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ABSTRACT 

I n  December 1969, a f t e r  more than  4 succ , f u l  years ,  t h e  nuc lea r  
ope ra t ion  of  t he  MSFE was concluded and t h e  p l a n t  was p laced  i n  standby. 
Work planned f o r  e a r l y  i n  FY-1971 inc ludes  removal of some core  g raph i t e ;  
viewing i n s i d e  t h e  r e a c t o r  vessel and i n s i d e  t h e  fuel-pump bowl; inspec t ion  
of po r t ions  of t h e  salt  piping, t h e  o f fgas  charcoa l  bed, t h e  coolan t  sa l t  
pump, and t h e  c o n t r o l  rods;  and t e s t i n g  the  coolan t  sa l t  flowmeter. Each 
s tudy  i s  j u s t i f i e d  by i t s  b e n e f i t  t o  t h e  Molten-Salt  Reactor Program. 
Procedures and t o o l s  are available f o r  some jobs ;  f o r  o thers ,  they a r e  
c u r r e n t l y  being developed. 
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This  report was prepared as an account of Government sponsored work. 
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A. Makes any warranty or representation, expressed or implied, wi th respect to the accuracy. 
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any information, apparatus, method, or process disclosed in  th is report may not infringe 

privately owned rights; or 

Assumes any l iabi l i t ies wi th respect to tha use of, or for damages resulting from the use of 

any information, apparatus, method, or process disclosed in  th is  report. 

Neither the United States, 
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As used in  the above, "person acting on behalf of the Commission" includes any employee or 

contractor of the Commission, or employes of such contractor, to the extent that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant to his employment m contract wi th the Commission, 

or h is  employment wi th such contractor. 
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INTRODUCTION 

The primary purpose of t he  Molten-Salt  Reactor Experiment was t o  

demonstrate t he  p r a c t i c a l i t y  of  t he  mol ten-sa l t  r e a c t o r  concept.  To t h i s  

end i t s  design' incorporated e s s e n t i a l l y  t h e  same m a t e r i a l s  and many of 

t h e  design f e a t u r e s  of proposed mol ten-sa l t  power r e a c t o r s .  I t s  primary 

purpose w a s  accomplished as it was operated f o r  more than 4 years  a t  Oak 

Ridge Nat iona l  Laboratory.  

and a g r e a t  d e a l  of new information ( p a r t i c u l a r l y  wi th  regard  t o  f i s s i o n  

product  behavior)  w a s  obtained.  

down because i t s  o r i g i n a l  goa ls  had been met and continued operat ion,  

a l though o f f e r i n g  a d d i t i o n a l  information, could not  be j u s t i f i e d  i n  t h e  

very s t r i n g e n t  budget s i t u a t i o n .  Except f o r  removal of an experimental  

a r r a y  from t h e  core,  a l l  post-operat ion examination w a s  de fe r r ed  u n t i l  

t h e  next  f i s c a l  y e a r ,  

condi t ion  e ' 

Experience2 wi th  t h e  MSRE w a s  q u i t e  encouraging 

In  December 1969, t h e  r e a c t o r  w a s  shu t  

I n  the  in t e r im  t h e  r e a c t o r  was placed i n  a standby 

GOALS OF POST-OPERATION EXAMINATIONS 

The broad goa l  of t h e  pos t -opera t ion  examinations i s  t o  complete the  

ga ther ing  of information from the  MSRE by in-p lace  inspec t ion ,  removal of  

specimens and some p ieces  of equipment, and d e t a i l e d  examination of t hese  

i n  ho t  c e l l s .  S p e c i f i c  ob jec t ives  inc lude  determinat ion of the condi t ion  

of m a t e r i a l s  wi th  t h e  g r e a t e s t  exposure t o  t h e  r e a c t o r  environment, t h e  

cond i t ion  of key equipment (pumps, hea t e r s ,  i n s u l a t i o n ) ,  t h e  l o c a t i o n  and 

na tu re  of depos i t s  i n  s e l e c t e d  p a r t s  of t he  f u e l  s a l t  and of fgas  systems, 

'R. C .  Robertson, MSRE Design and Operations Report, P a r t  I - 
Descr ip t ion  of Reactor  Design, ORNL-TM-728 (January 1965) e 

2P. N. Haubenreich and J. R .  Engel, "Experience wi th  t h e  MSRE,!' 
Nucl. Appl. Tech. - 8, 118 (1970) e 

?P. N. Haubenreich and R. H.  Guymon, Plans f o r  t h e  MSRE Between End 
of Nuclear Operation and Beginning of Post-Operation Examinations, 
i n t e r n a l  memorandum MSR-69-121 (December 1969) . 
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and t h e  exac t  l o c a t i o n  and na tu re  of a l e a k  i n  a s a l t  f r e e z e  va lve .  This  

information w i l l  in f luence  ma te r i a l s  development and the  design of equip- 

ment and systems f o r  f u t u r e  mol ten-sa l t  r e a c t o r s .  

I 

CRITERIA 

The scope of t h e  pos t -ope ra t ion  s t u d i e s  w i l l  be  l i m i t e d  t o  those  

whose c o s t s  a r e  j u s t i f i e d  by t h e  b e n e f i t s  t o  t h e  Molten-Sal t  Reactor Program. 

Tenta t ive  plans c a l l  f o r  holding t h e  r ad ioac t ive  f u e l  s a l t  (about  

360,000 c u r i e s  of f i s s i o n  products as of J u l y  1970) f rozen  i n  t h e  MSRE 

tanks u n t i l  such time as s a l t  mine d i sposa l  i s  f e a s i b l e .  The pos t -opera t ion  

examinations s h a l l  no t  prevent  t h e  u l t ima te  removal of t he  s a l t  nor leave  

the  system i n  an unsafe condi t ion  i n  t h e  in te r im.  

serve  t h e  opt ion of f l u o r i n a t i n g  the  s a l t  f o r  uranium recovery, t he  opera- 

b i l i t y  of t he  processing f a c i l i t y  s h a l l  be preserved.  

In  addi t ion ,  t o  pre- 

Exposure of personnel  t o  r a d i a t i o n  during t h e  pos t -opera t ion  exami- 

na t ion  s h a l l  no t  exceed normal occupat ional  l i m i t s  p rescr ibed  by ORNL 

and the  USAEC. 

STEPS IN DEFINING THE CAMPAIGN 

Planning f o r  t h e  pos t -opera t ion  examination, t o  some ex ten t ,  began 

with the  design of t he  r eac to r ,  when provis ions  were made f o r  removing the  

5 c e n t r a l  b a r s  of core  g r a p h i t e .  

of course,  had t o  await opera t ing  experience and eva lua t ion  t o  p o i n t  ou t  

a r e a s  of most i n t e r e s t  and o the r  program developments (such as t h e  budget) 

t o  determine what could be j u s t i f i e d .  

F i n a l  s e l e c t i o n  of pos t -opera t ion  s tud ie s ,  

In  February 1969, t h e  head of t h e  MSRE Operations Department s e n t  a 

r eques t  f o r  suggest ions f o r  f i n a l  opera t ions  and shutdown of t h e  MSRE t o  

group l eade r s  i n  t h e  MSRP. Responses were consol ida ted  t o  e l imina te  dupl i -  

ca t ions  and i n  October 1969, a t e n t a t i v e  l i s t  of pos t -opera t ion  t a s k s  w a s  

d i s t r i b u t e d  with a r eques t  f o r  comrr.ents. This l i s t  was d iscussed  with ORNL 
and AEC-OR0 r e a c t o r  s a f e t y  review committees and with AEC-DRDT representa-  

t i v e s .  Af te r  d i scuss ion  and review of t he  t e n t a t i v e  l i s t  with MSRP staff  
I 
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members i n  which b e n e f i t s  were weighed a g a i n s t  cos t s ,  t h e  program descr ibed  

i n  t h e  next  s e c t i o n  w a s  a r r i v e d  a t  i n  March 1970. 

SWDIES AND TASKS TO BE UNDERTAKEN 

The s t u d i e s  t h a t  we propose t o  make a r e  l i s t e d  i n  Table 1. Under 

each s tudy a r e  l i s t e d  t h e  sepa ra t e  jobs,  some t o  be done on-s i te ,  some i n  

X-10 ho t  c e l l s ,  involved i n  t h a t  s tudy.  Not shown i n  the  t a b l e  a r e  the  

t a s k s  of  removing some items f o r  use i n  development f a c i l i t i e s ,  decontami- 

na t ing  a r e a s  ou t s ide  t h e  containment c e l l s ,  secur ing  the  p l an t ,  and d i s -  

posing of t h e  f u e l  sa l t .  

s tudy ( i n  the  order  l i s t e d  i n  Table 1) and each t a s k  are d iscussed  i n  t h e  

t e x t  of t h i s  s e c t i o n ,  Job descr ip t ions ,  inc luding  purposes and gene ra l  

procedures, a r e  presented  i n  t h e  next  s ec t ion .  

