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A record of t h e  methods of maintaining t h e  radioact ive port ions 
of t h e  Molten S a l t  Reactor Experiraent (MSRE) i s  presented i n  t h i s  
r epor t .  
and t h e  methods of maintenance. Sect ion 3 presents  t h e  procedures 
w r i t t e n  from t h e  standpoint of t h e  people who perform t h e  work. The 
Appendix l i s t s  reference mater ia l  t h a t  w i l l  be u s e f u l  when d e t a i l e d  
information i s  required.  

I n  Sect ion 2, o v e r a l l  descr ip t ions  a re  given of t h e  components 

The repor t  w a s  o r i g i n a l l y  prepared before  t h e  MSRE began power 
operat ion and thus before t h e r e  was any experience i n  rad ioac t ive  
maintenance of it. Since t h a t  tinlee, t h e  MSRE has been operated and 
maintained s u c c e s s ~ l l y ,  and we have had t h e  opportunity t o  observe 
how our maintenance plans have worked. 
and o r i g i n a l  planning have s e w e d  qui te  wel l .  

I n  general, our bas ic  methods 

There i s  one aspect  of our experience, however, t h a t  bears on 
t h e  m a t e r i a l  contained here in .  
methods, reac tor  equipment, and adminis t ra t ion of t h e  maintenance 
operat ion m a k e  it necessary t o  prepare new and Pul ly  d e t a i l e d  
procedures f o r  most shutdown work. These procedures a r e  then used 
t o  implement t h e  funct ioning of a complex operat ion involving many 
people. 
methods but not t h e  f u l l  d e t a i l  t h a t  i s  a c t u a l l y  required.  

W e  have found t h a t  changes i n  too ls ,  

Therefore t h e  procedures i n  t h i s  report  r e f l e c t  present 
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ABS'I'RACT 

A record of t h e  metk,.ods of maintaining t h e  rad io-  
ac t ive  port ions of t h e  Molten S a l t  Reactor Experiment 
(MSRE) i s  presented. The maintenance system u t i l i z e s  
long-handled t 001s operated through a movable sh i e ld  
f o r  most of t h e  i n - c e l l  manipulations, For some 
rad ioac t ive  - t ransfer  and setup t a sks  t h a t  cannot be 
handled otherwise, a crane t h a t  i s  operated remotely 
from a shielded cont ro l  zoom i s  used. Overall  
descr ip t ions  are given of' t h e  componerits and t h e  
methods of  maictenance, t h e  procedures w r i t t e n  from 
t h e  standpoint; of  t h e  pec'ple who perform t h e  work are 
presented. Reference mater ia l  t h a t  w i l l  be usefu l  
when d e t a i l e d  inf'ormatioc. i s  required i s  included. 
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235 
The MSRE i s  a 7.5-Kwt c i r cn la - t ing - fue l  r eac to r  i n  vhic'n U 

fuel disso lved  i n  a. scluti.on o f  l i t h i u m  axd beryll ium f l u o r i d e s  
i s  pimped around a closed loop at 1200*F. 
arrangement i s  shown i.n. Fig.., I, T'he r eac to r  p l an t  was cornpbcteLy 
descr ibed i n  t h i s  series of _reports by Robertson. Some o f  t h e  
advantages of t h i s  reactor concept are r e l a t e d  d.irectly '  t o  the 
l i q u i d  nature  of t h e  fuel  and a r e  due t o  t h e  ease of  moving t h e  
bulk of t h e  f u e l  inside piping systems, removing r eac to r  poisons, 
reprocessing t o  remove f i s s ion  p:roduc-t:;, and adding new f i s s ionab le  
material t o  make inp f o r  burnup, However, t he  same liqiuid property 
causes r a d i o a c t i v i t y  t o  be distr:Lbuted throughout t h e  primary 
s y s t e m .  ThereTore s p e c i a l  maxx are required f o r  iiiaintaini.ng a l l  
-the eyui,pnent; .that coiries i.n contnct with or i-s physically near t h e  

this area became o m  of t h e  L)rim:try ob jec t ives  o f  the program, 

A drawing o f  t h e  reac tor  

1 

fuel. salt and off-gas systems r i   he d.cmonstra;ii m i  of ca;oz,'bili.i;y In 

The maintenance system ineI::des nany d-iffereni; kincis of' 
eipip!!ien.t locxted- both in arid- outp of the radioa.cti.ve a,reas Besides 
physical equipment, a cerL-tnin n , r x ~ ~ n - t  of information mus-t also be 
considered as part of oux maintenance systera., This iriforrr!at ion 
exis t s  as  w r i t t e n  procedu resz drmings ,  phot ograplie, and "know-how" 
oI" t r a i n e d  experienced personnel., 

Early i n  t h e  prcgran it was recognized t h a t  the de;sign of each 
comporient had t o  include provis ions for. naj.ntem,nce, arid the  s-ijeps 
in. -the achie.ment of t h i s  g o a l  i r c luded  a dks lgn  surve i l lance  
program, Thus those  who had Lhe maintenance r e s p o n s i b i l i t y  had an 
opportunity t o  inf luence the syst  ern srid component, design i n  t h e  
e a r l y  s tages  e This  a .c t ivi?;y took. varying deg~ees of p a r t i c i p a t i o n  
f r o m  consultation ami approval t o ,  d e t a i l e d  designs and layouts  ~ 

Surve i l lance  of the design was f'cl.l.ot\red by a sirfiilar program during 
tke constauction, assembly, a d  i n s t a l l a t i o n  stages Accoiripanying 
the fic1.d work of ins- t ,a l l ing reactc;r c(mpo,r,eniLs was I I .  d-ernonstrAtion 
and p rac t i ce  program rin w3ich selected.  co-mponents were hand-led with 
remote-rriaintenance t o o l s  arid methods ,, 
during th i ;?  period. t o  irflprove the basic desigris an3 - t o  cor rec t  
f a b r i c a t i o n  e r rws  ami rnaij.i_t;ena.nce tecbni.yu=.s *I In genera.l., the  
process consisLed oP doi.ng -wba,tever w a s  necessary to m a k c  t h e  system 
maintainable The suvvei Ilarice program and t h e  demons'r,rati.on 
program were I-ogical methods o f  a s s w i n g  t h e  maintadinabi l i ty  of the 
system before pc ;wer  cjper;id>ion Tbese programs had t h e  fur ther  
resul t  of producing a nucl.eous of experienced perscnnel. a t  the  
beginnicg of poww opem:Lion a:t t'x MSRE, which has s ince  been 
expanded i n  t h e  course of several. c,b:uLdowns t o  an adequate and 

Macy correct . ions were made 
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Fig. 1. Sketch of MSRE Arrangement and FLOW Diagram. 
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competent group. The recognition of the individual component nature 
of the maintenance problem, t h e  design and construction surveillance 
effort, the demonstration program at the reactor, and the utilization 
of developed personnel skills are parts of t h e  approach used to assure 
the maintainability of the MSRE. 



2 *  DESCRIPTION O F  THE MAINTENANCE SYSTEM 

2 .I Maintenance Equipment and General Methods 
---.__- 

The system provided- t o  maintain t h e  MSRE i s  based on t h e  
requirement t h a t  any f a i l e d  component be replaceable  with a new 
interchangeable spare .  Decontamination and subsequent r epa i r  of 
f a i l e d  components have been found t o  be posslble  and economically 
a t t r a c t i v e .  However, decontamination and repa3.r are not considered 
t o  be t h e  primary methods f o r  maintenance. 
made t o  e f f e c t  in-place r epa i r .  A major e f f o r t  w a s  made however 
t o  achi-eve good component r e l i a b i l i t y .  
of many influences,  t h e  maintenance system w a s  made flexibI.e, simple, 
rugged, and low cos t .  All t h e  equipment t h a t  can be approached 
d i r e c t l y  i s  designed for conventional maintenance. This repor t  is 
concerned only wi th  Lhe equipment t h a t  cannot be approached d i r e c t l y  
because of r ad ioac t iv i ty .  

L i t t l e  e f f o r t  has been 

A s  t h e  r e s u l t  of a combination 

The four princi-pal loca t ions  where remote maintenance i s  required 
a r e  t h e  reac tor  c e l l ,  t h e  d-rain tank c e l l ,  t h e  venthouse, where t h e r e  
i s  access t o  t h e  off-gas system componeizts, and t h e  fuel-processing 
c e l l .  Fa i r ly  uni-form methods are used- f o r  all. t hese  c e l l s .  The 
a b i l i t y  t o  remove and replace every operating compoilent i n  -these 
areas has been accomplished through t h e  use of appropriate  disconnects 
and. mountings. The 5-in.  c i rculat ing-system piping i s  joined by 
mechanical disconnects cons is t ing  of t h e  f r eeze  Phange developed 
e spec ia l ly  for molten-salt  se rv ice  ~ 

system plping i.s of all-welded. construct ion.  Future j o i n t s  w i l l  
be made by cu t t i ng  and brazing with a technique developed e spec ia l ly  
f o r  t h i s  se rv ice .  Piping conducting o ther  f l u i d s  i s  connected by 
r ing -  j o i n t  f langes  o r  cone-seal dtsconnects.  E l e c t r i c a l  and ins-trument 
wir ing has plug-in disconnects constructed o f  mater ia l s  su i t ed  t o  
t h e  environment. A l l .  t h e  j o i n t s  and disconnects are designed t o  be 
r ead i ly  operable f r o m  d i r e c t l y  overhead. 
l a t e r ,  The major components, such as t h e  r eac to r  vessel ,  t h e  heat  
excha-qer ,  t h e  pump, and t h e  d r a i n  tank, as w e l l  as the smaller 
coraponenLs, such as t h e  pipe and vesse l  hea-ters, valves, and motors, 
a r e  so  disposed and mounted t h a t  after being disconnected they can 
be removed. by l i f t i n g  straigh.1; upward. 

The 1-1/;2-i-n. f i l l - and-d ra in  

They are descr ibed i n  detari l  

The maintenance equipment design provides for t h e  operat ion of 
a l l  t h e  disconnects and the replacement of t h e  smaller components 
by the use of r e l a t i v e l y  simple long-handled t o o l s  operated d i r e c t l y  
through t h e  por tab le  mai.ntenance sh ie ld  a The por’iable main-tenance 
sh ie ld  ca.n be placed over and w i l l .  cover t h e  opening l e f t  by t h e  
removal of two o f  t h e  1-ower sh i e ld  plugs, a space 4 f t  . wide and up 
t o  10 long. There are a v a r i e t y  of penetrat ions f o r  i n s e r t i n g  
liglnting, viewing devices, and ’iools. An opening can a l s o  be 
created. through which small  componeiits w i l l .  pass.  A penetra-Lion 
may be placed anywhere i n  t h e  opening covered by t h e  sh i e ld  by a 
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s e r i e s  of c o n t r o l l t d  movements. 
maintenance s h i e l d  a r e  described Ln d e t a i l  l a t e r .  The ma j o y  component 1: 
a r e  t o o  l a rge  i o  pass through an opening 4 I?. wide arid t h e i r  rcmovrl 
thus  requires  t h a t  a large port ion of t h e  c e l l  t o p  shielding be 
removed and t h a t  remote-handling techniques be used. Fc 1.r t h i s  
operation, a shielded maintenance cont ro l  room, remotely c;perated 
cranes, and c losed-c i rcu i t  t e l e v i x i o n  were provided. The maintenance 
cont ro l  room (Fig. 2 )  overlooks the  r e a c t o r  cell, t h e  d n i n  tank c e l l ,  
and t h e  bui lding i n t e r i o r  through shielding windows e It contains 
c o n t r o l s  f o r  t h e  30-ton crane, thcb LO-ton crane, and t h e  monitors f o r  
t h e  t e l e v i s i o n  system. L i f t  f i x t w e s  w e  provided t h a t  can be picked 
up by crane and which, i n  turn,  w i l l  pick up, t ransport ,  and r e l ease  
t h e  lower s h i e l d  blocks and Ferns and each o f  the rnrtjor compomnts. 

:'he design and use of t h c  portable  

2 2 Maintcriance Control Room and F a c i l i t i e s  f o r  Remote Operation -- 
The ruaintenance c o n t r o l  room and f s c i l i t i e s  for remote operat ion 

consis t  of t h e  remote maintenance c o n t r o l  room; 30- arid 1.0-ton cranes 
operhble froru t h e  cont ro l  room; lift tongs f o r  t h e  lower sh ie ld  blocks 
f o r  the  r e a c t o r  c e l l  and drain-tank c e l l ;  l i f t  f i x t u r e s  for the 
reac tor  vessel ,  heat exchanger, fuel pwnp, and d r a i n  tmks; and a 
c losed-c i rcu i t  t e l e v i s i o n  system. The remote f a c i l i t i e s  a r e  t o  be 
used during m y  maintenance operat ion thxt  requi res  t h e  simultaneous 
removal of more t h a n  two lower sh i e ld  blocks. Anticipated operztions 
i n  t h i s  category a r e  replacement of t h e  reac tor  vessel ,  the heat 
exchanger, t h e  pump bowl, and t h e  d r a i n  and f lush  tanks.  

The maintenance c o n t r o l  room has 3-1/2-f%-thick concrete w a l l s  
i o  provide adequate shielding f o r  sny maintenance operation; three 
windows t o  provide a view of t h e  c e l l s  and bui lding i n t e r i o r ;  crane, 
t e l ev i s ion ,  and l i g h t i n g  controls ;  and r a d i a t i o n  monitors, ven t i l a t ion ,  
s a n i t a r y  f a c i l i t i e s  and Lights. I t s  f l o o r  i s  10 f t .  above the building 
main f loo r  and i t s  i n t e r i o r  dimensions axe l i i .  by 19 P t .  
access  t o  t h e  room i s  by an outs ide s ta i iway on t h e  west s ide  of' t he  
bui lding.  

Personnel 

Equipraent access i s  by a 4 x 4 - f t  hatch i n  ihe ce i l i ng .  

The ten- ton crane has  f i v e  sp2eds i n  each of six d i r e c t i o n s  
cont ro l lab le  d i r e c t l y  from a push- button pendant i n  the main Fuildj-ng 
o r  from a d i a l  and toggle-switch console in t h e  maintenance cont ro l  
room. The s igna l s  from t h e  maintenance cont ro l  room t o  t h e  crane 
t rave l  v i a  a t r a i l i n g  cable  t h a t  m-1st be connected by a cannon-type 
plug located a t  t h e  west end of t h e  bridge when remote control. i s  
desired; it i s  disconnected at all other  t i m e s .  This crane w a s  
rereeved f o r  a hook t r a v e l  from 87> ft l0-1/2 i n t o  823 ft 6 i n .  elevation 
and i s  now a c t u a l l y  r a t ed  at 7-l/2 tons.  

The jo-ton crane has I'ive speeds i n  each d i r e c t i o n  cnntrollaSjle 
from t h e  cab and t h r e e  speeds i n  each d i r e c t i o n  cont ro l lab le  Irom 
a d i a l  and toggle-switch console i n  the maintenance contml  room. 
It a l s o  has a power-driven yota t ing  hook cont ro l lab le  f r o m  e i t h e r  
point ,  and a load c e l l  with an i n d l c a t o r  i n  t h e  mairitenmce c o n t r o l  
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room. The remote-control s igna l s  are t ransmi t ted  v i a  t r o l l e y  wire 
and need not be disconnected. The main c i r c u i t  breaker f o r  both 
cranes i s  i n  a shielded &rea under t h e  maintenance con t ro l  room and 
i s  access ib le  during a remote-maintenance operation. 

There are four-point  (fig, 3) and two-point l i r t i n g  tongs f o r  
t h e  lower sh i e ld  blocks, and a l i f t i n g  tong for t h e  lower sh i e ld  
beams. The b a i l s  f i t  t h e  hook of t h e  3o-ton crane.  The tongs l x k  
a l t e r n a t e l y  i n  t h e  open and closed pos i t ions  each t i m e  t hey  are 
picked up and set  down. The seqwnce of operat ionsfor  t h e  tongs i s  
a s  follows: engag? t h e  crane hook i n  t h e  b a i l  and raise t h e  tongs 
(now locked i n  t h e  open pos i t i on ) ;  lower t h e  tong; onto  t h e  plug 
with t h e  hooks i n  t h e  l i r t i n g  p o i n t s  u n t i l  t h e  tong weight i s  of f  
t h e  crane; raise t h e  tongs; which will automatical ly  lock i n  t h e  closed 
posi t ion,  and- raise the sh ie ld  plug; t ranspor t  t h e  load  and lower it 
u n t i l  t h e  tong weight i s  off t h e  r,rane hook; r a i s e  t h e  tongs,  which 
w i l l  now automatical ly  lock i n  th? open posi t ion,  and rel-ease t h e  
load * 

A l i f t i n g  f i x t u r e  is provid-ed f o r  each of t h e  major cmponents.  
Each f ix ture  can be  pi.cked up and re leased  by t h e  crane and can i n  
t u r n  pick up and r e l e a s e  its component t h r o w h  use of t h e  remotely 
operated crane.  These fi.xtures are on hand and have been used. 

The t e l e v i s i o n  system cons i s t s  of  t h r e e  cameras mounted. on 
pan and tilt mechanisms, two moni-tors, and a set of cont ro ls .  For 
a remote-maintenance operat i o n  th;? ccmeras are moun-Led i n  t h e  
bui ld ing  on movable stands, as shmm i n  Fig, 1-1, so as t o  commnd 
two views of t h e  operat ion which, along with t h e  direct;  view through 
-the sh ie ld ing  window, provide complete coverage of t h e  work <area. 
The use of orthcjgonal pos i t ion ing  of  the cameras provtdes a Peeling 
~f depth. The remote ccn t ro l s  operate t h e  pan, tilt, f o c i s ,  zoom, 
and i r is .  

2 - 3  Portable  Mizintena.nce Shield- -- 

A por tab le  maintenance sh ie ld  w a s  designed- and fabrica,ted t o  
provide sh ie ld ing  f o r  maintenance operat ions with long-handled t o o l s .  
It sh ie lds  t h e  access  area .  produced when any two adjacent  lower roof 
blocks a re  removed from t h e  r e a c t o r  or t h e  dra in  t a n k  c e l l s .  I-t 
aceamnodates t h e  long-handled too:Ls, t h e  lower shield.. blocks i n  both 
-1-eactor and d r a i n  tank c e l l s ,  and some of' t h e  i n - c e l l  eqiiipmznt, and 
it i s  operated froin t h e  ~emote-ina:lritenance con t ro l  room. FiLares 
5 through 8 show various views of  t h i s  equipment. 

