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©  Method  of  cleaning  a  spent  fuel  assembly. 

®  A  method  of  cleaning  a  fuel  assembly  contami- 
nated  with  a  radioactive  alkali  metal  in  which  the  fuel 
assembly  is  subjected  to  a  vacuum  and  subsequent 
cooling  with  an  inert  gas  in  repetitive  cycles. 
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METHOD  OF  CLEANING  A  SPENT  FUEL  ASSEMBLY 

heating  would  be  equally  inapplicable.  Obviously 
there  is  a  need  for  a  procedure  uniquely  adapted  to 
the  cleaning  of  a  spent  fuel  assembly  which  has 
been  in  contact  with  an  alkali  metal  coolant. 

Background  of  the  Invention 

The  present  invention  broadly  relates  to  a 
method  of  cleaning  a  spent  fuel  assembly  which 
has  been  removed  from  service  in  a  nuclear  reac- 
tor.  It  particularly  relates  to  a  method  of  cleaning 
such  a  spent  fuel  assembly  contaminated  with  a 
radioactive  alkali  metal  and  in  which  the  fuel  as- 
sembly  comprises  a  spent  fissile  material  selected 
from  the  group  consisting  of  oxides  and  carbides  of 
uranium  and/or  plutonium  or  a  metallic 
uranium/plutonium  alloy. 

The  typical  breeder  reactor  utilizes  an  aikali 
metal  as  a  coolant.  In  operation  of  the  reactor  a 
primary  coolant  is  circulated  via  a  pump  through  a 
core  of  fuel  assemblies  and  then  through  a  heat 
exchanger  from  which  thermal  energy  is  extracted 
by  indirect  heat  exchange  with  a  secondary  cool- 
ant.  The  primary  coolant  picks  up  a  certain  amount 
of  radioactivity  in  passing  through  the  core.  All 
components  in  contact  with  this  primary  coolant 
also  become  contaminated  with  the  radioactive 
constituents.  Thus,  any  component  in  contact  with 
such  coolant  after  removal  from  service  must  be 
cleaned,  not  only  to  remove  the  highly  reactive 
coolant  but  also  the  radioactive  contaminants. 

One  method  utilized  for  cleaning  such  compo- 
nents  is  to  wash  them  with  an  organic  solvent  such 
as  alcohol  or  wash  them  with  water.  The  disadvan- 
tage  of  these  methods  is  that  they  produce  a  large 
volume  of  liquid,  low-level  radioactive  waste  with  its 
attendant  storage  and  disposal  problems. 

Another  technique  utilized  is  to  heat  the  con- 
taminated  parts  to  a  sufficient  temperature  to  vola- 
tilize  the  alkali  metal  and  the  radioactive  constitu- 
ents. 

It  also  has  been  proposed  to  place  such  con- 
taminated  components  in  a  chamber  maintained 
under  a  vacuum  to  remove  alkali  metal  vapors  and 
radioactive  constituents. 

A  fuel  assembly  removed  from  a  breeder  reac- 
tor  presents  a  particularly  unique  problem.  For  ex- 
ample,  during  service  the  cladding  of  some  of  the 
individual  fuel  pins  comprising  the  fuel  assembly 
could  have  been  cracked  or  ruptured  such  that 
some  of  the  alkali  metal  will  be  within  the  cladding 
of  the  individual  pins.  In  addition,  the  spent  fuel 
assembly,  after  removal  from  service,  will  continue 
to  generate  some  heat  generally  referred  to  as 
decay  heat.  Thus,  if  the  fuel  assembly  was  placed 
in  a  vacuum  the  individual  pins  could  generate 
sufficient  heat  to  rupture  the  cladding  of  those  pins 
which  were  still  intact  with  the  release  of  more 
radioactive  material.  Clearly,  the  use  of  external 

Objects  of  the  Invention 

It  is  an  object  of  the  invention  to  provide  a 
io  cleaning  and  decontamination  method  particularly 

adapted  for  cleaning  spent  fuel  assemblies. 
It  is  another  object  of  the  invention  to  provide  a 

method  for  cleaning  such  fuel  assemblies  which  is 
both  economical  and  efficient  in  removing  con- 

75  taminants. 
It  is  another  object  of  the  invention  to  provide 

such  a  cleaning  method  which  can  accommodate 
increases  in  temperature  resulting  from  decay  heat 
of  the  fuel  assemblies. 

