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©  Nuclear  reactor  control  rod  with  encapsulated  neutron  absorbent. 

©  A  neutron  absorbing  control  device  for  service  in 
nuclear  reactors  utilizing  fissionable  fuel.  The  control 
device  encapsulates  the  neutron  absorbing  material 
within  a  plurality  of  canisters  (28)  stacked  in  a  plural- 
ity  of  side-by-side  hollow  tubes  (24). 
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NUCLEAR  REACTOR  CONTROL  ROD  WITH  ENCAPSULATED  NEUTRON  ABSORBENT 

The  balance  between  the  production  of  neu- 
trons  and  the  various  competing  mechanisms  for 
neutron  consumption  determine  whether  the  fission 
reaction  is  self-sustaining,  decreasing,  or  increas- 

5  ing.  When  the  fission  reaction  is  self-sustaining,  the 
neutron  multiplication  factor  equals  1.00,  the  neu- 
tron  population  remains  constant,  and  on  the  aver- 
age  there  is  one  neutron  remaining  from  each 
fission  event  which  induces  a  subsequent  fission  of 

w  an  atom,  and  so  on. 
Heat  produced  by  the  fission  reactions  is  there- 

by  continuous  and  is  maintained  as  long  as  suffi- 
cient  fissionable  material  is  present  in  the  fuel 
system  to  override  the  effects  of  fission  products 

75  formed  by  the  reaction,  some  of  which  have  a  high 
capacity  for  absorbing  neutrons.  The  heat  pro- 
duced  by  the  fission  reactions  is  removed  by  a 
coolant  such  as  water,  circulating  through  the  core 
in  contact  with  the  tubular  containers  of  fuel  and 

20  conveyed  on  to  means  for  its  utilization,  such  as 
the  generation  of  electrical  power. 

The  neutron  population,  and  in  turn  the  heat  or 
power  produced,  of  a  nuclear  reactor,  depends  on 
the  extent  to  which  neutrons  are  consumed  or 

25  wasted  by  capture  in  nonfissionable  material.  Neu- 
tron  consumption  of  this  nature  is  regulated  by 
governing  the  relative  amount  of  neutron  absorbing 
control  material  imposed  into  the  core  of  fission- 
able  fuel  undergoing  fission  reactions. 

30  Control  devices  comprising  elements  contain- 
ing  neutron  absorbing  material,  are  commonly  pro- 
vided  in  the  form  of  rods,  sheets  or  blades.  The 
elements  are  provided  with  mechanical  or  fluid 
operating  means  for  reciprocal  movement  into  and 

35  out  from  the  core  of  fissionable  fuel  to  any  appro- 
priate  extent  or  depth  for  achieving  the  desired 
neutron  population,  and  in  turn,  level  of  reaction. 

Common  neutron  absorbing  materials  include 
elemental  or  compound  forms  of  boron,  cadmium, 

40  gadolinium,  europium,  erbium,  samarium,  hafnium, 
dysprosium,  silver  and  mercury. 

Commercial  nuclear  reactors  for  power  genera- 
tion  are  of  such  a  magnitude  that  the  control 
means,  or  systems,  comprise  a  plurality  of  control 

45  units  or  rods.  Each  individual  control  unit  or  rod  is 
selectively  and  reciprocally  insertable  to  variable 
degrees  of  penetration  into  the  fuel  core  by  move- 
ment  intermediate  the  discrete  bundles  of  grouped 
tubular  fuel  containers  through  the  spaces  or  gaps 

50  provided  in  the  assembly  of  multiple  fuel  bundles. 
A  common  design  for  control  rods,  as  shown  in 
U.S.  Letters  Patent  No.  3,020,888,  consists  of  an 
element  having  four  blades,  comprising  sheaths 
containing  neutron  absorbing  material,  having  a 
cross  or  cruciform  cross-section,  whereby  the  four 

This  invention  relates  to  a  control  rod  construc- 
tion  encapsulating  the  neutron  absorbent  for  ser- 
vice  in  nuclear  reactors  having  a  core  of  fissionable 
fuel. 

