
J  
~ "   '  Nil  II  II  II  Nil  II  IN  Ml  M I N I   II 
European  Patent  Office  _  

*  . .   ,  ©  Publication  number:  0  3 9 7   1 6 2   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  16.03.94  ©  Int.  CI.5:  G21C  15/18,  G21C  9 / 0 1 2  

©  Application  number:  90108798.1 

@  Date  of  filing:  10.05.90 

©  Primary  containment  vessel  with  outer  pool. 

®  Priority:  11.05.89  JP  118369/89  ©  Proprietor:  HITACHI,  LTD. 
6,  Kanda  Surugadal  4-chome 

@  Date  of  publication  of  application:  Chlyoda-ku,  Tokyo  101  (JP) 
14.11.90  Bulletin  90/46 

@  Inventor:  Kataoka,  Yoshlyukl 
©  Publication  of  the  grant  of  the  patent:  1437-7-17-7  Suwama, 

16.03.94  Bulletin  94/11  Tokalmura 
Naka-gun,  Ibaraki-ken(JP) 

©  Designated  Contracting  States:  Inventor:  Sumlda,  Isao 
DE  SE  174-58  Suwama, 

Tokalmura 
©  References  cited:  Naka-gun,  Ibaraki-ken(JP) 

EP-A-  0  030  698  Inventor:  Hldaka,  Masataka 
DE-B-  1  227  160  6-12-1  Ayukawacho 
LU-A-  79  240  Hltachl-shl,  Ibaraki-ken(JP) 

Inventor:  Nalto,  Masanorl 
NUCLEAR  TECHNOLOGY,  vol.  82,  no.  2,  Au-  1077-8  Ishlnazakacho 
gust  1988,  pages  147-156,  La  Grange  Park,  Hltachl-shl,  Ibaraki-ken(JP) 
Illinois,  US;  Y.  KATAOKA  et  al.:  "Conceptual 
design  and  thermal-hydraulic  characteris- 
tics  of  natural  circulation  boiling  water  reac-  ©  Representative:  Patentanwalte  Beetz  -  Tlmpe  - 
tors"  Siegfried  Schmltt-Fumlan  -  Mayr 

Stelnsdorfstrasse  10 
D-80538  Munchen  (DE) 

00 

CM 
CO 

IV 
Oi 
oo 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person ®  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
CL  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
LU  has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



1 EP  0  397  162  B1 2 

Description 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  primary  con- 
tainment  vessel  of  a  boiling  water  type  nuclear 
reactor,  and,  more  particularly,  to  a  primary  con- 
tainment  vessel  structured  in  such  a  manner  that 
the  performance  of  cooling  the  containment  vessel 
can  be  improved  at  the  time  of  a  loss  of  coolant 
accident  without  a  necessity  of  using  a  dynamic 
device  such  as  a  pump. 

2.  Description  of  the  Prior  Art 

A  primary  containment  vessel  is  arranged  to 
hermetically  surround  a  reactor  pressure  vessel 
which  accommodates  a  core.  An  upper  space  sur- 
rounding  the  reactor  pressure  vessel  in  the  primary 
containment  vessel  is  called  "a  dry-well  volume", 
while  a  space  disposed  in  the  lower  portion  of  the 
primary  containment  vessel  and  filled  with  pool 
water  is  called  "a  suppression  chamber".  An  outer 
pool  filled  with  cooling  water  is  formed  around  the 
suppression  chamber  of  the  primary  containment 
vessel.  The  dry-well  volume  and  the  suppression 
chamber  are  connected  to  each  other  by  a  plurality 
of  vent  tubes,  an  end  portion  of  the  vent  tube  being 
opened  in  water  enclosed  in  the  suppression  pool. 
A  main  steam  line  through  which  steam  generated 
in  the  reactor  pressure  vessel  passes  and  pipes 
into  which  coolant  is  introduced  are  disposed  in  the 
dry-well  volume. 

If  the  main  steam  line  is  burst  in  the  primary 
containment  vessel  or  the  reactor  pressure  vessel 
is  locally  damaged,  high  temperature  and  high 
pressure  cooling  water  becomes  high  temperature 
and  high  pressure  steam  and  jets  out  in  the  dry- 
well  volume.  This  is  so-called  a  loss  of  coolant 
accident.  The  steam  jetted  out  in  the  dry-well  vol- 
ume  is  introduced  together  with  noncondensing 
gas  (called  hereinafter  as  gas)  in  the  dry-well  vol- 
ume  into  water  in  the  suppression  pool  via  the  vent 
tube,  water  being  then  cooled  and  condensed  in 
the  suppression  pool,  causing  the  pressure  rise  in 
the  dry-well  volume  to  be  suppressed. 

A  primary  containment  vessel  of  the  type  de- 
scribed  above  has  been  disclosed  in  Japanese 
Patent  Laid-Open  No.  75594/1988.  According  to 
this  disclosure,  it  is  necessary  for  the  convection  of 
water  in  the  pressure  suppression  pool  to  be  in- 
duced  and  it  is  necessary  for  the  outward  heat 
transfer  from  the  pressure  suppression  pool  to  be 
improved  in  order  to  have  the  primary  containment 
vessel  cooled  effectively  at  the  time  of  a  loss  of 
coolant  accident.  Therefore,  the  opening  of  the  vent 
tube  is  disposed  adjacently  to  the  bottom  of  the 
suppression  pool  so  as  to  cause  water  in  the  sup- 

pression  pool  to  be  convected  by  utilizing  the 
buoyancy  of  heated  water  or  gas  in  the  suppres- 
sion  pool.  However,  a  structure  arranged  such  that 
the  opening  of  the  vent  tube  is,  as  described 

5  above,  disposed  deeply  in  the  suppression  pool 
encounters  a  problem  in  that  a  fear  arises  in  that 
the  water  or  gas  in  the  suppression  pool  hits  the 
ceiling  of  the  suppression  chamber  since  energy  of 
the  buoyancy  of  water  or  gas  in  the  suppression 

io  pool  becomes  too  large.  Therefore,  the  suppres- 
sion  chamber  must  have  a  high  ceiling,  causing 
also  the  height  of  the  primary  containment  vessel 
to  be  increased.  As  a  result,  the  size  of  it  inevitably 
become  large. 