20  It  is  another  object  of  the  invention  to  provide  a 
fuel  assembly  cleaning  method  which  utilizes  a 
combination  of  heat  and  vacuum. 

Still  another  object  of  the  invention  is  to  pro- 
vide  such  a  method  which  also  produces  an  offgas 

25  stream  free  of  alkali  metal  and  radioactive  con- 
taminants  such  that  the  offgas  may  be  reused  for 
additional  cleaning. 

These  and  other  objects  of  the  invention  will  be 
more  apparent  from  the  drawing  and  following  de- 

30  tailed  description  thereof. 

Summary  of  the  Invention 

35  The  present  invention  provides  a  method  of 
decontaminating  a  fuel  assembly  contaminated  with 
a  radioactive  alkali  metal.  Typically,  a  fuel  assem- 
bly  comprises  a  plurality  of  elongated  metal  pins  or 
tubes  containing  a  spent  fissile  material.  The 

40  present  invention  is  particularly  suitable  for  fuel 
assemblies  containing  a  fissile  material  selected 
from  the  group  consisting  of  carbides  and  oxides  of 
uranium  and/or  plutonium  and  which  are  going  to 
be  reprocessed.  The  method  comprises  a  plurality 

45  of  sequential  steps.  First,  the  fuel  assembly  is 
placed  in  a  sealed  chamber.  A  heated  inert  gas  is 
passed  through  the  chamber  to  heat  the  fuel  as- 
sembly  to  a  temperature  sufficient  to  cause  evap- 
oration  of  the  alkali  metal  but  not  so  high  as  to 

so  affect  the  structural  integrity  of  the  individual  metal 
pins.  Thereafter  the  chamber  is  evacuated  to  a 
pressure  of  about  less  than  0.05  and  preferably 
less  than  0.005  mm  of  mercury  and  maintained  at 
that  pressure  until  the  temperature  of  the  fuel  as- 
sembly  increases  to  a  level  which  could  affect  the 
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structural  integrity  of  the  metal  pin,  typically  about 
10008F.  At  that  time  a  cool,  inert  gas  is  introduced 
through  the  chamber  and  the  fuel  assemblies  to 
reduce  the  temperature  of  the  fuel  assembly  back 
to  a  safe  level,  typically  about  800°F.  The  vacuum 
and  cooling  steps  are  repeated  as  often  as  re- 
quired  to  insure  removal  of  substantially  all  of  the 
radioactive  alkali  metal.  The  decontaminated  fuel 
assemblies  may  then  be  removed  from  the  cham- 
ber  and  are  suitable  for  shipment  to  a  chemical 
reprocessing  center. 

In  accordance  with  certain  preferred  embodi- 
ments  of  the  invention  the  inert  gas  utilized  is 
argon  and  the  gases  removed  from  the  sealed 
chamber  are  passed  in  indirect  heat  exchange  rela- 
tionship  with  a  coolant  for  the  condensation  and 
removal  of  any  vaporized  alkali  metal  contained 
therein.  Typically,  the  coolant  will  be  one  which  is 
inert  with  respect  to  the  alkali  metal,  for  example, 
alcohol  or  other  organic  liquids. 

In  accordance  with  another  preferred  embodi- 
ment,  the  gas  removed  from  the  chamber  when  it 
is  being  evacuated  is  also  passed  through  a  cryo- 
genic  trap  to  insure  substantially  complete  removal 
of  any  remaining  radioactive  alkali  metal  from  the 
gas.  Typically,  the  alkali  metal  will  be  either  sodium 
or  a  mixture  of  sodium  and  potassium. 