The por tab le  maintenance shield.  consis-t;s of fo:ir bas i c  components: 
s l i de ,  modules, frame, and t r a c k .  The s l i d e  i s  a slab oi' sh ie ld ing  
whose dimensions are 12 i n .  t h i c k  by 5 ft wide and e i t h e r  8 - S / 2  o r  
13 1°C long depending on t h e  usage, The u1id.e  inc1udiI:s a c i r c u l a r  
cutout t h a t  acccjrmodates a 35-:in.-di;m, geared plug. The plug, 
i n  turn,  has 8. series of cu touts  for l i g h t s ,  windows, and tools. 
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Fig .  3 .  Remote3.y Operated L i f t i n g  Tongs fo r  Shielding PI-ugs . 
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Fig. 4. Television Camera on Movable Stand. 
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The slide rol . ls  on wheels and i s  moved by a dr ive  motor. 

T'ne f i l l e r  modidles are add i t iona l  shor t  sec t ions  o f  sh ie ld ing  
t h a t  can be add-ed t o  t h e  main s l i d e  t o  allow pos i t ion ing  of Lo01 holes  
above t h e  des i red  work a rea .  Most of t h e  long-handled t o o l  operat ions 
a r e  done through a module referred to as t h e  r o t z t i n g  work plug. 
This module, which i s  assembled next t o  t h e  s l i d e ,  contains  a 22-i.n. 
diameter rota-table-plug rrounted eccen-tr ical ly  withi.n a 5U-in. -diam. 
plug. This arrangemenl; provid-es t h e  necessary i-each t o  permit t o o l  
a.ccess over any point  wi th in  t h e  b1.ock opening. A s p e c i a l  hole  layout 
wi th in  .the inner  plug permits mult iple  t o o l  access t o  t h e  reac-tor f r eeze  
flaziges, a s  s p e c i f i c a l l y  required f o r  f lange  maintenance. The plugs 
a re  operated manually through a geared d.rive t o  allow prec ise  
pos i t ion ing  of t h e i r  mul.tiple openings, A t o o l  access cutout i s  
loca ted  oil t h e  edge of t h e  r o t a t i n g  work plug Lo provide means of 
i n s e r t i n g  or  wi.thdrzwri.ng la rge  "iools o r  i.tems of equipment. This i s  
sometimes ca l l ed  t h e  "spl . i t  s ec t ion  of t h e  r o t a t i n g  pliig." 
modules and plugs a r e  12 i n .  t h i c k  and f ab r i ca t ed  from carbon s t e e l .  

A l l  

The frame, constructed of heavy s t e e l  p la te ,  serves as Lhe 
support f o r  t h e  s l i d e .  After  t h e  frame i s  i n s t a l l e d  over a p a i r  
of  lower shie1.d blocks, the  s l i d e  i s  moved i o  an end t r a c k  to permit 
t h e  removal oi" t h e   block.^, and an opening 52 by 127 i n ,  i s  prov-ided. 
The plugs m e  removed by operat ing -ihe cranes from t h e  remote- 
maintenance C O i l t r G l  room and then  re turn ing  t h e  s l i d e  t o  a positi.on 
over t h e  c e l l  opening t o  provide complete sh ie ld ing  f o r  personnel.  
A 3/4-hp mo-tor and gearbox co:mbina;ti.on mounted on the frame moves 
t h e  s l i d e  through a rack-and-pinion arrangement. The r a t e  of  t r a v e l  
i s  about 2 in . / s ec .  E l e c t r i c a l  l i m i t  s tops,  backed up by movable 
mechanical stops, are provided t o  l i m i t  t r a v e l  a s  des i red .  The motor 
contro1.s a r e  connected t o  -the maintenance con t ro l  room operat ing s t a t i o n  
with a cab1.e. 

The t r ack  i s  an extension t o  the  frame t h a t  can be mounted. a t  
e i t h e r  end of t h e  Yrmc and on which t h e  s l i d e  arid module rollers 
move. Pt cons i s t s  of  "1'' beams with channel and angle bracing. 

A sh ie ld ing  th ickness  of 12 i n ,  o f  s t e e l  i.s provided throughou-i 
( s l i d e s ,  modules, and T r a m e  sides and ends) e 

su- f f ic ien t  t o  I.i.mit r a d i a t i o n  l e v e l s  24 hr  followi-ng r eac to r  shutdown 
t o  about 1C m.r/hi- . 

This  sh ie ld ing  i s  

The s e r i e s  of holes  through the  sh ie ld ing  t h a t  a r e  used f o r  long- 
handled too l s ,  l i g h t s ,  and windcjws are provided with various f i l l e r s  
o r  i n s e r t s .  Some o f  t h e s e  coniain 150-w l i g h t i n g  f i x t u r e s .  Some 
ar- of a sp l i t -bushing  design t o  accommodate t o o l s  o f  various 
diameters.  Some i n s e r t s  contain a d r i l l e d  lead  b a l l  through vhich 
t o o l s  may be i n s e r t e d  and 'fswuug" into pos i t i ons  o ther  than d i r e c t l y  
und-erncath t h e  work hole, One 8-in.-disme and one 5-1/2 in,-dia,m. 
lead-glass  wi  ndow can be  qounted siinult aneously f o r  d i r e c t  viewing 



2*4 J i g s  and Fix tures  f o r  Assembling MSRE Components 

The philosophy of remot e mai atenance involves t h e  replacement 
of fa l led  components; therefore  ccmncction members and mcunting 
dimensions must be t h e  same f o r  t h e  f a i l e d  and t h e  replacement 
components. J i g s  and f i x t u r e s  a r e  used t o  make it possible  t o  
replace t h e  major components i n  t h e  r e a c t o r  and drain-tank cells. 
The following components were f ' i t t ed  t o  a j i g  as they  were assembled 
or,  a j i g  was f a b r i c a t e d  to f i t  t h e  a s - b u i l t  component. 

2.4.1 Reactor C e l l  Components - 
The major r e a c t o r  c e l l  components t h a t  can be removed. a,nd 

replaced a r e  the r e a c t o r  vessel ,  t h e  heat exchanger, t h e  pump bowl, 
-the r o t a r y  element of t h e  pump, arid t h e  pump motor. A j i g  w a s  
designed for t h e s e  major componenks so t ha t  a l l  replacement 
components could be fabr ica ted  on t h e  one jig assembly, or  t he  jrig 
could be broken down i n t o  section:; t o  accomnoda-Le s ingle  components. 
A separate  j i g  i s  a v a i l a b l e  for use i f  only t h e  pump r o t a r y  element 
or t h e  pump i s  t o  be  replaced.. Tk.is j i g  makes i t  possible  Lo 
dupl ica te  the  a u x i l i a r y  f langes sr?d disconnects i n  ' t he i r  e x i s t i n g  
loca t ions .  After t h e  space coolers were i n s t a l k d  i n  t h e  r e a c t o r  
and d r a i n  tank c e l l s  and a l l  piping and e l e c t r i c a l  connections were 
made, they were removed and. a j i g  was b u i l t  t o  fit t h e  u n i t .  This 
j i g  makes it poss ib le  t o  dupl icate  t h e  flange and e l e c t r i c a l  disconnects, 
as w e l l  as the support s t e e l  f o r  the unit. 

The basic  p a r t s  o f  a j i g  were also p r e p a r d  f o r  t h e  component 
cooling valves .  After t he  .valves were i n s t a l l e d  and. a l l  piping w a s  
cornpl.eted t h e  valves  were removed and placed on t h e  j i g s ,  and holes  
were d r i l l e d  t o  loca-Le f langes,  a i r  l ines ,  disconnects, e t x ,  These 
holes  were i d e n t i f i e d  for each valve and t h u s  any va.lve i n  the 
system can be dxpl icated.  

2 -4.2 Drain-Tank Cell Components 

A j i g  was used to assemble t h -  d r a i n  tanks a,nd steam domes, 
and the  e leva t ions  and o r i e n t a t i o n s  of a l l  piping flanges and 
thermocouple d i  sconneets were es tab l i shed  with f i x t u r e s  aLtached 
t o  t h e  j i g .  
and t h e  helium valves: Were f i t t e d  -LO t h e  valve j i g  described f o r  
-the component cool ing-air  valves .  

The f i l l - a n d - f l u s h  t a &  w a s  assembled i n  the  same ?jig, 

2 .T Freeze-Flange Maintenance 

The  major components i n  t h e  r e a c t o r  cell are connected by t h e  
2 f i v e  5- in .  f reeze  flanges d-escribetl previously bjr Robertson, 
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These f langes are designed so t h a t  they can be separated and remade 
remotely with too l ing  operated through t h e  portable  maintenance sh ie ld .  
The layout of t h e  r eac to r  system piping, imposed by o ther  fac tors ,  
d i c t a t e s  t h a t  t h e  sequence of opening t h e  f langes f o r  replacement of 
any component be l imi ted  t o  opening t h e  f langes on the  coolant end 
of t h e  heat exchanger f i r s t ,  then  on t h e  f u e l  end of t h e  hea t  exchanger, 
and f i n a l l y  t h e  f lange thak connects t h e  reac tor  t o  t h e  suc t ion  of 
t h e  pump. Thi.s sequence i s  responsible f o r  t h e  r a t h e r  lengthy 
procedure required t o  remove a defec t ive  gasket i n  f reeze  f lange 
FF 100, and must be taken 1.nto account whenever planni-ng a spec i f i c  
maintenance t a s k .  

2.5. I Operztions Required f o r  Gasket Replacement 

The operations of breaking and making a flanged j o i n t  involve 
t h e  following procedure, which i s  broken down i n t o  s teps  corresponding 
t o  t h e  tool used. The disassembly cons is t s  of 

1. Forcing clamp of f  t h e  f lange  and thus  r e l i ev ing  a l l  gasket 
seali-ng force,  

2 .  Hanging t h e  clamp assembly on a bracket i n s t a l l e d  i n  t h e  c e l l ,  

3 .  Jacking t h e  faces  of t h e  f langes apar t  t o  g e t  a t  t h e  gasket and 
t o  provide clearance f o r  d i sp lac ing  components. 

4 .  Removing -the ring-gasket assembly, 

5 .  Covering t h e  open f langes t o  prevent spread o f  contamination. 

The reassembly procedure, which i s  t h e  reverse  of t h e  above, 
and which i s  done with t h e  same too l s ,  has one ex t r a  requirement: 
the f lange Faces must be real igned as they  a r e  being Jacked together  
( reverse  of s t e p  3)  t o  assure  good gaskei sea l ing .  Throughout these 
s teps ,  viewing i s  provided p r inc ipa l ly  by t h e  periscope, with i t s  
varfous lenses .  The periscope i s  supplemented by windows i n  t h e  
sh i c ld  and, when necessary, by long-handled mir rors .  

2 5.2 Reallgnment and Gaske-t Seal ing 

The f reeze  f lange  assembly, which i s  shown i n  Fig.  9, consi.sts 
of t h e  f lange body containing t h e  gasket groove, t h e  gasket assembly, 
t h e  clamps, t h e  guide rods, t h e  disassembly beams, and- t h e  1.iftin.g 
eyes.  The gasket loading force  i s  derived from t h e  s t r a i n  i n  t he  
horseshoe sec t ion  of  t h e  clamp, which i s  sprung open a nominal 
0.100 i n .  when t h e  clamp i s  forced. onto t h e  f lange .  Forces encountered 
i n  sea t ing  t h e  clamp on assembly and disassembly operations range 
from 16 t o  34 tons .  It i s  necessary t o  put t h e  cl.amps on symmetrically 
f o r  two reasons. F i r s t ,  symmetrical- loading produces t h e  bes t  
gasket -seal ing condition, and second, unsymmetrical assembly would 
cause g a l l i n g  and "digging in"  and thereby increase  t h e  required 
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Fig. 9 .  V i e w  of Mockup Freeze Flange with Clamp in Stowed Posi- 
t ion. 
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assembly forces .  Symmetrical assembly i s  achieved by using care  i n  
handLj.ng and operat ing t h e  remote tool-ing. A l s o  t h e r e  are guide 
rods t h a t  help center  t h e  clamp through t h e i r  c lose  engagemen-i with 
t h e  ea r s  on t h e  f lange.  Tine guide rods also serve t o  connect t h e  
upper and lower hal€ of  t h e  clamp assemb1.y so t h a t  it can be hand1.ed 
a s  one unit. The disassembly beams car ry  t h e  loads i-mparted by 
t h e  remote too l ing  from t h e  clamps i n t o  t h e  f lange when takj.ng t h e  
clamps o f f .  The l i f t  eyes a r e  provided to handle t h e  clamp assembly. 

2.5.3 Fermanently I n s t a l l e d  Maintenance Equipmen'i 
I- 

Some i t e m  of equipment i h a t  i n  general  serve t o  simplify t h e  
remote maintenance operation were permanently i n s t a l l e d  at each 
f reeze  f lange .  For example, under t h e  piping a t  each flange t h e r e  
i s  a >- ton worm-gear screw jack t h a t  terminates  i n  a remotely operable 
hex head, co i~~p le t e  wi-th hook, supports, and dr ive  t r a i n s .  This 
j ack  provides Torces i n  t h e  a x i a l  d i r ec t ion  of the piping t o  spread 
apar t  or bring iogether  t h e  flangp faces .  There a r e  a l s o  ptirraanently 
i n s t a l l e d ,  s l o t t e d  brackets t h a t  a c i  as anchor poin ts  t o  a l i g n  Ylange 
face.; i n  t h e  rad ia l  direct ion,  and t h e r e  a re  supports t h a t  hold t h e  
freeLe-flange clamp assembly i n  the stowed pos i t ion  .when the f langes 
a r e  separated.  

2.5.14- __.I.__ Hydraulic Clamp Operat or  

A s  mentioned above, t h e  horseshoe-shaped sec t ion  of a f u l l y  seated 
c1am.p i.s spru.ng open a nominal 0.100 i n .  t o  produce a gasket load 
of approxi-ma-irly 200,000 l b .  The fo rce  required t o  sea-t; a clamp 
ranges from 16 t o  34 -tons and i s  applied remotely by t h e  p a i r  of 
hydraill-i.c c1a:np operator t o o l s  shown i n  Fig.  10. Each cons i s t s  of 
a long m a s t  carrying a 20-ton l3- l /2  in .  s t roke hydraulic ram. 
cylinde-r i s  aktached t o  a s t a t iona ry  outer  frame, and t h e  p is ton  
i s  a t tached t o  an inner  frame. Extending t h e  ram moves t h e  inner  
fram down toward -the sta-Lionary member. By engaging t h e  outer 
frame under appropriate  surfaces  on t h e  clamp assemb1.y and t h e  i-nner 
f r a m e  over them, t h e  t o o l  can accomplish t h e  required jobs of assembly 
and disassembly. These a r e  shown i n  Fig. 10. Engaging t h e  t o o l s  
onto these  surfaces  remotel-y i s  made somewfiat e a s i e r  by a l ign ing  
assembly marks on t h e  t o o l  with t h c  proper surface on t h e  i n - c e l l  
e qui pment . 

I t s  

2.5.6 Clanp-Handling Tool. -- 
When t h e  clamps have been separaied, t h e  "clamp handling:" t o o l  

i s  used t o  t ransport  t h e  clamp assembly out of the way and t o  s t o r e  
i t  so t h a i  t h e  f langes can be spread apa r t .  This t o o l  cons is t s  of 
a p a i r  of hooks i n s i a l l e d  on t h e  end of a long mast and spaced t o  
engage a p a i r  o f  eyes on t h e  upper clamp. When t h e  hooks a r e  engaged 
t h e  'cool i s  r a i sed  slowly, and it l i f t s  t h e  upper clamp u i i t i l  it 
contacts  t h e  underside of t h e  upper bean. Because of t h c  r e s t r i c t e d  
v e r t i c a l  c learsnce between t h e  guidp-rod jaws and t h e  flangr ears ,  
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Fig. 10. Freeze E’la,nge CLampir-Lg Frame Showing Assembly and D i s -  
ass embly Steps . 



t h e  motion i s  prec ise ly  cont ro l led  unt i l .  t h e  e n t i r e  weight of  t h e  
f h n g e  clamp assembly j.s ca r r i ed  by t h e  t o o l ,  The assembly i s  then  
moved hor izonta l ly  back al.ong t h e  piping and hung on t h e  clamp stowing 
bracket,  as shown i n  Figs. 9 and 11. 

2 .  j .?( Flange-Jacking Equipment 

A f t e r  t h e  c l m p  assembly has been stoweb t h e  f langed j o i n t  may 
be separated.  This i s  accomplished with t h e  jacks ( h g  E-GC-E-41.865) 
mounted i n  t h e  c e l l  beneath t h e  piplng.  As  ment-ioned. above, t hese  
are 5 - t m  worm-gear screw jacks t h a t  a r e  engaged a n d  operated. remotely 
by r o t a t i n g  hex-head d r ives  with ordinazy socket wrenches on 1on.g 
handles.  The jack hook engages with and t ransmi ts  fo rce  through jack 
bars  mounted on t h e  piplng-support instal.l.ation ( h g  e E-GG-E-41860) 
To avoid r e s t r i c t i n g  t h e  motion of t h e  piping due t o  thermal expansion, 
t he  jacks must be left disengaged during r eac to r  operati.on. For 
maintenance tbey must be engaged 'io t h e  piping t o  provi.de t h e  forces  
reqw-i.red f o r  opening f langes  and f o r  m.ovi.ng components e 

2 -  5.8 Gasket -3andling Tool  
l-l__l_lll 

The ga.sk.et handling t o o l  i s  used t o  rep lace  a ring-gaske-t; assembly. 
The tool i s  long-ha.nd.led p l i e r s  with a s t a t iona ry  upper jawr. The 
movahle lower jaw which i s  operated from t h e  t o p  of t h e  tool, engages 
slots on t h e  i n s i d e  of t h e  r f n g  away from t h e  f o u r  sea l lng  surfaces. 
On t h e  v e r t l c a l  cen ter  I..i.ne of t h e  gasket t h e r e  i s  a s m a l l  bracket 
t h a t  c a r r i e s  a p in  t o  lock t h e  gasket to t h e  f langz u n t i l  t h e  flanges 
are pushed toge ther .  This d e t a i l  i s  shown i n  Fig. 12.  The p i n  has  
0.045 i n .  cl.earance in s ide  a hole  Lapped i n  t h e  f lange a t  a corresponding 
loca t ion .  
means of t h e  handling t o o l .  The pTn has t,hreads on i t s  lower s i d e  
t h a i  match those  o f  t h e  hole, and the  weight. o f  .the gasket assembly 
i s  supported. by t h e  p in  which i s  kept in place by t h e  engaged th reads ,  
When t h e  o the r  fl-ange i s  brought i n t o  p lace  t h e  r i n g  groove cans t h e  
r i n g  upward; this iaotion di.senga,ges t h e  threads  on the p in  and the  
tapped hole  and E l l o w s  t h e  riig t o  move i n t o  t h e  proper s ea l ing  
pos i t i on  i n  the groove. For removal, Lhe assembly i s  r a i s e d  S O  t h a t  
t h e  smooth upper surface of t h e  p in  contac ts  the  top of t h e  ho1.e. 
This disengages t h e  threads  and allows t h e  p in  t o  be withdrawn, 

Thus, t h e  p i a  can be s l ipped  i n t o  t h e  hole  r ead i ly  by 

2.5.9 Flange -Cover -Hardling Tool ~. ---__1 

In order t o  rcduce t h e  r e l eas?  of rad ioac t ive  p a r t i c l e s  from 
t h e  system and t h e  exirance oi' air ,  covers are placed over t h e  open 
flangee,. A cover cons i s t s  of a i t c e l  pl.ate wl th  a r a i sed  gasket 
surface,  a wedge d-vice f o r  t i gh ten ing  it i ~ p  aga ins t  the f lange  Face, 
a bracket i o  hang it on the  flaiige =3rl and a hand 1 i ng b a i l .  The 
cover i s  shown on drawi rtg MSHE-s~-~-263. The seal. occurs just  i n s ide  
thz Ling gasket groove but outs ide t h e  expected sa l i -cake  area, a n d  
i t  i s  not expected t o  be a high-quality s e a l .  The handling t ~ o l  
contains  a hock with a lock and a p a i r  of  remotely operated sockets 
Tor operat ing the  vedgi;' The covers require I+ i n ,  of c l ea r swe  
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Fig .  12. D e t a i l  of Arra,ngement for Locking King to Flange During 
Ma,int enaiic e . 