75  If  the  vent  tube  outlet  is  disposed  in  the  shal- 
low  water  in  the  suppression  pool,  water  close  to 
the  water  surface  convects  since  it  is  stirred.  How- 
ever,  since  deep  water  in  the  suppression  pool  is 
not  stirred,  it  is  difficult  for  the  convection  to  occur. 

20  Therefore,  water  in  the  suppression  pool  below  the 
bent  tube  outlet  remains  as  it  is  with  the  initial 
temperature  maintained,  and  a  slight  quantity  water 
above  the  vent  tube  outlet  becomes  heated.  There- 
fore,  it  is  necessary  for  the  diameter  of  the  primary 

25  containment  vessel  to  be  enlarged  in  order  to  pro- 
vide  the  heat  transferring  area  necessary  to  remove 
the  heating  value  at  the  time  of  the  loss  of  coolant 
accident. 

A  suppression  pool  of  a  primary  containment 
30  vessel  disclosed  in  Japanese  Patent  Laid-Open  No. 

31837/1986  is  arranged  in  such  a  manner  that  a 
distributing  vane  is  locally  provided  for  each  of  a 
plurality  of  the  vent  tube  outlets  in  front  thereof  to 
disperse  steam  and  gas  jetted  radially  from  the 

35  vent  tube  outlets  in  the  circumferential  direction  so 
that  the  dynamic  load  to  act  on  the  primary  con- 
tainment  vessel  is  reduced.  However,  this  structure 
involves  a  problem  in  that  it  is  difficult  for  water  in 
the  suppression  pool  to  convect  vertically. 

40  A  primary  containment  vessel  has  been  dis- 
closed  in  Japanese  Patent  Laid-Open  No. 
229390/1988  in  which  the  core  is  immersed  in 
water  by  utilizing  the  difference  in  the  water  heads 
from  the  water  surface  of  water  in  the  suppression 

45  pool  to  the  core  equalizing  line  at  the  time  of  a  loss 
of  coolant  accident.  According  to  this  example, 
since  water  in  the  suppression  pool  cannot  be 
easily  convected  and  only  upper  hot  water  in  the 
suppression  pool  is  injected  into  the  core,  the  cool- 

50  ing  effect  is  unsatisfactory.  Furthermore,  since  the 
high  temperature  water  in  the  suppression  pool 
cannot  be  easily  transferred,  the  heat  transference 
effect  from  the  suppression  chamber  to  the  sur- 
rounding  pool  is  insufficient. 

55  A  primary  containment  vessel  has  been  dis- 
closed  in  Japanese  Patent  Laid-Open  No. 
33697/1988  in  which  an  annular  suppression  pool 
is  disposed  in  the  side  portion  to  the  upper  portion 

2 



3 EP  0  397  162  B1 4 

of  the  dry-well  volume  and  an  annular  clean  water 
pool  is  closely  disposed  above  the  suppression 
pool  via  an  insulating  wall.  Since  the  above-de- 
scribed  two  pools  are  connected  to  each  other  by  a 
heat  pipe,  the  heating  value  radiated  into  the  clean 
water  pool  at  the  time  of  a  loss  of  coolant  accident 
can  be  transmitted  to  the  clean  water  pool  via  the 
heat  pipe  and  it  is  removed.  However,  since  only 
the  heat  pipe  is  immersed  in  the  upper  portion  of 
water  in  the  suppression  pool,  the  heat  transferring 
effect  by  means  of  the  heat  pipe  can  be  exces- 
sively  deteriorated  when  water  in  the  suppression 
pool  is  injected  into  the  reactor  pressure  vessel  at 
the  time  of  the  loss  of  coolant  accident  and  level  of 
the  suppression  pool  is  thereby  lowered. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  improve 
a  heat-radiation  effect  of  a  primary  containment 
vessel  without  using  a  dynamic  equipment  such  as 
a  pump  and  without  a  necessity  of  enlarging  the 
size  of  the  primary  containment  vessel. 

In  order  to  achieve  the  above-described  object, 
a  first  aspect  of  the  present  invention  lies  in  a 
primary  containment  vessel  comprising:  a  dry-well 
volume  accommodating  a  reactor  pressure  vessel 
in  which  a  core  is  accommodated  and  covering  the 
upper  portion  of  the  reactor  pressure  vessel;  an 
annular  suppression  chamber  provided  with  a  sup- 
pression  pool  surrounding  an  intermediate  portion 
of  the  reactor  pressure  vessel  and  filled  with  cool- 
ing  water,  the  water  surface  of  which  is  positioned 
higher  than  the  top  end  of  the  core;  a  plurality  of 
vent  tubes  establishing  a  connection  between  the 
dry-well  volume  and  the  suppression  pool;  a  steel 
containment  vessel  forming  an  annular  outer  wall  of 
the  reactor  pressure  vessel  and  hermetically  sur- 
rounding  the  dry-well  volume;  an  outer  pool  sur- 
rounding  the  outer  wall  of  the  containment  vessel 
and  filled  with  cooling  water;  and  a  baffle  plate 
disposed  in  the  suppression  pool  along  the  outer 
wall  of  the  containment  vessel,  having  its  top  end 
positioned  at  a  height  between  a  free  surface  of  the 
suppression  pool  and  an  outlet  of  the  vent  tube 
opened  in  the  suppression  pool  and  its  lower  end 
positioned  at  a  height  between  the  outlet  and  the 
bottom  of  the  suppression  pool,  wherein  a  natural 
pool  water  convection  passage  circulating  from  the 
inside  of  the  baffle  plate  to  the  outside  of  the  same 
is  formed. 