The j u s t i f i c a t i o n  f o r  and ob jec t ives  of each 

Table 1 

L i s t  of S tud ie s  t o  be Made and t h e  Jobs t h a t  w i l l  be Involved 

Inves t iga t ion  of l e a k  near  f r e e z e  va lve  FV-105 
View v i c i n i t y  of Fv-105 
Excise  Fv-105 
Inspec t  FV- lo5 

Examination of fuel-pump bowl i n t e r n a l s  

Excise  sampler cage and b a f f l e  
View i n s i d e  of pump bowl 
Inspec t  sampler cage and b a f f l e  

Examination of r e a c t o r  v e s s e l  i n t e r n a l s  

Prepare f o r  core  work 
Remove access  plug and rod thimbles 
Remove some core g raph i t e  
V i e w  core  and i n s i d e  of r e a c t o r  v e s s e l  heads 
Close r e a c t o r  access  
Cut o f f  p iece  of rod thimble 
Inspec t  core  g raph i t e  b a r  
Inspec t  rod thimble p iece  
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Table 1 (cont inued)  

Examination of f u e l  p ip ing  

Excise sec t ions  of p ip ing  a t  hea t  exchanger i n l e t  and o u t l e t  
Inspec t  s ec t ions  of p ip ing  

Inspec t ion  of f u e l  d ra in  l i n e  

Remove h e a t e r  H-103 
View d r a i n  l i n e  in s ide  r e a c t o r  furnace 

Examination of charcoa l  bed i n l e t  

Excise i n l e t  s e c t i o n  of i! main charcoa l  bed 
Inspec t  i n l e t  s e c t i o n  

Examination of r a d i a t o r  tub ing  

Excise tub ing  near  i n l e t  and near  o u t l e t  
Inspec t  f o r  depos i t s  and cor ros ion  

Examination of thermocouple w e l l s  i n  coolan t  s a l t  p ip ing  

Excise w e l l s  a t  r a d i a t o r  i n l e t  and o u t l e t  
Inspec t  f o r  depos i t s  and i n t e g r i t y  

Tes t  of d i f f e r e n t i a l  p ressure  system on coo lan t  s a l t  flowmeter 

Cut coo lan t  p ip ing  
Tes t  pressure  measuring system 

Inspec t ion  of coolan t  pump r o t a r y  element 

Remove r o t a r y  element 
Inspec t  

Inspec t ion  of c o n t r o l  rods 

Examine 
Remove elements 
Inspec t  elements 

V e r i f i c a t i o n  of remote ma in ta inab i l i t y  

Remove and in spec t  h e a t e r  u n i t s  
Remove f u e l  pump motor 
Disconnect f u e l  sampler l i n e  
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Inves t iga t ion  of Leak Near Freeze Valve FV-lo5 

Y 

A l e a k  appeared i n  the  primary system on December 12, 1969 s h o r t l y  

a f t e r  t h e  scheduled end of nuc lear  opera t ion .  Cor re l a t ion  of changes i n  

c e l l  a i r  a c t i v i t i e s  with c e r t a i n  opera t ions  ind ica t ed  t h a t  a small l e a k  

had developed i n  or near  f r e e z e  va lve  FV-lo5 ( l ead ing  t o  f u e l  d r a i n  tank  

FD-2) about  two hours a f t e r  t he  f u e l  was dra ined  f o r  t he  l a s t  t ime.  

Amounts of xenon and iod ine  ind ica t ed  t h a t  a few f t 3  of gas and perhaps some 

sal t  (1 cc or l e s s )  escaped i n t o  t h e  c e l l  before  t h e  l e a k  was e f f e c t i v e l y  

stopped by f r e e z i n g  s a l t  i n  t h e  l i n e .  

This  i s  the  only l e a k  t h a t  ever  occurred i n  t h e  primary system and 

the  explana t ion  i s  n o t  known. Examination of radiographs and o t h e r  con- 

s t r u c t i o n  records  showed nothing suspic ious .  We b e l i e v e  cor ros ion  could 

no t  have been a s i g n i f i c a n t  f a c t o r  i n  t h e  o r i g i n  of t h e  leak,  and r a d i a t i o n  

damage a t  t h i s  l o c a t i o n  should be v i r t u a l l y  n i l .  The most l i k e l y  hypothesis  

i s  t h a t  thermal  s t r e s s e s  i n  the  va lve  caused a c rack  t o  o r i g i n a t e  a t  t h e  

welded junc tu re  of t h e  coo l ing -a i r  shroud and the  pipe and t o  propagate 

through the  pipe w a l l .  

We should determine t h e  exac t  l o c a t i o n  and desc r ip t ion  of t he  l e a k  

and, if  poss ib le ,  der ive  an explanat ion.  

Examination of Surfaces  Ins ide  t h e  Fuel-Pump Bowl 

During opera t ion  of t h e  MSRE, e f f e c t s  r e l a t e d  t o  t h e  s a l t - g a s  i n t e r -  

f a c e  i n  the  fuel-pump bowl were of cons iderable  importance. Bubbler l e v e l  

elements i nd ica t ed  t h a t  cons iderable  amounts of gas were c a r r i e d  under t h e  

sa l t  su r face  by the  xenon s t r i p p e r  j e t s ,  The dens i ty  p r o f i l e  above the  

bubblers  could not  be measured, b u t  t h e  f l u i d  su r face  w a s  c e r t a i n l y  h igher  

because of t h e  g a s ,  There i s  reason t o  t h i n k  t h a t  t h e  su r face  w a s  no t  

q u i t e  uniform (being lower in s ide  the  sampler b a f f l e ,  f o r  example). 

f i s s i o n  products tended t o  concent ra te  a t  sa l t  sur faces ,  with perhaps some 

going i n t o  t h e  gas space as a "smoke." O i l  leaked i n t o  t h e  pump bowl from 

t h e  s h a f t  bear ing  region a t  a few c c  p e r  day, Some o i l  decomposition pro- 

duc ts  probably depos i ted  on t h e  pump bowl su r faces  and some on the  s a l t  

where they may have inf luenced  f i s s i o n  product  s epa ra t ion  and bubble be- 

havior .  Thermocouple readings ind ica t ed  t h a t  f i s s i o n  product hea t ing  of 

Cer t a in  
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t h e  pump bowl above the  s a l t  l e v e l  was moderate b u t  changed from time t o  

t ime f o r  unknown reasons.  

A sample capsule  w a s  dropped i n t o  t h e  pump bowl i n  August 1967 and 

another  i n  March 1968. 
i n  May 1968. 
between the  cage and b a f f l e  during recovery a t tempts .  

The s t e e l  cap of t h e  f i r s t  capsule  was r e t r i e v e d  

There w a s  some evidence t h a t  t h e  second capsule  w a s  jammed 

We should observe su r faces  i n s i d e  the  pump bowl f o r  evidence of depo- 

s i t i o n  and t h e  p a t t e r n s  displayed.  It appears  now t h a t  it w i l l  probably 

be p r a c t i c a l  t o  c u t  ou t  a s e c t i o n  of  t he  pump bowl t o p  wi th  t h e  sample 

cage and b a f f l e  a t t ached .  This  would make it poss ib l e  t o  determine much 

more about t h e  depos i t s  and a l s o  t o  in spec t  f o r  evidence of  co r ros ion ,  

(Conditions i n  t h e  v i c i n i t y  of t he  d i s s i m i l a r  meta l  j unc t ions  i n  t h e  sample 

capsule  a r e  p a r t i c u l a r l y  i n t e r e s t i n g . )  The information w i l l  a i d  i n  under- 

s tanding  t h e  MSRE behavior  and w i l l  be u s e f u l  i n  eva lua t ing  design of o f f -  

gas systems f o r  f u t u r e  mol ten-sa l t  r e a c t o r s .  