Commercial  nuclear  fission  reactors  for  gen- 
erating  power  normally  comprise  a  core  of  fission- 
able  fuel  with  the  fuel  material  sealed  within  tube- 
like  metal  containers.  These  tubular  containers  with 
the  fuel  are  arranged  or  grouped  in  discrete  bun- 
dles  or  units,  which  frequently  are  enclosed  within 
an  open  ended  housing  known  as  a  "channel"  in 
the  nuclear  fuel  industry.  The  discrete  fuel  bundles 
are  assembled  for  service  within  the  nuclear  reac- 
tor  to  provide  the  core  in  predetermined  patterns. 
The  assembled  bundles  are  spaced  apart  from 
each  other  so  as  to  provide  intermediate  gaps 
between  each  bundle,  forming  a  surrounding  area 
for  the  flow  of  coolant  thereabout  and  also  the 
insertion  of  reactor  control  means  comprising  neu- 
tron  absorbing  material. 

Nuclear  reactor  control  means  typically  consist 
of  components  containing  neutron  absorbing  com- 
positions  which  are  reciprocally  moveable  in  rela- 
tion  to  the  core  body  of  neutron  emitting  fuel 
undergoing  fission.  The  rate  of  the  fission  reaction, 
and  in  turn  heat  generated,  is  regulated  by  govern- 
ing  the  availability  of  fission  produced  neutrons  for 
furthering  the  fission  reaction  and  determining  its 
magnitude. 

In  a  conventional  nuclear  reactor,  fissionable 
atoms  such  as  uranium  isotopes  and  plutonium 
absorb  neutrons  in  their  nuclei  and  undergo  a  nu- 
clear  disintegration  or  splitting.  This  fission  pro- 
duces  on  the  average  of  two  products  of  lower 
atomic  weight  and  greater  kinetic  energy,  and  typi- 
cally  two  or  three  neutrons,  also  of  high  energy. 

The  fission  neutrons  thus  produced  diffuse 
through  the  core  containing  fissionable  fuel  and 
they  are  either  utilized  or  lost  in  several  distinct 
competing  mechanisms.  Some  neutrons  may  mi- 
grate  to  the  boundaries  of  the  core  and  escape 
whereby  they  are  lost  from  the  system.  Some 
neutrons  undergo  nonfission  or  radiative  capture  in 
the  fuel  material.  Other  neutrons  undergo  fission 
capture  within  the  fissionable  fuel  and  thereby  pro- 
duce  additional  fission  neutrons,  the  so-called  chain 
reaction.  Namely,  fast  neutrons  are  captured  in  the 
uranium  235  and  238.  Still  other  neutrons  are  cap- 
tured  in  uranium  235.  Still  other  neutrons  undergo 
parasitic  capture  in  the  various  extraneous  or  non- 
fissionable  compositions  of  the  core  and  adjoining 
components  such  as  the  moderator,  coolant,  var- 
ious  structural  materials,  fission  products  produced 
within  the  fuel,  as  well  as  the  reactor  control  ele- 
ments. 
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16  and  18.  Upper  support  member  16  can  also 
function  as  a  handle  to  facilitate  transportation  and 
manipulation  of  the  device.  In  the  preferred  cru- 
ciform  embodiment  of  this  invention,  the  upper  and 

5  lower  support  members  16  and  18,  respectively, 
each  comprise  four  radially  extending  arms  projec- 
ting  at  about  90  degrees  with  respect  to  adjacent 
arms  to  form  the  cross.  Central  spine  support  20, 
connecting  the  upper  and  lower  support  members 

10  16  and  18,  is  preferably  also  of  a  cruciform  con- 
figuration  with  four  abbreviated  arms  of  relatively 
short  radial  extension  in  relation  to  the  arms  projec- 
ting  from  the  upper  and  lower  support  members  16 
and  18. 

75  The  four  radially  extending  arms  projecting 
from  the  upper  and  lower  support  member  16  and 
18,  and  the  four  abbreviated  radial  arms  of  the 
central  support  20,  are  each  respectively  aligned, 
in  plan,  with  their  counterparts  to  provide  a  cross 

20  configuration.  The  four  arms  of  the  upper  and  lower 
support  members  16  and  18  are  also  substantially 
conterminous  with  respect  to  each  other. 