According  to  the  above-described  primary  con- 
tainment  vessel,  if  an  accident  occurs  in  which 
cooling  water  heated  at  the  core  jets  out  into  the 
dry-well  volume  in  the  form  of  high  temperature 
steam,  the  steam  and  gas  in  the  dry-well  volume 
can  be  discharged  into  the  suppression  pool  via  a 
plurality  of  vent  tubes.  As  a  result  of  the  radiation 

of  high  temperature  steam,  water  in  the  suppres- 
sion  pool  adjacent  to  the  outlet  of  the  vent  tube  is 
heated  in  the  inside  portion  of  the  baffle  plate  and 
the  density  of  it  thereby  is  made  smaller  than  that 

5  of  water  in  the  outside  portion  of  the  same.  There- 
fore,  a  water  head  difference  of  pool  water  is  gen- 
erated  between  the  inside  portion  and  the  outside 
portion,  causing  the  water  head  of  pool  water  on 
the  outside  of  the  baffle  plate  to  be  raised.  The 

io  thus  generated  water  head  difference  causes  pool 
water  to  convect  from  the  outside  portion  of  the 
baffle  plate  to  the  inside  portion  of  the  same  via  the 
lower  end  of  the  baffle  plate.  Since  the  lower  end 
of  the  baffle  plate  is  positioned  lower  than  the 

is  outlet  of  the  vent  tube,  the  range  of  the  convection 
extends  to  a  portion  lower  than  the  outlet  so  that 
the  range  of  contact  between  heated  pool  water 
and  the  outer  wall  of  the  primary  containment  ves- 
sel  is  vertically  enlarged.  By  virtue  of  the  thus 

20  created  water  convection,  the  high  temperature  re- 
gion  of  pool  water  can  be  enlarged  with  respect  to 
the  conventional  structure  in  which  the  high  tem- 
perature  region  has  been  limited  to  the  water  depth 
corresponding  to  the  outlet.  Therefore,  heat  gen- 

25  erated  due  to  the  accident  and  accumulated  in 
water  of  the  suppression  pool  can  be  transferred  to 
pool  water  in  the  outer  pool  via  the  vertically  wide 
wall  of  the  primary  containment  vessel.  Therefore, 
the  primary  containment  vessel  can  be  efficiently 

30  cooled. 
According  to  the  above-described  primary  con- 

tainment  vessel,  when  the  baffle  plate  is  disposed 
such  that  a  relationship  hi  >  h3  is  satisfied  where 
the  difference  in  height  between  the  top  end  of  the 

35  baffle  plate  and  the  outlet  is  hi  and  the  difference 
in  height  between  the  outlet  and  the  lower  end  of 
the  baffle  plate  is  h3,  an  effect  of  assuredly  having 
pool  water  outside  the  baffle  plate  made  a  down- 
ward  flow  can  be  obtained.  Therefore,  the  convec- 

40  tion  circulating  from  the  outside  portion  of  the  baf- 
fle  plate  to  the  inside  portion  of  the  same  via  the 
lower  end  of  the  same  can  be  assuredly  created. 
Furthermore,  when  the  structure  of  the  primary 
containment  vessel  is  arranged  such  that  a  relation- 

45  ship  h3  =  0.75  hi  can  be  held,  both  the  heat 
accumulating  characteristics  and  the  heat  radiation 
characteristics  of  pool  water  can  be  improved. 
Therefore,  heat  discharged  into  the  dry-well  volume 
can  be  effectively  absorbed  into  the  suppression 

50  chamber  and  it  can  be  effectively  discharged  to  the 
outer  pool. 

The  baffle  plate  disposed  in  the  suppression 
pool  of  the  primary  containment  vessel  is  secured 
to  a  plurality  of  supports  fastened  to  the  outer  wall 

55  of  the  containment  vessel.  When  it  is  formed  an- 
nularly  along  the  outer  wall  of  the  containment 
vessel,  it  can  serve  as  a  member  for  reinforcing  the 
baffle  plate  although  an  impact  due  to  steam  or  gas 
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discharged  from  the  outlet  of  the  vent  tube  acts  on 
the  baffle  plate.  Therefore,  the  soundness  of  the 
baffle  plate  can  be  maintained  even  if  its  thickness 
is  reduced. 

A  second  aspect  of  the  present  invention  lies  in 
a  primary  containment  vessel  according  to  the  first 
aspect,  wherein  an  equalizing  line  is  provided,  the 
equalizing  line  establishing  a  connection  between 
the  suppression  pool  and  the  reactor  pressure  ves- 
sel  via  a  check  valve  thereof  for  stopping  a  flow 
into  the  suppression  pool,  the  equalizing  line  hav- 
ing  its  opening  in  the  suppression  pool  at  a  posi- 
tion  lower  than  the  outlet  and  its  opening  in  the 
reactor  pressure  vessel  at  a  position  upper  than  the 
core.  According  to  the  above-described  structure,  a 
further  effect  can  be  obtained  in  addition  to  the 
effect  obtained  according  to  the  first  aspect  of  the 
present  invention,  the  effect  being  that,  the  expo- 
sure  of  the  core  over  the  surface  of  cooling  water 
in  the  reactor  pressure  vessel  can  be  prevented 
and  decay  heat  of  the  core  can  be  assuredly 
removed.  The  reason  for  this  lines  in  that,  when  the 
pressure  in  the  reactor  pressure  vessel  is  lowered 
and  becomes  substantially  the  same  level  as  that 
in  the  containment  vessel,  suppression  pool  water 
having  relatively  lower  temperature  and  positioned 
lower  than  the  outlet  is  injected  into  the  reactor 
pressure  vessel  via  the  equalizing  line  due  to  the 
water  head  difference. 