2.3 

between t h e  f lange faces  f o r  remcte i n s t a l l a t i o n .  For f reeze  flange 
FF-200 a s p e c i a l  offset t o o l  i s  required because t h e  open f lange  
i s  under a sh ie ld  support beam. F'urther, because of in te r fe rences  
with t h e  stowed clamp, t h e  covers must be p a r t l y  i n s t a l l e d  as t h e  
f langes a r e  being jacked apa r t .  The handling too l ,  i n s t a l l e d  covers, 
and stowed clamp a r e  shown on Fig.  11. 

2.6 Fuel-Pump Maintenance 

The MSRE f u e l  pump i s  made up of t h e  pump bowl, t h e  r o t a r y  

- 

element, and t h e  motor stacked v e r t i c a l l y  ,and joined by bol ted gasketed 
j o i n t s ,  The pump bowl assembly cons is t s  of t h e  pump tank, t he  volute,  
t h e  suc t ion  and discharge l i n e s  from f r e e z e  f langes  FF-lOG t o  FF-101, 
t h e  furnace, t h e  support plates, and a riurnber of f langes f o r  d . i s -  
connecting the  pump a ,ux i l i a ry  systems e The r o t a r y  element cons i s t s  
of t h e  pump shaf t ,  impeller,  sh i e ld  block, bearings, bearing housing, 
and var ious a u x i l i a r y  l i n e s  with f langes ,  'The motor has a power 
lead- in  on t o p  and -two cooling water l inea  with f langes .  A.11 these 
f langes  f o r  t h e  pimp a u x i l i a r i e s  a r e  on a common rad ius  from. t h e  
center  l i n e  of t h e  pump and are rxounted a t  t h r e e  s p e c i f i c  e leva t ions .  
The b o l t s  t h a t  hold t h e  t h r e e  units toge ther  are arranged t o  allow 
t h e  choice of' removing f i r s t  t h e  motor and t h e n  t h e  r o t a r y  element 
or both of t h e s e  toge the r .  Jacking screws are provided. t o  fo rce  t h e  
r o t a r y  element o f f  t h e  pump bowl i n  t h e  event of a stuck gasket.  

The procedure f o r  removing e i t h e r  of 'the two upper p a r t s  I s  t o  
di-sconnect t h e  e l e c t r i c a l  power lead and t h e  auxili.ai-y flanges,  unscrew 
all t h e  pump f lange  bol t s ,  and f i n a l l y  operate the jack b o l t s  t o  
m a k e  sure t h e  p a r t s  will separate .  The preparatory work i s  done 
with long-handled socket wrenches and hooks i n s e r t e d  through t h e  
por tab le  sh i e ld .  A l i f t i n g  yoke i s  i n s e r t e d  through t h e  s p l i t  sec t ion  
of t h e  r o t a t i n g  plug and engaged i n  t h e  t runnions provided on both 
t h e  motor and t h e  bearing housing, and t h e  un i t  i s  l i f%ed c l e a r  of 
a l l  t h e  c lose  f i t t i n g  attachments. The p a r t  i s  then llf-Led by t h e  
crane u n t i l  it i s  j u s t  below t h e  por tab le  maintenance shield, A t  t h i s  
point it i s  necessary t o  go i n t o  t h e  remote-maintenance coritrol room, 
open t h e  s l i d e  of t h e  por tab le  sh ie ld ,  and p u l l  t h e  pa r t  up i.nto 
t h e  high bay f o r  s torage i n  one of t h e  p i t s  o r  f o r  d i sposa l .  P l a s t i c  
covering o r  other  eonkarinraent i s  used t o  prevent contamination of t h e  
high bay a rea ,  I n s t a l l i n g  a replacement pa r t  requi.res t h e  reverse  
of t h e  removal procedure, w i t h  t h e  addi t ion  of t h e  ex t r a  care  t h a t  
mus t  be exercised when engaging t h e  mating surfaces  of t h e  pump. 

2-7 Graphite Sampler and Ccntrol Bods 

The term "graphi te  sampler" refers to a c o l l e c t i o n  of b ~ t h  
permanently i n s t a l l e d  and removable equipment used- t o  inaFntain th ree  
important components of t h e  reac tor  t h a t  <are physica,l.ly 1.ocated near 
t h e  center  l i n e  of' t h e  core. These components a r e  t h e  gra.phite- 
Hastelloy N surve i l lance  samples, the 2-in. removable graphi te  
s t r inge r s ,  and t h e  c o n t r o l  rods, 



2.7.1 Survei l lance Samples 

Among t h e  important resu l t s  t o  be gained from operating t h e  
MSRE are t h e  chemical and meta l lurg ica l  d a t a  t o  be obtained from 
examining specimens of graphi te  and metal exposed i n  t h e  c e n t r a l  
regi-on of  t h e  core f o r  long periods of operat ion.  (This  program 
has been described i n  d e t a i l . 3 )  Figure 13 shows f e a t u r e s  of t h e  
sample assembly and i.ts loca t ion  i n  t h e  core .  This sample assembly, 
which i s  roughly a 5-f t - long 2-in.-diamS cyl inder ,  cons i s t s  of an 
a r r ay  of graphi te  bars,  Kastelloy N t e n s i l e  specimens, and flux- 
measuring wire in s ide  a basket of  perforated sheet m e t a l .  End 
f i t t i n g s  accommodate imsta l la t ion ,  coolant flow, and handling 
requirements. After  exposure i n  t h e  operat ing reac tor ,  t h e  
specimen i s  removed with long-handled t o o l s  and taken  i n  a shielded 
c a r r i e r  t o  a hot c e l l  where some of the  samples are taken from t h e  
basket f o r  chemical and me ta l lu rg ica l  exanination. The basket i s  
then  reload.ed wi th  new and. exposed samples, re turned t o  t h e  reac tor ,  
and. r e i n s t a l l e d  i n  t h e  core .  

The gra,phite sampler, which w a s  designed pr imari ly  f o r  t h e  
operat ion of removing and rep lac ing  surve i l lance  samples, i s  shown 
i n  Fig.  14, and c m s i s t s  of t h e  following components: 

1. A 48-in.-wide lower sh i e ld  block, which has a 39-1/2-in.- 
d i m .  hole over t h e  center  of t h e  reactor  vesse l .  During r eac to r  
operat ion a f i l l e r  plug i s  i n s t a l l e d  i n  t h e  39-3./2-in.-diam. hole .  

2 .  A 2O-in.-diam. sta,ndpipe at tached t o  t h e  bottom of t h e  
4-8-in. sh i e ld  block by means of a f lange  and a bo l t ing  r i n g  and t o  
t h e  2-1/2-in. r eac to r  access f lange.  An expansion bellows i s  used 
between t h e  standpipe and t h e  access f lange  t o  allow f o r  movement 
due t o  ther-mal. expansion. The standpipe i s  at tached s l i g h t l y  off 
cen'ter a t  t h e  t o p  t o  leave access room f o r  con t ro l  rod maintenance. 

3. A cyl inder  36-in. high by br(-1/2-in. i n  d iane ter  with 
)+-in. t h i c k  walls (of canned-lead construct ion) ,  which i s  i n s t a l l e d  
when preparing t o  t a k e  a sample. Thi.s sh i e ld  i s  sealed at t h e  bottom 
by t h e  weight r e s t i n g  on a f l a t  gasket.  It i s  designated t h e  
graphite-sampler work shield,  but it i s  sometimes simply ca l l ed  t h e  
work sh ie ld  e 

4. A geared work plug, 38-in. diam. by 10-1/2-ine th ick ,  
i s  in se r t ed  i n t o  t h e  work sh ie ld  ( i t e m  3 above). 
Teflon r i n g  t h a t  a c t s  as a s e a l  and bearing sur face .  The work plug 
Fig. 15, has a smaller geared plug eccent r ic  t o  the l a rge  plug, 
arid seven var ious s i zed  t o o l  plugs, viewing por t s ,  and l i g h t i n g  
i n s e r t s .  Teflon gaskets  and neoprene "0" r ings  a r e  used throughout 

This plug has a 

3 R. B. Briggs, Molten-Salt Reactor Program Semiannual Progress 
Heport f o r  Period Ending Au-g. 31, 1965, USAEC Report ORNL-3872, 
OHNL, pp. 87-92. 
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Fig. 13. Surveillance Sample Assembly and Location. 
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-to rnakr iht: o v e r a l l  a9serrbl-y gas t igh t  e 

5 Tile standpipe atmosphere-coiltrol system. Th . i s  cons is t s  of a 
ni t rogen supply, a con t ro l  panel, an exhaust blower and a f i l t e r .  
When items l through 4 a r e  assem'oled, a sealed compartment i s  formed 
above t h e  r eac t  or ,  through which personnel operating 1-ong-handled 
too ls ,  can open t h e  reac tor  and withdraw a rad ioac t ive  sauple.  By 
feeding a purge of ni t rogen i n t o  -the compartuent and maintaining a 
negztive pressure ins ide  it ,  two purposes a.re served. A i r  i s  kept 
out of t he  r eac to r  vessel ,  and contamination i s  kep-L out  o f  the 
personnel working area. 

6 e Miscellaneous eqixipment . Once t h e  shielding,  containment, 
and atrnospherz con t ro l  have been s e t  upJ t h e  physica.1. handling of 'Lhe 
in-cell. .  equipment can proceed ,. With 1 ong-handled t o o l s  and a v a r i e t y  
of standard and spec ia l  hardware, t h e  r eac to r  ~ C C Z S S  port  i s  opened, 
and t h e  samp1.e i s  withdrawn and put i n t o  a sealed container  with?'.n 
t h e  standpipe.  The container  :is pul led  lipward out of  t h e  staitdplipe 
i.nto a c a r r i e r  with G-in.-thick sh ie ld  walls foi- i t s  t r i p  t o  t h e  
hot c e l l .  I n  prac t ice ,  a lengthy and d.etari.led step-by-step wr i t t en  
procedure i s  followed by t h e  personnel doing t h e  work. 

2.7.2 The 2-i n. Graphit,e Core St r inge r s  _I 

Theine a re  Five s t r ingeys  (moderator bl-ocks) loca ted  i n  t h e  center  
of t h e  core t h a t  can be removed for examina-tion. They a r e  equipped 
with f i t t i n g s  Tor handling. However, access  t o  remove them i s  
gained only a f t e r  t h e  removal cf t h e  con t ro l  rods and d r ive  housings, 
t h e  s u b s t i t u t i o n  of a 36-in.-dia,m. standpipe for t h e  20-in. stand- 
pipe, and fiazl1.y t h e  removal of t h e  control-rod thi.mble assembly. 
There a r e  no plans to r3move these  s t r i n g e r s  i i n t i l  'che conclusion 
of r eac t  or opera-t i. on. 

b'igiire 16 shows t h e  t o p  view of t h e  three conirol rod dr ive  
housings and ihe  20-in.  standpipc.  The control-rod access  flangi.. has 
been removed. 'I'he view i s  s i m i l a r  t o  that of looking down chrough a 
window i n  t h e  graphice-sampler work plug. For mainLenaxe t h e  
control-rod d r ive  housing i.5 removed f i r s t  Induced r ad ia i ion  and 
contamination of ' c h i s  u n i t  i s  low so t h a t  i*epa i rs  can be made with 
Grdinary-lllethods a f t e r  minor cleanup. A con t ro l  rod can be 
removed oiily a f t e r  che dr ive  housing i s  o u t  o f  t h e  way. The rod5 
have much induced a c t i v i t y  and a r e  genera l ly  replaced r a t h e r  t han  
repa i red .  A l l  t h ?  neccssai-y work i s  done w i t h  long-handled t o o l s .  

2 -8 

The 1-1/2- ine Hzstel loy N piping for t h e  sa1.t f i l l - and-d ra in  
system i s  of all-welded construct ion.  Component replacement i s  t o  be 
accomplished by c u i i i n g  the  pipe a t  predetermined poiri-ts, removing 
t h e  componmt;, preparing Lhe <.n-cell  pipe stub, installing -the new 



Fig. 16. 'LOP V l e w  01 otmupipe wiu w r i t r u  nwd Drive Housings. 
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component with a prepared f i t t i ng ,  and brazing the  f tub  in to  the  
f i t t i n g .  The technique, as developed for the MSRE, requires a 
permanent 2-by 3-ft  base p la te  located at each possible future joint, 
four tools  t h a t  can be placed and operated through the maintenance 
shield, and a 4200-cps 30-kw induction generator. 

Figure 17 shows an unassembled joint  and a section of a brazed 
joint .  
on t h e  right.  The new component i s  ins ta l led  with a prepared end, 
l i ke  the  piece shown on the  lef t ,  and with the gold-nickel sheet- 
metal braze preform, shown i n  the  center, fastened i n  it. The two 
are pressed together while being heated t o  1900°F t o  form the  completed 
joint .  Figure 18 i s  the  positioning vise suspended from i t s  l i f t i n g  
ba i l .  
on the  base p la te  by dowels, bolted dawn, and the  three-jaw chuck i s  
closed t o  gr ip  the  pipe. 
It i s  lowered, i n  the  open position, over a continuous piece of pipe 
and onto i t s  mounting plate  on the  positioning vise. 
fed i n t o  contact with the  pipe and the  cut ter  i s  rotated, with 
automatic knife feed, u n t i l  t he  pipe i s  cut. The cu t te r  i s  then 
removed. 
the  taper cu t te r  i s  placed on the  base plate, Fig. 20. The taper  
cut ter  i s  driven through an extension shaft by an air motor while 
the positioning vise i s  used t o  drive the  pipe stub i n t o  it. A 
6" included-angle taper  1-in. long i s  machined on the  pipe. The 
taper  cut ter  i s  then removed, and the  furnace with induction heating 
leads and purge-gas connection i s  placed on the  pipe stub as shown 
i n  t h e  l e f t  side of Fig. 21. The new component with the  prepared 
braze f i t t i ng ,  thermocouples, and furnace end piece i s  put i n to  
place. The fixed vise  i s  then lowered Over the  pipe, f a s t ened to  
the  base plate, and closed t o  gr ip  the pipe as i n  the  r ight  side of 
Fig. 21. The positioning vise  i s  then operated t o  drive the  stub 
i n t o  the  braze f i t t i n g  so tha t  matching tapers j am.  
i s  closed as i n  Fig. 22 and the  iner t  gas purge i s  begun. After an 
appropriate purge period, the  induction generator i s  turned on and 
the  joint  i s  heated t o  1700°F i n  about 2 min. 
maintained on the  joint  with the positioning vise  during heating, 
and at about 1750'F the  braze metal melts and the pipe stub t rave ls  
about 1/8-in. fur ther  in .  T h i s  reduces the  joint  thickness from 
0.005 t o  less than 0.001 in.  The joint  i s  held at 1900°F f o r  about 
one minute t o  assure complete melting and wetting and then permitted 
t o  cool. The f'urnace i s  then opened, the thermocouples are removed, 
and the  joint  i s  inspected. If the  joint  does not pass inspection, 
t h e  furnace can be closed, t he  jo in t  heated. t o  19OO0F and separated. 
If it does pass inspection, t he  furnace is  removed by breaking up the  
insulation and cutt ing loose the  coils,  the  vises a re  removed, and the  
l ine  i s  restored t o  service. 

The in-ce l l  pipe stub i s  machined t o  a taper, l ike  the  piece 

It i s  luwered over a continuous piece of pipe, positioned 

Figure 19 shows the  pipe cutter i n  operation. 

The knife i s  

After t h e  cmponent i s  completely disconnected and removed 

The furnace 

Axial pressure i s  

4E. C .  Hise, F. W.  Cooke, and R. G. Donnelly, Remote 
Fabrication of Brazed Structural  Jo in ts  i n  Radioactive Piping, 
paper ASME-63-WA-53, American Society of Mechanical Engineers. 
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Fig. 18. Positioning Vise for Remote Brazing. 
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Fig.  19. Pipe Cut te r  f o r  Remote Brazing. 
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2.9 Maintenance of the  Sampler-Enricher 

The sampler-enricher system provides the  means whereby samples 
of salt a re  removed from t he  reactor for  analysis and additions are 
made t o  enrich or poison the  fue l .  
more d e t a i l  previously. 
around the  equipment f o r  shielding during reactor operation. Portions 
of t h i s  s h e l l  must be removed f o r  access, and other portions are 
u t i l i zed  as shielding during maintenance. The maximum source 
strength can be assumed t o  be no more than that of 2 radioactive 
samples of salt. 
the  equipment failure and t h e  other due t o  t h e  accumulation of 
deposits and s p i l l s  from the  routine handling of many samples.) 
A radiat ion leve l  of 400 r/hr at 12. in .  has been estimated f o r  t h i s .  

T h i s  system w a s  described i n  
6 A s h e l l  of 8-in. of lead has been b u i l t  

(Presumably one sample would be associated with 

The arrangement of the  components of t he  sampler i s  such tha t  
there  a re  seven d i s t inc t  areas that may be worked on more or  l e s s  
independently. The operating panel board and par ts  a re  shown i n  
Figs. 23 and 24. 
and d i rec t  methods with advantage taken of t h e  shielding tha t  can be 
provided by loca l  stacking of lead bricks. 
connectors, fasteners, and movable shielding have, t o  a large extent, 
f a c i l i t a t e d  t h i s  approach. 
disconnected, it w i l l  be transported t o  a decontamination c e l l  t o  
be cleaned up as much as possible before further work. Distance, 
shadow shielding, and the  maintenance control room w i l l  be used, 
depending on the  radiat ion leve l  and t he  complexity of the  par t icular  
task.  