The  method  of  the  present  invention  is  particu- 
larly  applicable  for  use  in  a  fuel  storage  building 
which  is  maintained  in  an  inert  atmosphere  and 
generally  is  located  adjacent  the  reactor  from 
which  the  fuel  assemblies  are  removed.  In  such 
application  the  inert  gas  within  the  facility  may  be 
used  for  the  heating  and  cooling,  and  after  treat- 
ment  for  removal  of  sodium  or  other  alkali  metal, 
may  be  introduced  into  an  existing  gas  cleaning 
facility  which  is  provided  within  such  storage  build- 
ings. 

circulation  of  the  coolant  therethrough.  Each  fuel 
assembly  is  in  turn  comprised  of  a  plurality  of  fuel 
pins.  The  fuel  pin  typically  is  an  elongated,  stain- 
less  steel  cylinder  or  tube  which  is  sealed  at  each 

5  end  and  contains,  throughout  a  substantial  portion 
of  its  length,  fuel  pellets.  The  outer  metal  portion  of 
the  pin  generally  is  referred  to  as  the  cladding. 
Generally,  the  fuel  pellet  is  formed  from  an  oxide 
or  carbide  of  uranium  and/or  plutonium,  some  of 

io  the  uranium  may  be  converted  to  plutonium  during 
service  as  a  result  of  exposure  to  the  fast  neutrons. 

During  service,  it  is  not  uncommon  for  an  in- 
dividual  fuel  pin  to  crack  or  rupture  such  that  the 
alkali  metal  coolant  seeps  within  the  metal  tube. 

75  This,  of  course,  complicates  cleaning.  To  reprocess 
the  fuel  from  a  breeder  reactor,  it  is  essential  that 
all  of  the  alkali  metal  be  removed  as  it  will  have  a 
detrimental  effect  on  the  subsequent  chemical  re- 
processing.  In  addition,  during  service,  the  alkali 

20  metal  picks  up  radioactive  contaminants  which  if 
not  removed  could  complicate  the  handling  and 
shipment  of  the  fuel  assemblies. 

Generally,  breeder  reactor  facilities  include  an 
adjacent  fuel  storage  building  which  is  maintained 

25  under  an  inert  atmosphere,  typically  argon  gas. 
New  fuel  assemblies  for  loading  in  the  reactor  as 
well  as  spent  fuel  assemblies  removed  from  the 
reactor,  are  temporarily  stored  in  such  a  facility.  It 
is  an  advantage  of  the  present  invention  that  it  is 

30  particularly  suited  for  use  in  such  an  environment. 
Referring  now  to  the  drawing,  therein  is  de- 

picted  an  arrangement  of  apparatus  10  for  use  in 
practicing  the  method  of  the  present  invention.  The 
apparatus  includes  a  sealed  chamber  12  for  con- 

35  taining  a  spent  fuel  assembly  14.  Fuel  assembly  14 
rests  on  a  baffle  member  16  and  extends  thereth- 
rough.  Baffle  member  16  engages  the  outer  periph- 
ery  of  fuel  assembly  14  to  insure  that  those  gases 
entering  an  upper  portion  18  of  chamber  12  must 

40  flow  through  fuel  assembly  14  and  into  a  lower 
portion  20  of  chamber  12.  Lower  portion  20  of 
chamber  12  is  provided  with  a  recirculation  outlet 
conduit  24  which  is  in  fluid  communication  with  a 
blower  26  which  discharges  into  a  recirculation  inlet 

45  conduit  28  which  is  located  above  baffle  member 
16.  Advantageously,  conduit  28  also  is  provided 
with  an  electrical  heater  30.  Blower  26  is  driven  by 
a  motor  32  which  is  interconnected  to  blower  26 
via  a  magnetic  coupling  34.  Typically  there  also  will 

so  be  provided  some  means  for  preventing  the  trans- 
fer  of  heat  from  blower  26  back  to  magnetic  cou- 
pling  34.  As  depicted,  this  would  be  accomplished 
by  a  cooling  jacket  36  provided  with  an  inlet  and 
outlet  for  the  flow  of  a  cooling  fluid  therethrough. 