A  third  aspect  of  the  present  invention  lies  in  a 
primary  containment  vessel  according  to  the  first 
aspect,  wherein  the  baffle  plate  has  a  vertical  cross 
sectional  shape  formed  in  such  a  manner  that  it  is 
positioned  close  to  the  outer  wall  of  the  contain- 
ment  vessel  in  a  portion  upper  than  the  outlet  and 
it  is  positioned  close  to  the  outlet  in  a  portion  lower 
than  the  outlet.  According  to  the  above-described 
structure,  another  effect  can  be  obtained  in  addition 
to  the  effect  obtained  according  to  the  first  aspect 
of  the  present  invention,  the  effect  being  that  pool 
water  between  the  baffle  plate  and  the  bottom  of 
the  suppression  pool  can  be  assuredly  convected 
in  the  direction  toward  the  outlet  so  that  heat  dis- 
charged  through  the  outlet  can  be  received.  Fur- 
thermore,  hot  water  on  the  inside  of  the  baffle  plate 
can  be  moved  by  the  convection  so  that  pool  water 
between  the  baffle  plate  and  the  bottom  of  the 
suppression  pool  can  also  be  utilized  for  heat  accu- 
mulation.  Therefore,  the  heat  accumulating  capac- 
ity  of  pool  water  can  be  enlarged. 

Other  and  further  objects,  features  and  advan- 
tages  of  the  invention  will  be  appear  more  fully 
from  the  following  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  vertical  cross  sectional  view  which 
illustrates  a  primary  containment  vessel  with 

outer  pool  according  to  a  first  embodiment  of 
the  present  invention; 
Fig.  2  is  a  detailed  vertical  cross  sectional  view 
which  illustrates  a  portion  around  a  suppression 

5  chamber  of  the  primary  containment  vessel  ac- 
cording  to  the  first  embodiment  of  the  present 
invention; 
Figs.  3A  and  3B  are  schematic  views  which 
illustrate  a  temperature  distribution  model  of  wa- 

io  ter  in  a  suppression  pool  of  suppression  cham- 
ber  of  the  primary  containment  vessel  according 
to  the  first  embodiment  of  the  present  invention, 
in  which  model  inside  a  baffle  plate  and  that 
outside  the  same  are  compared; 

is  Figs.  4A  and  4B  are  graphs  which  illustrate  a 
result  of  a  comparison  made  between  the  ex- 
perimental  result  and  the  analytical  result  of  the 
model  shown  in  Figs.  3A  and  3B; 
Fig.  5  is  a  graph  which  illustrates  a  change  in 

20  the  heat  accumulating  characteristics  and  radi- 
ation  characteristics  in  the  pressure  suppression 
chamber  of  the  primary  containment  vessel  ac- 
cording  to  the  first  embodiment  of  the  present 
invention  in  the  case  where  the  position  of  the 

25  lower  end  of  the  baffle  plate  is  changed; 
Fig.  6  is  a  horizontal  cross  sectional  view  taken 
along  the  height  of  the  suppression  chamber  of 
the  primary  containment  vessel  according  to  a 
second  embodiment  of  the  present  invention; 

30  and 
Fig.  7  is  a  vertical  cross  sectional  view  which 
illustrates  the  suppression  chamber  of  the  pri- 
mary  containment  vessel  according  to  a  third 
embodiment  of  the  present  invention. 

35 
DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

Referring  to  Fig.  1,  cooling  water  is  circulated 
in  a  reactor  pressure  vessel  2.  In  the  reactor  pres- 

40  sure  vessel  2,  there  is  provided  a  core  1  of  a 
nuclear  reactor.  A  main  steam  line  3  is  connected 
to  the  upper  portion  of  the  reactor  pressure  vessel 
2. 

Cooling  water  in  the  reactor  pressure  vessel  2 
45  is  heated  and  is  thereby  converted  into  high  tem- 

perature  and  high  pressure  steam,  steam  thus  gen- 
erating  being  then  discharged  outside  the  reactor 
pressure  vessel  2  via  the  main  steam  line  3.  Steam 
thus  discharged  outside  the  reactor  pressure  ves- 

50  sel  2  is  utilized  as  a  power  source  for  a  turbine 
generator  similar  to  ordinary  nuclear  power  plants. 
Steam  which  has  been  utilized  is  condensed  and  is 
returned,  as  cooling  water,  into  the  reactor  pressure 
vessel  2. 

55  A  primary  containment  vessel  7  is  a  steel 
structure  erecting  on  a  base  mat  30,  the  primary 
containment  vessel  7  being  sectioned  into  a  dry- 
well  volume  4  and  a  suppression  chamber  31.  The 
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dry-well  volume  4  accommodates  the  reactor  pres- 
sure  vessel  2,  and  the  suppression  chamber  31  is 
formed  to  surround  the  reactor  pressure  vessel  2. 

The  suppression  chamber  31  containing  cool- 
ing  water  as  pool  water,  comprises  a  suppression 
pool  6  in  liquid  phase  and  a  wet-well  volume  9  in 
gaseous  phase. 

