h  increment  from the top  of 
a n  assembly w i t h  top-suppor ted  i n t e r n a l 5  
t o  t h e  top  of  t h e  a c t i v e  f u e l  s e c t i o n  f o r  
a .  d r ive r  f u e l  a s sembl i e s  6 f t  3 i n .  
b .  open t e s t  a s sembl i e s  6 f t 3 i n "  
c .  c lo sed - loop  t e s t  asselliblies 6 f t  3 i n .  

I f  t h e  c r i t e r i a  i n  i tems  5 o r  6 cannot  be  m e t ,  an a d a p t o r  may be 

used t o  ex tend  t h e  l e n g t h  of  ( h e  assembly.  Th i s  a d a p t o r  must b e  inc luded  

as parL of  t h e  overall l e n g t h  of  t h e  assembly when c o n s i d e r i n g  t h e  c r i t e -  

r i a  i n  items 1, 2, 3,  and 4 .  
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Appendix B 

ALTERNATE WELDING METHODS 

Two a l t e r n a t e  methods are sugges t ed  f o r  j o i n i n g  t h e  f low d u c t s  of  

reassembled  tes t  a s s e m b l i e s  by we ld ing .  They are  f u s i o n  s p o t  weld ing  

and i n t e r m i t t e n t  f i l l e t  weld ing .  T h e i r  u se  w i l l  depend upon t h e  a c c e p t -  

ance  of a s l i p  j o i n t  i n  f low d u c t s  of  reassembled  t e s t  a s s e m b l i e s  and 

t h e  per lormanee  r equ i r emen t s  f o r  t h e  f i n i s h e d  weld.  The  pr imary  advan-  

t a g e s  i n  t h e  use  of  t h e s e  a l t e r n a t e  methods are t h e  e l i m i n a t i o n  of t h e  

need f o r  a computer a s  p a r t  of  t h e  weld ing  equipment and a p o t e n t i a l  

r e d u c t i o n  i n  t h e  number of r e q u i r e d  i n - c e l l  weld ing  components. Both 

advan tages  r e s u l t  i n  c a p i t a l  c o s t  r e d u c t i o n s .  These a l t e r n a t e  weldiirr 

methods are d i s c u s s e d  i n  t h e  f o l l o w i n g  pa rag raphs  f o r  f u t u r e  c o n s i d e r -  

a t i o n  when t h e  we ld ing  r equ i r emen t s  have been b e t t e r  d e f i n e d .  

Fus ion  s p o t  we ld ing  i s  used  a t  t h e  F u e l  Cycle  F a c i l i t y  t o  j o i n  t h e  

hexagonal  s h e a t h  and n o s e  p i e c e  of  d r i v e r  subassembl i e s  f o r  t h e  Exper i -  

men ta l  Breeder  Reac to r  I1 ( E B R - 1 1 ) .  The o p e r a t i o n  has  been h i g h l y  suc -  

c e s s f u l ,  and i t  i s  t h e r e f o r e  log ica l .  t o  c o n s i d e r  t h i s  method f o r  j o i n i n g  

t h e  f low d u c t s  o f  FFTF t e s t  a s s e m b l i e s .  The f u s i o n  s p o t  weld ing  method 

i s  used t o  j o i n  two o v e r l a p p i n g  p i e c e s  of  me ta l  where on ly  one s i d e  o f  

t h e  jo in t .  i s  a c c e s s i b l e .  A TIG weld ing  t o r c h  i s  h e l d  s t a t i o n a r y  and t h e  

a r c  is  o p e r a t e d  f o r  a s u f f i c i e n t  t i m e  t o  m e l t  through the  o u t e r  p i e c c  

and p a r t i a l l y  o r  comple t e ly  through t h e  i n n e r  piece of m e t a l .  The mat ing  

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

t r a n s f e r  of h e a t  t o  t h e  i n n e r  p i e c e ,  and t h e  we ld ing  t i m e ,  a r c  v o l t a g e ,  

and we ld ing  c u r r e n t  must be a d e q u a t e l y  c o n t r o l l e d .  