55  Chamber  12  also  includes  a  conduit  38  and 
valve  40  for  the  introduction  of  an  inert  gas  into 
chamber  12  in  upper  portion  18.  Any  inert  gas  may 
be  used,  typically  the  inert  gas  will  be  argon, 

Brief  Description  of  the  Drawings 

The  sole  figure  is  a  schematic  of  an  arrange- 
ment  of  apparatus  for  use  in  the  practice  of  the 
present  invention. 

Description  of  a  Preferred  Embodiment 

The  present  invention  provides  a  method  of 
decontaminating  fuel  assemblies  which  is  uniquely 
suited  for  fuel  assemblies  removed  from  a  breeder 
reactor.  In  a  breeder  reactor,  a  coolant,  typically 
sodium  potassium  or  a  mixture  thereof,  is  circu- 
lated  through  a  reactor  core  wherein  it  is  heated 
and  subsequently  the  heat  is  extracted  from  the 
coolant.  The  reactor  core  comprises  an  array  of 
fuel  assemblies  provided  with  passageways  for  the 
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particularly  when  the  method  of  the  present  inven- 
tion  is  practiced  within  a  fuel  storage  cell  which  is 
maintained  under  an  inert  atmosphere  of  argon.  An 
upper  end  of  chamber  12  is  provided  with  a  di- 
scharge  conduit  42  for  conducting  gas  exiting  up- 
per  portion  18  of  chamber  12  to  a  condenser  44. 
Condenser  44  includes  means  for  passing  a  cool- 
ant  through  an  internal  cooling  coil  46  to  condense 
any  sodium  vapors  contained  in  the  gas  passing 
therethrough.  Generally  the  coolant  will  be  an  or- 
ganic  fluid  which  is  inert  with  respect  to  the  alkali 
metal  to  prevent  any  reaction  in  the  event  of  a  leak. 
Condenser  44  further  includes  a  sump  portion  48 
for  the  collection  of  condensed  alkali  metal  coolant. 
A  conduit  50  provides  fluid  communication  be- 
tween  condenser  48  and  a  cryogenic  trap  52  and 
also  a  bypass  conduit  54. 

Downstream  of  cryogenic  trap  52  are  two  vacu- 
um  pumps  56  and  58.  Pumps  56  and  58  are  in 
fluid  communication  with  cryogenic  trap  52  via 
conduits  and  valves  60,61  and  62.  Pump  58  is  also 
provided  with  a  discharge  conduit  64. 

In  accordance  with  the  practice  of  the  method 
of-  the  present  invention,  a  fuel  assembly  14  is 
placed  within  chamber  12  which  is  then  sealed.  An 
inert  gas,  typically  argon,  is  introduced  into  cham- 
ber  12  through  conduit  38  and  valve  40.  Generally, 
spent  fuel  assembly  14  will  have  an  initial  tempera- 
ture  of  about  400  °F  (204°  C). 

Power  is  supplied  to  motor  32  which  drives 
blower  26  via  magnetic  coupling  34  to  cause  cir- 
culation  of  the  argon  from  lower  portion  20  of 
chamber  12  through  conduit  24  and  back  to  upper 
portion  18  of  chamber  12  via  conduit  28.  Power 
also  is  supplied  to  electric  heater  30  until  the 
temperature  of  the  fuel  assembly  is  increased  to 
about  800  °F. 

After  the  fuel  assembly  has  been  heated  to  a 
desired  temperature,  power  to  the  electric  heater  is 
turned  off,  valve  61  is  opened  and  vacuum  pump 
58  started.  Typically,  vacuum  pump  58  will  be  a 
dry,  reciprocating  vacuum  pump  which  is  operated 
for  a  sufficient  time  to  decrease  the  chamber  pres- 
sure  from  atmospheric  to  approximately  10  mm  of 
mercury,  during  which  time  blower  26  is  main- 
tained  in  operation.  Thereafter,  secondary  vacuum 
pump  56  (typically  an  oil-sealed  rotary  pump)  is 
started.  Valves  52  and  62  are  opened  and  61 
closed.  The  chamber  pressure  is  then  further  de- 
creased  from  10  mm  of  mercury  to  at  least  .05  mm 
of  mercury.  Preferably  the  secondary  vacuum 
pump  56  is  operated  until  the  pressure  within 
chamber  12  is  reduced  to  0.005  mm  of  mercury  or 
less.  During  this  time,  blower  26  is  inoperative. 