Maintenance w i l l  be accmplished with hand tools  

The designs of the  

When the  par t icular  u n i t  has been 

2.10 Miscellaneous Long-Handled Tools 

2 .lo. 1 Heater and Thermocouple Maintenance Tools 

The too ls  f o r  t he  ma-kemce of t h e  heaters and the  thermocouple 

I n  operation the hook i s  engaged 
disconnects are, in general, long-handled l i f t i n g  hooks working 
inside a centering guide or socket. 
i n  the  b a i l  on the  equipment and t h e  socket i s  brought down over 
the ba i l  t o  lock it inside the  too l .  A t  t h i s  point t h e  unit i s  
transported and released at i t s  destination. 
removed. The heaters and e l e c t r i c a l  disconnects have ident ica l  
bai ls ,  which f i t  t he  socket on t h e  end of the  too l .  
disconnect t o o l  however requires a different-sized socket and, i n  
addition, a frame of guide rails attached t o  the  socket which acts. 
i n  aligning the  two halves of t h e  disconnect before the  e l ec t r i ca l  
contacts have engaged. 

The t o o l  i s  then 

The thermocouple 

Op. c i t  ., Ref. 1, pp. 244-247. 6 
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'UYtKAl IONAL AND I MAINTENANCE VALVE 

Fig. 23. Sampler-Enricher Installation Prior to Erecting Shielding. 
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2.10.2 Leak-Detector Disconnect Wrench and Handling Tool 

A remotely operable joint  consisting of a pa i r  of mating 
conical surfaces forced together by a single bol t  mounted i n  a 
pivoted yoke i s  used i n  the  MSRE i n  the leak detector l ines  and 
i n  pneumatic l ines  tha t  feed t h e  weigh c e l l s  i n  the  drain tank 
ce l l .  This joint  i s  known as the  leak-detector disconnect. The 
procedure t o  disconnect it i s  t o  use the  leak detector disconnect 
wrench t o  unscrew the bolt ,  and with the  attached hook, t o  pivot 
the yoke back out of the  way. 
long handled "C" clamp, the pipe or tube tha t  comes in to  the  top 
of the  disconnect i s  grasped, separated from i t s  mate, and moved 
clear  of the  area. I n  the  case where it i s  necessary t o  hold both 
par ts  of the  joint, an additional "C" clamp t o o l  i s  u t i l i zed .  

Then by using the same t o o l  as a 
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3 .  DETAILED MA.INTENANCE PROCEDURES 

The operat ing procedure i n  a rad ioac t ive  maintenance s i tua t ion ,  
i n  t h e  i n t e r e s t  of s a fe ty  and economy, includes 

(1) t h e  maintenance operat ion and t h e  t o o l s  involved, 

(2) t h e  p ro tec t ion  of personnel and equipment, 

( 3 )  t h e  manipulation of r eac to r  equipment, such as t h e  
v e n t i l a t i o n  system, and 

(4) t h e  measures required t o  maintain c leanl iness  both i n  
t h e  c e l l  and i n  t h e  high-bay area .  

Details of  a procedure depend on knowledge of t h e  reac tor ,  i t s  
operat ing h is tory ,  t h e  e f f e c t s  of i t s  r ad ioac t iv i ty ,  and t h e  main- 
tenance operat ions.  It would be imprac t ica l  t o  t r y  t o  a n t i c i p a t e  
a l l  t h e  needs of a procedure; therefore ,  t h e  procedures t h a t  follow 
p e r t a i n  only t o  t h e  operat ion of t h e  maintenance too l s ,  and t h e  
check out of  t h e  equipment f o r  function, ca l ibra t ion ,  and de fec t s .  
I n  general ,  a t t e n t i o n  t o  d e t a i l  and good cooperation among a l l  involved 
are required f o r  good r e s u l t s .  

The verb " inse r t "  as used i n  t h e  procedures refers t o  t h e  e n t i r e  
operation, which cons i s t s  of picking up t h e  t o o l  on t h e  crane, threading 
it through t h e  proper hole  i n  t h e  por tab le  shield,  ca re fu l ly  lowering 
it i n t o  pos i t i on  with whatever manipulations are required t o  c l e a r  
i n - c e l l  equipment and f i n a l l y  using t h e  proper bushing t o  c lose  up 
t h e  gap i n  t h e  sh ie ld ing .  

Motion o r  displacement of  t h e  t o o l s  o r  equipment i s  accomplished 
general ly  by moving t h e  por tab le  sh i e ld  wi th  t h e  t o o l  a t tached  t o  it. 
Motions i n  t h e  long d i r e c t i o n  of t h e  s h i e l d  blocks (east  and west i n  
t h e  r eac to r  c e l l  and t h e  d r a i n  tank  c e l l )  are simple t r a n s l a t i o n s  
of  t h e  s l i d e .  Motions across  t h e  s l i d e  a r e  made with a more complex 
combination of plug r o t a t i o n  and s l i d e  t r a n s l a t i o n .  Small movements 
may be accomplished by u t i l i z i n g  t h e  clearance between t h e  outs ide  
of t h e  m a s t  of t h e  t o o l  and t h e  hole  i n  t h e  sh i e ld  i n t o  which it i s  
in se r t ed .  The long t o o l s  with r e l a t i v e l y  heavy lower ends a c t  very 
much l i k e  pendulums, so t h e  operator cannot exer t  t o t a l ,  pos i t i ve  
cont ro l .  For t h i s  reason a l l  movements of t hese  t o o l s  m u s t  be made 
as slowly, smoothly, and d e l i b e r a t e l y  as poss ib le  t o  r e t a i n  control ,  
avoid v io len t  o s c i l l a t i o n s ,  and prevent damage t o  equipment. 

The Radiation and Contamination Problem 

Radiation and contamination l e v e l s  vary widely i n  t he  MSRE. 
There are s i t u a t i o n s  where t o o l s  can be in se r t ed  and removed repeatedly 
without becoming radioact ive,  and t h e r e  are a l s o  occasions i n  which 
everything i n  t h e  v i c i n i t y  of t h e  operat ion w i l l  be highly 
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contaminated. 
adequately cover a l l  s i t u a t i o n s .  However, t h e  following guide l i n e s  
a r e  general ly  appl icable:  

Therefore no one simple w r i t t e n  procedure w i l l  

1. Writ ten h e a l t h  physics procedures and precautions must be 
provided f o r  each job. 

2. A hea l th  phys ic i s t  must be present at t h e  start  of each 
operation t o  survey and t o  evaluate hazards. 

3. Anything below t h e  shielding ( i . e . ,  i n  a radioact ive a rea )  
must be assumed t o  be a rad ioac t ive  hazard u n t i l  proven otherwise. 
It must be wiped, monitored, and/or contained as it i s  being pulLed 
up through t h e  sh i e ld .  

4. Techniques f o r  contamination control ,  such as containment 
and personnel shielding,  must be considered during t h e  preparat ion 
of t h e  remote-maintenance procedures. 

5. Radioactive, contaminated equipment can be disposed of i n  
severa l  ways. It can be taken t o  t h e  hot-equipment s torage c e l l  or 
t h e  decontamination c e l l  a t  t h e  MSRE, t h e  rad ioac t ive  b u r i a l  ground 
on a hot truck, o r  t o  any of a number of hot c e l l s  at ORNL. The 
choice depends on a number of fac tors ,  such as t h e  value of t h e  
par t ,  t h e  use of t h e  pa r t ,  how rad ioac t ive  it is ,  and what 
f a c i l i t i e s  a r e  ava i lab le  f o r  handling it. However, containment 
must be provided t o  prevent t h e  spread of a i rborne contamination, 
and shielding must be provided f o r  gamma r a d i a t i o n  t o  p r o t e c t  
personnel. 

3.2 Maintenance Control Room and Remote F a c i l i t i e s  

The maintenance c o n t r o l  room i s  used f o r  l imi ted  operations;  
f o r  example when it i s  necessary t o  move highly rad ioac t ive  mater ia l s  
from one c e l l  t o  another o r  out of t h e  high-bay area  of t h e  building, 
and when openings made i n  t h e  sh ie ld ing  a r e  s o  l a rge  t h a t  t h e  r e s u l t i n g  
r a d i a t i o n  l e v e l s  preclude normal occupancy of t h e  high-bay area .  
During t h e  a c t u a l  use of t h e  maintenance c o n t r o l  room, a l l  operations 
must be accomplished by using t h e  two cranes and, f 'urther, t h e  high 
bay may not be access ib le .  Complete i n a c c e s s i b i l i t y  represents  an 
extreme s i tua t ion .  Usually t h e  high-bay area  can be entered, and 
personnel using d is tance  and/or shadow sh ie ld ing  t o  reduce exposure 
can work f o r  short  t imes t o  assist with operations and t o  remedy 
t roubles .  

Because t h i s  work presents  s p e c i a l  hazards, t h e  following should 
be done t o  assure  t h a t  t h e  operat ion proceeds smoothly: 

1. The w r i t t e n  procedure should be gone over thoroughly before 
s t a r t i n g  t o  check t h a t  t h e  procedure i s  workable and t h a t  a l l  
necessary equipment ( l i f ' t  f i x t u r e s ,  camera and l i g h t  stands, 
equipment supports, e t c . )  a r e  on hand and a r e  located where t h e  

. 
1 
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crane hooks can get  t o  them. 

2. A l l  t h e  operat ing equipment should be t e s t e d  j u s t  p r i o r  t o  
t h e  a c t u a l  operat ion.  
at a l l  t h e  c o n t r o l  s e t t i n g s .  
inspected, lubr ica ted ,  and t e s t e d  under load.  Televis ion cameras and 
l i g h t s  should a l l  be warmed up and. functioning, and f o r  a t e s t  they 
should be moved about wi th  t h e  crane t o  demonstrate t h e i r  p o r t a b i l i t y .  

The cranes should be operated i n  all d i rec t ions ,  
The l i f t  f i x t u r e s  should be v i s u a l l y  

3 .  During opera t ion  t h e r e  should be a t  l e a s t  t h r e e  people but 
less t han  seven i n  -the maintenance con t ro l  room. 

4. After  completing t h e  maintenance operations,  t h e  high bay 
should be thoroughly surveyed by the hea l th  phys i c i s t  and contamination 
should be cleaned up before  semidirect  operat ions a re  resumed. 

3.3 

Deta i led  procedures a r e  out l ined  on DFrg. LL-D-Db0663, MSZE 

Procedure f o r  Use wi th  the Por tab le  Maintenance Shield _L_ 

Main C e l l  Plan View Shie ld  Seiups Reference Drawing, and on D J ~ .  
LL-D-Dh0669, MSRE Drain Tank Cel l  Plan View Shield Setup Reference 
Drawing. 
are a v a i l a b l e  t h a t  show t h e  many poss ib le  setups t o  be used i l l  

s p e c i f i c  loca t ions ,  including drawing LL-D-D-40668, Shield Setups 
Over MSRE Freeze Flanges. 

Ten sepa ra t e  drawings ( LL-D-D-40663 through L L - D - D - ~ o ~ ~ ~ )  

The usua l  procedures for use with t h e  maintenance f a c i l j t y  a r e  
l i s t e d  i n  t h e  sequence of prepar&tions,  opera-Lions, and- closure as 
follows: 

3.3 .I Preparat ions - 

1 e Se lec t  proper setup d-rawing t o  determine appl icable  sh ie ld ,  
module, plug, and t r a c k  component requirements . 

2.  Remove s u f f i c i e n t  upper roof blocks t o  allow lower roof 
blocks t o  be l i r t e d  ou t .  

3. Cut membrane (1/8- in .  sLainless  s t e e l )  . 
4. Set the Frame over t h e  lower roof  blocks t o  be removed. 

(Setup as deterrained i n  S tep  I., above).  All.ow 3/4- in  minimum 
side-and--end clearances f o r  t h e  Lower roof plugs t o  be pul led  
through. 

5 .  Attach t r a c k s  and motor base.  Level t r a c k s  with shims as 
requi red .  Place s l i d e  and module arra%ements as ind ica ted  on t h e  
re ference  drawings 
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3.3.2 Operations 

1. Verify t h e  following by operat ing t h e  s l i de  with t h e  motor 
d r ive  : 

a. t h a t  s u f f i c i e n t  clearance e x i s t s  f o r  removing t h e  blocks, 

b .  thart; t h e  device which couples t h e  s l i d e  t o  t h e  r o t a t i n g  
work plug operates,  and 

c .  t h a t  t h e  s l i d e  t r a v e l s  smoothly on t h e  frame and the  
t rack ,  

2 *  Clear t h e  opening i n  t h e  frame f o r  lower sh i e ld  block removal. 

3 .  Attach t h e  b lock- l i f t i ng  tongs t o  one of t h e  blocks t o  be 
removed. 

4. Connect t h e  motor d r ive  power lead i n t o  t h e  remote-maintenance 
room receptac le  ( loca t ed  on t h e  w a l l  just w e s t  of t h e  r eac to r  c e l l ) .  

5.  Evacuate t h e  high-'oay area and continue t h e  operat ion from 
t h e  remote-maintenance con t ro l  room. 

6. Remove both sh ie ld  blocks through t h e  frarne t o  a designated 
parking area. This operat ion can be done with t h e  crane operator 
wa-Lcliing through t h e  windows and one man observing t h e  weigh-cell 
i nd ica to r .  

7. Energize t h e  s l i d e  d r ive  motor, and r e t u r n  t h e  s l i d e  t o  
cover t h e  c e l l  opening. Return t o  t h e  high bay. 

8. Use as many modules as required t o  keep t h e  c e l l  opening 
cove-ed. 

9. Move t h e  r o t a t i n g  work plug over t h e  des i red  area and 
proceed with semidirect  operations.  

10.  To handle l a rge  pieces  of equipment, t h e  s l i d e  and r o t a t i n g  
work plug a r e  separated, t h e  equipment hanging on a long-handled 
tool i s  passed through t h e  opening, and t h e  s l i d e  i s  closed around 
t h e  m a s t  of  t h e  t o o l  at t h e  cutout b u i l t  i n t o  t h e  edge of t he  
r o t a t i n g  plug. Depending on the  r a d i a t i o n  level ,  some of these 
operat ions inay have t o  be done from t h e  remote-maintenance con t ro l  
room. 

3.3.3 Closurex- 

1. Remove all long-handled too l s ,  c lose  holes, and clear t h e  
t o p  of t h e  s l i d e  and r o t a t i n g  work plug. 

++The purpose of t h i s  operation i s  t o  replace t h e  lower sh i e ld  
blocks i n  t h e  roof of t h e  c e l l .  
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Locate the s l i d e  so t h a t  it alone covers t h e  opening i n  t h e  
frame. 

3. Uncouple t h e  s l i d e  from t h e  r o t a t i n g  work plug. 

)-be Connect t h e  motor d r ive  power lead  i n t o  t h e  remote- 
maintenance control room receptac le  * 

5. Evacuate t h e  high-bay area  and continue procedure from t h e  
rem0 t e -1naint enance c o n t r o l  room. 

6. Energize the  s l i d e  d r ive  motor and move t h e  s l i d e  u n t i l  
t h e  opening i s  uncovered. 

7. Replace both sh i e ld  b1ock.s i n t o  t h e i r  places  i n  the roof 
of t h e  c e l l .  

8. Return to the  high bay. 

3.4 Procedures f o r  Using Freeze-Flange Manipulating Tools  
--I__ _1-- 

3 .4 1 Hydraulic Clamp Operat o r  

3.4.1.1 Equipment Required. The por tab le  maintenance sh ie ld  
must be set up with t h e  spec ia l  f reeze-f lange r o t a t i n g  plug ( s e e  
Dwg. 1,~-~-40668), periscope wi-th sheath, rod lright, lef t -hand and 
right-hand hydraul ic  clamp operaking t o o l s  with pump, an A frame, 
and an overhead crane,  (See Fi.g. 9 f o r  fl.ange nomenclature.) 

3.4.1.2 AssemblLing t h e  Clamps Onto the  Flange --- 
1. I n s e r t  t h e  periscope w i t h  t h e  r ight-angle  lens  i n  a convenient 

ho le .  Lower it i i n t j l  it i s  looking at t h e  top disassembly beam. 

2. I n s e r t  one hydraul ic  'cool with t h e  j a w s  opened t o  t h e  
c a l i b r a t i o n  marks on t h e  inner  and outer  f rames.  

3.. Lower t h e  t o o l  till t h e  upper j 3 w  ( t h e  movable o m )  i s  j u s t  
above t h e  upper surface of t h e  clamp e a r .  The  lower s t a t i o n a r y  j a w  
i s  t h e n  under t h e  ea r  on i h e  lower clamp. 

4. Engage t h e  t o o l  by moving ii hor izonta l ly  ioward t h e  f lange.  
This may be d-om wjth a l e v e r - l i k e  a c t i o n  with the m a s t  or" the t o o l  
used as t h e  l eve r  and t h e  poL'ta'ol.ie sh i e ld  as the fulcrum. 

5 .  Repeat s teps  2, 3, and. 4 for t h e  other  s ide .  

6. Attach the  hydraul ic  p w a ~ s  t o  t h e  r i t t i n g  on t o p  of ihe  mast. 

' 7 .  Operate t h e  pimps to f o r c e  t h e  two clamp halves toge ther .  
While t h e  t o o l ' s  upper j a w  moves, t h e  lower jaw i s  sta'Liona,ry, 



t he re fo re  t h e  m a s t  must be r a i sed  t o  compensate for t h i s .  The e n t i r e  
process i s  monitored wj.th t h e  use  of t h e  periscope t o  make adjustments 
i n  t h e  - t r ave l  of t h e  c l a p  t o  keep it l e v e l  arid t o  keep the spacing 
between t h e  clamps uniform. 

8. Disengage t h e  t o o l s  and remove them from t h e  c e l l .  

3.4.1.3 Removing t h e  Bottom Clamp from t h e  Flange 

1. I n s e r t  t h e  periscope -with t h e  r igh t -angle  lens  i n  a convenient 
ho le .  Lower it u n t i l  it i s  looking a t  t h e  t o p  disassembly beam. 

2 .  I n s e r t  one hydraul ic  t o o l  with t h e  jaws opened t o  t h e  proper 
ca l ibra , t ion  mark. 

3 .  Lower t h e  t o o l  till t h e  upper j a w  ( t h e  movable one) i s  j u s t  
above t h e  upper surface of t h e  lower clamp e a r ,  This i s  between 
t h e  two clamps and approximately on t h e  center  l i n e  of  t h e  f lange .  
The lower jaw of the t oo l ,  t h e  s t a t iona ry  one, i s  then  under t h e  
proper surface of  t h e  lower beam. 

4. Engage t h e  t o o l  by moving it hor izonta l ly  toward t h e  f lange .  
This may be done with a lever-1.ike ac t ion  wi th  t h e  m a s t  of t h e  t o o l  
used as t h e  lever  and the  por tab le  sh i e ld  as t h e  fulcrum. 