A  metal  sheath  22  extends  from  each  arm  of 
the  upper  support  16  to  each  respective  coun- 

25  terpart  arm  of  the  lower  support  1  8  and  adjoins  the 
central  elongated  spine  support  20  along  its  length. 
Sheath  22  typically  comprises  a  U-shaped  sheet 
metal  housing  of  blade-like  configuration  and  an 
internal  width  comparable  to  the  thickness  of  the 

30  arms  of  the  upper  and  lower  supports.  Preferably, 
each  sheath  is  secured  to  its  respective  adjoining 
arms  of  the  upper  and  lower  support  members  16 
and  18,  and  also  to  the  central  support  20,  by 
suitable  means  such  as  welding. 

35  The  foregoing  structure  of  the  control  device  of 
this  invention  is  typical  of  common  commercial 
control  means  in  service  for  operating  nuclear  reac- 
tors.  The  structure  of  the  foregoing  frame  14  and 
its  components  are  normally  constructed  of  stain- 

40  less  steel  or  similar  corrosion  resisting  metals. 
In  accordance  with  this  invention,  the  neutron 

absorbing  material  of  the  control  device  element  is 
encapsulated  within  a  plurality  of  closed  canisters. 
The  canister  encapsulation  system  is  especially 

45  suitable  and  advantageous  in  nuclear  reactor  con- 
trol  devices  utilizing  particulate  neutron  absorbent 
material  such  as  the  commonly  employed  boron 
carbide  powder  or  pellets,  or  particulate  rare  earth 
oxides. 

50  Moreover,  the  canister  encapsulation  construc- 
tion  of  the  preferred  embodiment  of  this  invention 
is  fully  compatible  with  and  adaptable  to  the  fore- 
going  described  structure  for  control  devices  which 
are  in  service  in  many  commercial  nuclear  fission 

55  reactors,  as  well  as  useful  in  additional  embodi- 
ments  described  hereinafter. 

Referring  again  to  Figure  1  and  the  illustration 
of  a  conventional  prior  art  system,  a  multiplicity  of 

blades  radially  project  at  right  angles  to  each  other. 
With  this  design  configuration,  each  control  rod 
element  is  insertable  into  the  spaces  between  adja- 
cent  fuel  bundles  of  the  core  assembly,  and  regu- 
lates  the  neutron  flux  or  density  emitting  from  the 
fis'sioning  fuel  of  the  four  bundles. 

The  construction  designs,  materials,  operating 
mechanisms  and  functions  of  typical  control  means 
for  water  cooled  and  moderated  nuclear  fission 
reactors  for  commercial  power  generations  are  il- 
lustrated  and  described  in  detail  in  the  prior  art,  for 
example,  U.S.  Letters  Patent  No.  3,020,781;  No. 
3,020,888;  No.  3,217,307;  No.  3,395,781;  No. 
3,397,759;  No.  4,285,749;  No.  4,624,826;  and  No. 
4,676,948,  and  elsewhere  throughout  the  literature 
dealing  with  nuclear  reactors.  The  contents  of  the 
foregoing  prior  art  patents  are  incorporated  herein 
by  reference. 

This  invention  comprises  an  improved  control 
device  for  nuclear  fission  reactors  comprising  a 
particulate  neutron  absorbent  material  encapsulated 
in  a  plurality  of  individual  canisters  for  service  in 
water  cooled  and  moderated  nuclear  fission  reac- 
tors. 

In  the  accompanying  drawings: 
Figure  1  is  a  perspective  view  of  a  control 

device  with  part  cut  away; 
Figure  2  is  a  cross  sectional  view  of  a  hollow 

tube  enclosing  stacked  canisters  for  neutron  absor- 
bent  material; 

Figure  3  is  a  plain  view  of  a  canister  with 
part  broken  away; 

Figure  4  is  a  top  view  of  a  tube  in  cross 
section  with  a  canister  showing  a  closing  cap  with 
optional  vents; 

Figure  5  is  a  cross  section  view  of  a  vari- 
ation  of  the  canister  unit  of  this  invention;  and 

Figure  6  is  a  transverse  view  of  a  blade  of  a 
different  arrangement  of  a  control  element. 