The  dry-well  volume  4  and  the  suppression 
pool  6  are  connected  to  each  other  by  a  plurality  of 
vent  tubes  5.  An  outlet  20  of  the  vent  tube  5  is 
arranged  to  open  horizontally  at  a  position  higher 
than  a  top  of  the  core  1  of  the  reactor. 

A  baffle  plate  10  is  disposed  in  the  suppression 
pool  6  along  the  inner  surface  of  the  primary  con- 
tainment  vessel  7.  The  baffle  plate  10  is  supported 
in  such  a  manner  that  the  baffle  plate  10  is  fas- 
tened  to  supports  23  secured  to  the  wall  of  the 
primary  containment  vessel  7  and  it  does  not  parti- 
tion  between  the  water  surface  of  the  suppression 
pool  6  and  the  top  end  of  the  baffle  plate  10  and 
between  the  bottom  of  the  suppression  pool  6  and 
the  lower  end  of  the  baffle  plate  10.  It  is  arranged 
such  that  the  distance  from  the  top  end  of  the 
baffle  plate  10  to  the  water  surface  of  the  suppres- 
sion  pool  6  and  the  distance  from  the  lower  end  of 
the  baffle  plate  10  to  the  bottom  of  the  suppression 
pool  6  are  substantially  equal  and  is  larger  than  the 
distance  from  the  baffle  plate  10  to  a  wall  22  of  the 
primary  containment  vessel  7.  As  shown  in  Fig.  2, 
the  baffle  plate  10  is  disposed  in  the  suppression 
pool  6  in  such  a  manner  that  the  height  hi  of  the 
top  end  of  the  baffle  plate  10  from  a  reference 
position,  which  is  the  height  of  the  outlet  20  of  the 
vent  tube  5,  and  the  depth  h3  of  the  lower  end  of 
the  baffle  plate  10  holds  the  relationship  hi  >  ri3- 
Namely,  the  outlet  20  of  the  vent  tube  5  is  posi- 
tioned  lower  than  the  middle  point  of  the  height  of 
the  baffle  plate  10,  that  is,  it  is  positioned  lower 
than  the  middle  point  of  the  depth  of  water  in  the 
suppression  pool  6. 

On  the  other  hand,  a  core  equalizing  line  11 
establishes  a  connection  between  a  portion  of  the 
suppression  pool  6  lower  than  the  outlet  20  of  the 
bent  tube  5  by  h2  and  a  portion  of  the  reactor 
pressure  vessel  2  upper  than  the  top  end  of  the 
core  1,  the  connection  being  established  via  a 
check-valve  21.  The  check-valve  21  prevents  the 
cooling  water  in  the  reactor  pressure  vessel  2, 
which  becomes  high  pressure  at  a  normal  opera- 
tion,  from  flowing  backward  into  the  suppression 
pool  6. 

An  outer  pool  8  is  formed  around  the  suppres- 
sion  chamber  31  of  the  primary  containment  vessel 
7.  The  outer  pool  8  is  filled  with  cooling  water. 
Cooling  water  in  the  outer  pool  8  surrounds  the 
suppression  chamber  31  and  is  in  contact  with  the 
wall  22  of  the  primary  containment  vessel  7.  The 
outer  pool  8  has  a  gaseous-phase  portion  in  the 

upper  portion  thereof,  the  gaseous-phase  portion 
being  opened  in  another  space  in  order  to  cause 
water  in  the  outer  pool  8  to  be  easily  evaporated. 

If  a  loss  of  coolant  accident  represented  by  a 
5  breakage  of  the  main  steam  line  3  happens,  high 

temperature  steam  in  the  reactor  pressure  vessel  2 
continuously  flows  out  through  the  broken  portion 
of  the  main  steam  line  3  by  decay  heat  of  the  core 
1  .  Simultaneously,  the  level  of  cooling  water  in  the 

io  reactor  pressure  vessel  2  is  lowered.  Hot  steam 
flowed  out  into  the  dry-well  volume  4  passes 
through  the  vent  tube  5  together  with  nonconden- 
sing  gas  in  the  dry-well  volume  4  so  as  to  be 
discharged  into  the  suppression  pool  6  through  the 

is  outlet  20.  In  the  beginning  of  the  accident,  the 
discharging  pressure  is  high  and  the  quantity  of  the 
noncondensing  gas  discharged  together  with  steam 
into  the  suppression  pool  is  large.  Therefore,  the 
water  surface  of  the  suppression  pool  6  moves 

20  vertically  considerably  since  the  water  surface  of 
the  suppression  pool  6  stands  up  or  the  buoyancy 
of  the  bubbles  of  the  noncondensing  gas  acts  or 
due  to  an  action  of  the  burst  of  the  bubbles  ex- 
panded  during  the  upward  movement  of  the  bub- 

25  bles  at  the  water  surface.  Therefore,  a  large  impact 
load  can  act  on  the  ceiling  of  the  suppression 
chamber  31.  However,  according  to  this  embodi- 
ment,  since  the  outlet  20  of  the  vent  tube  5  is 
disposed  at  an  intermediate  depth  of  water  in  the 

30  suppression  pool  6,  the  movement  or  standing  up 
of  the  water  surface  of  the  suppression  pool  6  can 
be  reduced.  Therefore,  the  ceiling  of  the  suppres- 
sion  chamber  31  can  be  satisfactorily  protected 
from  damage. 