During  the  vacuum  drying  time,  the  gas  and 
entrained  sodium  vapor  is  withdrawn  via  conduit  42 
and  cooled  in  condenser  44.  Any  residual  sodium 
vapor  leaving  through  conduit  50  is  removed  in 

cryogenic  trap  52.  The  condensed  sodium  may  be 
recovered  at  a  later  point  in  time.  Typically,  this 
would  be  accomplished  in  condenser  44,  for  exam- 
ple,  by  increasing  the  coolant  temperature  to  melt 

5  the  sodium  and  then  draining  it  from  sump  48. 
During  the  vacuum  drying  time,  the  fuel  assembly 
temperature  will  continue  to  increase  as  a  result  of 
the  decay  heat.  When  the  temperature  reaches  the 
maximum  safe  temperature  for  the  cladding  of  the 

10  individual  fuel  pins,  generally  about  1000°F,  the 
vacuum  treatment  is  stopped. 

Valves  60,  61  and  62  are  closed  and  pumps  56 
and  58  turned  off.  Valve  40  is  open  and  chamber 
12  is  filled  with  argon  gas  to  one  atmosphere  via 

15  conduit  38.  After  chamber  12  is  filled  with  gas, 
valve  40  is  closed  and  valve  55  opened.  Power  is 
supplied  to  motor  32  to  drive  blower  26  and  the 
majority  of  the  argon  gas  is  circulated  through 
valve  55  and  conduit  54  in  a  reverse  direction 

20  through  condenser  44  and  back  to  chamber  12  via 
conduit  42.  The  cause  of  the  reverse  circulation  is 
the  backpressure  created  by  the  presence  of  heat- 
er  30  in  conduit  28.  Alternatively,  of  course,  a  valve 
could  be  provided  in  conduit  28  downstream  of 

25  heater  30  to  ensure  that  all  of  the  gas  circulated 
through  conduit  54.  The  gas  is  circulated  through 
chamber  12  and  fuel  assembly  14  until  the  tem- 
perature  of  the  fuel  assembly  is  reduced  back  to  a 
desired  level,  typically  below  800°  F.  The  vacuum 

30  treatment  and  cooling  are  repeated  as  required  to 
insure  substantially  complete  removal  of  the  radio- 
active  alkali  metal  contaminant.  The  number  of 
cycles  required  is  readily  determinable  through  ex- 
perimentation.  It  will  be  appreciated  that  various 

35  other  valves  and  instrumentation  such  as  pressure 
sensors,  temperature  sensors,  also  would  normally 
be  incorporated  as  well  as  additional  redundant  gas 
cleaning  techniques.  However,  those  matters  are 
well  within  the  skill  of  those  versed  in  the  art. 

40  The  foregoing  description  and  example  illus- 
trate  a  specific  embodiment  of  the  invention  and 
what  is  now  considered  to  be  the  best  mode  of 
practicing  it.  Those  skilled  in  the  art,  however,  will 
understand  that  changes  may  be  made  in  the  form 

45  of  the  invention  without  departing  from  its  generally 
broad  scope.  Accordingly,  it  should  be  understood 
that  within  the  scope  of  the  appended  claims  the 
invention  may  be  practiced  otherwise  than  as  is 
specifically  illustrated  and  described. 

so  What  is  claimed  and  desired  to  be  secured  by 
Letters  Patent  of  the  United  States  is: 