The f u s i o n  s p o t  we ld ing  method i s  b e s t  adap ted  f o r  we ld ing  s h e e t -  

metal p a r t s  w i t h  t h i c k n e s s e s  from about  0.030 t o  0.090 i n . ,  b u t  somewhat 

t h i n n e r  o r  t h i c k e r  p a r t s  may be welded s u c c e s s f u l l y  i f  t h e  o p e r a t i o n  i s  

eng inee red  and c o n t r o l l e d  a d e q u a t e l y .  O p e r a t i o n  w i t h  d i r e c t  c u r r e n t  

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

n e s s e s  o v e r  0.060 in .  The o r i e n t a t i o n  of t h e  j o i n t  must a l s o  be  cons id -  

e r e d  when s p o t  weld ing  t h i c k e r  p i e c e s  because  t h e  longe r  weld ing  t i m e  

r e q u i r e d  t o  o b t a i n  s u f f i c i e n t  p e n e t r a t i o n  w i l l  a l s o  i n c r e a s e  t h e  s i z e  of 
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t h e  mol ten  poo l .  When t h e  o u t e r  s u r f a c e  of  t h e  j o i n t  i s  o r i e n t e d  

v e r t i c a l l y  f o r  welding,  a s  w i l l  be  t h e  c a s e  f o r  reassembled  t e s t  assem- 

b l i e s ,  t h e  molten mater ia l .  w i l l  t end  t o  s a g  as t h e  weld ing  time i s  

i n c r e a s e d .  This  s u g g e s t s  Khat t h e  0 .140- in .  t h i c k n e s s  o f  t h e  f low duc t  

shou ld  be  reduced a t  t h e  weld joint :  i f  t h i s  weldi.ng method i s  used.  

The f u s i o n  spot-we1.d i s  c o n i c a l  i n  shape, and t h e  s i z e  of t h e  w e l d  

a t  t h e  mat ing  s u r f a c e  i s  a p p r e c i a b l y  less than  t h e  a p p a r e n t  s i z e  of  t h e  

weld a t  t h e  o u t e r  s u r f a c e .  A number of  adjacent :  spot:-welds can b e  made 

on each  f a c e  of t h e  hexagonal  f low d u c t  t o  i n c r e a s e  t h e  s t r e n g t h  of t h e  

joint : .  Q u a l i t y  f u s i o n  spot -welds  can a l s o  b e  made a t  t h e  edge of a l a p  

j o i n t .  Th i s  t echn ique  r educes  t h e  h e a t  i n p u t  r equ i r emen t s  arid has  t h e  

p o t e n t i a l  f o r  r educ ing  s a g  of t h e  mol ten  m e t a l .  

Use of t h e  s p o t  weld ing  method at:  he edge of a l a p  j o i n t  s u g g e s t s  

t h e  use  of  f i l l e t  f u s i o n  welds  on each  f a c e  of t h e  hexagonal  f low duct ,  

a s  i l l u s t r a t e d  i n  F i g .  B . l .  The end of  t h e  upper  duc t  p iece  coi.11.d be 

s p e c i a l l y  shaped t o  form a s l i p  j o i n t ,  and a p r o j e c t i o n  w i t h i n  t h e  pocket  

could  be  m e l t e d  t o  form t h e  f i l l e t  weld.  Assuming f a v o r a b l e  composi t ion  

of  t h e  b a s e  meta l ,  t h e r e  i s  a p o t e n t i a l  f o r  making t h i s  f i l l e t  weld i n  a 

few passes  w i t h o u t  f i l l e r  me ta l  and sti.11 p reven t  c r a c k i n g  of  t h e  weld ,  

Alignment o f  t h e  j o i n t  is  provided  by t h e  shape  o f  t.lie duc t  p i e c e s  and 

O R N L  DWG 7 0 - 5 0 3 1  

F i g .  B . l .  Proposed Weld J o i n t  f o r  F i l l e t  Welding of Flow Ducts of 
Reassembled Test Assemblies .  
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by f i r m  abutment of t h e  j o i n t  edges,  as i l l u s t r a t e d  i n  F i g .  B . 1 .  The 

f low duct. c o u l d  be indexed a s  r e q u i r e d  and then  locked d u r i n g  we ld ing .  

Sequencing c o n t r o l s  would d i r e c t  t h e  we ld ing  o p e r a t i o n  and movement of 

t h e  t o r c h  a long  t h e  edge of t h e  j o i n t .  