Examination of Reactor Vesse l  I n t e r n a l s  

The e f f e c t  of r e a c t o r  opera t ion  on core  m a t e r i a l s  w a s  monitored by ex- 

posure a t  t h e  c e n t e r  of t h e  core  of experimental  a r r a y s  conta in ing  spec i -  

mens of g raph i t e  and Hastelloy-N l i k e  those used i n  t h e  cons t ruc t ion  of 

t h e  M5RF:. Arrays were removed a f t e r  1087, 4510, 9005, 11,555, and 13,172 
equ iva len t  ful l -power hours.  Usual ly  t h e  replacement a r r a y  included some 

subassemblies with previous exposure, so very long t o t a l  exposures were 

accumulated on some specimens be fo re  d e t a i l e d  examination and t e s t i n g .  

The condi t ions  of t h e  specimens, which were assumed t o  be t y p i c a l  of t h e  

core ,  never gave any cause f o r  concern over t h e  condi t ion  of t h e  core .  

Although t h i s  su rve i l l ance  program was presumably q u i t e  adequate,  i t s  

v a l i d i t y  can be supported by examination of po r t ions  of t h e  core  g raph i t e  

and Hastelloy-N exposed from s t a r t  t o  end of t h e  MSRE opera t ion .  

The condi t ion  of Hastelloy-N can be determined by in spec t ion  of t h e  

removable core  access  assembly, which lncludes t h e  c o n t r o l  rod thimbles  

and a plug exposed t o  t h e  f u e l  stream i n  the  core  e x i t .  Af t e r  t h e  assembly 

has been v i s u a l l y  inspec ted  i n  the  r e a c t o r  c e l l ,  a po r t ion  of  a rod thimble 

can be c u t  o f f  and examined c l o s e l y  i n  a h o t  c e l l .  Metal lographic  

. 
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W 
examination of i n t e r i o r  su r faces  w i l l  r e v e a l  any e f f e c t  of t he  exposure 

t o  t h e  c e l l  atmosphere used f o r  cool ing.  The e x t e r i o r  sur face  w i l l  show 

e f f e c t s  of very long exposure t o  the  f u e l  sa l t .  

t o  shape specimens f o r  phys ica l  property t e s t i n g  from t h e  thimbles,  b u t  

t h i s  i s  unnecessary s ince  i r r a d i a t i o n  e f f e c t s  were we l l  descr ibed  by t h e  

specimens from t h e  experimental  a r r a y s  .) 

(It w i l l  no t  be p r a c t i c a l  

Removal of one of t h e  f i v e  c e n t r a l  s t r i n g e r s  w i l l  make a v a i l a b l e  

g raph i t e  exposed t o  f u e l  f lowing through channels wi th  a c ros s  s e c t i o n  

t y p i c a l  of t h e  bu lk  of t h e  core .  

s a l t  c o n s t i t u e n t s  and f i s s i o n  products i n  reg ions  f r e e  of flaws should be 

compared with r e s u l t s  from t h e  experimental  a r r a y s .  

Surface appearance and pene t r a t ion  of 

There was no de tec t ab le  evidence of any phys ica l  damage t o  t h e  core  

during operat ion,  nor d id  thermocouple readings on t h e  lower head and near  

t h e  core  support  f l ange  i n d i c a t e  any s u b s t a n t i a l  accumulation of sediment.  

Nevertheless,  a look w i l l  be worthwhile. 

be used t o  view and photograph the  top  of t he  core  and t h e  upper head of 

t he  r e a c t o r  ves se l ,  the  lower g r i d  s t r u c t u r e ,  t he  bottom head, and t h e  

d r a i n  l i n e  i n l e t .  If loose  fragments, broken graphi te ,  sediment or o the r  

depos i t s  a r e  discovered, they should be examined as c l o s e l y  as i s  p r a c t i c a l .  

An o p t i c a l  device and l i g h t  can 

Examination of Fuel  Piping 

The MSRE: operated f o r  13,172 equ iva len t  ful l -power hours wi th  a 

temperature d i f f e rence  of 40°F between the  f u e l  e n t e r i n g  and l eav ing  the  

h e a t  exchanger. Close examination and comparison of Hastelloy-N su r faces  

exposed t o  f u e l  a t  the  extremes of t h e  temperature range w i l l  provide in-  

formation on cor ros ion  and mass t r a n s p o r t  under t h e  r e a c t o r  condi t ions .  

Shor t  s e c t i o n s  of t h e  5-inch pipe near  t he  hea t  exchanger i n l e t  and be- 

tween the  h e a t  exchanger and t h e  r e a c t o r  v e s s e l  should be c u t  o u t  and 

examined meta l lographica l ly  f o r  t h i s  purpose. 

Inspec t ion  of Fuel Drain Line 

The junc tu re  of t h e  f u e l  d r a i n  l i n e  wi th  t h e  r e a c t o r  v e s s e l  was sub- 

j e c t e d  t o  a combination of s t r e s s  and i r r a d i a t i o n  about  as severe as any 

i n  t h e  r e a c t o r .  Removal of t h i s  s e c t i o n  i s  no t  p r a c t i c a l ,  b u t  it can be 

viewed from a d i s t ance  by removal of h e a t e r  H-103 and i n s e r t i o n  of viewing 
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devices  i n  i t s  place i m i d e  the  r e a c t o r  furnace.  The junc ture ,  t h e  d r a i n  

l i n e ,  and t h e  e x t e r i o r  of t h e  i n s u l a t i o n  box around t h e  d r a i n  va lve  should 

be s c r u t i n i z e d  f o r  any evidence of i n c i p i e n t  t r o u b l e .  

Examination of Charcoal Bed I n l e t  

During t h e  i n i t i a l  e s c a l a t i o n  of t he  MSRE power i n  1966, plugging 

occurred a t  s e v e r a l  po in t s  i n  the  f u e l  o f fgas  system, inc luding  t h e  i n l e t s  

of t h e  charcoa l  beds.  Even a f t e r  t h e  i n s t a l l a t i o n  of an  e f f i c i e n t  f i l t e r  

( t h e  " p a r t i c l e  t r ap" ) ,  plugging recur red  a t  t h e  cha rcoa l  bed i n l e t s .  

w a s  be l i eved  t o  be due t o  polymerization of o i l  vapors downstream of t h e  

f i l t e r  and accumulation of t he  polymers on t h e  s t e e l  wool i n  t h e  en t rances  

of t h e  beds.  This  could no t  be v e r i f i e d  d i r e c t l y ,  b u t  the r e s t r i c t i o n s  

could be c l ea red  temporar i ly  by lowering t h e  cool ing  water l e v e l  around 

the  beds and applying h e a t  t o  t h e  i n l e t  s e c t i o n .  There w a s  concern over 

poss ib l e  reduct ion  of t he  adsorp t ive  capac i ty  of t he  charcoa l  by the o i l  

r e s idues  b u t  no change was de tec t ab le  from t h e  f e w  thermocouples spaced a t  

80-ft i n t e r v a l s  i n  t h e  bed. A s h o r t  s e c t i o n  of t h e  i n l e t  t o  one s e c t i o n  

of t h e  beds should be c u t  ou t  and the  explana t ion  f o r  t h e  r e c u r r e n t  plugging 

v e r i f i e d .  A sample of charcoa l  from t h e  i n l e t  should be t e s t e d  and i f  i t s  

adsorp t ive  capac i ty  i s  se r ious ly  reduced, samples should be obtained from 

f u r t h e r  a long t h e  bed t o  determine the  e x t e n t  of t h e  e f f e c t .  

T h i s  

Examination of Radia tor  Tubing 

The chromium concent ra t ion  of t h e  coolan t  sa l t  remained very  low 

through t h e  e n t i r e  operat ion,  i n d i c a t i n g  t h a t  cor ros ion  w a s  extremely low 

o r  t h a t  corrosion-product  chromium w a s  being depos i ted .  There were no 

cor ros ion  su rve i l l ance  specimens i n  the  coolan t  system. Sec t ions  of t h e  

3/b-inch tub ing  should be c u t  from t h e  r a d i a t o r  near  t he  i n l e t  and o u t l e t  

ends and examined f o r  information on cor ros ion  i n  t h e  coo lan t  system. 

Examination of Thermocouple Wells i n  Coolant P ip ing  

Because of t h e  d e s i r e  t o  e l imina te ,  i n s o f a r  as poss ib le ,  conceivable  

sources  of t rouble ,  t h e  MSRE design included only 2 thermocouple wel l s  i n  

s a l t  p ip ing:  one each st t h e  i n l e t  and o u t l e t  of t h e  r a d i a t o r .  The p ipe  

with these  wel l s  should be c u t  ou t  and sec t ioned  and a c a r e f u l  i n spec t ion  

. 