55 
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Claims 

1  .  A  method  of  decontaminating  a  fuel  assem- 
bly  contaminated  with  a  radioactive  alkali  metal 
each  fuel  assembly  comprising  a  plurality  of  metal  5 
pins  containing  a  spent  fissile  material,  the  method 
comprising  the  sequential  steps  of: 

a)  placing  the  fuel  assembly  in  a  sealed 
chamber; 

b)  passing  a  heated,  inert  gas  through  the  io 
chamber  to  heat  the  fuel  assembly  to  a  tempera- 
ture  sufficient  to  cause  volatilization  of  the  alkali 
metal  but  insufficient  to  damage  the  metal  pins; 

c)  evacuating  the  chamber  to  a  pressure  of 
less  than  0.05  mm  of  Hg  to  further  enhance  vola-  75 
tilization  of  the  alkali  metal  and  maintaining  the 
chamber  at  that  pressure  until  the  decay  heat  of 
the  fissile  materials  causes  the  temperature  of  the 
fuel  assembly  to  increase  to  a  level  which  would  be 
detrimental  to  the  integrity  of  the  metal  pins;  20 

d)  cooling  the  fuel  assembly  by  passing  a 
cool,  inert  gas  through  the  chamber  to  reduce  the 
temperature  of  the  fuel  assembly  to  a  desired  level 
repeating  the  evacuation  and  cooling  steps  as  re- 
quired  to  insure  removal  of  substantially  all  of  the  25 
radioactive  alkali  metal;  and 

e)  recovering  the  decontaminated  fuel  as- 
semblies  from  the  chamber. 

2.  A  method  of  decontaminating  a  fuel  assem- 
bly  contaminated  with  a  radioactive  alkali  metal,  30 
each  fuel  assembly  comprising  a  plurality  of  metal 
pins  containing  a  spent  fissile  material  selected 
from  a  group  consisting  of  carbides  and  oxides  the 
method  comprises  the  sequential  steps  of: 

a)  placing  the  fuel  assembly  in  a  sealed  35 
chamber. 

b)  passing  a  heated  inert  argon  gas  through 
the  chamber  to  heat  the  fuel  assembly  to  a  tem- 
perature  of  about  800  °F, 

c)  evacuating  the  chamber  to  a  pressure  of  40 
less  than  about  .05  mm  of  mercury  and  maintaining 
the  fuel  assembly  and  chamber  at  that  pressure 
until  the  temperature  of  the  fuel  assembly  is  about 
1000°F, 

d)  passing  a  cool  inert  argon  gas  through  the  45 
chamber  and  the  fuel  assembles  to  reduce  the 
temperature  of  the  fuel  assembly  to  about  800  °F, 

e)  repeating  steps  c  and  d  as  required  to 
ensure  removal  of  substantially  all  of  the  radioac- 
tive  alkali  metal,  and  so 

f)  recovering  the  decontaminated  fuel  as- 
sembly  from  the  chamber. 

3.  The  method  of  one  of  claims  1  or  2  in  which 
gas  exiting  the  sealed  chamber  from  steps  c)  and 
d)  is  passed  in  indirect  heat  exchange  relationship  55 
with  a  coolant  for  the  condensation  and  removal  of 
any  vaporized  alkali  metal  therefrom. 

4.  The  method  of  claim  3  wherein  the  gas  from 
step  c  is  further  conducted  through  a  cryogenic 
trap  to  insure  substantially  complete  removal  of 
any  remaining  radioactive  alkali  metal  from  the  gas. 

5.  The  method  of  one  of  claims  1  or  2  wherein 
said  sealed  chamber  is  located  in  a  fuel  storage 
building  which  is  maintained  in  an  inert  atmo- 
sphere. 

6.  The  method  of  one  of  claims  1  or  2  wherein 
said  alkali  metal  is  sodium. 

7.  The  method  of  one  of  claims  1  or  2  wherein 
said  alkali  metal  is  a  mixture  of  sodium  and  potas- 
sium. 

8.  The  method  of  one  of  claims  1  or  2  wherein 
in  step  c)  the  chamber  is  evacuated  to  a  pressure 
of  less  than  about  0.005  mm  of  mercury. 

9.  The  method  of  one  of  claims  1  or  2  wherein 
the  fuel  assemblies  free  of  contaminants  are  pro- 
cessed  for  the  recovery  of  fissile  material  there- 
from. 
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