5. Repeat s teps  2, 3, and 4 for t h e  other  s i d e .  

6. Attach t h e  hydraul ic  pmps  at t h e  f i t t i n g  on t h e  t o p  of t h e  
mast . 

7. Operate t h e  pumps t o  fo rce  t h e  lower clamp of f  t h e  f lange .  
This should requri.re approximately 2 i n .  of power s t roke  and then  
t h e  clamp should f a l l  of i t s  own weight. R provis ion i s  made on 
t h e  t o o l  f o r  catching t h e  clamp. The t o o l  i s  then  lowered u n t i l  t h e  
lower clamp i s  res-Ling on t h e  beam, 

8. Disengage -the tools and remove than from t h e  ce l l . .  

3.4.1.4 Removing t h e  Top Clamp from t h e  Flange 

1. I n s e r t  t h e  periscope, with -the r igh t -angle  lens  i n  a 
convenient hole .  Lover it u n t i l  it i s  looking a t  t h e  t o p  disassembly 
bean. 

2 -  I n s e r t  one hydraul ic  t o o l  with t h e  j a w s  opened to t h e  proper 
c a l i b r a t i o n  mark. 

3 .  Lower t h e  t o o l  u n t i l  t h e  upper j a w  ( t h e  movable one) i s  
just, above t h e  proper surface of t h e  t o p  disassembly beam and t h e  
lower s t a t iona ry  jaw i s  under t h e  upper c l m p ,  



4, Engage t h e  t o o l  by moving it hor izonta l ly  toward t h e  f lange .  
This i s  done with a l e v e r - l i k e  act . ion with the  mast of t h e  tool used. 
as t h e  l eve r  and t h e  portable  sh i e ld  as t h e  fulcrum. 

5 .  Repeat s t eps  2, 3, and 4 f o r  t h e  o ther  s i d e .  

6. Attach the hydraul ic  p u p s  a t  t h e  f i t t i n g  on top  of t h e  mast. 

7 .  Operate -Lhe pmps t o  fo rce  t h e  upper clamp off  of t h e  f lange.  

8 .  Disengage t h e  t o o l s  and remove them from t h e  c e l l .  

3 .)+ .2 The Clamp-Handling Tool, 

1. I n s e r t  t h e  t o o l  d i r e c t l y  over the  center  of t he  f lange  ( i n  
t h e  plan view).  

2 .  Engage -the hooks on t h e  t o o l  i n  t h e  eyes on t h e  upper clamp. 

3 .  L i r f  t h e  t o p  clamp u n t i l  it begins t o  pick up on t h e  t o p  
disassembly beam 

4. Raise the  clarflp assembly very slowly. When t h e  s lack has 
been taken out of t h e  p in  jo in t  between t h e  beam and t h e  guide rod 
t h e  t o o l  i s  supporting t h e  weight of i h e  e n t i r e  claifip assembly and 
t h e r e  i s  0niyi /8  i n .  v e r t i c a l  c lcmance  between th;: gLide -rod jaws 
and t h e  f lange  ea r s .  Thus a movement of 1/16 i n .  i s  required t o  
gain clearance t o  move t h e  clamp. 

5. When t h e  clamp assembly i.s f r e e  of t h e  flange, move t h e  t o o l  
horj.zontally along t h e  center  li.nc: of t h e  pipe toward t h e  clamp 
stowing bracket .  A t  t he  i n s t a n t  the  l i f t i n g  motion Frees t h e  
r e s t r i c t i o n ,  t h e  clamp assembly w r i l l  probably come o f f  t h e  f lange 
ea r s  i n  a t w i s t i n g  mo-tion so t h a t  one s ide  i s  upstream and t h e  o ther  
s ide  i s  downstream. When t h i s  occurs move the  clamp assembly over 
so t h a t  t h e  offending s ide  may be swung outboard and around t h e  
f lange e a r .  The same method appl ies  when t h e  e n t i r e  clamp assembly 
i s  on t h e  wrong s ide  of t h e  f lange.  

6. Raise t h e  tool enough t o  c l e a r  t h e  f ron t  edge of t h e  stowing 
bracket .  Move t h e  clamp assembly back against  t h e  s top  on t h e  stowing 
bracket and lower it i n t o  place. 

7. BePore r e l e a s i n g  t h e  hook examj-ne 'ihe clamp's p o s i t i o n  with 
a l l .  a v a i l a b l e  means (monocular through window i n  por tab le  shield,  
periscope, and a u x i l i a r y  mir rors )  t o  assure  t h a t  it i s  seated properly 
on t h e  bracke t .  

8. Disengage the  t o o l  and remove it from t h e  c e l l .  



3.4.3 Flange Sacking and Aligning Tools 

3.4.3.1 Equipment Required. The jacking system cons i s t s  of in -  
c e l l  equipment a t  each f lange operated by simple r o t a t i o n  of two 
hex-head screws. One screw operates  t h e  jack t h a t  generates  t h e  
push-pull  forces  and, i n  general ,  i s  located outboard of t h e  other  
screw, which operates  a l a t c h  bar  used only for t h e  pu l l ing  operation. 
Both hex heads are t h e  same s i z e  ( l -1 /2  i n .  across  t h e  f l a t s ) ,  and 
they  a r e  located c lose  t o  one snother .  
be consulted t o  assure  t h a t  t h e  operator  can i d e n t i f y  each screw. 
All t h e  jack operators  w i l l  push t h e  f lange closed when turned clock- 
wise. Operatton of t h e  l a t c h  bar var ies ,  and t h e  i n s t a l l a t i o n  drawing 
should be consulted f o r  each i n s t a l l a t i o n .  

Drawing E-GG-E-41878 should 

3.4.3.2 PuLling t h e  Flanges Apart - 
1. Inser t  t he  t o o l  onto t h e  jack hex head. 

2 .  Rotate u n t i l  contact  i s  made between t h e  bar  on t h e  pipe 
support and t h e  pad on t h e  j a w  of t h e  jack ,  This operat ion should 
be viewed, whenever possible,  with t h e  periscope e 

3.  Remove t o o l  froin t h e  jack hex head and engage it onto t h e  
hook hex head. 

4. Rotate t o  c lose  t h e  hook l a t c h  around t h e  jack bar  t o  permit 
pu l l ing  with t h e  jack. Th i s  should never r equ i r e  high torque, and 
i f  high torques a r e  encountered, they  ind ica t e  t h a t  t h e  s top  has 
been reached or t h a t  t h e r e  i s  a malf inct ion which should be in -  
vestiga-ted.  

5 .  Switch t h e  hook back t o  t h e  jack hex head and r o t a t e  counter 
clockwise t o  p u l l  t h e  f langes apai-t. I n  t h i s  case t h e  torque i s  
proport ional  t o  t h e  load. 

6. Remove t h e  t o o l .  

3 -4.3.3 hsh j .ng  t h e  Flanges Together While Using the Pipe-Alignment 
Tool 

1. I n s e r t  t o o l  onto jack hex head and r o t a t e  clockwise u n t i l  
t h e r e  i s  only 1 i n .  be-tween f lange  faces .  

2 .  I n s e r t  pipe a l ign ing  t o o l  so tha t  t h e  arrow-head-shaped 
guide on t h e  t o o l  w i l $  .go i n t o  the s l o t  i n  t h e  pipe-al igning bracket .  

3. Rotate the t o o l  toward t h e  flange, and ad jus t  t h e  height 
and t h e  ho r i zon ta l  d i s tance  of ihe  p in  on t h e  t o o l  u n t i l  i t  i s  
aliened. with t h e  hole i n  t h e  ear  o f  t h e  fl-ange. 
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4 ,  Engage t h e  p in  i n  t h e  f lange  ear. 

5 .  Using t h e  d r i v e  rods on t o p  of Lhe too l ,  r a i se ,  lower, or  
a l i g n  t h e  f lange  being jacked with i t s  mate, 
viewing e quipme n t  . Check t h i s  with the 

6. Resume pushing with the  jack operator,  and ad jus t  t h e  
alignment as necessary u n t i l  t he  f langes a r e  seated.  

7 .  Back t h e  jack hook 4 i n .  away from t h e  bar on t h e  support 
t o  avoid r e s t r i c t i o n  t o  thermal-expansion movements . 

8. Remove t h e  t o o l s .  

3.4.4 The Casket-Handling Tool  I_ 

3.4.4.1. Removing an Exis t ing Gasket, 

1. With t h e  f langes  spread apart  4 i n .  o r  more, lower t h e  
gasket-handling t o o l ,  with j a w s  open, i n t o  t h e  space between t h e  
f langes on t h e  center  l i n e  of i h e  pipe.  

2 .  Using t h e  periscope with the  r ight-angle  lens  and binoculars  
frolo above, c a r e f u l l y  l i n e  up t h e  t o o l  and the  v e r t i c a l  cen ter  l i n e  
of t h e  gasket.  

3 .  Move t h e  t o o l  hor izonta l ly  i n t o  p o s i t i o n  with t h e  upper 
j a w  approximately 1/4 i n .  above t h e  1.ocki.ng-pin bracket .  

4. 
pin bracket .  

Lower t h e  t o o l  so  t h a t  t h e  upper jaw contacts  t h e  locking 

5 .  Slowly move t h e  lower j a w  up i n t o  locking p o s i t i o n  by 
lowering the handle on t h e  upper end of t h e  t o o l .  
t o  t h e  gasket; through -the engagement of t h e  lower jaws i n  s l o t s  
i n  t h e  r ing .  

Lock ihe t o o l  

6. Raise t h e  t o o l  s l i g h t l y  t o  c l e a r  t h e  threads  on t h e  locking 
p i n  and move t h e  too l ,  with t h e  gssket,  back from t h e  f lange face.  
A miniinm of 1-1/51 i n .  t r a v e l  i s  required- t o  c l ea r  t h e  male guide 
on t h e  f Lange . 

7 .  Raise t h e  assembly u n t i l  it c l e a r s  t h e  f lange.  

8. Gasket and t o o l  a r e  now ready f o r  the "hot pull" operat ion.  

3 "4.)-1..2 I n s t a l l i n g  a New Gasket --- 
1. I n s t a l l  t h e  new gasket i n  t h e  jaws of the  gasket-handlfng 

too l ,  and make sure  t h a t  it i s  seeurely placed. 



2* Lower t h e  gasket i n t o  t h e  space between t h e  open f langes 
u n t i l  t h e  locking p in  i s  i n  l i n e  with the  tapped hole i n  t h e  f lange .  

3. Move horizontal ly ,  and i n s e r t  t h e  p i n  i n t o  t h e  tapped hole.  
(The gasket should always be i n s t a l l e d  on t h e  down-hill f lange.  ) 

4. Lover t h e  assembly onto t h e  threads of t h e  locking pin.  

5 .  Open -the j a w s  on t h e  t o o l .  

6. Raise t h e  t o o l  approximately 1/4 i n .  

7 .  Move t h e  t o o l  away from t h e  gasket .  

8. Raise t h e  t o o l  c a r e f u l l y  so t h a t  it does not hang on t h e  
i n s t a l l e d  gasket and i s  c l ea r  of t h e  f lange .  

9. Remove t h e  t o o l  from t h e  c e l l .  

3.4.5 The Flange-Cover-Handling Tool 

3.4.5.1 I n s t a l l i n g  Flange Covers 

1. Place t h e  cover f o r  t h e  male f lange i n  t h e  t o o l  securely, 
and make sure t h a t  t h e  wedges a r e  f u l l y  r e t r a c t e d  ( i . e . ,  maximum 
opening i n  t h e  b racke t ) .  

2 .  Lower it i n t o  t h e  c e l l  between t h e  open f langes  u n t i l  t h e  
r i m  of t h e  cover i s  past  t h e  rnale guide. 

3 .  Move hor izonta l ly  toward the f lange  so t h a t  t h e  bracket 
hooks over the  ears on t h e  flange and t h e n  lower it u n t i l  it i s  
seated the re .  

4, Helease t h e  hook and lower the  tool so t h a t  t h e  sockets 
engage t h e  hex heads. 

5. Tightenup t h e  cover by ro- ta t ing t h e  hex heads counter- 
clockwise. 

6. Di.sengage t h e  t o o l  and remove it from t h e  c e l l .  

7. Repext e n t i r e  sequence f o r  t h e  female f lange .  

3.4.5.2 Removing Flange Covers 

1. Lower t h e  t o o l  i n t o  t h e  c e l l  and engage hook i n  b a i l  of female 
cover. 

2 .  Lower sockets down onto hex heads and loosen wedges all t he  
way. 
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3 .  Pick up t o o l  and lock hook around b a i l .  

4. Pick up cover and prepare f o r  "hot pu l l . "  

5. Repeat sequence f o r  male cover. 

3.5 Fuel-Pump Maintenance - 
3.5.1 Removing t h e  Fuel-Pump Motor 

1. Drain and blow out a u x i l i a r y  l i n e s .  

2 .  Disconnect a u x i l i a r y  flanges,  e l e c t r i c a l  power, and thermo- 
couple leads  and stow. 

3 .  Loosen t h e  b o l t s  holding t h e  motor housing t o  t h e  r o t a r y  
element housing. Use a torque ind ica tor  on t h e  socket extension 
t 001. 

4. Remove all t o o l s  except t h e  periscope. 

5 .  I n s e r t  pump l i f t i n g  yoke through s p l i t  i n  portable  sh i e ld .  

6 .  Engage hooks on yoke i n  t runnions on motor. 

7. Record two i t e m s  of information t o  be  used i n  t h e  replacement 
operat  ion:  

(a )  

(b)  

t h e  e leva t ion  of t h e  m a s t  with respec t  t o  t h e  operating 
f l o o r  and 
t h e  azimuth loca t ion  of t h e  center  l i n e  of t h e  crane 
hook. 

8. L i f t  t h e  motor s t r a i g h t  up t o  a p o s i t i o n  beneath t h e  por tab le  
sh i e ld .  There i s  engagement between r o t a r y  element and motor f o r  
t h e  f i r s t  7 i n .  of t h i s  t r a v e l .  

9.  If the r a d i o a c t i v i t y  level requi res  it, evacuate t h e  high- 
bay area  and continue t h e  operaAion from ins ide  t h e  shielded rernote- 
maintenance c o n t r o l  room. 

10. Open the  s l i d e  on t h e  por tab le  s h i e l d  and pull t h e  motor up 
with t h e  crane and t a k e  it t o  t h e  s torage a rea .  

3.5.2 Removing t h e  F u e l - h a p  Rotary Element ---- 
1. Drain and blow out a u x i l i a r y  l i n e s .  

2 .  Disconnect a u x i l i a r y  flanges, thermocouple, and speed ind ica to r .  

3. Loosen t h e  b o l t s  holding the housing t o  t h e  pump bowl. 
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4. Remove all t o o l s  except periscope. 

5.  I n s e r t  pwap-Lifting yoke through s p l i t  i n  portable  sh i e ld .  

6. Engage hooks on yoke i n  t runnions on ro t a ry  element. 

7. Record f o r  use i n  t h e  replacement operat ion t h e  e leva t ion  
of t h e  m a s t  wi th  respect  t o  t h e  operat ing f l o o r  and t h e  azimuth of t h e  
crane hook. 

8. 
b o l t s  on t h e  outer  b o l t  c i r c l e  down aga ins t  t h e  p u p  bowl f lange.  
T h i s  j scks  t h e  r o t a r y  element up and o f f  t h e  bowl. 

The i n i t i a l  l i f t  i s  accomplished by screwing t h e  4 jack 

9 .  L i f t  t h e  ro t a ry  element s t r a i g h t  up t o  a pos i t i on  beneath 
t h e  sh i e ld .  The lowest pa r t  of t h e  impeller does not c l ea r  t h e  pump 
f lange u n t i l  a f t e r  t h e  f i r s t  22-1-/2 i n .  of t rave l ,  so t h e  l i f t i n g  
must, be done slowly and ca re fu l ly .  

1.0. If t h e  r a d i o a c t i v i t y  l e v e l  r equ i r e s  it, evacuate t h e  high- 
bay area and continue t h e  operation from insid-e t h e  shielded remote- 
mai.ilt,enance con t ro l  room. 

11. Open t h e  s l i d e  on t h e  portable  shield,  p u l l  t h e  ro t a ry  
element up with t h e  crane, and take  it t o  t h e  s torage area. 

12. 1nstal . l  pump bowl cover. 

3.5.3 Replacing t h e  Fuel-Pump Kotary Element 

1. Remove t h e  pump bowl cover p l a t e .  

2 -  Pick up t h e  new u n i t  on t h e  crane with t h e  l i f b i n g  yoke 
ori-ented i n  r eac to r  pos i t ion .  Locate t h e  crane over t h e  center  l i n e  
o f  t h e  pump from measurements made i n  t h e  removal process.  

3. Open the por tab le  maintenance sh ie ld ,  (from t h e  c o n t r o l  room, 
i f  necessary),  and lower t h e  t o o l  and new uni t .  
as soon as t h e  round m a s t  sec t ion  i s  i n  t h e  s h i e l d .  

Close t h e  sh i e ld  

4.  Proceed with semidirect  techniques.  I n s e r t  periscope. 

5.  Lower t h e  r o t a r y  element; down onto t h e  pump bowl. The l a s t  
22-1/2 i n ,  of t r a v e l  must be slow, s ince t h e  impel ler  en te r s  t h e  
bore of t h e  pump bowI f lange a t  t h i s  po in t .  '1'0 assist t h e  operation, 
there should be 011 hand a drawing showing how t h e  ro t a ry  element 
f i i s  t h e  pump bowl. This i s  t o  be used with appropriate  c a l i b r a t i o n  
marks on the tool., which are referenced t o  t h e  e leva t ion  mark of t h e  
Final. seated pos i t i on  of t h e  ro t a ry  element 
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6. I n s e r t  t h e  long-kLandled sockets and torque t h e  f lange  b o l t s  
t o  t h e  des i red  loading with a torque ind ica to r .  

7. Reconnect a l l  a u x i l i a r i e s .  

3 .5.4. Replacing t h e  Fuel-hmp -- Mot or  

1. Pick up t h e  replacement motor on the  crane with t h e  l i f t i n g  
yoke or ien ted  i n  r e a c t o r  pos i t i on ,  Locate t h e  crane over t h e  center  
l l n e  of t h e  pump from measurements made i n  t h e  removal process.  