W 



made t o  see  if t h e  wel l s  su f f e red  any unusual cor ros ion .  The p o s s i b i l i t y  

of depos i t ion  on what were t o  some e x t e n t  "cold f i n g e r s "  should a l s o  be 

inve s t i g  a t e  d . 
* 

T e s t  of d/p System on Coolant S a l t  Flowmeter 

There i s  a s i g n i f i c a n t  discrepancy between the  r e a c t o r  power t h a t  was 

ind ica t ed  by the  system h e a t  balance and t h e  power ind ica t ed  by observed 

changes i n  i s o t o p i c  r a t i o s  of uranium and plutonium i n  t h e  f u e l .  

l a t t e r  i nd ica t ed  up t o  10 percent  lower power than t h e  h e a t  balance.  

poss ib l e  reasons f o r  t h e  discrepancy have been checked one by one u n t i l  

now only t h e  coolan t  s a l t  flow r a t e  has not  been v e r i f i e d  as thoroughly as 

poss ib le .  This  must be done. The u l t ima te  t e s t  w i l l  c o n s i s t  of c u t t i n g  

the  s a l t  l i n e s  near  t h e  v e n t u r i  flowmeter and applying s i g n a l s  t o  t e s t  the  

e n t i r e  t r a n s m i t t i n g  and modifying system. 

The 

The 

Inspec t ion  of Coolant-Pump Rotary Element 

W 

The sal t  pumps are key components i n  a mol t en - sa l t  r e a c t o r .  Except 

f o r  t h e  small amount of o i l  leakage (about  2 - 5 cc/day) i n t o  t h e  pump 

bowls, t h e r e  was no problem with e i t h e r  t h e  c o o l a n t - s a l t  or f u e l - s a l t  

pump i n  t h e  MSRE. The problems due t o  o i l  leakage were no t  s e r i o u s  enough 

t o  warrant  r ep lac ing  t h e  o r i g i n a l  u n i t s  with seal-welded replacement r o t a r y  

elements t h a t  would have had no o i l  leakage i n t o  the  bowl. A s  a r e s u l t ,  

t h e  o r i g i n a l  u n i t s  served for t h e  e n t i r e  dura t ion  of t h e  opera t ion .  

inspec t ion  should be made t o  determine the condi t ion  of t h e  pumps and t o  

permit  some judgement as t o  remaining s e r v i c e  l i f e .  The f u e l  and coo lan t  

r o t a r y  elements are e s s e n t i a l l y  t h e  same, b u t  the  coolan t  pump opera ted  

considerably longer,  pumping sa l t  f o r  26,076 h r  compared t o  21,788 h r  f o r  

t h e  f u e l  pump, Since the  coolan t  pump r o t a r y  element i s  a l s o  nonradio- 

a c t i v e  and more access ib l e ,  it should be removed and thoroughly inspec ted .  

An 

Inspec t ion  of Cont ro l  Rods 

The c o n t r o l  rods i n  t h e  MSRE, of a unique, f l e x i b l e  design, on t h e  

whole performed we l l ,  There were gradual  changes i n  drop times, however, 

t h a t  were a t t r i b u t e d  i n  p a r t  t o  changes i n  t h e  f l e x i b i l i t y  of t h e  rods 

wi th  long exposure and u s e ,  On occasion, rods were pu l l ed  ou t  of t h e  
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thimbles and viewed from a d i s t ance  i n  t h e  r e a c t o r  c e l l  f o r  evidence of 

unusual s c ra t ches  o r  dragging. 

i n spec t  t he  i n t e r n a l s  of t he  rod o r  t o  a s c r i b e  a reason f o r  changes i n  

f l e x i b i l i t y .  

(None w a s  found.) It w a s  n o t  poss ib l e  t o  

The rods must be pu l l ed  t o  gain access  t o  t h e  core  and a t  t h a t  time 

t h e  a c t i v e  s e c t i o n  of one should be removed f o r  examination i n  a ho t  c e l l .  

The Inconel-canned A1g3-Gd03 ceramic poison elements should be checked 

f o r  dimensional changes and the  f l e x i b l e  meta l  hose and rod should be 

c l o s e l y  inspected.  

V e r i f i c a t i o n  of Remote Main ta inab i l i t y  

An important goa l  of t he  MSRE was t o  demonstrate t h a t  maintenance of 

t h e  mol t en - sa l t  r eac to r ,  with i t s  h ighly  r ad ioac t ive  f u e l  c i r c u l a t i o n  sys-  

tem, w a s  i n  fac t  p r a c t i c a l .  To t h i s  end, t he  r ad ioac t ive  por t ions ,  in -  

c luding  v i r t u a l l y  everything i n  t h e  r e a c t o r  c e l l ,  were designed t o  be 

rep laceable .  Replacement of core  specimens, work on t h e  o f fgas  system, 

replacement of a i r - l i n e  disconnects ,  and r e p a i r  of t h e  f u e l  sampler- 

en r i che r  and i n - c e l l  h e a t e r  u n i t s  demonstrated t h e  f e a s i b i l i t y  of t h e  

gene ra l  approach. Some f e a t u r e s  were no t  t e s t e d ,  however, because most 

of t h e  equipment r equ i r ed  no maintenance. It would be worthwhile t o  t r y  

c e r t a i n  of t hese  f e a t u r e s .  The d i f f i c u l t y  of r ep lac ing  t h e  fuel-pump 

motor should be determined by removing t h e  o ld  motor o r  a t  l e a s t  loosening 

s e v e r a l  of t h e  f lange  b o l t s ,  The f langed  s e c t i o n  of t h e  sampler tube, 

which w a s  designed t o  be swung out  of t h e  way f o r  pump bowl replacement 

should be removed as intended.  

c u t t i n g  i n t o  t h e  pump bowl.) 

(This  needs t o  be done i n  p repa ra t ion  f o r  

Removal of Coolant S a l t  Pump Bowl  and Pip ing  

It has been proposed t h a t  a f luo robora t e  technology t e s t  loop be con- 

s t ruc t ed ,  us ing  t h e  MSRE coolant  pump and o the r  po r t ions  of t h e  coolan t  

s a l t  system, 

removal would be a s t r a igh t fo rward  t a s k  t h a t  can be done when needed. 

only cons idera t ion  i s  t h a t  l i n e s  l ead ing  i n t o  t h e  r e a c t o r  c e l l  be sealed,  

s ince  they  a r e  pene t r a t ions  of t h e  containment envelope. 

S ince  po r t ions  ou t s ide  t h e  r e a c t o r  c e l l  a r e  n o t  r ad ioac t ive ,  

The 

v 
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Recovery of MSRE Coolant S a l t  

Sa l t  f o r  a proposed loop t o  t e s t  gas i n j e c t i o n  and s t r i p p i n g  tech-  

nology can be prepared most economically by adding ThF4 and LiF t o  the  

MSRE coolan t  s a l t .  

percent ) ,  should be melted and removed when r equ i r ed  f o r  t h i s  purpose. 

This  opera t ion  w i l l  a l s o  t e s t  some aspec t s  of techniques t h a t  may be used 

eventua l ly  i n  d i sposa l  of t he  f u e l  sa l t .  

The coolan t  sa l t ,  2610 kg of LiF-BeF2 (66 - 34 mole 

Decontamination 

The spread of r a d i o a c t i v i t y  during the  work descr ibed above w i l l  be 

c o n t r o l l e d  by proper  v e n t i l a t i o n ,  temporary containment enclosures ,  t h e  

es tab l i shment  of contamination zones, and o t h e r  techniques t h a t  have been 

proved i n  use  a t  t h e  MSRE and elsewhere i n  ORNL. When necessary during 

t h e  campaign and a t  i t s  conclusion, some of t h e  contaminated t o o l s  and 

m a t e r i a l  w i l l  be disposed of and t h e  r e s t  w i l l  be decontaminated. Before 

t h e  t a s k  i s  f in i shed ,  everything ou t s ide  t h e  containment w i l l  be decon- 

taminated t o  s a f e  l e v e l s .  

Securing t h e  P l a n t  

There i s  c u r r e n t l y  no demand f o r  t h e  f i s s i l e  m a t e r i a l  i n  t h e  E R E  

f u e l  s a l t  (37 kg U, 84% 23’t r ) .  
(220 ppm) and consequent r a d i a t i o n  problems, it i s  doubt fu l  t h a t  t h e  

uranium w i l l  ever  be worth t h e  c o s t  of recovery from t h e  sa l t .  We propose 

t o  keep t h e  f u e l  sa l t  f rozen  i n  t h e  MSRE d r a i n  tanks,  s a f e l y  contained 

u n t i l  developments make it poss ib l e  t o  decide on the  optimum method of 

d i sposa l .  Meanwhile t h e  opt ion  of s t r i p p i n g  t h e  uranium by the  f l u o r i d e  

v o l a t i l i t y  process  w i l l  be r e t a i n e d  by preserv ing  the  MSRE processing 

p l a n t .  