The we ld ing  equipment and f i x t u r e  components r e q u i r e d  t o  make con- 

t i n u o u s  b u t t  welds ,  f u s i o n  spo t -we lds ,  and i n t e r m i t t e n t  E i l l e t  welds  i n  

t h e  flow d u c t s  of reassembled tes t  a s s e m b l i e s  are g i v e n  i n  Tab le  B . 1 .  

N e i t h e r  of t h e  a l t e r n a t e  we ld ing  methods r e q u i r e  t h e  use  of a computer 

because  t h e  flow d u c t  i s  s t a t i o n a r y  d u r i n g  t h e  we ld ing  ope ra t  i o n .  The 

t o r c h - t r a v e l  mode is used t o  i n d e x  t h e  t o r c h  f o r  s u c c e s s i v e  spot-welds  

or t o  c o n t r o l  t o r c h  t rave l  d u r i n g  f i l l e t  we ld ing .  Index ing  of t h e  

Tab le  B . 1 .  Welding Equipment and F i x t u r e  Components Required 
t o  Make Continuous B u t t  Welds, Fus ion  Spot-Welds, and I n t e r m i t t e n t  
F i l l e t  Welds i n  Flow Ducts of Reassembled T e s t  Assemblies 

Continuous Fusion I n t e r m i t t e n t  
B u t t  Spot-  F i l l e t  
We l d Weld Weld 

Welding Equipment 
We Lding t o r c h  X X X 
Wire f e e d e r  X a a 
Power s u p p l y  X X X 
ShlLeld gas system X X X 
Arc s t a r t i n g  sys t em X X X 
Water-cool ing s y s  t e m  X X X 
Arc v o l t a g e  c o n t r o l s  X X X 
Current: c o n t r o l s  X X I( 
Wire f e e d  c o n t r o l s  X 
Duct r o t a t i o n  c o n t r o l s  X 
Torch t i 1 t con t r o 1 s X 
Torch t r a v e l  c o n t r o l s  X X 
Sequencing c o n t r o  Is X X X 
Computer sys t em X 

Duct r o t a t i n g  mechanism X 
Torch t i  1 t mechanism X 
Torch arc voLtage mechanism X X X 
Torch t r a v e l  mechanism X X 
Torch e l e v a t i n g  mechanism X X X 
F i x t u r e  lock - to -duc t  d e v i c e  b X X 

Welding F i x t u r e  Components 

i l  Wire f e e d  sys t em may be p rov ided  i f  r e q u i r e d .  

Th i s  f e a t u r e  i s  p rov ided  by t h e  d u c t  r o t a t i n g  mechanism. b 
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hexagonal  f low d u c t  t o  p r e s e n t  a new d u c t  f a c e  f o r  welding can  be  done 

manual ly  o r  w i t h  t h e  motor d r i v e  of  t h e  lower g r i p  subassembly on t h e  

p o s i t i o n i n g  machine.  The d u c t  r o t a t i n g  and t o r c h  t i l t i n g  systems w i l l  

n o t  be needed f o r  e i t h e r  s p o t  o r  f i l l e t  we ld ing  and i t  i s  a l s o  assumed 

t h a t  t h e  w i r e  f e e d  a p p a r a t u s  w i l l  n o t  b e  r e q u i r e d .  

An o rde r -o f -magn i tude  c o s t  comparison of  t h e  we ld ing  method c o n s i d -  

e r e d  i n  t h i s  extended c o n c e p t u a l  s t u d y  and t h e  two a l t e r n a t e  methods 

d i s c u s s e d  h e r e  t h a t  accoun t s  f o r  t h e  aforementioned d i - f f e r e n c e s  i s  g i v e n  

i n  Table  B.2. Almost a l l  of t h e  g e n e r a l  a c t i v i t i e s  i n  Table  B.2 a s s o c i -  

a t e d  w i t h  s p o t  and f i l l e t  we ld ing  r e f l e c t  the s i m p l i f i c a t i o n  of  equipment 

and t o o l i n g  i n  t h e i r  reduced e s t i m a t e d  c o s t s .  A s  might  be  expected,  a 

major r e d u c t i o n  o c c u r s  i n  t h e  c o s t  of t h e  we ld ing  equi.pment because  of  

t h e  d e l e t i o n  of t h e  computer system, w i r e  f eed  system, and t h e  d u c t  r o t a -  

t i o n  c o n t r o l s .  