2 .  Open t h e  portable  mainterance sh ie ld  (from t h e  c o n t r o l  roo3 
if necessary),  and lower t h e  t o o l  and motor. 
as t h e  round m a s t  sec t ion  i s  i n  tl.;e s h i e l d ,  

Close sh ie ld  a s  soon 

3 e Proceed with semidirect  techniques e I n s e r t  periscope e 

4.  Lower t h e  motor onto t h e  r o t a r y  element A t  t h e  start of 
t h e  last  7 i n .  of t r ave l ,  p ins  i n  t h e  motor housing engage a 
s l o t t e d  cone on top of t h e  r o t a r y  element t o  provi.de radial &dance. 
A t  t h e  Last 2 in . .  of t r a v e l  t h e  making p a r t s  OS t h e  splined coupling 
engage. I f  t h e  sp l ines  meet toot?: t o  tooth,  it i s  necessary t o  
t w i s t  t h e  motor through t h e  clearsnce between t h e  pi.n and t h e  
s l o t s  i n  t h e  cones. This i s  s u f f i c i e n t  t o  allow t h e  sp l ines  t o  mate 
properly. 

5. Torque t h e  f lange b o l t s  t o  t h e  desired I.oading according 
t o  a torque i n d i c a t o r  On t h e  long-handled sockets.  

6. Reconnect a l l  a u x i l i a r i e s .  

3.6 Procedures f o r  - Handling - Sv.rveillance Samples and Control Rods 

3.6.1. Removing t h e  Survei l lance Sample from t h e  Core -I 

1. Assemble tools and equipment. 

2 *  Check oin-t; t h e  operation C J f  a l l  the long-handled too ls ,  the 
por tab le  maintenance shield,  t h e  crane s remote control,  t h e  graphi te-  
sampler work s h i e l d  and work plug, and the sample carrier. .  

3. Set up t h e  ni t rogen supply system and the  exhaust blower, 
and chack out i t s  operation. 

4.. Remove t h e  upper sh i e ld  klloclcs and cut t h e  membrane at t h e  
graphike-sampler access Reactor must be shut down arid dL-ained. 

5 -  Set up t h e  por tab le  maintenance sh ie ld  over t h e  graphi te-  
s,ampler access  * 

6. Remove t h e  f i l l e r  plug (Ihg. D-KK-U-40970) and the  t o p  
corrt rol-rod shield piece e 
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‘ 7 .  Clean up any contaminated equipment l e f t  from t h e  previous 
sampling operat ion  

8. I n s e r t ,  i.nto t h e  standpipe, t he  equipment -to be used i n  
t ransyer r ing  t h e  sample froin t h e  r eac to r  core t o  t h e  standpipe.  
Some of t h i s  equipment i s  shown i n  Fig.  25 .  

9. Open t h e  por tab le  maintenance sh ie ld  s l i d e  and set  up t h e  
graphi t  e sampler work sh ie ld .  

10.  Disconnect t h e  theruocouple and cooling a i r  l i n e  i n  the 
standpipe.  Turn of€ t h e  valves i n  t h i s  a i r  l i n e .  

11. 
2 capi ive ’Dolts w i t h  7 /8- ine hex heads, and hang t h i s  assembly 
on t h e  hook. 

Remove t h e  heater-access  Tlaange (Dwg. E-BB-B-40595) and 

12 .  I n s e r t  t he  hea ter  t o o l  (Dwg, E-LL-D-56332) i n t o  pos i t i on .  

13. Tighten up t h e  two b o l t s  on t h e  heater- t o o l .  

l l t .  Connect power leads from a var iac  supply t o  t h e  hea ter  
leads, and hook up -the thermocouple on t h e  hea ter  t o o l .  Turn t h e  
power on. Bring Lhe temperatwes i n  t h e  reac-Lor access nozzle 
(thermocoupl-es R-33, R-42 ,  and R-43)  t o  approximately 1100°F. 
Do not allow t h e  temperature of  t h e  tool. t o  go above 1600°F. 
Maintain th i . s  condi t ion for a uinimum of 3 h r  or  longer i f  poss ib le .  

1-5. Turn the power of f  and remove t h e  hea te r  t o o l  from t h e  
standpipe.  

16. Rei-nstal l  hea te r  access  f lange  

1.7. Turn on blower and t h e  ni t rogen purge of t h e  standpipe 
atmosphere-control system. Check operat ions t o  make sure  t ha t  t h e  
helium pressu,-e i n s ide  t h e  r eac to r  i s  as low as possi’ol-e (vented) .  

18. Loosen the  four  b o l t s  i n  t h e  r eac to r  access  f lange and ban-g 
t h e  holddown assembly (Dwg. E-EB-B-40595) on t h e  standpipe hook. 

1.9. Ins t a l l .  t h e  primary container  base pi-ece on top  of t h e  
r eac to r  access  f lange 

20. Ins ta l l .  t h e  primary container  i n  t h e  base piece, and remove 
t h e  l i d  of t h e  primary conta iner .  

21 .  I n s e r t  t h e  sample tool. down through t h e  primary container,  
and engage t h e  sample with a clockwise t w i s t .  Make an e leva t ion  
measurement for use when replacing i h e  sample, 



ORNL-DWG 67-13765 

VI E W I NG V/I NDO W--, 

SECONDARY 
CONTPINER--- 

PIVOTED DOOR, 
PRIMARY CONTAINER-. 

BASE: PIECE, 
SECONDARY CONTAINER---- 

ACCESS FLANGE 

v---CArvlPLE TOOL 

&-- rooL SEAL. 
,-TOOL 3IJSHING r 

~ 

-GRAPHIl-E SAMPLE 
WOHK PLUG 

 GRAPHITE SAMPLE 
WORK SHIELD 

LOWER SHIELD 
BL.OCK .' P. e- 

,----21 -In STANDPIPE 

-SURVEILLANCE SAMPLE 

,-PRIMARY CONTAINER 

-LID, SECONDARY CONTAINER 

,.~JD, PRIMARY CONTAINER 

STAND PIP E B EL-I-OWS 
e 

RIMARY CONTAINER 

t 
Fj g . 2 5 .  Equipment for 1-landl ing the S u r v e i l l a n e  e Sample. 
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22. P u l l  t h e  sample upwerd. i.nto t h e  pri.mary contai-ner . Figure 

25  il.l.usti-ates this  poi.nt i n  the  procedure and shows the equipment 
i n  use.  

23. Use the: long-handled socket wrench t o o l  t o  c lose  the  pivoted 
door i n  t h e  lower end. o f  the primary container.. 

24, Release t h e  smiple t o o l  from t h e  sample. 

25 e Put t h e  ]..id. on t h e  primary contai.ner, put t h e  primary 
container  i n s ide  t h e  secondary con’iainer, and purt t h e  lid on t h e  
second.ary container,  a l l  with a single hook-type tool. The sample 
i s  now contained completely. 

26* Remove t h e  primary container base pl.ece from t h e  t o p  of t h e  
reactor access  flange, and stow it i n  t h e  &andpipe. 

27* I n s t a l l  the blank f lange on t h e  r eac to r  access f lange .  The 
prima.r.y systern i s  now cl.osed. 

?a ,  Remove all t he  long-handled tools from the s tandpipe.  U s e  
precautions f o r  rad ioac t ive  handling, espec ia l ly  for ilie sa.mple 
rcmoval t o o l  

29, A t  t h i s  poizlt t h e  sa,mpl.e i s  ready t o  be t r ans fe r r ed  t o  t h e  
shielded c a r r i e r  i”r.om t he  standpipe.  Set the spool piece over an 
open tool. hole  on t h e  graphite-sampler work plug. 

30. Rlg t h e  shielded c a r r i e r  on t h e  crane as shown i n  Fig. 26. 

31. Engage the hook of the s p e c i a l  pul.l.-iip cable  i n  Llie eye 
of t h e  secondary container .  

3 2 .  Lower c a r r i e r  onto t o p  of spool p iece .  Do not, allow the  f u l l  
weizht t o  r c s i  on t h e  spool  piece.  Tape p l a s t i c  bags a s  shown. 

33. hll container  up i n t o  c a r r i e r  and c lose  t h e  door. 

14. Pick c a r r i e r  up high enough t o  cut  p l a s t i c  bags and Seal 
the ends. 

35. L-ad t h e  c a r r i e r  on  t he  hot t ruck,  and d e l i v e r  it t o  t h e  
hot c e l l .  

A t  the hot ce l l  t h e  sample i s  disasspmbled arid one-third of t h e  
specimens are removed. New specimens repLace those  removed and t h e  
sample i s  ihen reasszmbled, loaded i n t o  t h e  shielded c a r r i e r ,  and 
returned t o  the MSRE. 
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Fig. 26. Equipment for Transfer r ing  Sample Container. I n t o  Carrier. 
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3.6.2 Replacing t h e  Survei l lance Sample i n  ____-_.- the Core - 

The ~ I ' O C Q S S  of rep lac ing  t h e  surve i l lance  sample i n  t h e  core 
-4 l i s t  consis ts  b a s i c a l l y  of t h e  reverse  of  t h e  rernoval process,  

of t h e  genera l  a c t i v i t i e s  i s  given below. 

1. The s m p l e  i s  t ransfer red  out of t h e  shielded c a r r i e r  into 
the standpipe 

2 .  An i n e r t  at,mosphere i s  established. i n  t h e  standpipe.  

3. The r eac to r  access  i s  opened and t h e  samp1.e ris t r ans fe r r ed  
i n i o  t h e  core.  

4, The holddown assembly i s  r e i n s t a l l e d .  'i'he f lange must pass 
t h e  standard leak t e a t .  

5 a The thermocouple and air-cool.ing l i n e s  a r e  reconnected. 

6. 'The equipment and long-handled. t o o l s  are removed from t h e  
s t  andpipe. 

7 .  The standpipe and t h e  var ious pieces  of sh ic ld ing  a r e  put 
back i n t o  thP condi t ion f o r  r e a c t o r  operat ion.  

3 -6.3 Procedures for Hemoving and Replacing ____l--l____l- t h e  2- j  n. Square 
Graphite S t r inge r s  I 

I n  order  t o  remove and replace t h e  2 - i n e  scpare graphi te  
s.tr'iilgers (Uwg. B B - B - ~ I . o ~ $ ~ ~ ,  Tterns 7, 60, and 61) i n  t h e  center  
of t h e  core, t h e  sane con t ro l  must be maintained over t h e  leakage 
i n t o  OF out of t h e  reac tor ,  t h e  c e l l ,  and t h e  working area a s  tha-1; 
used whLle removing t h e  surve i l lance  sample assembly An addi.Liona1 
standpi-pe l a rge  enough t o  accommodate the  removal and replacement 
of t h e s e  st i- lngers has been designed and Pabricatsd. (Rwg. D-BB-C-1+0659) a 

'The following a r e  t h e  necessary s t eps  f o r  t h e  i n s t a l l a t i o n  of 
t h e  standpipe and t h e  subseqgent removal of  t h e  graphi te :  

1 e 9ra in  and f l u s h  t h e  r eac to r  system, and bleed off t h e  
pressure.  

3 .  G o  through t h e  e n t i r e  proccdv-i-e f o r  removing the  surve i l lance  
sample assembly with two except ions,  l n s e r t  a dwmy with an appropr ia te  
handling f i t t i n g  i n  place of the usua l  sample asscrb ly .  Remove 
the f l anse  and holddown assembly and s u b s t i t u t e  a b l ind  f l ange ,  
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IC. Set  up the  portable  maintenance shield, and remove t h e  
graphite-sampler work sh ie ld .  

5. Remove t h e  t h r e e  cont ro l  rod assemblries, housings, dr ives ,  
and rods .  

/ 
0 .  Remove 20-in.  standpipe (sometimes re fer red  t o  as  standpipe 

HO. 1). 

7. Remove t h e  balance of  t h e  control-rod d r ive  shielding,  
including t h e  lead  parts and t h e  supporting columns. 

8 .  Disconnect l i n e  936 (Ddg- E-GG-D-56377) and f lange i n  
l i n e  95.6 and move piping outs ide t h e  b o l t i n g  r i n g  of t h e  36-in. 
standpipe ( r e fe r r ed  ta as standpipe No. 2 ) .  

9. Disconnect 5 themnocoi~ple boxes and move Jimper leads as ide .  

10. I n s t a l l  3 6 - i n .  standpipe, t i e d  i n  a t  t h e  t o p  by t h e  notched 
f lange and at t h e  bottom by a flange on t o p  of t h e  r e a c t o r  access 
noz i le  e 

11. Set,  up work sh ie ld ,  remove por tab lc  shield,  and e s t a b l i s h  
i n e r t  atmosphere 

12. Remove t h e  b o l t s  i n  t h e  10-in. f lange  on t h e  r e a c t o r  access 
nozzle 

1-3. L i f t  t h e  access nozzle plug and control-rod thimble assembly 
and place on support bracket i n s ide  t h e  standpipe.  

14. Place d ~ ~ y  s t i - ingers  i n  the  t h r e e  empty spaces l e f t  by 
t h e  c o n t r o l  rod thirnblcs t o  prevent t h e  other  s t r i n g e r s  from g e t t i n g  
out .if pos t t ion .  

15. Remove t h e  spacer f i t t i n g  t h a t  holds t h e  t o p s  of t h e  fYve 
graphi te  s t r inge r s ,  and stow it i n  t h e  bottom of t h e  standpipe.  
!There are severa l  options from here on depending upon hoti many 
samples are t o  be removed, t h e  type of replacement,, t h e  timing 
(how long between rem.ova-1 and replacement) , and o ther  operations 
t h a t  a r e  likely, such as  irmpecLi.cn and re t r ieva l .  of material. 
from t b e  core ,  

16, 
S i t t i n g  on t o p  of t h e  s t r i n g e r  i s  a male ha l f  of a quick-disconnect 
f i t t i n g  

Remove one s t r inge r  and. pl.ace i n  an empty eorltainer,  The 

17. Transfer l i d  f r c j n ]  container with new s t r i n g e r  t o  the one 
with an exposed s t r i n g e r .  

18. Take new sample oiit of can and piit i t  jn p o s i t i o n  i n  t h e  
core D 
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1.9. 
standpipe, o r  as t h e  program requi res .  

Repeat f o r  as mamy s t r i n g e r s  as can be stowed i n  t h e  36-411. 

20. Replace plug and thimble assembly i n  reac tor  access  nozzl-e, 
torque bo l t s ,  and have operat ions personnel check f o r  leaks .  

21*  Clean up ex te rna l  surfaces  with long-handled swabs. 

22. Transfer containers  t o  shipping casks with t h e  crane 
operated from t h e  con t ro l  roam. 

23. Remove a l l  t o o l s  and remaining equipment from standpipe.  

24. Set  up por tab le  maintenance sh ie ld  and remove work sh ie ld .  

25. Remove 36-in.  standpipe.  

26. R e i n s t a l l  a3.1 equi-pment required t o  b r ing  r eac to r  back t o  
operat ing condi t ion.  See s teps  5 through 9. 

3.6.4 Removing Control Rod Units 

Access t o  t h e  con t ro l  rod u n i t s  has been provided through t h e  
upper f lange of t h e  2 0 - i ~ ~  graphite-sampler standpipe. The following 
general  procedure i s  used f o r  removing p a r t s  of  t h e  con t ro l  rod and 
d r ive  assembly. 

1. Remove f i v e  upper roof plugs.  

2 *  Assemble t h e  following t o o l s :  (a) t h e  work sh ie ld  (he;. 
E-BB-C-40646, items 1 and 2; (see a l s o  Figs. 15 and 16), (b )  work 
plug and assoc ia ted  t o o l  hol-ders, viewing ports ,  lighl, receptacles ,  
eic ( see assembly drawing Z-BB-C-40646), ( e )  wrenches and 
exteusion handles f o r  bolts, disconnects,  e t c .  on t h e  d r ive  assembly; 
j n s t a l l  LIE short  t o o l s  i n  t h e  work plug. 

3. Rl-anket t h e  area around t h e  work a rea  with p l a s t i c  sheet and 
s e t  up a i r  monitors and o thc r  hea l th  physics equipment. 

4. Remove -the cover f lange and the  39 l / 2  i n . - d i m .  f i l l e r  
plug (Dwg. D - B B - c - ~ + o ~ ~ ~ ,  49662) . 

5. Set  up the  por tab le  maintenance sh ie ld .  Remove t h e  con t ro l  
rod dr ive  shiel-ding (Ewe. D-BB-C-56367). 

6. Remove t h e  half-moon shaped access  f lange and depos i t  the 
f lange over t h e  standpipe opening. 

7. Disconnect t h e  e l e c t r i c a l  and a i r  connections. 

8. Remove t h e  rod d r ive  access  f lange .  L i f t  f l ange  through 
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access  port  aad p lace  on t o p  of access  f lange l i s t e d  above. This 
requi res  loosening 11 capt ive hex-head b o l t s  e 

9. L w e r  the. cxtension wrench i n t o  p o s i t i o n  m d  disconnect t h e  
two capt ive b o l t s  connecting t h e  d r ive  u n i t  t o  t h e  con t ro l  rod.  These 
two b o l t s  have hex socl-re-t heads with funnel-shaped guides e 

10, Disconnect t h e  3 capt ive b o l t s  t h a t  a t t a c h  t h e  dr ive  u n i t  
lower f lange  t o  the rod t h inb le  flange. Remove t h e  extension wrench. 

11. Replace t h e  rod  d r i v e  access f lange  removed i n  s t ep  8. Bolt 
i.t down. 

12.  Lower a pickup hook through t h e  s p l i t  sec t ion  of t h e  r o t a t i n g  
work plug. 

1 3 .  Engage hook i n  l i IY b a i l  and p u l l  honsirig up slowly 

111.. Open t h e  portable  mainterance sh ie ld  at t h e  s p l i t  sect:ion 
and corriple-tie the p u l l .  

15. U s e  p l a s t i c  bags t o  conts in  any loose contarnination. 

Replacement of t he  c G r i t  r o l - ~ c ~ d  d r ive  housing cons i s t s  of doing 
t h e  above procedure i n  t h e  reverse  order ,  However, when t h e  r epa i r  
t o  the d r i v e  mechanism has been completed it must be assembled with 
a new control-rod-thimble f lange-sea l  r i n g  and with only one capt ive 
screw i n  t h e  f lange t h a t  connects t h e  d - r ive  t o  t h e  r o d ,  Also the 
fo l lowing  s t eps  are required t o  attach t h e  c o n t r o l  rod t o  t h e  dr ive .  
These s teps  rep lace  s t e p  9. 

a. Inse r t  t h e  threaded rod t o o l  i n t o  t h e  d.rive housing and 
thread, it through one of t h e  threaded holes  i n  the f lange on t h e  
dr ive .  It w i l l  go comple-tely through these  thread  u n t i l  t ,be  smooth 
shank on t h e  t o o l  i s  i n  the threads .  

b .  L o w e r  it i.mti.L it g e t s  t o  t h e  c o n t r o l  rod ,  

c .  Screw it i n t o  t h e  threads  on t h e  con t ro l  rod ,  

d II fill t h e  con t ro l  rod upward as far as it w i l l  come 

e. Irisert t h e  wrench t o o l  onto t h e  capt ive  b o l t  on the  other  
side of t h e  fl-ange. 

f, Screw thi.s b(j1.t Xow t h e  control. rod. i s  t i e d  Lo t h e  
d r ive .  

ge TJnscrew the threaded tool. and remove it e 
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h. I n s e r t  t h e  remaining capt ive  bo l t  on t h e  end of a wrench 
tool and screw it i n t o  t h e  con t ro l  rod. 

i .  The rod 5 s now joined t o  t h e  d r ive .  The t o o l s  may be 
withdrawn. Continue procedure at s t e p  8. 