Because of t h e  extremely high 23% con ten t  

The MSRE r e a c t o r  c e l l  and d r a i n  t ank  c e l l  w i l l  be r e sea l ed  a f t e r  t he  

examination work i s  completed, Serv ice  l i n e s  i n t o  t h e  c e l l s  which were 

l e f t  connected t o  t h e  a n c i l l a r y  systems during t h e  in t e r im  per iod  w i l l  be 

capped t o  minimize chances of a c c i d e n t a l  openings. The r e a c t o r  equipment 

t h a t  i s  heavi ly  contaminated with f i s s i o n  products  w i l l  be r e t a i n e d  wi th in  

the  c e l l s  and the  of fgas  containment system. ( A s  of J u l y  1970, t h e  t o t a l  
Y 
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f i s  s ion product  

amount t o  about  

no t r a n s f e r a b l e  

a c t o r  bu i ld ing .  

a c t i v i t y  i n  the  sal t  and elsewhere i n  t h e  r e a c t o r  w i l l  

360,000 c u r i e s . )  

a c t i v i t y  may be placed i n  o t h e r  sh i e lded  c e l l s  i n  the  r e -  

Radiat ion zones w i l l  be def ined,  marked and secured as 

Some rad ioac t ive  i tems wi th  l i t t l e  or 

requi red  by ORNL procedures.  The condi t ions  i n  t h e  r eac to r ,  c e l l s ,  and 

bu i ld ing  w i l l  cont inue t o  be monitored remotely by t h e  Cen t ra l  Waste Moni- 

t o r i n g  Group a t  ORNL. Access t o  the  r e a c t o r  bu i ld ing  and grounds w i l l  be  

s t r i c t l y  con t ro l l ed  by the  e x i s t i n g  system of fences ,  ga tes ,  and guard 

se rv ice .  

Disposal  

Items t h a t  a r e  no t  requi red  f o r  t he  containment of t h e  r a d i o a c t i v i t y  

nor f o r  t h e  poss ib l e  f u t u r e  opera t ion  of t h e  processing f a c i l i t y  w i l l  be 

i d e n t i f i e d  and adve r t i s ed .  Those i tems whose removal can be j u s t i f i e d  by 

program needs w i l l  be removed. Such removal w i l l  be planned and super- 

v i sed  t o  guard a g a i n s t  i nadve r t en t  compromise of t he  cont inuing  needs of 

t he  K3RE. 

The s a f e t y  of t h e  p l a n t  w i l l  be reviewed p e r i o d i c a l l y  by appropr i a t e  

groups i n  ORNL. 

We expect  t h a t  eventua l ly  it may become d e s i r a b l e  t o  t r a n s f e r  t h e  

f u e l  sa l t ,  conta in ing  t h e  f i s s i l e  m a t e r i a l  and the  bu lk  of t h e  f i s s i o n  

products,  t o  a more permanent waste s to rage  s i t u a t i o n .  The b e s t  way t o  

g e t  t h e  s a l t  ou t  would now appear  t o  be t o  c u t  the l i n e  from t h e  s a l t  

f l u o r i n a t i o n  t ank  t o  t h e  experimental  s a l t  s t i l l  and t r a n s f e r  ba tches  of  

molten sa l t  i n t o  t r a n s p o r t  con ta ine r s  connected a t  t h a t  po in t .  It would 

a l s o  be f e a s i b l e  t o  p u l l  s a l t  i n t o  con ta ine r s  through a d i p  tube  i n s t a l l e d  

through t h e  d ra in  t ank  access  p o r t .  Af t e r  t h e  b u l k  of t h e  a c t i v i t y  i s  r e -  

moved t h i s  way, if t h e r e  i s  no fo re seeab le  need f o r  equipment i n  the  r e -  

a c t o r  and d r a i n  c e l l s ,  t h e  c e l l s  can be f i l l e d  i n  and c losed  t o  provide 

permanent containment f o r  t h e  remaining a c t i v i t y .  

W 



JOB DESCRIPTIONS 

This  s e c t i o n  g ives  some a d d i t i o n a l  d e t a i l  on t h e  jobs  t h a t  w i l l  be 

involved i n  t h e  s t u d i e s  descr ibed i n  t h e  previous sec t ion .  The l e t t e r s  

i n  each job  i d e n t i f i c a t i o n  r e f e r  t o  t h e  p r i n c i p a l  l o c a t i o n  of t h e  work 

(RC = r e a c t o r  c e l l ;  EC = d r a i n  c e l l ;  CC = coolant  c e l l ;  HC = h o t  c e l l  a t  

X - 1 0 ;  0 = a t  r e a c t o r  s i t e  ou ts ide  of c e l l s ;  L = l abo ra to ry ) .  

i n  t h e  job  i d e n t i f i c a t i o n  r e f e r  t o  t h e  sequence i n  which t h e  work w i l l  

probably be done ( see  Table 2) .  

however, i s  t h a t  i n  which they  are l i s t e d  i n  Table 1. 

the  s p e c i f i c  con t r ibu t ion  toward the  broader  ob jec t ive  of t h e  s tudy  of 

which t h e  job  i s  p a r t .  A prel iminary desc r ip t ion  of t h e  procedure i s  

given t o  i n d i c a t e  t h e  scope of t h e  job  and t h e  p re sen t  plan of a t t a c k .  

The d e t a i l e d  procedures have y e t  t o  be developed and proved i n  most cases .  

The numbers 

The order  i n  which the  jobs  a r e  discussed,  

The "purpose" i s  

View V i c i n i t y  of Freeze Valve FV-105 (Job DC-1)  

Purpose - To look f o r  evidence of t h e  l e a k  and i t s  cause.  If any 

i s  found, t o  decide more p r e c i s e l y  the  probable l o c a t i o n  of t h e  l eak .  

any s a l t  i s  observed, t o  determine t h e  amount and i t s  condi t ion .  

t a i n  measurements and photographs t o  be used i n  d e t a i l e d  p lans  f o r  exc i s ion  

of s e c t i o n  with the  leak .  

If 

To ob- 

General Procedure - Remove d r a i n  c e l l  t o p  blocks,  c u t  membrane, s e t  

up  maintenance sh ie ld ,  remove lower blocks,  i n s e r t  l i g h t s  and viewing 

devices ,  t ake  photographs, remove h e a t e r  u n i t s  i n  v i c i n i t y  of FV-105, view 

and photograph, remove t o o l s ,  r e i n s t a l l  blocks,  remove maintenance s h i e l d .  

- - -  

Excise  FV-105 (Job DC-2) 

Purpose - To remove t h e  s e c t i o n  of d ra in  l i n e  where t h e  l e a k  has 

been found ( o r  i s  be l i eved  t o  be) s o  t h a t  d e t a i l e d  in spec t ion  can be made, 

General  Procedure - S e t  up maintenance sh ie ld ,  remove lower block, 

i n s t a l l  l i g h t s  and viewing devices .  Clear  away i n t e r f e r i n g  wiring, 
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i n s u l a t i o n  and suppor ts .  Use pipe c u t t e r  t o  sever  l i n e s .  L i f t  s e c t i o n s  

t o  be inspec ted  i n t o  sh ie lded  c a r r i e r  and t r a n s p o r t  t o  h o t  c e l l .  Thread 

ends of l i n e  i n  c e l l ,  c lo se  wi th  pipe caps, t e s t .  Remove too l s ,  e tc . ,  

rep lace  block, remove maintenance sh ie ld ,  s e a l  membrane, i n s t a l l  t o p  

blocks.  

Inspec t  FV-105 (Job HC-6) 

Purpose - To a s c e r t a i n  t h e  loca t ion ,  na tu re  and probable cause of 

the  leak. 

General Procedure - ( I n  h o t  c e l l )  - If l e a k  i s  i n  FV-105, remove 

coo l ing -a i r  shroud. 

nique. Sec t ion  and examine meta l lographica l ly .  