35  High  temperature  steam  discharged  into  the 
suppression  pool  6  is  condensed  in  water  in  the 
suppression  pool  6.  As  a  result  of  this  condensa- 
tion,  the  temperature  of  water  in  a  portion  of  water 
existing  close  to  the  outlet  20  of  the  vent  tube  5 

40  higher  than  the  outlet  20  is  raised.  On  the  other 
hand,  the  temperature  of  water  between  the  pri- 
mary  containment  vessel  7  and  the  baffle  plate  10 
is  lower  than  that  of  water  existing  close  to  the 
outlet  20  of  the  vent  tube  5  since  heat  is  trans- 

45  ferred  to  water  in  the  outer  pool  8  through  the  wall 
22.  Therefore,  water  in  the  suppression  pool  6  is, 
as  designated  by  an  curved  arrow  of  Fig.  2,  natu- 
rally  convected. 

Thus,  at  the  time  of  a  loss  of  coolant  accident, 
50  heat  discharged  into  the  primary  containment  ves- 

sel  7  containing  decay  heat  of  the  core  1  is  accu- 
mulated  into  water  in  the  suppression  pool  6. 

Since  water  in  the  suppression  pool  6  convects 
as  designated  by  the  curved  arrow  of  Fig.  2,  hot 

55  water  close  to  the  water  surface  of  the  suppression 
pool  6  is  moved  downwards  between  the  primary 
containment  vessel  7  and  the  baffle  plate  10.  Dur- 
ing  this  downward  movement,  hot  water  in  the 

5 
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suppression  pool  6  is  brought  into  contact  with  the 
inner  wall  22  of  the  primary  containment  vessel  7 
so  that  heat  of  water  in  the  suppression  pool  6  is 
transferred  to  water  in  the  outer  pool  8.  As  a  result 
of  the  heat  transference,  the  temperature  of  water 
in  the  suppression  pool  6  which  is  in  contact  with 
the  wall  of  the  primary  containment  vessel  7  is 
lowered,  but  is  even  higher  than  that  in  the  original 
stage  before  the  accident.  Hot  water  in  the  sup- 
pression  pool  6  is  introduced  into  the  inner  wall  of 
the  primary  containment  vessel  7  at  which  it  is 
cooled  and  is  moved  downwards  below  the  outlet 
20  of  the  vent  tube  5.  Therefore,  the  region  in 
which  hot  water  exists  can  be  widened  downwards, 
the  region  being  limited  in  a  portion  higher  than  the 
outlet  20  of  the  vent  tube  5  in  the  conventional 
structure.  Therefore,  the  heat  transfer  surface  from 
hot  water  in  the  suppression  pool  6  to  the  outer 
pool  8  can  be  increased,  causing  the  heat  radiation 
efficiency  from  the  primary  containment  vessel  7  to 
be  improved. 

Water  in  the  outer  pool,  which  has  received 
heat  from  the  primary  containment  vessel  7,  starts 
evaporation  at  the  evaporating  temperature  so  that 
heat  of  vaporization  is  discharged  outside. 

After  the  accident,  the  internal  pressure  of  the 
reactor  pressure  vessel  2  and  the  pressure  at  the 
outlet  20  of  the  vent  tube  5  are  gradually  made  the 
same.  As  a  result,  water  in  the  suppression  pool  6 
flows  into  the  reactor  pressure  vessel  2  due  to  the 
water  head  pressure  corresponding  to  the  height 
difference  h2  between  the  outlet  20  of  the  vent  tube 
5  and  the  core  equalizing  line  1  1  .  Therefore,  safety 
of  the  core  1  in  the  reactor  pressure  vessel  2  can 
be  secured  since  the  state  in  which  the  core  1  is 
immersed  in  cooling  water  is  continued. 

Then,  conditions  in  which  the  downward  flow 
can  be  assuredly  formed  outside  the  baffle  plate  10 
immersed  in  the  suppression  pool  6  will  be  consid- 
ered.  Fig.  3B  illustrates  a  temperature  distribution 
on  the  inside  and  the  outside  of  the  baffle  plate  10 
in  the  direction  of  its  height,  the  temperature  dis- 
tribution  being  estimated  in  the  case  where  a 
downward  flow  is  formed  on  the  outside  of  the 
baffle  plate  10.  Referring  to  Fig.  3B,  symbol  E 
represents  the  height,  T  represents  the  tempera- 
ture  of  water  in  the  suppression  pool  6,  WL  repre- 
sents  the  water  surface,  Bi  represents  the  top  end 
of  the  baffle  plate  10,  VT  represents  the  outlet  20 
of  the  vent  tube  5  and  B2  represents  the  lower  end 
of  the  baffle  plate  10.  The  temperature  of  a  region 
inside  the  baffle  plate  10  and  upper  than  the  outlet 
20  of  the  vent  tube  5  becomes  Ti  due  to  a  natural 
circulation  caused  by  heat  generated  by  a  con- 
densation  taken  place  in  the  vicinity  of  the  outlet 
20.  The  temperature  of  a  region  outside  the  baffle 
plate  10  and  upper  than  the  top  end  of  the  baffle 
plate  10  becomes  Ti  which  is  the  same  as  that 

inside  the  baffle  plate  10.  The  downward  flow  pass- 
ing  outside  the  baffle  plate  10  is  cooled  due  to  the 
heat  transfer  to  the  outer  pool  8  so  that  it  becomes 
T2  at  the  lower  end  of  the  baffle  plate  10.  Assum- 

5  ing  that  the  heat  radiation  characteristics  to  the 
outer  pool  8,  that  is,  the  convection  heat  transfer 
ratio  is  constant,  the  temperature  is,  as  illustrated, 
lowered  linearly  between  the  top  end  and  the  lower 
end  of  the  baffle  plate  10.  Furthermore,  since  water 

io  of  temperature  T2  is  introduced  into  the  inner  re- 
gion  after  it  has  passed  through  the  lower  end  of 
the  baffle  plate  10,  the  temperature  of  water  in  the 
portion  inside  the  baffle  plate  10  and  lower  than  the 
outlet  20  of  the  bent  tube  5  becomes  T2.  The 

is  temperature  T2  is  determined  by  the  conditions  in 
which  the  balance  between  the  inside  portion  and 
the  outside  portion  is  arranged.  However,  the  tem- 
perature  of  water  lower  than  the  lower  end  of  the 
baffle  plate  10  becomes  T0  which  is  the  initial 