Referring  to  Figure  1  of  the  drawings,  this 
invention  is  hereinafter  described  and  illustrated  in 
part  with  reference  to  a  common  commercial  de- 
sign  for  nuclear  fission  reactor  control  devices 
wherein  the  control  elements  are  generally  cru- 
ciform  in  cross  section,  and  the  preferred  embodi- 
ment.  Control  devices  with  cruciform  control  ele- 
ments  and  their  utilization  with  fuel  core  assemblies 
are  shown  and  described  in  the  prior  art  compris- 
ing  the  above  cited  and  incorporated  U.S.  Letters 
Patents. 

Control  device  10  comprises  a  base  12  which 
is  coupled  to  a  suitable  control  device  drive 
mechanism  (not  shown)  and  supports  a  frame  14 
including  an  upper  support  member  16  and  a  lower 
support  member  18  and,  in  the  prior  art  design,  an 
elongated  control  spine  support  20,  or  tie  rod, 
connecting  said  upper  and  lower  support  members 
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One  or  more  canisters  of  each  column  within  a 
tube  24  can  be  devoid  of  or  partially  filled  with 
neutron  absorbent  material  so  as  to  provide  a  ple- 
num  space  for  retention  of  gases  produced  by 

5  irradiation. 
As  shown  in  Figure  2,lhe  canister  28  can  be  of 

variable  dimensions  or  contents  capacity  whereby 
the  system  is  especially  versatile  in  providing  for  a 
multiplicity  of  different  arrangements  for  applying 

m  neutron  absorbent  materials  either  alone  or  in  com- 
bination  with  other  materials.  For  practical  reasons 
the  canisters  are  employed  in  lengths  of  about  6-24 
inches  (150-600mm).  Moreover,  the  utilization  of 
canisters  for  neutron  absorbent  encapsulation  facili- 

75  tates  production  and  assembly,  including  enhanced 
measurement  and  control  of  densification. 

Upon  encapsulation  of  an  apt  quantity  of  neu- 
tron  absorbent  material  in  a  desired  density  within 
a  canister  28  and  closing  it  with  a  cap  30,  a 

20  plurality  of  such  filled  and  closed  canisters  28,  for 
example  up  to  about  24  individual  canisters,  can  be 
assembled  within  a  tube  24  by  stacking  end  on 
end  in  a  column  as  shown  in  Figure  2.  Typically, 
about  3  to  12  canisters  per  tube  are  used.  The 

25  tube  24  is  then  sealed  with  end  plugs  26.  With  this 
system  the  quantities  and/or  types  of  neutron  ab- 
sorbent  material  can  be  varied  and  applied  in  any 
number  of  patterns. 

One  embodiment  for  the  practice  of  this  inven- 
30  tion  comprises  the  use  of  hollow  tubes  24  elon- 

gated  members  having  a  generally  angular  cross 
section  configuration,  such  as  square  as  shown  in 
Figures  4  and  6,  with  a  longitudinal  cavity  of  cylin- 
drical  internal  cross  section  extending  the  length 

35  thereof.  The  cylindrical  cavity  receives  a  plurality  of 
cylindrical  canisters  28  containing  absorbent, 
stacked  therein  end  to  end  in  a  column. 

Externally  generally  square  tubes  24  provide 
for  ease  of  affixing  each  tube  with  its  adjoining 

40  parallel  tube  units,  such  as  by  welding,  to  form  a 
substantially  continuous  monolithic  body  of  joined 
tubes.  This  joining  of  the  aligned  parallel  tubes  24 
into  a  single  monolithic  body  provides  an  inte- 
grated  blade-like  member  of  the  cruciform  control 

45  element  which  may  dispense  with  any  need  for  the 
sheath  22  and  other  components. 