Inspec t  e x t e r i o r  v i s u a l l y  and by dye-penetrant  tech-  

- - -  

Excise Fuel  Pump Sampler Cage and Baf f l e  (Job R C - 1 3 )  

Purpose - To remove t h i s  assembly t o  a h o t  c e l l  f o r  d e t a i l e d  exami- 

na t ion .  

pump bowl can be viewed. 

To provide an opening through which t h e  i n t e r i o r  of t h e  f u e l -  

General  Procedure - S e t  up maintenance shield,  i n s t a l l  l i g h t s  and 

viewing device.  Remove FP h e a t e r s  and l eads .  Use plasma t o r c h  t o  c u t  

away i n t e r f e r i n g  po r t ion  of support  p l a t e  and r i n g .  

t i o n  of sampler tube,  then c u t  tube j u s t  above bowl cool ing  shroud. 

ou t  r i n g  of shroud around tube.  

head of FP bowl i n  c i r c l e  c l o s e  around sampler b a f f l e .  

t i o n  of sample l i n e  with a t t ached  l a t c h  s top,  capsule  cage and b a f f l e  

i n t o  sh i e lded  c a r r i e r  and d e l i v e r  t o  ho t  c e l l .  

Remove f langed sec-  

Cut 

Use plasma t o r c h  t o  c u t  through upper 

L i f t  s h o r t  sec-  

- - -  

Inspec t  Sampler Cage and Baff le  (Job HC-4) 

Purpose - To determine t h e  na ture  of any depos i t s  on t h e  meta l  su r -  

f aces  in s ide  and ou t s ide  of t he  b a f f l e  and how t h e  depos i t i on  v a r i e d  a t  

and above the  s a l t - g a s  i n t e r f a c e .  To see  if  the  10-g capsule  t h a t  w a s  

1 

W 
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be.  To examine specimens from s e l e c t e d  spo t s  f o r  evidence of cor ros ion .  

General  Procedure - ( I n  ho t  c e l l )  - Remove assembly from c a r r i e r ,  

view and photograph. Sec t ion  v e r t i c a l l y  and ho r i zon ta l ly .  Remove de- 

p o s i t s  from some sec t ions  mechanically, from o the r s  chemically.  Prepare 

specimens f o r  metal lographic  examination. 

View Ins ide  Pump Bowl (Job RC-14)  

Purpose - To make observat ions and photographs t h a t  can be used 

with t h e  r e s u l t s  of Job HC-4 t o  descr ibe  t h e  depos i t ion  of sa l t  m i s t ,  

o i l  r e s idues  (and perhaps f i s s i o n  products)  on the  va r ious  su r faces  ex- 

posed t o  s a l t  and gas i n  t h e  pump bowl. 

General  Procedure - Afte r  removal of t h e  sampler cage and b a f f l e  

(Job RC-13)  look down a t  bottom head below hole  and photograph it. In-  

s e r t  viewing device with l i g h t  through the  hole  (about  3-in.  diameter) * 

Look a t  and photograph top  head, t o p  and bottom of "shed roo f , "  overflow 

l i n e ,  vo lu t e  support  cy l inder ,  and v o l u t e .  Look f o r  remains of capsules  

and l a t c h  key i n  bottom head. Remove viewing equipment. 

Close Fuel  Pump Bowl (Job RC-15)  

Purpose - To prevent  f r e e  communication between t h e  i n s i d e  o f  t h e  

f u e l  system and the  c e l l  atmosphere under c r e d i b l e  f u t u r e  condi t ions .  

(There would seem t o  be no way f o r  t h e  pressure  d i f f e r e n t i a l  t o  exceed 

5 p s i  o r  t h e  temperature t o  exceed 200°F.) 

General Procedure - Prepare a pa tch  t o  f i t  over the  hole  and s e a l  

a g a i n s t  t h e  pump tank.  Apply the  patch,  remove t o o l s .  

Prepare f o r  Core Work (Job RC-2) 

Purpose - To c l e a r  t he  way for opening t h e  core  access  f l ange .  To 
make t h e  c o n t r o l  rods a v a i l a b l e  f o r  inspec t ion .  



20 

General Procedure - S e t  up maintenance s h i e l d .  (The upper blocks 

and p a r t  of t h e  r e a c t o r  c e l l  membrane w i l l  have been removed i n  Job RC-1.) 

Disconnect c o n t r o l  rod d r i v e s  and move t o  spare  c e l l .  Remove c o n t r o l  rods 

and hang i n  r e a c t o r  c e l l .  Remove the  g raph i t e  sampling s tandpipe.  Clear  

away c o n t r o l  rod d r ive  sh ie ld ing ,  brac ing  and any o t h e r  obs t ruc t ion  from 

t h e  r e a c t o r  access  f l ange  a rea .  

Remove Core Access Plug and Rod Thimbles (Job RC-7)  

Purpose - To g ive  access  t o  the  i n t e r i o r  of t h e  r e a c t o r  vessel. To 

permit  inspec t ion  of Hastelloy-N t h a t  has rece ived  long exposure i n  t h e  

core .  To permit examination of plug su r faces  f o r  evidence of unusual  de- 

p o s i t i o n  around t h e  s a l t - g a s  i n t e r f a c e .  

General  Procedure -Unbolt ,  l i f t  out,  and hang i n  t h e  r e a c t o r  c e l l .  

- - -  

Remove Some Core Graphi te  (Job RC-8)  

Purpose - To provide a bar of g raph i t e  from t h e  co re  f o r  examination 

i n  a h o t  c e l l .  

General  Procedure - L i f t  one of corner  b a r s  i n t o  a c a r r i e r  and de- 

l i v e r  t o  hot  c e l l .  

moved.) 

( A  second bar, perhaps the cen te r ,  may a l s o  be r e -  

View Core and Ins ide  of Reactor Vesse l  Heads (Job RC-9) 

Purpose - To look f o r  evidence of unusual  depos i t s  i n  low-veloci ty  

regions,  any fragments of g raph i t e  or o t h e r  loose  objec ts ,  and any broken 

g raph i t e  s t r i n g e r s .  

General  Procedure - Lower viewing device and l i g h t  i n t o  upper head. 

V i e w  and photograph i n s i d e  of core  access  nozzle and f u e l  o u t l e t  on t h e  

way down, 

top  of g raph i t e  and r e t a i n i n g  wires .  

f o r  anything unusual.  View and photograph h o r i z o n t a l  g raph i t e ,  support  

g r id ,  f low d i r e c t o r s  and su r face  of lower head. 

View and photograph i n  upper head wi th  p a r t i c u l a r  a t t e n t i o n  t o  

Lower device through core,  scanning 

Remove viewing devices .  

W 
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Close Reactor Access (Job RC-10) 

Purpose - To prevent  f r e e  communication between t h e  i n s i d e  of t h e  

f u e l  system and t h e  c e l l  atmosphere under c r e d i b l e  f u t u r e  condi t ions .  

General  Procedure - I n s t a l l  a b lank  f l ange  on core  access  nozzle.  

- - -  

Cut Off  Piece of Rod Thimble (Job RC-11)  

Burpose - To ob ta in  a piece of thimble f o r  c lose  examination i n  

h o t  c e l l .  

General  Procedure - With access  nozzle and a t t ached  rod thimbles  i n  

the  r e a c t o r  c e l l ,  sever  No. 3 thimble j u s t  below t h e  pipe- to- tube t r an -  

s i t i o n ,  Del iver  t h e  lower end of thimble,  inc luding  the  guide assembly 

and th roa t ,  t o  ho t  c e l l .  

I n spec t  Core Graphi te  B a r  (Job HC-2) 

Purpose - To see  i f  t h e r e  i s  any pe rcep t ib l e  d i f f e rence  between con- 

d i t i o n  of t h i s  g raph i t e  and tha t  of t h e  g raph i t e  i n  the  specimen a r r a y s .  

To look f o r  evidence of unusual  f low s i t u a t i o n s .  

General  Procedure - ( I n  hot  c e l l )  - Examine sur faces ,  observe pa t -  

t e r n s  r e l a t e d  t o  flow i n  channels,  look f o r  any evidence of s a l t  i n t r u s i o n  

between b a r s .  Sec t ion  b a r  and determine d i s t r i b u t i o n  of sa l t  c o n s t i t u e n t s  

and f i s s i o n  products  i n  g raph i t e .  

In spec t  Cont ro l  Rod Thimble (Job HC-3) 

Purpose - To a t tempt  t o  determine why a rod  hung on withdrawal and 

t h e  replacement rod (with beveled shoulders  on the  end f i t t i n g )  d i d  no t .  