3.6.5 Removing t h e  Control Rod 

16. I n s e r t  a threaded tool. i n  t h e  threads  on t h e  control-rod 
f lange 

17. L i r t  con t ro l  rod t o  wi th in  1 ft of  t h e  bottom of the  
portab1.e mainteiiaiice sh i e ld .  

18. Clamp o f f  t o o l  and cut o f f  excess length o f  t o o l .  

1.9. lull t h e  con-trol rod i n t o  a p l a s t i c  bag. The upper end w i l l  
not  be t o o  rad ioac t ive ,  bu t  t h e  lower end t h a t  has  been i n  t h e  reac tor  
w i l l  be very hot, probably above 200 r /hr ,  and precaut ions must be 
taken t o  d e a l  with t h i s  source. 

20. Dispose of t h e  con t ro l  rod or drop it i n t o  a shielded c a r r i e r .  

Replacement of t h e  con t ro l  rod i s  accomplished with t h e  reverse  
of t h e  above procedure, s teps  1 t o  20. 

3 .? Procedure fo r  Brazing a. J o i n t  

The t o o l s  and equipment l i s t e d  below are required f o r  brazing 
a j o i n t .  

1. Equipment put i n t o  c e l l  f o r  brazing operation: 

a. pos i t i  oning v i s e  
b .  f ixed  v i s e  
e .  pipe c u t t e r  
d. pipe t ape re r  
e .  furnace 

2 Long-handled t o o l s  used: 

a.  handling t o o l  
b extension wrench 
c .  extension d r ive  
d e f'ui-nace i n s t a l l a t i o n  hook 
e .  air  motor (no .  315R Chicago, pneuma.tic, C a t .  22-387-3283). 

3. Auxiliary equipment and suppl ies  used ex te rna l  t o  c e l l  only 
f o r  brazing operat ion: 

a. 1-ton chain ho i s t  
b. Ajax 32OO-cps 30-kw induct ion generator  
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e ,  25-f t  induction heatIng leads 
d. pure argon or  helium with d r i e r  
e. 

f. 

2000°F indica t ing  o r  recording instruments f o r  %he join% 

one complete dummy female braze P i t t i n g  with 18-in.  n ipp le  
thermocfiuples 

4 e General-pw-pose equipment,: 

a. 10-ton crane 
b e maintenance sh ie ld .  

Perform a t e s t  braze i n  t h e  Yellowing manner t o  determine t h a t  
t h e  equipment i s  i n  working order and t o  qualify t h e  procedcre: 

1 e Inspect  all t oo l s  and eqiiipnerit t o  make sure they  a r e  on 
hand, clean, and i n  working order. ,  The pipe cut,ter k n i f e  raiiL;t read 
R.C. 60 or  b e t t e r  on t h e  blade.  

2 -  Mount t h e  posi t ioning v jse  on t h e  spare base p l a t e .  k t  a 
piece of l l / 2 - i n e  Bas tC~lJ_c~y N pipe i n  t he  posi t ioning v i s e  and 
clamp it t i g h t l y .  Mount t h e  c u t t c r  and cut t h e  pipc.  The priIp?r 
procedure for c u t t i n g  i s  the  following;: 

a ,  Rotate t h e  t o o l  d r i v e  u n t i l  t h e  kni fe  feed wheel i s  up. 

b e  Feed t h e  k n i f e  i n  u n t i l  it 2s snug on t h e  pipe,  

c .  XotaLe t h e  t o o l  u n t i l  t,he kni fe  feed wheel contacts  t h e  
p7.n but does not pass i t .  

d .  Rotate t h e  t o o l  back u n t i l  .the wheel touches from t h e  
o ther  s ide  e 

e ,  Make four  complete o s c i l l a t i o n s  and t h e n  pass t h e  pix t o  
advance the knife feed ,  

f. Continue i n  t h i s  fashion ( fou r  o s c i l l a t i o n s  and t h e n  
a revolil t ion) u n t i l  thi-1 pipe i s  c u t .  
the condi t ion of t h e  kni fe  can be detcrmined from thc  torque (1'ee.L) 
of t h e  t o o l  d r ive  and should be observed c a r e f u l l y  during t h e  
p r a c t i c e  cut  e 

The progress of' t h e  cut and 

g d  Feed t h e  k n i f e  all the way out, r o t a t e  t h e  t o o l  s o  that 
t h e  opening i s  down, and remove the  t o o l  from t h e  vise. 

h ,  Examine t h e  c u t t e r  knife ,  and i f  it i s  not damaged, lxe  
it f o r  t h e  i n - c e l l  operat ion,  



3 .  Posi t ion  t h e  v i s e  a l l  t h e  way t o  t h e  hack ( i . e . ,  away from 
-the sl-lde feed nuts ) ,  and mount t h e  pipe t ape re r  on t h e  base plaLe. 
While turn ing  t h e  t ape re r  d-rive by hand advance t h e  pipe i n t o  t h e  
c u t t e r  by moving t h e  pos i t ion ing  v i se  forward imt i l  you f e e l  t h e  
cu t  begin. This i s  the s t a r t i n g  point  of t h e  taper ing  cu t .  Careful ly  
mark .the pos i t i on  of t h e  feed handle and count revolu t ions  from t h i s  
po in t .  Place t h e  ai.r motor on t h e  t a p e r e r  dr ive,  set  t h e  pressure 
t o  25 psi, and t u r n  on the air  motor. It i s  necessary t o  hold t h e  
a i r  motor by hand t o  f e e l  t h e  torque and t o  ad-vance t h e  v i s e  feed 
by t h e  torque f e e l .  Too heavy a feed w i l l  r e s u l t  i n  chipped c u t t e r  
t e e t h .  The operat ion should t ake  2 t o  3 h r .  After  t h e  feed has 
advanced. 5 1./2 tu rns ,  t h e  cut  i s  complete. L e t  t h e  a i r  motor run 
10 nzin with no f u r t h e r  feeding t o  ob ta in  a smooth f i n i s h .  Back t h e  
pipc out .  Remove -the t ape re r  e C1ea.n t h e  t a p e r  with a thoroughly 
degreased brush. Do not iouch t h e  machined surface with anything 
e l s e .  A f i nge r -p r in t  will.  produce an  unbonded area .  

---- -- I_ 

k n  S l i d e  t h e  fhrnace over t h e  tapered s tub.  

5 .  Thoroughly degrease t h e  d m y  female braze f i t t i n g  with 
thermcouples and furnsce end attached, a,s w e l l  as t h e  braze preform. 
Assemble t h e  preform i n t o  t h e  f i . t t i n g  and f a s t e n  it with severa l  
spot welds. Use white gloves and extreme care .  A f i nge rp r in t  w i l l  
cause an uabonded a rea .  

6. Clamp t h e  f i t t i n g  i n  t h e  f i x e d  v i s e  so  t h a t  t h e  end of t h e  
f i t t i n g  p ro jec t s  4 1/2-in.  pas t  t h e  end of t h e  j a w s .  
v i s e  on t h e  base p l a t e  and b o l t  it down, 

Place t h e  

7. Bottom t h e  pipe s’cub i n  t h e  f i t t i n g  by operat ing t h e  
pos i t ion ing  v i s e  and. t hen  back t h e  s tub  out one-fourth t u r n  f o r  a 
purge gap. Close t h e  furnace over t h e  j o i n t  Place pipe plugs 
i n  t h e  pipe cnds. Connect argon purge t o  t h e  furnace and one pipe 
pluz;, 
i nd ica to r s  a Connect t h e  furnace I.eads t o  t h e  Ajax generator .  
Set the capaci tor  con t ro l  t o  15. Start t h e  machine, b r ing  it up 
t o  a’oout 5 kw t o  heat  t h e  j o i n t  t o  500°F, and then  ad jus t  t h e  
power t o  hold t h e  j o i n t  a t  500°F while purgi-ng for 1 h r  t o  bake 
out and off-gas the  system. Adjust t h e  capaci tor  con t ro l  i f  
necessary t o  obta in  a power f a c t o r  of one at  5 kw. 

Purge a t  40 c fh .  Connect t h e  thermocoupl-e leads t o  t h e  

8. Operate the posritj-oning v i s e  t o  firmly sea t  t h e  s tub  i n  
the  f i t t i n g .  While one operator  maintains pressure on t h e  
pos i t ion ing  v i s e  dr ive,  t h e  second operator r a i s e s  t h e  machine 
poww t o  60 amp, which res-ul ts  i n  readings of approxi-mately 140 v 
and 11 kw. 
t ime t h e  v i s e  operator  dr ives  t h e  s tub  i n  1/8 i n .  o r  about t h ree -  
four’i,hs t u r n  and again sea t s  t h e  stub f i rmly  i n  t h e  f i t t i n g .  The 
machine opera-tor watches the temperature ind ica to r  carefu l ly ,  and 
when t h e  temperature reaches 1900°F, he immediately cu t s  t h e  power 
t o  3 t o  4 kw and ca re fu l ly  ad jus t s  it t o  hold lgOO°F f o r  1 mlin. 

The j o in t  hea ts  t o  1750°F i n  about 1 l/2 min, a-t which 



Then he t14~rzs thc  power o f f  arid permits t h e  joint t o  cool. The v i s e  
operator holds presswe on t h e  j o i n t  throughout t h e  operat ion and 
u n t i l  t h e  j o i n t  cools t o  600°F. 

9. After t h e  j o i n t  has cooled, i t  i s  removed and inspected. 

If the operat ion was successP~l, t h e  equipment and operators  
are ready t o  proceed t o  the remote Graze i n  accordance with the  
Po l lowi ng : 

10. Set  t h e  port,a,ble maintenznce sh ie ld  over t h e  braze point 
and reincve t h e  pipe h e a t e r s  and any o ther  i n t e r f e rences .  Attach 
the chain h o i s t  t o  t h e  crane, 

11. Put the  posi t ionlng v ise  i n  i t s  full forward. pos i t ion  
w i t h .  i t s  jaws i"U.l.1.y open. Attach t h e  2O-ft l i f t  b a i l  to the chain 
ho i s t  and t o  the vise. 
or ien ted  so  it w i l l .  g r i p  t h e  pipe t h a t  i s  t o  remain i n  the ce1.L. 
Open the  s3 ie ld  s l i de ,  I.ower t h e  vise through, and close t h e  shield 
on the l i f t ,  rod, 
c a r e f i l l y  set it on the  base p l a t e  while guiding t.he dowels i n t o  
t h e i r  holes e Discl?ngage and nxaov-3 the lift; b a i l .  I n s e r t  t h e  
ex temion wre~ch and bolt the vi,se t o  t h e  base plate, 
t h e  posi t ioning dr ive t.o center  t h e  vise i n  i t s  t r a v e l  as indicated 
by marks. Close t h e  j a w s  on the  pipe tightly, TP t h e  pipe s l i p s  
i n  t h e  javs during a later operation, t h e  reference point w i l l  he 
lost I )  

Suspend the  v i se  over t h e  base p l a t e  

Lower Lliie v i se  5y use of 'che chain ho i s t  and 

Opcr'ate 

12* Attach the  l i f t  b a i l  t o  <;he chain ho i s t  and t o  t h e  pfpe 
c u t t e r .  SlLspe1id the  cwtter over its mownt.ing p l a t e  on the  v i s e .  
Make sure the  cuCter is i n  the opeii p o s i t i o n  so  that i.t will pass 
over t h e  pipe e Open t,he sh i e ld  slide, l o w e r .  t he  cu t t e r ,  anl! cI.ose 
t h e  sl-ide on, t h e  b a i l  rod.. Lower t h e  c u t t e r  and g u i d e  i t  onto t h e  
mountirig plate (.the p l a t e  i s  3" off  v e r % i c a l ) .  
ho t s t  Tor f i n a l  lowering e L) i . -  ,J~om:t'ct. -> and remove t h e  l i f t  b a i l .  
I n s e r t  the extension wrench. Twn the c u t t e r  d r i v e  u n t i l  t h e  k n i f e  
feed wheel i s  up. Pu-t; bhe extension wrench i.n t h e  f e e d  wheel and 
fit t h e  c u t t e r  kriife sn~ ig ly  onto t h e  pipe (countercloclrwlse) . 
Cut t,he pipe follcwing t h e  procedure i n  paragraphs 2 c 
and remove tho  c x t t e r  as i n  paragraph 2 g, 

U s e  t h e  chain 

through 2 e ,  

13 W i t h  t h e  exteensi-on wrench, operate t h e  positfioning v i s e  
dr ive  11 t u r n s  t o  t h e  r c a r  so  tha t  the pipe s tub w i l l .  be c l ea r  for 
Is.ter operat ions  
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1 5 .  Exa;mi.ne t h e  pipe t a p e r e r  t o  be siire it i s  clean, t h e  c u t t e r  
i s  i n  good condi-Lioii, and t h e  brush and p i l o t  b a l l  assembly i s  tack-  
welded and carinot come o f f .  Attach t h e  l i f t  b a i l  t o  t h e  chain h o i s t  
and. t h e  taperer  and i n s e r t  i - t  through t h e  maintenance sh ie ld .  Lower 
ri.t on'co t h e  base pl.ate, remove t h e  lift b a i l ,  and bo l t  r i t  down. 
Perform t h e  t ape r ing  opera-Lion a s  i n  paragraph 3; however, note 
i n  addi t ion,  t h e  t o t a l  number of  t u rns  of t h e  pos i t lon ing  v i s e  from 
i t s  posi t i -on i n  paragraph 13 t o  t h e  completion of t h e  cut  and r e t u r n  
t h e  v i s e  t o  t h a t  pos i t i on  af ter  t h e  completion of t h e  CU'L. Remove 
t h e  t a p e r e r  from t h e  c e l l .  Gross p a r t i c u l a t e  contmina'cion i s  t o  
be expected. 

16* Examine t h e  fixmace ca re fu l ly .  Attach t h e  induct ion heat ing 
leads,  the purge gas l i ne ,  and t h e  handling b a i l ,  and t i e  off t h e  
l e a d s  and purge 1-ine to t h e  t o p  of t h e  b a i l ,  Attach t h e  b a i l  t o  
the  chain f a l l ,  and i n s e r t  t h e  furnace i n  t h e  c e l l .  Careful ly  s3-i.de 
t h e  f1irna.c.e over t h e  stiub and aga ins t  t he  p l a t e  of t h e  v i se .  Untie 
t he  leads from the b a i l  and secure them on t h e  sh i e ld .  Remove t h e  
b a i l .  Thoroughly degrease t h e  nylon brush which w i l l .  pass over t h e  
pipe stub, a t t a c h  t he  long handle t o  it, i n s e r t  it i n t o  t h e  c e l l ,  
and brush o f f  the machined surface, ,  Remove -the brush. 

17. Fxaraine t h e  new component i o  assure  tha t  t h e  braze f i i t i n g  
i s  accura te ly  located, js clean, t h e  braze preform is i n  place, 
the thermocowples with 25-ft  f l e x i b l e  leads  co i led  on the furnac? 
b a i l  are i n  place and checked e l e c i r j c a l l y ,  and t h ?  furnace end w i t h  
thermocouple leads i s  i n  placo. I n s t a l l  t h e  new componeni by 
appropriate  prowdures  . 

18. Examine t h e  f ixed  v i s e  t o  see t h a t  it i s  operat ing 
properly and t h a t  t h e  j a w s  a r e  f u l l y  open. Attach t h e  lift b a i l  
t o  t h e  chain ho i s t  and t o  the vise: and i n s e r t  it i n t o  t h e  cell- .  
Place it  on t h e  base p l a t e  very carer 'u l ly  t o  avoid s t r i k i n g  t h e  
fiirnace end. Remove t h e  lift ba i l ;  b o l t  down t h e  v ise ,  and clamp 
t h e  v i s e  jaws on t h c  pipe t i g h t l y .  

19 a Retr ieve t h e  tliemocouple leads  with t h e  r e t r i e v a l  hook. 

20, Proceed wi th  t h e  braze a s  i n  s t eps  7 and 8 with t h e  generator  
power s e t t j n g s  obtained i n  t h e  t z s t  brazo. 
of the pipe wi l l  have t o  be in se r t ed  a t  some convenient place i n  
the salt  system, I n  t h e  case of a drain- tank replacement, t h e  
normal helium connection t o  t h e  d ra in  tank can be used. 

The purge t o  t h e  i n s i d e  

21- After the  j o i n t  i s  completpd, open t h e  furnace and examtne 
t h e  j o i n t  v i sua l ly  with t h e  periscope t o  check t h e  qua l i t y  of t h e  
f i l l e t  and wet t ing around t h e  j o i n t ,  Then inspect  it w i t h  u l t r a son ic  
tools and techniques provided by ihe  Metals and Ceramics Division. 

22 I Destrvct ively remove  he furnace, and t h e n  remove t h e  too1.s. 
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3.8 Procedures f o r  Mainttnancx of the Sampler-Enr*icher 

There are nine p a r t s  of t h e  smipPer.-enricher t h a t  w i l l .  be I n  
contact with t h e  radicac-tive salt  e Therefore r a d i a t i o n  w i l l  be a 
f a c t o r  a t  the  time of m;iinteria,nce. 
inner cornpaArtmerit, (2) t h e  manipulator a r m  assembly, (3) the removal 
seal assembly, ( 4 )  t h e  l..ight blulb, ( 5 )  t h e  maintenance val.vc, (6)  t h e  
operat ional  valve, (7) t he  hot ~rmxwm pmip, (8)  the containment 
housing, and (9) the spool  piece connecting the  pump bowl.  with t h e  
sampler. 
and can be rerioved from t h e  assemt1.y 'oy themselves. Item. 5, the 
maintenance valvs  cannot be removed withoiit  first renovi.ng ?.terns 
I and. 6. 
Pxrts o f  t h e  sampler-enricher a r e  shown i _ u l  Figs e 2:3 and 21-1 

The spec i f i c  p a r t s  are (1) t h e  

Except Tor  items 5, 6, sn.d 8, these  i tems are independent 

S%mi.LarIy3 item 6 cannot be removed withcjut i-em.ova1 of 1. 