The  ends  of  the  square  tubes  24  can  be  af- 
fixed,  such  as  by  welding,  to  each  of  the  upper 
support  member  16  and  the  corresponding  lower 

so  support  member  18.  This  arrangement  substantially 
simplifies  the  overall  control  device  element  since 
it  enables  the  elimination  of  the  need  of  both  the 
sheath  22  and  the  control  elongated  spine  support 
20  since  the  joined  tubes  24  perform  the  function 

55  of  each. 
However,  it  is  preferred  that  when  the  central 

spine  support  20  is  excluded  in  this  embodiment,  it 
be  replaced  by  several  spacers  36  of  comparable 

tubes  24  sealed  with  end  plugs  are  utilized  to 
contain  neutron  absorbent  material  in  particulate 
form,  such  as  powdered  boron  carbide,  within  the 
control  device  element.  However,  complex  and 
cumbersome  measures  are  required  in  this  prior  art 
system  to  retain  loose  powders  in  position  and  at 
effective  densities,  such  as  for  example  the  series 
of  spaced  balls  and  dimples  shown  and  illustrated 
in  the  prior  art  patents  cited.  Also,  this  powder 
containing  tube  with  interposed  balls  and  dimples 
of  the  prior  art  entails  involved  and  costly  produc- 
tion  and  assembly  operations  which  are  difficult  to 
control  and  maintain  standards,  along  with  concern 
for  the  possible  structural  debilitation  due  to  the 
dimpling. 

Referring  now  to  FIGURE  2,  a  plurality  of  can- 
isters  28  is  utilized  to  retain  the  particulate  neutron 
absorbing  material  such  as  powdered  boron  car- 
bide,  and  the  canisters  28  with  their  contents  are 
stacked  end  to  end  in  a  column  within  the  tubes  24 
which  are  subsequently  sealed  with  end  plugs  26. 
Tubes  24  can  be  the  same  as  utilized  in  the  prior 
art,  without  dimpling,  or  of  any  suitable  dimensions 
or  configuration  design  for  a  specific  application, 
including  hollow  cylinder  or  angular  shapes,  such 
as  square  or  rectangular,  in  cross-section  configu- 
rations.  Preferably,  the  tubes  24  are  of  relatively 
enduring  and  breach  resistance  structure  such  as 
provided  by  high  strength  material  and/or  compara- 
tively  massive  or  thick  wall  dimensions  whereby 
isolation  of  the  neutron  absorbent  material,  and  any 
products  of  subsequent  irradiation  derived  from  the 
material,  is  insured. 

The  particulate  neutron  absorbent  material  en- 
capsulating  canister  28  can  be  of  any  suitable 
configuration,  angular  such  as  square,  but  prefer- 
ably  is  cylindrical  in  cross-section.  The  canisters 
28  are  constructed  of  thin  walls  of  an  apt  metal 
since  the  stronger  tubes  24  provide  adequate  isola- 
tion  and  resistance  to  breaching.  The  use  of  thin 
walls  for  the  canister  construction  also  enable  the 
absorbent  material  to  expand  with  the  canister  with- 
out  stressing  the  tube  24  or  inducing  stress  corro- 
sion. 

Canisters  28,  after  introduction  of  the  par- 
ticulate  neutron  absorbent  34,  are  provided  with  an 
end  cap  30  to  close  off  its  open  end  or  ends  as 
shown  in  Figure  2  and  3.  The  canister  28  can  be 
provided  with  one  or  more  orifice  vents  32,  prefer- 
ably  in  the  closing  end  cap  30  for  the  passage  of 
any  gases  generated  into  or  out  from  the  canister 
to  equalize  pressures,  as  shown  in  Figure  4.  The 
venting  orifice(s)  preferably  is  of  a  size  smaller 
than  the  particle  of  the  absorbent  material  so  as  to 
preclude  their  inadvertent  escape  from  the  canister. 
The  vent  need  not  be  an  orifice  since  it  can  be 
threads  or  other  interlocking  mechanical  arrange- 
ments. 
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each  sheath  containing  therein  a  plurality  of  parallel 
hollow  tubes  aligned  generally  axially  with  the 
spine  support  and  extending  substantially  from  the 
upper  to  the  lower  support  member,  said  hollow 

5  tubes  being  sealed  and  enclosing  a  multiplicity  of 
closed  canisters  stacked  end  on  end  in  a  column 
and  containing  particulate  neutron  absorbing  ma- 
terial  in  at  least  some  of  the  canisters. 