Table  B.2. Order-of-Magnitude Compari-son oE C o s t s  
Assoc ia t ed  With Welding Equipment, F i x t u r e  and Tool ing 
f o r  But t ,  Fus ion  Spot,  and I n t e r m i t t e n t  F i l l e t  Welding 
of  Reassembled T e s t  Assemblies a 

Cost f o r  
Spot o r  

B u t t  F i l l e t  
Welding Welding 

General  A c t i v i t y  ($> ($) 

Documentation 9,000 
Design of f i x t u r e  and t o o l i n g  22,000 
F a b r i c a t e  C i x t u r e  and t o o l i n g  33,500 
F a b r i c a t e  we ld ing  equipment 163,000 
F u n c t i o n a l  t e s t  and modif i c a  ti.on 7,500 
L i a i s o n  and q u a l i t y  a s s u r a n c e  17,500 

257,500 
E s c a l a t o r  32,500 

'Total  c o s t  $290,900 

Sh ipp ing  t o  ORNL and FFTF 5,000 

7,000 
20,000 
25,000 
70,000 

7,500 
17,500 

1.5 1, 000 

4,000 

19 , 000 
$170,000 

a A l l  c o s t s  based on p r o j e c t  s t a r t  d a t e  of  J u l y  1971. 

Development programs must a l s o  b e  c o n s i d e r e d  when comparing t h e  

we ld ing  methods.  The development of t echn iques  Tor b u t t  we ld ing  flow 

d u c t s  i s  b e i n g  done i n  a s e p a r a t e  FFTF developmental  program a t  P a c i f i c  

Northwest Laboratory,  as no ted  i n  S u b s e c t i o n  4 .3 .1 .  From one t o  two 
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months of a d d i t i o n a l  developmental  work w i l l  be  r e q u i r e d  t o  o p t i m i z e  t h e  

welding pa rame te r s  f o r  b u t t  we ld ing  v e r t i c a l l y  o r i e n t e d  f l o w  d u c t s .  An 

e x t e n s i v e  program w i l l  a l s o  b e  r e q u i r e d  f o r  development of t echn iques  t o  

b e  used w i t h  e i t h e r  t h e  s p o t  we ld ing  o r  f i l l e t  we ld ing  method. Based 

upon t h e  t i m e  r e q u i r e d  f o r  o p t i m i z a t i o n  of s p o t  we ld ing  t echn iques  f o r  

E B R - I 1  subassembl i e s  and t h e  t ime  expec ted  to  b e  devoted t o  t h e  FFTF 

d u c t  we ld ing  development program, i t  i s  e s t i m a t e d  t h a t  a f o u r -  t o  f i v e -  

month development program will b e  r e q u i r e d  t o  o p t i m i z e  e i t h e r  s p o t  o r  

f i l l e t  we ld ing  t e c h n i q u e s  f o r  i n - c e l l  welding of reassembled FFTF tes t  

a s s e m b l i e s .  
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Appendix C 

Drawing 
M-11325- 

CONCEPTUAL DRAWINGS OF REVISED 
FFTF DISASSEMBLY-REASSEMBLY EQUIPMENT 

Tit: l e  

EM- 0 8 0 - F 

EM- 08 1 -F 

EM- 08 2 - F 

EM-083 -F 

EM-084-F 

EM- 085 - F 

Conceptual Design, Disassembly-Reassembly 

Conceptual DRE (33 ft 6 in. Tall), Equipment 

Conceptual DRE (33 ft 6 in. Tall), Disassembly 

Conceptual DRE (33 f t  6 in. Tall), Disassembly 

Conceptual DRE ( 3 3  ft 6 in. Tall), Disassembly 
Sequence for Poison Tip and Inner Reflector 
As s emb 1 ier, 

Equipment 33 ft 6 in. Tall 

Characteristics and Capabilities 

Sequence for 12-ft Driver Fuel Assembly 

Sequence for Test Assemblies 

Disas semb ly-Reassemb ly Equipmen t, Cr i t ica 1 Path 
Schedule - 2 
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P A R T S  L I S T  
I gCCkSUE I MATER!& DESCRIPTION PAKT 1 DWG NO. I REOD 1 

t 
NOMINAL UPPER- 
TRKkLEL LiM1-r 

- 
-- - I t -  1 I 

I G I R T ' ;  CLiT 
i 

l2'-0" MAX 
PERMiSSIBLE 
E F F ECTl \'E 

W- WITHDRAWAL 
DISTANCE W = I - G "  