To see  i f  moisture  or fo re ign  matter (such as fragments of blower d r i v e  

b e l t s )  i n  t he  cool ing  a i r  had s i g n i f i c a n t  d e l e t e r i o u s  e f f e c t s .  

termine i f  su r faces  exposed t o  s a l t  were corroded o r  otherwise a f f e c t e d .  

General  Procedure - ( I n  hot  c e l l )  - Cut open t o  r e v e a l  lower ends 

To de- 

of guide bars. See if bars a r e  loose  o r  warped. Examine su r faces  f o r  

evidence of cor ros ion ,  
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Excise Sec t ions  of Fuel  P ip ing  (Job RC-17)  

Purpose - To remove su r faces  from ho t  and co ld  s i d e s  of f u e l  c i r cu -  

l a t i o n  loop f o r  c lose  examination, c los ing  up t h e  openings a f t e r  t h e  

removal e 

General Procedure - S e t  up maintenance s h i e l d .  U s e  an 18- in . -d ia  

c u t t i n g  wheel on a mast-mounted t o o l  t o  c u t  ou t  12-in.  s e c t i o n s  of 5- in .  

p ipe .  
f r e e z e  f l ange  101; t h e  o t h e r  from t h e  h o r i z o n t a l  run of l i n e  102 between 

t h e  hea t  exchanger e x i t  and f r e e z e  f l ange  102. 

sh i e lded  c a r r i e r s  t o  hot  c e l l s .  Close severed ends of pipe i n  c e l l  with 

caps s u i t a b l e  f o r  a n t i c i p a t e d  condi t ions .  

One sec t ion  w i l l  be from Line 101 between t h e  pump discharge and 

Trans fe r  s e c t i o n s  i n  

Inspec t  Sec t ions  of Fuel Piping (Job HC-5) 

Purpose - To determine e f f e c t s  of cor ros ion  and f i s s i o n  product  de- 

p o s i t i o n  f o r  comparisons between "hot" and "cold" s e c t i o n s  and wi th  o the r  

i nd ica t ions  (core  specimens, rod thimbles,  remote gamma-ray spectrometry) .  

General  Procedure - ( I n  ho t  c e l l )  - Examine su r faces  metallog- 

r a p h i c a l l y  and f o r  e lemental  composition of depos i t s .  

Remove Heater H-103 from Fuel  Drain Line (Job RC-3)  

Purpose - To provide an opening through which equipment can be  in-  

s e r t e d  t o  view beneatk r e a c t o r  v e s s e l .  To t e s t  m a i n t a i n a b i l i t y .  

General  Procedure - S e t  up maintenance s h i e l d .  

i n  r e a c t o r  c e l l ,  

P u l l  H-103 and s t o r e  

- - -  

View Drain Line Ins ide  Reactor Furnace (Job RC-4)  

Purpose - To l o o k  f o r  e f f e c t s  of opera t ion  and evidence of in -  

c i p i e n t  t r o u b l e .  

General  Procedure - I n s e r t  viewing device with l i g h t  through H-103 
View and photograph ou t s ide  of p o r t  and guide s leeve  i n  thermal s h i e l d .  

. 

Y 
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FV-103 enclosure,  wi th  a t t e n t i o n  t o  condi t ion  of s h e e t  metal ,  i n s u l a t i o n  

and thermocouples. 

po r t ion  of r e a c t o r  ves se l ,  with emphasis on d r a i n  l i n e  nea r  v e s s e l  

j unc tu re .  Remove viewing device.  

S c r u t i n i z e  and photograph d ra in  l i n e  and v i s i b l e  

- - -  

Excise I n l e t  Sec t ion  of Main Charcoal Bed (Job 0-5) 

Purpose - To g e t  s h o r t  s e c t i o n  a t  i n l e t  of one main charcoa l  bed t o  

hot  c e l l  f o r  examination, 

General  Procedure - S e t  up work s h i e l d .  Lower water i n  cha rcoa l  

bed p i t .  

Cut bed about  6 inches below cap, tak ing  ca re  no t  t o  s p i l l  charcoa l .  

move i n  sh i e lded  c a r r i e r  t o  ho t  c e l l .  

inch  p i p e ) .  

Sever 1/2-inch i n l e t  l i n e  near  l - l / 2 - inch  cap a t  bed en t rance .  

Re- 

Cap 1/2-inch l i n e  and bed (1-1/2- 

- - -  

Inspec t  I n l e t  Sec t ion  of Main Charcoal Bed (Job HC-7) 

Purpose - To determine reason f o r  r e c u r r e n t  plugging. To determine 

if adso rp t ive  capac i ty  of charcoa l  i s  s i g n i f i c a n t l y  reduced. If so,  t o  

determine t h e  reason. 

General  Procedure - Cut open, look a t ,  and photograph s teel-wool-  

packed i n l e t  s ec t ion .  Remove charcoal .  Tes t  adsorp t ive  capac i ty  for 
xenon o r  krypton. C o m p a r e  w i t h  r e s u l t  of s a m e  t e s t  on unused cha rcoa l  

of same type .  

Excise  Sec t ions  of Radia tor  Tubing (Job 0-2) 

Purpose - To provide specimens from "hot" and "cold" ends of tube 

bundle 

General Procedure - Cut o u t  a 6- inch s e c t i o n  of 3/4-inch tube near  

i n l e t  end of tube bundle and one near  o u t l e t  end. Del iver  t o  Metals and 

Ceramics Div is ion  l abora to ry ,  (These specimens w i l l  no t  be r ad ioac t ive ,  

b u t  precaut ions  with regard  t o  beryl l ium must be observed,)  

ends of tubes i n  r a d i a t o r .  

Close c u t  



24 

Inspec t  Sec t ions  of Radia tor  Tubing (Job L-1) 

Purpose - To look f o r  e f f e c t s  of cor ros ion  and mass t r a n s p o r t .  

General  Procedure - Examine meta l lographica l ly .  Determine compo- 

s i t i o n  of any depos i t s .  

Excise TC Wells a t  Radia tor  (Job 0-3 )  

Purpose - To remove these  wel l s  f o r  inspec t ion .  

General  Procedure - Observing beryl l ium precaut ions,  c u t  ou t  a 6 - in .  

s e c t i o n  of 5-inch coolan t  p ip ing  conta in ing  r a d i a t o r  i n l e t  thermocouple 

we l l ,  Cut ou t  a similar s e c t i o n  with t h e  o u t l e t  w e l l .  Del iver  t o  M & C 

l abora to ry .  Cap severed ends of pipe i n  coolan t  system. 

Inspec t  Coolant TC Wells (Job L-2) 

Purpose - To look f o r  evidence of any unusual  co r ros ion  o r  i n c i p i e n t  

t roub le .  

tubes .) 
(Pipe su r faces  can a l s o  be compared wi th  su r faces  i n  r a d i a t o r  

General Procedure - Examine meta l lographica l ly .  Determine compo- 

s i t i o n  of any depos i t s .  

T e s t  d /p  System on Coolant S a l t  Flowmeter (Job 0- 1) 

Purpose - To determine t h e  output  from f low t r a n s m i t t e r s  FT-201A 

and FT-201B as a func t ion  of t h e  d i f f e r e n t i a l  p ressure  app l i ed  t o  t he  

c e l l s .  The c a l i b r a t i o n  i s  t o  be done i n  p lace  t o  avoid  any movement of 

t h e  s a l t - N a K  diaphragm s e a l s  or t h e  NaK-f i l l ed  l i n e s  l ead ing  t o  t h e  d/p 

c e l l s  which conceivably could cause a s h i f t  i n  t h e  readings .  

General  Procedure - Cut out  a s e c t i o n  of l ine-201 j u s t  ahead of up- 

I n s t a l l  plug i n  v e n t u r i  between t h e  upstream and 

Cap t h e  l i n e  and apply argon pressure  t o  s e c t i o n  

stream d/p connections.  

t h r o a t  d/p connect ions.  

wi th  upstream d/p connections.  

as a func t ion  of app l i ed  d/p over f u l l  range of t r a n s m i t t e r s .  

Record output  f o r  both f low t r a n s m i t t e r s  



V 

25 

Remove Coolant Pump Rotary Element (Job 0-4) 

Purpose - To permit  d e t a i l e d  inspec t ion  of t h e  r o t a r y  element and 

i n t e r i o r  of t he  pump. 

General Procedure - Disconnect, remove and d e l i v e r  t o  Reactor  D i -  

v i s i o n  pump f a c i l i t y  i n  Y - 1 2 .  

s t a l l  cover  p l a t e  t o  c lose  the  opening. 