3.  A  control  device  for  a  nuclear  fission  reactor 
w  having  a  core  of  fissionable  fuel  in  an  assembly 

composed  of  fuel  units  grouped  into  spaced  apart 
bundles  which  are  immersed  in  liquid  coolant  in 
operating  service,  and  wherein  said  control  device 
is  provided  with  means  for  reciprocal  movement 

75  into  and  out  from  the  core  of  fuel  intermediate  the 
spaced  apart  bundles  of  the  assembly,  said  control 
device  having  a  frame  including  an  upper  and  a 
lower  support  member  connected  by  an  elongated 
central  spine  support  with  the  upper  and  lower 

20  support  members  each  of  a  transverse  cruciform 
configuration  having  four  radially  extending  arms 
projecting  outward  from  the  central  spine  support, 
said  radially  projecting  arms  of  the  upper  and  lower 
support  members  being  conterminously  aligned 

25  with  a  counterpart,  a  sheath  of  blade-like  configura- 
tion  extending  from  each  radially  projecting  arm  of 
the  upper  support  member  to  an  aligned  coun- 
terpart  radially  extending  arm  of  the  lower  support 
member  with  each  of  said  sheaths  longitudinally 

30  adjoining  the  central  spine  support,  and  each 
sheath  containing  therein  a  plurality  of  parallel  hol- 
low  tubes  aligned  generally  axially  with  the  central 
spine  support  and  extending  substantially  from  the 
upper  to  the  lower  support  member,  said  hollow 

35  tubes  being  sealed  and  enclosing  a  multiplicity  of 
closed  canisters  stacked  end  on  end  in  a  single 
column,  with  at  least  some  of  said  canisters  in 
each  tube  containing  particulate  neutron  absorbing 
material. 

40  4.  A  control  device  as  in  Claim  1,  2  or  3 
wherein  the  or  each  sheath  is  a  hollow  unit  of  U- 
shaped  blade-like  configuration. 

5.  A  control  device  as  in  any  preceding  claim, 
wherein  the  plurality  of  hollow  tubes  "are  cylindrical 

45  in  cross-section. 
6.  A  control  device  as  in  any  preceding  claim, 

wherein  the  canisters  stacked  end  to  end  in  a 
column  and  enclosed  within  a  hollow  tube  are 
cylindrical  in  cross-section. 

so  7.  A  control  device  for  a  nuclear  fission  reactor 
having  a  core  of  fissionable  fuel  in  an  assembly 
composed  of  fuel  units  grouped  into  spaced  apart 
bundles  which  are  immersed  in  liquid  coolant  in 
operating  service,  and  wherein  said  control  device 

55  is  provided  with  means  for  reciprocal  movement 
into  and  out  from  the  core  of  fuel  intermediate  the 
spaced  apart  bundles  of  the  assembly,  said  control 
device  having  a  frame  including  an  upper  and  a 

cruciform  configuration  arranged  at  intervals  to  pro- 
vide  ample  structural  rigidity  and  strength  (FIGURE 
6). 

There  has  been  provided,  for  a  control  device 
for  nuclear  fission  reactors,  a  novel  construction 
and  system  that  enable  improved  control  of  the 
density  of  particulate  neutron  absorbent  material 
and  permit  simplified  construction,  manufacture 
and  assembly  including  enabling  preassembly  of 
components  and  versatility  for  customizing.  The 
construction  accommodates  expansion  of  the  par- 
ticulate  neutron  absorbent  material  without  over- 
stressing  or  promoting  stress  corrosion  in  the  re- 
taining  structure:  it  isolates  the  particulate  neutron 
absorbent  material,  thereby  permitting  its  use  in 
commercial  purity  grades  rather  than  costly  special 
high  purity  materials,  and  eliminates  the  marginally 
effective  prior  structure  of  balls  and  dimples  while 
positively  preventing  vertical  migration  or  settling  of 
the  particulate  neutron  absorbent. 