I l -  

1 l'-6" 

LE hGTH. LENGTH 
OF 

i NTE R '4 ALS 
,ALLOWAYCE F O R  

C A M E R A  FIELD 
O F  V\€W 

L-OVE2ALL LEhrGTH I 

'ALLOWANCE FOR 
CAMERA FIELD 
O F  v EW 

&X , M L! M EFF E C T I V E L E h  GT cI_ FOR 
ASS€M3LiFS KITM TCP SLWOQTED 
I N T  E R N A L S  
~p ~ 

LENGTH 

I NTERN ALS 
OF 

I 
- -FFE 

L E R  
GENERAL h;CTES: 

1. FOR TOP SUPPORTED INTERNALS, 
DISTANCE FROWi TOP OF ASSEMBLY 
D T O P  OF ACTIVE CORE MSST B E  6 ' -3"  
OR GREATER. ADAPTER MAY BE USE0 
Tc) M A K E  ASSEMBLY COMPLY TO T N  IS 
REQUIREME~IT, 6L!T .Ai% AD4PTER 
Mi lST 3E COK5IDEPEO AS PAQT OF 
OVERALL ASSEMSLY LENGTCL. 

LCOP ASSEMBLIES :S ALSO LIMITED BY 
THE BOTTOM E;.ID ADAPTER. 

2 .  M!hiiMLM CdT DiSTCNCE FOR CL3SE3 

W'-  h ' l1NJRAWAl  ' DISTANCE 
FROM CUT 
L INE I 

I h t = j - G l *  

LOWER EDGE 3F 
KOYIOk ENVELOPE 
EL.:-) 40'-, 

4 GIRTH CUT 

CUT 
DISTANCE 

ALLOWANCE 
TO SWlhlG E-- 3 X T  ASiDE -__ 

3. MAXIMUM CUT DISTANCE AND MAXI MUM 
PERWISSiBLE ECFECTIVE LENGTH ' 0 4  
CLOSED L O P  ASSEMBLIES IS 1'-0" LESS 
T H A N  SPECIFIED. 

MAXIMUM EFFECTIVE 
LENGTH FOR ASSEMBLIES 
WITH BOTTOY SLPPOiZTED 
IU'ERNALS - (5EE h3TE 3) 

4. 2 A V E R A  F,E,D O F  VIEW IS ASSJMED 
TO BE IZ" 

MAXIMUM CUT D\STANCE MAXIMUM CUT D I S T A N C E  W M U M  CLiY DISTANCE 
FOiZ ASSEM_BLlES WiTH F O R  ASSE-MBLiES V 4 i - W  FOR ASSEMBLIES WITH 
BOTTO Nl ~ SLPPORTED INTERN ALS 

-\ 'SEE ~~ NCTE 3)- 
TOP S L P? 0 2TED RB& TOP S L P P 3 RTES I ?TE RYA LS 

".P,k (SEE NOTE 3) ___ .- _. __ . . '. . . .& . I .  D.. .o  ... -. .<,. .. .4.'.e. - EL.C--) 45' . 9 . ~ .  . ~ , . ~ . . . ~ . ~ . ' ~ . : ' ~ : ~ .  . - - .  . . p . .  . . . . 
DM.I:N = i + F-(i0'-6" [OISASSEMWY. GEEASSEMBLY EQU~P. ]EM-OW-F 

! NUMBER REFERENCE DRAWINGS 

OAK RIDGE WAI IOIAI  LLbOIAIoIV 
OPLRATED BV 

h l O l  C A t i l D t  COWOUATION 
OAK RIDGC. TENNESSEL 

WhIb7UM CUT D S-AACG FOR 
A5SEyB,igS h i T h  50-TCM 
STPP ORTE-Q I NTER N ALS 

(SEE ~ 2)_ 
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BRIDGE CRANE 
- 4 

FLOW DUCT- 
( S W ~ G  AS:DE) 

PIN BUNDLE 1 - - - ? -  
PREFEQRED 
V l E W i N G  A 2 E A  
~. 

j GAS FLOW 

j 

PIN BUNDLE 

EFFECT I V E 

GAS FCOW- 

- _  9 
TRANSVERSE 

CWLING SUKOUUS 

-3. 