20  temperature. 
A  result  of  a  comparison  made  between  a 

temperature  distribution  model  and  the  experimen- 
tal  result  subjected  to  a  16-degree  sector  device  of 
1/10  scale  is  shown  in  Figs.  4A  and  4B.  Fig.  4A 

25  illustrates  a  temperature  distribution  of  water  in  the 
suppression  pool  6  in  a  portion  inside  the  baffle 
plate  10,  while  Fig.  4B  illustrates  a  temperature 
distribution  of  water  in  the  suppression  pool  6  in  a 
portion  outside  the  baffle  plate  10.  Referring  to  the 

30  drawings,  symbol  t  represents  the  lapse  of  time 
taken  from  the  start  of  the  steam  introduction  and 
E,  T,  WL,  Bi  ,  VT  and  B2  represent  the  same 
factors  as  those  shown  in  Fig.  3B.  Points  of  mea- 
surement  show  the  measured  temperature  at  each 

35  of  the  heights  at  2,  4  and  7.5  hours  after  the  steam 
introduction  from  the  dummy  of  the  vent  tube  5  of 
the  device  has  been  started,  while  lines  show  the 
analytical  result  with  the  above-described  model. 
As  is  shown,  the  experimental  result  and  the  ana- 

40  lytical  result  significantly  coincide  with  each  other. 
Therefore,  it  is  apparent  the  employed  model  is  a 
suitable  model. 

With  the  above-described  model,  the  condi- 
tions  in  which  the  downward  flow  can  be  formed 

45  outside  the  baffle  plate  10,  that  is  a  circulation 
passing  through  the  inside  and  the  outside  of  the 
baffle  plate  10  will  be  considered.  The  conditions 
are  expressed  by  the  following  Equation  (1): 

50  p(Ti)hi  +  p(T2)h3  <  p{(Ti  +  T2)/2}  (hi  +  h3)- 
(1) 

where  p(T)  represents  the  density  of  water  at  tem- 
perature  T,  the  other  symbols  represent  the  heights 

55  and  temperatures  shown  in  Figs.  2  and  3B.  The 
above-described  condition  means  a  fact  that  the 
circulation  occurs  in  only  the  case  where  the  water 
head  outside  the  baffle  plate  10  is  higher  than  the 

6 



11 EP  0  397  162  B1 12 

water  head  inside  the  same.  The  generation  of  the 
circulation  is  limited  when  T2  =  To.  Approximation 
of  the  density  of  water  by  p(T)  =  a  -  bT  and 
transformation  of  Equation  (1)  to  make  T2  =  T0 
gives  the  following  Equation  (2): 

(h3  -  hi)(Ti  -  To)  <  0  (2) 

The  condition  for  causing  the  circulation  be- 
tween  the  inside  and  the  outside  portions  of  the 
baffle  plate  10  is  the  relationship  h3  <  hi  ,  which 
meets  Equation  (2),  between  height  of  the  baffle 
plate  10  and  that  of  the  outlet  20  of  the  vent  tube  5. 
If  the  baffle  plate  10  is  lengthened  downwards 
excessively,  no  downward  flow  is  generated  out- 
side  the  baffle  plate  10.  Such  a  long  baffle  plate  10 
acts  as  an  obstruction  since  it  has  not  effect. 

Fig.  5  illustrates  a  change  in  the  heat  accu- 
mulating  characteristics  and  in  the  heat  radiation 
characteristics  when  hi  is  arranged  to  be  2.7  m 
and  h3  is  changed  in  the  above-described  con- 
ditions  in  an  actual  system  in  which  the  depth  of 
water  of  the  vent  tube  is  3.7  m.  A  continuous  line 
shows  the  heat  radiation  characteristics,  where 
symbol  R  represents  the  ratio  of  the  characteristics 
in  the  case  where  no  baffle  plate  is  provided.  Fig.  5 
shows  the  change  in  the  heat  accumulating  char- 
acteristics  and  the  heat  radiation  characteristics 
with  respect  to  those  shown  in  the  case  where  the 
baffle  plate  10  is  not  provided.  The  high  tempera- 
ture  region  on  both  the  inside  and  the  outside 
portions  of  the  baffle  plate  10  extends  downward 
over  the  outlet  20  of  the  vent  tube  5  in  proportion 
to  the  value  h3.  Therefore,  both  the  heat  accu- 
mulating  characteristics  and  the  heat  radiation 
characteristics  are  improved.  Referring  to  the  draw- 
ing,  when  h3/hi  >  0.75,  the  influence  of  the  tem- 
perature  reduction  at  the  lower  end  of  the  baffle 
plate  10  deteriorates  the  effect  of  the  enlargement 
of  the  region  achieved  by  lengthening  the  baffle 
plate  10,  causing  the  both  characteristics  to  be 
deteriorated.  However,  the  characteristics  can  be 
improved  in  comparison  to  the  case  in  which  the 
baffle  plate  10  is  not  provided. 