Radiation leve3.9 a f f e c t i n g  msintenance w i l . 1  depend on %he deration 
and power l eve l s  o f  reac tor  operat ion, t h e  amourrL of spil.I.age, deposit  s 
from. gaseous a c t i v i t y ,  and whether there i s  a rad ioac t ive  sample within 
t h e  svnpler t h z t  rriuzt be removed i n  a nonroutine mariner. 
range of conditions t h a t  might 'oe eneouxt.ered i s  l a rge .  While the 
reac tor  i s  operating, approximate1.y 8 i n .  of lead. sh ie ld ing  covers 
the  un i t  Thi.s provid,ei; protection f o r  personnel during the normal 
sampl.i.ng operation. The shielding i s  rnos-tly i n  t h e  form o f  stacked 
Lead br i ck .  Several c a s t  p r i c e s  a r e  used where complex shapes a e  
needed. Doors and wi.ndC)ws were bui.It i n t o  the  sheL1. for. maintenance 
access e 

Thus, t h e  

A generalized. version of  the  rnai_nt;enance procedure €allows 
D e t a i l s  f o r  each individual. piece o f  equipment vary and 'nave t o  be 
applied as ~ ~ p j . i r e d .  Ttem gS t.he spool piece, however, i s  an 
exception because ii; i s  located w i t h i n  t h e  r e a c t o r  shield;  t h e  
por tab le  maintenance shield and long-han(l.l.ed tools zre used f o r  
mainta.lning id a 

1. Shut d.own the eqsipment. Tnis includes t h e  r e a c t o r  ,and. the 
v a r i  o m  sub s y st erns of' t, he s amp 1 er - e m  i ch  er e 

2 .  Removc shield blocks t o  g i v e  clearance and working room. 

3 Gather, clean, and prepar? tools, shi-elded c a r r i e r s ,  equipment, 
and the decorit:aminat. I.on c e l l .  

4, Spread out blotter paper arid p l a s t i c ,  and set  up cor?tminat ion 
control,  measures for t h e  high bay. 

5 .  Remove outer  pieces  of shi-elding. 

6 Take heal th  physics  precautions throughout reraaiinder of 
pTGCf?dl2R? . 
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7. Decontaminate a s  much as poss ib le  and pass cleaning swabs 
through t h e  removal seal assembly by using t h e  sampler-enricher 
manipul.at or  t o  pickup i h e  rad ioac t ive  ma te r i a l  a 

8. Remove s u f f i c i e n t  sh ie ld ing  for access  t o  t h e  attachments.  

9 .  Disconnect mechanical, e l e c t r i c a l ,  and plping connections. 
Use hand too l s ,  extensions, and stacked lead br ick  shielding.  
Radiation surveys shou1.d be made t o  loca t e  and cor rec t  local- streaming. 

1.0. Attach l i f t i n g  devices.  

11. R i g  shielded c a r r i e r  and. p l a s t i c  bags t o  encase t h e  equipment 
a s  it c l ea r s  t h e  struc-ture of t h e  sampler. 

12. Transport t o  decontaminati.on c e l l  f o r  cleanup. 

1.3. Decontaminate and r e p a i r  t h e  u n i t .  If decontamination i s  
not possible ,  prepare a new replacement. 

14- I n s t a l l  t h e  repa i red  or  t h e  new component. 

15. Reconnect a l l  f i t t i n g s  and attachments . 
16. Heplace t h e  sh ie ld ing .  
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Appendix A 

LIST OF REMOTE MAIPJTENAXCE REFERETEE INFORMATION 

1. R. Blwnberg, Remote Maintenance of t h e  MSRE, MSRP Semiann. Progr .  
Rept . J u l y  31, 1964, USAEC Report O R N L - ~ ~ O ~ ,  pp 190-200, ORNL. 

2 .  E. C .  Hise, F. W, Cooke, and E. G .  Donnelly, Remote Fabricat ion 
of Brazed S t r u c t u r a l  J o i n t s  i n  Radioactive Piping, ASME-63-WA-53, 
American Society of Mechanical Engineers, New York. 

3. Unpublished book of d e t a i l e d  maintenance procediires f o r  MSRE. 

4. Unpublished ca ta log  of MSRE maintenance t o o l s  (contains  tool 
d e s c r i p t i o n  and method of operat ion);  compiled by J .  R.  Shugart. 

5 .  Col lect ion of photographs taken i n  reac tor  c e l l ,  d r a i n  c e l l  
sampler, e t c .  (Tliere a re  t h r e e  loose leaf binders . )  

NOTE: Items 3, 4, and 5 a r e  a v a i l a b l e  from J. R. Shugart at 
t h e  MSRE. 
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Appendix B 

MSRE PORTABLE MAINTENANCE SHIELD -- 
LL-D 
Drawing No. 

E 40660 

D 40661 
D 40662 
D 40663 
D 40664 
D 40665 
D 40666 
D 40667 
D 40668 
D 40669 
D 40670 
D 40671 
1) 40672 
D 406'73 
D 40674 
D 40675 
D 40676 
D 40677 
D 40678 
D 40679 
D 40680 
D 40681 
D 40682 
D 40683 
D 4.0684 
D 4068j 
D 40686 
D 40687 

T i t  l e  

Module Assembly, Cross-Sections 
! I  11 , Index 

Cutting Schedule 

Layout Plan - General - Reactor C e l l  

Layout Plan - Reactor C e l l  - S.  C t r .  Bays 

Layout Plan - Reactor Cel l  - N .  S t r .  and W .  Bays 
I 1  1 1  E.  Bay a t  Sampler 

E.  Bays 

Over Freeze Flanges 

General - Drain Tank Cell, Mid Bays 

Dyain Tank C e l l  - End Bays 

11 11  

1 1  I t  

I f  

I t  

I 1  I 1  Corner Bays 

I 1  Typical Track Assembly 

Track Deta i l s  - Sheet 1 
11 Sheet 2 

Sheet 3 

B a l l  Plug, Lights, Spec ia l  Mod. I n s e r t  

E'rame and Motor Drive - Assembly - Sect ions 

! I  

I 1  Detai ls ,  Sheet 1 

Sheet 2 11  I t  

Specia l  Attachment Module 

14 i n .  F i l l  Module 

2 f t  6 l/2 i n .  F i l l  Module 

Eccentric Plug Module - Sheet 1 

Eccentiric Plug Module - Sheet 2 

General Information Layout, Ecc. Plug Module 

Plugs A and A'  - Sub Assemblies 
11  De-t a i l  s 



LL-D 
Drawing No, 

D 40688 
D 40689 
D 40690 
D 1~0691 
n )+0692 
D 4-0693 
B/M 406g1-1 
D 40695 

Tit le 

Plugs B and BP - Sub Assemblies 

Plugs B and B' - Detai ls  

Long S l i d e  and S-Lide Inserts 

Sliort, Slide arid S l ide  Extension Spacer 

Hole Inserts - Mlsc. Plugs - Sheet 1 
I 7  I f  Sheet 2 ,  Ball Plugs 

Master Rill 01 Material-s, Portable Shield 

Lesd Glass Window Plugs 
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Appendix C 

GRAPHITE SAMPIJCFI AND CONTROL ROD MAINTENANCE FACILITY 

Number 

E-BB-C-40646 
40647 

40648 
40649 
40650 
4.0651 
40 6 52 
40653 
40654 
40655 

40656 
40657 

40659 
40658 

Vard Corp. 
Drawings 

F-114729 

F- 114800 

E'-114786 

~- 

T i t l e  

7/8" Graphite Sampler - Gen. Assembl-y 

Graphite Sampler Detail., Tool Bushing and Pb. 

Graphite Sampler Work Plug No. 1, Alternate Cons-tr. 

Glass Holder 

I 1  Work Plug No. 2 ,  Assembly and Details 

Airl ine Piping f o r  7/8" Graphite Salnpler 

Graphite Sampler Deta i l  - Shield Plug and Inse r t  
11 Work Plug No. 1 Assy. and Details 

'7/8" Graphite Sampler Details 

Gaskets f o r  7/8" Graphi-te Sampler 

Graphit e Sampler, D e t a i  1.s Flood1.ight s and Pb 
Glass Holder 

Graphite Sampler Detail,  Tool Bushings and Seals 

Work Shield, Graphite Sampler 

Details Standpipe No. 2, Sheet 2 Assy and Details 

Graphite Sampler, Standpipe No. 2 Assy, and Details, 
Sheet 1 

Housing Assembly, Drive Unit 

Drive Unit Assembly, MSRE Control- Rod 

Plate Assy. MSRE Drive Unit Access Hatch Plate 
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LONG-HANDLED TOOLS AND MISCELLAJXEOUS EQUIPMENT - 
T i t  l e  

Handling Tool foj- Freeze Flange Gaskets 

Freeze Flange Cover I-Iandling Tool, f o r  ir?l'-200 
l l  , Details 

11 Clamp Stowing Tool 

Ad jusLable Li.z"ting Bail f o r  Maintenance Tools 

Offset Handling Tool f o r  Elec t r ic  Heaters 

Televis ion Camera Stand f o r  Remote Mainterianee 

Portable  Shield L i i n r i t  Swit cln 

Ring Gasket Handl.ing Tool  f o r  Auxiliary Flanges 

Freeze Flange Cov-ers, Assembly 
I 1  , Deta i l s  

Thermocouple Disconnect Tool with G u i d e  

IFueI Rmp Rotary Element L i f t i n g  Tocjl 

Mot or  I,i t% ing Tool I 1  " 

Remote I4aLntenanc.e A l l  Purpose 1-land-ling Tool 

Heater Unit Hand1 ing Tool 

Remote Maintenance Socket Extension Tool  and 
B o l t  Ret, ainer 

Assembly and. D e t a i l s ,  1/2" and 1/8" Auxiliary 

f o r  Leak Detector Disconnect 

T-jLping Tool 

Hamiling Tool 

Bandling Tool  for  Era in  Tank  C e l l ,  Space Cooler. 
Si.ippor.t Hanger 

Valve 3anr3ling T c o l  

Gear Tool. for Jacking Purnp Assembly 

Porf;able Sh-ield, Eccentr ic  Plug Module Drive 

Freeze Flange Clamp Opera,tor Assembly 

1 1  

M e  cE-inni srn 
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MSRE-SK-NO . 
(22 79 
~280 

~281 

c2 82 
c283 
1x86 
E287 
E288 

=a9 

90 

c293 

D-297 

E 9 8  
~ 3 0 1  

~ 3 0 2  

D303 
~3 0 l+ 

D305 

~306 
~308 

E309 

T i t  l e  

Freeze Flange Clamp Operator Deta i l s  
I t  

L i f t i n g  B a i l s  and Masts f o r  Freeze Flange Clamp 

Handling Tools f o r  Breco F i t t i n g s  

Tool  Cal ibra t ion  f o r  Freeze Flange Maint enarice 

Rod TAgh'C for Remote Maintenance 

Alignment Tool for Freeze Flange 100, Assembly 

Operating Tools  

I f  D e t a i l  

MSRE Pipe Alignment Tool Assembly 
If Deta i l s  

Freeze Fl-ange C lmp  Aligning Gage f o r  Clamp 

Valve Support Seam Handling Tool 

Offset Handling Tool f o r  Drain C e l l  Pipe Vise 

kFreeze Flange Clamp StoiJing Tool  f o r  l?FLOO and 1-02 

Remote Maintenance Gantry 

Handling Tool for Snap- t i te  Disconnects 

Handling Tool for 2 i n .  Graphite Samples 

O f f  set Socket Drive Tool  

L i f t i n g  B a i l  f o r  1.-1/4" Pipe Mast Tools 

S a l t  Plug Heater Tool Assembly 

Operating Tool 

1 1  Details 
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I N  CELL EQUIallENT 

Number 

E-GG-E-41868 

41869 

4 1.8 70 

E-RB -.E - 4 18 72 
E-BB-2-41873 

D-GG-E-41874 

D-GG-E-41875 

E-GG-E- 418 76 
D - GG - E - 4 189 5 

E-GG-C -40610 
E-CG-C-4060g 

D-GG-C -40607 

D-GG-C-40608 
D-GC-C-40466 

E-CC-C-414 jo 

D- cs -C -4 1511. 

~ - m - ~ - k ~ ~ - 1 9 1  

D-CC-C-41453 

E-EE-D-41492 

E -DD-D-j-C 1'493 

E-DD-D-40742 

D -LL -E - 4073 4 

E - B B - D - ~ + o ~ ~ ~ +  

T i t  l e  

Equipment Ins ta l la t ion ,  Freeze Flange Maintenance 

Freeze Flange Jack, I n s t a l l a t i o n  and Assy . 
Pipe Jack Mounts;, Freeze Flange FF-100, 102, 20'3, 

Beat Exchanger Jack, Pipe Alignment Bracket;, FF-101 

Reactor Cell  Equipraent Supporting Steel,  Sheet 2 

Claxnp Stowing, P ~ p e  Alignmerit Bracket, FF-200 

FF-201 

and 201 

I f  

Freeze Flange Jack, Modification De-bails 

Flange Jacking Hook, Support Pedestal Assy. and 

5 i n .  Freeze Flange N o .  100, 102, 200, and 201. A.ssy. 

Details 

I! 101 Assy, 

5 in .  Freeze Flange Details 
11 Weldrnent , Rough Machine 

5 in .  Freeze Flarge No, 101, Bottom Clamp Weldment 

fi.e1 Pump Support, Assembly 

Fuel Pump Support Details 
I t  Arrangement 

Heat Exchanger Su.pport Assembly 

Bea t  Exchanger Support 

Primary Heat Exchanger Support Suspension B? t ams 

Heat Exchanger Support Detai l  

Quick Disconnect Block and Yoke Det,ails  

Reactor Thermal Shield Assembly and Sections 
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Appendix F 

J I G S  AND FIXTURES 

Number T i t  l e  

E-LL-E-56269 

56270 
F-GG-D-5 541.7 

5 $418 

5 5419 
5 5484 

E - LL - E-l+183 0 

41831 

41.832 

41.833 

41837 

41838 

1~1839 

41840 

E-LL-E-41836 

Valve Clamp Jig Par t s ,  PCV-960, HCV-903 
1 1  , ~ x v  91-5, 956, 961, 962 

Assembly Fix ture  Fuel Pump, A m .  Flanges Assembly 
I 1  I !  I t  , Aux. Flanges, Body Weld 

Assembly F ix tu re  Fuel Pump llu. Flange De ta i l s  

Fuel Pump Aux. Flange Motor Adapter 

Drain C e l l  Component Jig, D.T . No. 1 
I 1  , Fuel Drain Tank No. 2 

I 1  , D e t a i l  Sheet No. I.. 

11 , Fuel  S a l t  Flush Tank 

Assy Fix ture  Major Components, Elevat ion 
I1  I 1  , Plan 

I !  I 1  , Pedestal Weldment 

I !  I 1  , Freeze Flange Nesting 

I 1  I 1  , Freeze Flange Nests FF-101 

Stand 
I 1  1 1  , Deta i l s  

. 
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OIWL- m- '310 

I n t e r n a l  I j i s t r i bu t ion  

I e 
2.  
3 .  
4 .  
5 m 
6. 
7. 
8 .  
9., 
10 * 
1.1. 
12 a 

13 .) 
I4 . 
15. 
16. 
17 0 

18 e 

19 ~ 

20 0 

21 0 

22 * 
23. 
24. 
3 5 .  
25 .  
2'7 . 
28 0 

29. 

30 0 

31 
3 2 .  
33. 
34 d 
35. 
36. 
37 0 

38 0 

39 d 

40 0 

4 1 a  
42. 
43 D 

44- 0 

4.5 0 

46 s 

G. M. Adamson 
L. G. Alexander 
D. D. Ausmus 
J. M .  Baker 
F. Barnes 
H. F. Bauman 
S .  E .  Bea l l  
M. Bender 
C. E .  Bet'cis 
E. S .  B e t t i s  

F, Blumberg 
E. G. Bohlman 
C .  J. Borkowski 
G. E. Boyd 
R. B. Briggs 
G. D, Bruntori 
D o  A, Cmonico 
W. L. Car ter  
G. I. Cathers 
0 .  B. Cavin 
W. R. Cob'o 
C. W. Col l ins  
E. L. Compere 
W.. H. Cook 
D. F. Cope ( E - O R M ; )  
W .  B. Co-t t re l l  
J. L. Crowley 
F. Le Cul l e r  
D. G.  Davis 
€3, J. DeBakker 
S. J. D i t t o  
W. P. Eather ly  
J. R. Engel 
D. E.  Ferguson 
A.  P. Fraas 
H. A. Friedrmn 
J. H. Frye, Jr. 
C .  B. Gabbard 
E. B. Gsllaher  
H. E. Gozl ler  
W. R. Grimes 
A,  G.  Gr inde l l  
R. H, Guymon 
B. A. Hannaford 
P. H. Harley 

R. Ea B~ELLICO 

47. P. N. Waubenreich 
48.  P. G.  Herndon 
49. D .  M. Hess 
50. E .  @. Hise 
51. H. W. Hoffman 
52. P. P. Holz 
53. T. L. Xudson 
54* R. X. Jackson 
55. P. R. Kasten 
56. R. J. Ked1 
57. H. T. Kerr 
58" S. S. Kirslis  
59. J. W. Koger 
60. A. I. Krakoviak 
61. J. W. Krewson 
62. R. €3. Lindauer 
63. A. P. Litman 
64. G. H. Llewellyn 
65. E. L. Long 
66. M. I. Lundin 
67. €3. N o  Lyon 
68. Ha G. MacPherson 
69. K. E. MacPherson 
70. T o  R. Mauney 
71. H. McClain 
72. R. W. McClimg 
730  H. E. McCoy 
74. €1. C .  McCurdy 
75. 2. F. McDuffie 

77. J. R. McWhertes 
78. A. J. Mtl le r  
79. R. R. Minixe 
8 O 0  R. L. Moore 
81. H. H. Niche1 
82. E. L. Nicholson 
$3. L. C .  Oakes 

A. M. Perry 
85 .  T. W. Picke l  
e6. H. M e  Poly 
87. G. L. Ragan 

89. M. Richardson 
90. R. C. Robertson 

92. M. Fa. Rosenthal 

76. C. K* McGlothlm 

8 8 e  J a  % e  Fkdfoyd 

91. Ha C a  Roller 
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73. 
94. 
95. 
96. 
9'1 . 
98. 
99. 
100. 
101. 
102. 
103. 
1%. 
105. 
106. 
1.07. 
108. 
109. 
110 
111. 

132. 
133. 
1.34. 
135. 
136 
137. 
138. 
1.39. 

1.40-154. 

H. C .  Savage 
A. W .  Savolainen 
Dunlap S c o t t  
H. E. Seagren 
J. 13. Shaffer  
J .  R. Shugart 
W .  11. Sides 
M. J. Skinner 
G. M. Slaughter 
A.  N .  Smith 
G. I?. Smith 
0. L. Smit'n 
P. G .  Smith 
I.  Spiewak 
R. C .  S t e f f y  
W .  C .  Stoddard 
D. Sundberg 
J. R. Tallackson 
W. Terry 

112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120 * 
121. 
122 * 
123. 

124-125 * 

126-1.27. 

128-130 - 
131. 
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