LOWER- - - -  - 
SL IDE 1 

PREFERRED 
VlEWlNG A R E A  ! SOT-OM OF MOTION 

_- ENVELOPE EL (-) .to' 

m 
A .  S W I N G  D U C T  A S I D E .  
6. D R I V i  LOW:< AYD P i l D O l F  $ 1  I D E S  

I N  U:dlSOH ;O P 0 5 1 : l O F l  TUP OF 
P I N  Y U N D L E  to7 3 I S I F L E M B L Y  O F  
TOP zR13.  

L .  C I S A S S E M B L E  TOP L R I D .  
D .  D R I V ;  L O W E R  .AND M I C D L L  S L I D E S  

I N  U V ' S O N  UPWARD TO K r P S S 1 T : O N  
C Y A i - l h ~ l ;  UIINDL: A S  AI:@ R E Q U I R E L l  D I S A S S C f l B L Y .  134 ' H O T O -  

R .  W I T i D ' A d A L  ;F, CO'IPL;TFD W i E N  S L l D L S  

c .  5 , J . - u l i  FLOW , K I I  A X I A l  T R A N S V E R S E  C L O W .  L U O L I N G  M A : ' I T h I N  SHROUDS 
AR: A I  20SI '  I L N S  S i i J W N .  

R E F  4SSEMRLY. 
IZ'-O' '  L O N G  DKiVER FUEL, PNL DWB 
SK- 3- 147 8,1T ISLE 8/14/69 

I 2.z .V, '  ._. . . , . ..: 
A .  P O S I T I O N  S L I O E S  A S  S!lOWE. W 1 ' 1  I l P P t H  A ,  O R ' V i  M l C O I E  AND LOWER S L I D E S  I N  

6. L O A D  ASSiM6LY I N T O  LCWEh A D A P T E R  AT ~ l T l I N ( i  P O S I T I O N .  
G R A P P L E  SWUNG ASIIC ' I N . Z ) N  I lPWARD TO P L A C E  A S S E M F L Y  

W I I H  C R A i i E .  i N G A G i  L O C K  P I \  4hIO 8 .  M A K E  GIRTH C I J I  W l T l l  C!ITTINCI D E V I C E  
Y I D D L E  G U I C E .  ON T A B L E .  

T i R l J  P O R T A B L E  C O O L I N G  M A N l F O l O  
r *IIINTAIN M A I  S U C I ~ C N  F L O W  UP' !ARC 

2 .  ILLIOVE C K A N i  G R A P P L ~ .  
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P A R T S  L I S T  
PAffl I DWG NO. I REOD I DESCRIPTON 

BPIDGE 

MANIP BRIDGE MANIP. BRIDGE 

TOP O F  MOTiOhl n E N V E L O P E  

i 

TO? O F  P'IOTiOM 
F N V  E LOPE 

EL.:-: 1 4 ' 2  ~_ 

GRAPPLE 

MANIP. WORKiNG 
A R E A  (TYP) 

GRA?PkE 

! c p  MANIF! SLEEVE .~ 

C R A N E  
GRAPPLE - 

$M.- 
SLEEVE T R A N S V E R S E  

-i"\AN\R WORiCiN 
I 

PREFERRED 
V I E W I N G  

AREA # -  -UPPER SLIDE k -r 

~ CQANE G 4 A P P L i  

1. L--x.. 

ADAPTER - -  
~ J P P E R ~  .- 

TABLE 1 
1- 

0 .  . o  h' - PORTASLE 
COOLING MAN:FOLD 1 1 1  

MANIP. 
SLEEVE e -  

L O N E R  
ADAPTER - 

P4EFE RRED 

AREA V I E W  N C  REF.  ASSEMELIES 

I I -  12'-0" LONG OPEN TEST WiTh 
71-6 LENGTN OF TOP SUPPORTED 
INTERhALS TO BE EXPOSED. 

LOWEQ WiNDOW ~ 

EL.(-) 38'  

>J 
-,AXiAL COOLING P L E N U M  -______i-__ 2-  10'- 3" LONG CLOSED LOOP TEST 

WITU 8'-6" LENGTH OF T O P  
SUPPORTED IhTCRNALS TO B E  
E X  POSED. 

II 

CLOSED LOOP 
FUEL TEST 

4 

. . .  . . .. . .. 
.a, . , 0 .  , . 