Claims 

1  .  A  control  device  for  a  nuclear  fission  reactor 
having  a  core  of  fissionable  fuel  in  an  assembly 
composed  of  fuel  units  grouped  into  spaced  apart 
bundles  which  are  immersed  in  liquid  coolant  in 
operating  service,  and  wherein  said  control  device 
is  provided  with  means  for  reciprocal  movement 
into  and  out  from  the  core  of  fuel  intermediate  the 
spaced  apart  bundles  of  the  assembly,  said  control 
device  having  a  frame  including  an  upper  and  a 
lower  support  member  connected  by  an  elongated 
spine  support  and  at  least  one  sheath  extending 
from  the  upper  to  the  lower  support  and  longitudi- 
nally  adjoining  the  spine  support,  each  sheath  con- 
taining  therein  a  plurality  of  parallel  hollow  tubes 
extending  substantially  from  the  upper  to  the  lower 
support  member,  said  hollow  tubes  enclosing  a 
multiplicity  of  closed  canisters  stacked  in  a  column 
and  containing  in  at  least  some  of  the  canisters 
neutron  absorbing  material. 

2.  A  control  device  for  a  nuclear  fission  reactor 
having  a  core  of  fissionable  fuel  in  an  assembly 
composed  of  fuel  units  grouped  into  spaced  apart 
bundles  which  are  immersed  in  liquid  coolant  in 
operating  service,  and  wherein  said  control  device 
is  provided  with  means  for  reciprocal  movement 
into  and  out  from  the  core  of  fuel  intermediate  the 
spaced  apart  bundles  of  the  assembly,  said  control 
device  having  a  frame  including  an  upper  and  a 
lower  support  member  connected  by  an  elongated 
spine  support  and  at  least  one  sheath  extending 
from  the  upper  to  the  lower  support  and  longitudi- 
nally  adjoining  the  spine  support,  each  sheath  con- 
taining  therein  a  plurality  of  parallel  hollow  tubes 
aligned  generally  axially  with  the  spine  support, 
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lower  support  member  each  having  a  transverse 
cruciform  configuration,  a  plurality  of  hollow  angular 
shaped  tubes  aligned  in  adjoining  rows  and  extend- 
ing  from  the  upper  to  the  lower  supports  whereby 
they  are  arranged  in  a  common  cruciform  configu-  5 
ration  with  the  supports,  said  hollow  tubes  being 
sealed  and  enclosing  a  multiplicity  of  closed  can- 
isters  stacked  end  on  end  in  a  column  and  at  least 
some  canisters  containing  therein  particulate  neu- 
tron  absorbent  material.  ;o 

8.  A  control  device  as  in  Claim  7,  wherein  the 
plurality  of  hollow  angular  shaped  tubes  aligned  in 
rows  extending-from  the  upper  to  the  lower  sup- 
ports  in  a  common  cruciform  configuration  com- 
prise  four  rows  of  single  tubes  aligned  and  adjoin-  15 
mg  each  other. 

9.  A  control  device  as  in  Claim  7  or  8,  wherein 
the  hollow  angular  tubes  aligned  in  adjoining  rows 
extending  from  the  upper  to  the  lower  supports  are 
fixed  by  welding  at  each  end  to  the  upper  and  20 
lower  supports. 

10.  A  control  device  as  in  any  of  Claims  1-4  or 
7-9,  wherein  the  plurality  of  hollow  tubes  are  sub- 
stantially  square  in  cross-section. 

11.  A  control  device  as  in  any  preceding  claim,  25 
wherein  at  least  canisters  containing  the  neutron 
absorbing  material  are  provided  with  venting 
orifices. 

12.  A  control  device  as  in  any  preceding  claim, 
wherein  the  canisters  stacked  in  a  column  contain  30 
boron  carbide  as  neutron  absorbing  material. 

13.  A  control  device  as  in  Claim  12,  wherein 
the  canisters  contain  particulate  boron  carbide. 

14.  A  control  device  as  in  Claim  12,  wherein 
the  canisters  contain  boron  carbide  pellets.  35 

15.  A  control  device  as  in  any  preceding  claim 
wherein  at  least  one  canister  enclosed  with  a  hol- 
low  tube  is  empty  whereby  it  provides  a  free  space 
to  receive  irradiation  produced  gases  reducing 
pressures  within  the  hollow  tube.  40 
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