A f t e r  inspec t ion  of i n t e r i o r  of pump, in -  

Inspec t  Coolant Pump Rotary Element (Job L-3) 

Purpose - To determine e f f e c t s  of opera t ion .  To ob ta in  information 

on which t o  base judgement of s e r v i c e a b i l i t y  and remaining l i f e .  

General  Procedure - Observe evidence of o i l  leakage and decomposition. 

Look f o r  unusual rubbing. Check key dimensions a g a i n s t  o r i g i n a l s .  

- - -  

Examine Cont ro l  Rods (Job RC-5)  

Purpose - To see  if  t h e r e  i s  any evidence of unusual rubbing or 
damage on the  ou t s ide  of t he  rod. 

General  Procedure - With t h e  rod hanging i n  t h e  r e a c t o r  c e l l ,  ex- 

amine c a r e f u l l y  through per iscope.  

Remove Sec t ion  of Cont ro l  Rod (Job RC-6) 

Purpose - To g e t  a c t i v e  s e c t i o n  of c o n t r o l  rod t o  ho t  c e l l  for 

i n spec t ion .  

General  Procedure - Cut Cont ro l  Rod No. 3 j u s t  above poison elements ,  

Del iver  lower end of rod, with elements, t o  ho t  c e l l .  

Inspec t  Cont ro l  Rod and Elements (Job HC-1) 

Purpose - To look  f o r  poss ib l e  explana t ion  of changes i n  s t i f f n e s s  

of rod .  To in spec t  elements for e f f e c t s  of exposure. 
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General Procedure - Remove poison elements.  Examine hose f o r  degree 

of ox ida t ion  and roughening of su r faces  t h a t  s l i d e  when hose i s  f l exed .  

Measure canned elements.  If any can i s  swelled,  c u t  open and determine 

condi t ion  of ceramic. 

Remove and Inspec t  Heater Un i t s  (Job RC-16) 

Purpose - To determine condi t ion  of u n i t s .  To judge d i f f i c u l t y  of 

r e p a i r  and replacement. To make way f o r  exc i s ion  of s e c t i o n s  of f u e l  pipe.  

General  Procedure - S e t  up maintenance s h i e l d .  Disconnect h e a t e r  

H-101-1. L i f t  and s e t  back i n  place,  no t ing  d i f f i c u l t i e s .  Remove t o  

equipment s to rage  c e l l ,  View. Repeat f o r  h e a t e r  H-102-3. 

T e s t  Fue l  Pump Motor Removal (Job RC-1)  

Purpose - To de te rn ine  i f  unbol t ing  system i s  s t i l l  operable  a f t e r  

over 4 y e a r s '  exposure. 

General  Procedure - Unbolt  and remove a l l  t o p  b locks .  Cut and r e -  

move s e c t i o n s  of membrane as requi red  for t h i s  and l a t e r  jobs .  S e t  up 

maintenance s h i e l d .  Disconnect power and instrument  l eads  t o  pump motor. 

Unbolt  o i l  and water l i n e s .  Loosen s e v e r a l  ex tens ion  b o l t s  on motor 

f l ange .  

equipment s torage  c e l l .  

If motor must be of f  f o r  Job RC-13,  proceed t o  remove motor t o  

Disconnect Fuel Sampler Line (Job RC-12) 

Purpose - To determine i f  disconnect  system i s  s t i l l  operable  a f t e r  

long exposure t o  c e l l  environment. 

cage and b a f f l e .  

To prepare for exc i s ion  of sampler 

General Procedure - S e t  up maintenance s h i e l d .  Remove clamps from 

Use i n s t a l l e d  j a c k  t o  compress bellows and c l e a r  f l anges  on spoolpiece.  

f l anges .  Swing a s i d e .  Note any d i f f i c u l t i e s ,  judge p r a c t i c a l i t y  of pro- 

v i s i o n s  f o r  remote removal of pump bowl. 
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SCHEDULF 

Some of t h e  non-radioact ive work, such as t h a t  on t h e  coolan t  system, 

may begin be fo re  J u l y  1, 1970 i f  funds a r e  a v a i l a b l e .  Before t h e  work i n  

t h e  r e a c t o r  c e l l  and d r a i n  tank  c e l l  can commence, t o o l s  must be procured 

and t e s t ed ,  d e t a i l e d  procedures must be developed, and the  p lans  must be 

reviewed and approved by program and s a f e t y  groups.  

J u l y  6 has been s e t  f o r  t h e  beginning of t h e  i n - c e l l  work. 

A t a r g e t  da t e  of 

Table 2 shows t h e  sequence of i n - c e l l  work t h a t  now appears  most 

l o g i c a l ,  p rogress ing  genera l ly  from jobs  involving l e s s  chance of contami- 

na t ion  t o  those  l i k e l y  t o  involve the  most contamination of t h e  c e l l ,  

t oo l s ,  and sh ie ld ing .  

they  inc lude  no allowance for "unusual" de lays .  Although c r i t i c a l - p a t h  

schedul ing was used i n  planning maintenance and modi f ica t ion  work through- 

out  t he  opera t ion  of t he  MSRE, t h i s  type of diagram i s  no t  shown here be- 

cause the  i n - c e l l  work r equ i r ing  t h e  po r t ab le  maintenance s h i e l d  f a l l s  on 

a s i n g l e  pa th  and most of t h e  o t h e r  work can be done as " f i l l - i n "  jobs  

whenever it i s  most convenient.  

The es t imated  da te s  tend t o  be o p t i m i s t i c  s ince  

A goa l  w i l l  be  t o  have v i r t u a l l y  a l l  t h e  work of secur ing  t h e  p l a n t  

f i n i s h e d  by October 2, 1970. Hot -ce l l  work and ana lyses  should be com- 

p l e t e d  by December 4, 1970. These da t e s  may be extended i f ,  f o r  example, 

it i s  more economical t o  do so  than  t o  work overtime. 

STAWS 

A s  of A p r i l  10, t h e  gene ra l  s t r a t e g y  has been decided f o r  each job  

and p lans  have been sketched i n  enough d e t a i l  t o  e s t a b l i s h  confidence i n  

t h e  f e a s i b i l i t y  (by one means or another )  of a l l  t h e  important j obs .  

shear  and plasma t o r c h  have been s e l e c t e d  f o r  procurement, o t h e r  t o o l s  and 

t h e  maintenance s h i e l d  are being readied,  and t h e  prototype f u e l  pump i s  

on hand t o  be s e t  up i n  the  maintenance p r a c t i c e  c e l l  as a mock-up f o r  

developing t h e  procedure f o r  c u t t i n g  i n t o  t h e  pump bowl. 

A 
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Table 2 

a Sequence and Est imated Datesb of Work 

I n  MSRE Reactor and Drain Tank C e l l s  and X - 1 0  Hot C e l l s  

Reactor and Drain Tank C e l l s  Avai lable  t o  Hot C e l l s  

J u l y  6 
E-1 10 
RC- 1 

l5 RC-2 

RC- 3 
RC-4 

28 RC-5 

RC-6 

R C - 7  

RC- 8 

View m-105 v i c i n i t y  

T e s t  FP motor removal 

Prepare f o r  core  work 

Remove h e a t e r  H-103 

V i e w  beneath r e a c t o r  

Examine c o n t r o l  rods 

Remove s e c t i o n  o r  rod 

Remove core  access  plug 
Remove some g raph i t e  Core g r a p h i t e  

Cont ro l  rod and elements 

RC-9 View core 

RC- 13 
RC-14 

RC- 1 5  
21 RC-16 

RC-17 
Sep. 4 

18 

Close core access  
Cut rod thimble Rod thimble 

Open sampler tube 

Excise  cage and b a f f l e  

View i n  FP bowl 

Close FP bowl 

Remove and check h e a t e r s  

Cut 5- in .  f u e l  pipe 

Excise  FV-105 FV- 105 

S e a l  c e l l s  

Cage and b a f f l e  

5-inch p ipe  

Decontaminate 

a The jobs  l i s t e d  f o r  t h e  MSRE c e l l s  cannot be done i n  p a r a l l e l  be- 
cause a l l  r equ i r e  the  po r t ab le  maintenance s h i e l d .  
termined mainly by contamination cons ide ra t ions .  
f o r  h o t - c e l l  work i n  the  sequence l i s t e d .  

The sequence was de- 
Items w i l l  be a v a i l a b l e  

bThese da t e s  a r e  based on prel iminary procedures and make no 
allowance f o r  unusual  de lays ,  

Y 
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