J 

O P E N  FUEL TEST 

A O R I V ?  A L L  T ? R E F  S L I D E S  I "  " b ' I S O ' l  U P W A Q O  T O  
P L A C E  A S S f M R  Y A T  C I I T T I N G  P 0 5 I T l O N .  

N O T L :  i z  i i .  LONG O P m  r w  T E S T  ASS:MBLY R F C U I R E S  
1 ' - 9 "  L O h G  UPPEL 4 D A P T E R  F O R  P R O P F R  THl,hSVFRSC 
LOOL 1 h . G .  

E N G A G E  LOCK P I N  AND Y I D O L E  G U l O i .  

A X I A L  C O O L I N G '  P L E N U M .  

t 4 4 N I F 3 ~ 3 .  

Si lhP0;E H I T H  TOP O F  UPPER A D A P ' E R .  

A .  L O A D  A S S E M B L Y  I N T O  L O W E R  A D A P T l R  W I T 1  CLAN: 

R .  I N I T I A T F  A X I A L  SUCTION F L O W  DOWNWARD I b R U  

C .  R i M O V i  C R A N E  G R A P P L E  AND P O R T A B L :  C O O L ~ V G  

3 .  3 9 l V ~  U P P E R  S L I D E  Df lWl lWARD AND ENGAGE U P P E R  

B .  U S I N G  ME:HOJS S I M I L A R  T O  T Y O S E  SHOWN ON O S N L  
OWG.  M - i  1 3 2 5 - E M - 0 6 7 - I ,  M A K E  G I R T H  C U T  &NO A X I A L  

I N : 7 : A T €  ' K A N S V E P S t  CdOl IN; I t O W .  
S L I T  ( 1 7  ~ E , ? J , Q E D ) ,  W I T H D R A W  r c s i  JJNLL A N D  

C .  W I ' H ~ l R A W A I  I S  COI . lPLETEO W H i N  S L l O i S  VJF A '  

P .  S H U T ~ O i '  dY IAL  FLOW. P l A l h l T A l V  F L O W  T'RU 
P O ) .  I i l N 5  s'i-w 

T R A N S V E ? S E  i30:IRG S l l R O U O S .  

E  D U C '  MAY Nod B E  LOWCRED J i L O W  , A S L L  AN0 SWUNG 
A l r l O L  S O  S l l Y D L E  C A N  B E  R : ? O S I ~ : O 4 1 0  A S  ? E -  
Q U I K L D  io;( " iOT ! ITRA 'H ING l N D  D S A S S E M R I Y .  
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c 

F 
c 

+ 

r- 
PRZFERR E3 

V I E W  I hG 
A R E A  

j 

PREFERRED 
C I E ~ ' ,  X G 

AREA 

1 i ? P E 2  WINDOW 
, EL.(-) 2 3 '  -& 

\ 

\ 

\ 
\< 

\ 

'\, 
\ 

V A V I P  -- 
1 -  SLEEVE 1 LOWER ADA?TER 

L O C C  PIN\ 

I e'= SLEEVE - 
-t 

I 

I , + ,' 

I' 

1 

?RE FERREC) 
VIENING 

k ZEA . 
3 

'b 

9 €7. ASS EM '8: , ES 
1 - INNER REFLECTCJR, P N i  D W 6  

3K- 3-  14636, i '7 iS5UE 3/ 14/69 
M O D i F i E D  SOTLIE LOWER 51iiE1D 
SZCT,Chl :S A SEPARATE COMPONENT. 

2- CONTROL SAFETY ROD POISON TIP, 
PNL 3NG SK-3-14132, 2N-U I S S U E  
5/?Ci63 iviODiFiED sr3 TMIE INTEGRAL 
UANGER ROD AND DUCT ABOVE T-!E 
GiDT-4 CtiT DOE5 hlOT EXCEED lO'-G''. 

L 

-. 

( \ 

'\ \ ,- 
\ :  \ :  \ I  

' .'A' . :o .' ,'<' FLme EL. (-) 45' 
. . .  . .. 

I hiX-!E_2 REFLECTOR 

B 
NOT; INNFh R F F I E C T O R  A S S E M B L Y  D O E S  N O 7  Q E Q U I R E  A X 1 4 1  

A .  L O A 0  A I I E I l U L Y  I N T O  LOWER A 3 A P T F R  W I T H  C P A N E  

OR T I A N T ' J F R S F  C O O L I N G .  

F N G A G E  LO[< P l h  Al l0 M I J O L L  G l J l O F .  
I!. ,<.MO\'i C R I N F  r N A P P L E .  

C D R I V E  U P P E ?  S L I E L  O O W l ! W A V  AID E Y i A G E  U P P E f ,  
C R A P P L E  W i  ,I' I O P  OF ASSF'.I,3l Y .  
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I P A R T S  L I S T  
PART 1 DWG NO. I REOD I UESCRIPTION 

Project Adminis+ration t hrnen ta t i on  I i 
[ 14:j P35E 12on I 

Machine Desiqri Liaison I 
liB! 4 0 f  'q400Travel 1 \ 
%a': Machine aeuelopment-Prototqpe Desiqn,Fabncate {Test 
14, 54E 3dD 24TE i8T 1 8 C  419,100 

Compieie Machine Deveiopmerh Pratotqpe Desiqn,Fabricate +Test . &, R E  t2D 84TE 6 6 T  54C 638,300 7 
j Machme Contract LiaiSM s-- , 1 
121 23i l O E 5  'J\W Trave\ - ', 

rd fabrication Contracf - Machine 4 Controis 

FFTF To Furnish Reference 
Ptn Aundk Prototypes 

i 
Prelirninarq Contra\ Desiqn-Toolinq 

4 !5E !OD 
Fin&\ Control Desiqn--Too\inq 

Award Fabrication Contrad- f F T F  AQprova\ 
Preliminary Too\inq Desiqn FFTF Appraua\ FinalTodinqDesiq 

Deveiopment A r e a  Services\ 4 Maintenance - Machine,Too\(nq c Controis I 
:31' *7,6W i i I 

I 'I Start Tooiinq~veiopment- Pratotqpe Desiqn, Fubricara $Yer? 
[81 48E 600 7LTE 601 6 O C  '30,500 

Tooiinq Design Liaison 

Complete Taoiinq Develo<men?- Protolqpe Desiqn, Fabricate 4 Test 

1 
I 7 I ,--- - 

FFTF To FurnishInCormaiion 
On P N L - F F T F  FIOW 3Uct 

9 
ine +Contra\', Fabrical\cn i i a w n  
3OE *2,600Trave> 

Fabricate Machine CMtro\o 
* 25,700 

j/ , Fuei Examination Ceii 
' Mock-UpToBe Operable 

At  P N L  

Ted Area 4crvices $ Maintenance-Fachtq I 

4 

L-Caiendar Months 

NOTE: E - -  Enqineer 
D--- DraFtsman 
C - - -  Craftsman 

T t -  -~ Test Enqinrer 
T , - -_-  lechnician 
ES ---Lstimator 
BE--- 6 Mandaq5 OF Enqincers Time 
@ ---Accuimdated Calendar Months  

-__ 
Costs Des\qnafed O n T h n  Char\  \nc\ude 
M a t e d ,  Labor 4 Overhead b i t  bo No$ 
lnr\ude Esca \a t \on  Over ihe  Period of 
TkSchedu ie .  AI.\ Co5f Data AreAased Gn 
h %Ita-f Date OP Ju\qi, I9PI 

REFERENCE DRAWINGS NUMBER 

O M  RIDCt 11710111 1AEOIAYOIY 

h O 1  CARBIDE CORroltATlOl 
WERATED BY 

OAK RIDGE TEkNESSEE c FAST FLUX TLS! FACILITY 
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O W L  TM-3400 

1. 

2-3 

4 .  
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6 .  

7. 

8. 

9-12 .  

13. 

1 4 .  

15. 

1 6 .  

17 .  
18. 
19. 

20.  

21.  

22 .  

55- 54. 

155. 

156.  

157. 
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160. 

I n t e r n a l  D i s t r i b u t i o n  

S .  E .  B e a l l  

R. M. Beckers  

M. Bender 

C. E .  B e t t i s  

D. F. Cope (RDT S i t e  Rep.) 
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W .  F. Ferguson 

F. C.  F i t z p a t r i c k  

J. H. F rye ,  Jr. 

W. R. G a l l  

W. W .  Goolsby 

W. 0. Harms 

R. M. H i l l  

A. L. L o t t s  

R. E .  MacPherson, Jr. 

2 3 .  

24 .  

2 5 .  

2 6 .  

2 7 .  

28 .  
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38-52 .  

53. 

5 4 .  
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