A  second  embodiment  of  the  present  invention 
is  shown  in  Fig.  6.  A  plurality  of  the  outlets  20  of 
the  vent  tube  5  are  provided  in  the  suppression 
pool  6.  The  supports  23  for  supporting  the  baffle 
plate  10  in  the  suppression  pool  6  are  disposed  at 
positions  corresponding  to  the  outlets  20  of  the 
vent  tube  5  in  the  circumferential  direction,  that  is, 
are  disposed  on  an  extension  in  the  radial  direction 
of  the  outlet  20,  the  supports  23  establishing  con- 
nections  between  the  baffle  plate  10  and  the  wall 
22  of  the  primary  containment  vessel  7.  The  other 
portions  are  the  same  as  those  according  to  the 
first  embodiment. 

According  to  the  second  embodiment,  noncon- 
densing  gas  in  the  dry-well  volume  jets  out  from 
the  outlet  20  of  the  vent  tube  5  at  the  time  of  the 
accident  so  as  to  push  water  in  the  suppression 

5  pool  6  toward  the  baffle  plate  10.  Therefore,  a  large 
dynamic  load  generates  in  the  circumferential  por- 
tions  corresponding  to  the  outlets  20  of  the  vent 
tube  5,  that  is,  in  the  direction  of  the  horizontal 
extension  of  the  outlets  20  of  the  vent  tube  5. 

io  Since  the  baffle  plate  10  is  supported  by  the  baffle 
plate  23  at  the  portion  on  which  the  large  dynamic 
load  acts,  the  required  strength  of  the  baffle  plate 
10  achieved  by  its  thickness  or  the  like  can  be 
reduced. 

is  A  third  embodiment  of  the  present  invention  is 
shown  in  Fig.  7.  According  to  the  third  embodi- 
ment,  the  immersed  portion  of  the  vertical  cross 
sectional  shape  of  the  baffle  plate  10  in  the  sup- 
pression  pool  6  is  arranged  to  be  in  the  form  of  a 

20  step.  The  baffle  plate  10  is  positioned  close  to  the 
wall  22  of  the  primary  containment  vessel  7  in  the 
portion  upper  than  the  height  of  the  outlet  20  o  f 
the  vent  tube  5.  The  baffle  plate  10  is  positioned 
close  to  the  inside  wall  of  the  suppression  chamber 

25  31  provided  with  outlet  20  of  the  vent  tube  5  in  the 
portion  lower  than  the  outlet  20  of  the  vent  tube  5. 
The  others  are  the  same  as  those  according  to  the 
first  embodiment. 

The  influence  of  the  dynamic  load  generated  in 
30  the  suppression  pool  6  due  to  the  noncondensing 

gas  jetted  out  in  the  beginning  of  the  accident  must 
be  considered  in  a  portion  above  the  outlet  20  of 
the  vent  tube  5  since  the  noncondensing  gas  has  a 
buoyancy.  According  to  the  present  invention,  its 

35  structure  is  arranged  such  that  the  baffle  plate  10  is 
positioned  close  to  the  outlet  20  in  the  region  lower 
than  the  outlet  20  in  which  the  effect  of  the  dy- 
namic  load  must  not  be  considered.  Therefore, 
such  an  arrangement  does  not  cause  any  problem. 

40  As  described  above,  the  baffle  plate  10  is 
positioned  close  to  the  outlet  20  of  the  baffle  plate 
10  in  the  region  lower  than  the  height  of  the  outlet 
20  of  the  vent  tube  5.  As  a  result,  hot  water  in  the 
suppression  pool  6  can  be  moved  to  a  region 

45  adjacent  to  the  bottom  of  the  suppression  pool  6 
by  the  convection.  Furthermore,  since  the  convec- 
tion  can  be  induced  horizontally,  the  overall  water 
in  the  suppression  pool  6  can  be  utilized  as  the 
heat  accumulating  pool  including  water  in  the  bot- 

50  torn  of  the  suppression  pool  6.  According  to  the 
model  shown  in  Figs.  3A  and  3B,  in  respect  to  the 
temperature  of  water  between  the  height  of  the 
outlet  20  and  the  lower  end  of  the  baffle  plate  10, 
the  temperature  of  water  outside  of  the  baffle  plate 

55  10  is  higher  than  that  inside  of  the  same.  There- 
fore,  hot  water  region  outside  of  the  baffle  plate  10 
can  be  spread  along  the  depth  of  water,  causing 
the  heat  accumulating  performance  of  the  suppres- 

7 
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sion  pool  6  to  be  enhanced.  Therefore,  according 
to  the  third  embodiment,  the  heat  accumulating 
characteristics  of  the  suppression  chamber  can  be 
improved. 

According  to  any  of  the  embodiments  of  the 
present  invention,  the  following  effects  can  be  ob- 
tained: 

Since  the  water  convection  region  in  the  sup- 
pression  pool  6  can  be  downwards  enlarged,  the 
heat  accumulating  performance  and  the  heat  radi- 
ation  performance  of  the  suppression  chamber  31 
can  be  improved  without  the  necessity  of  enlarging 
the  suppression  pool  6.  Since  the  heat  accumulat- 
ing  performance  and  the  heat  radiation  perfor- 
mance  of  the  suppression  chamber  31  can  be 
improved  without  the  necessity  of  enlarging  the 
suppression  pool  6,  the  primary  containment  vessel 
7  including  the  suppression  chamber  31  can  be 
reduced  in  size. 

Furthermore,  since  the  convection  region  of 
water  in  the  suppression  pool  6  can  be  vertically 
enlarged  by  virtue  of  the  baffle  plate  10,  the  water 
depth  to  the  outlet  20  of  the  vent  tube  5  can,  for 
example,  be  reduced  by  about  40%.  Therefore,  the 
height  of  the  ceiling  of  the  suppression  chamber  31 
necessary  to  prevent  the  ceiling  of  the  same  from 
a  damage  can  be  reduced,  the  damage  being  due 
to  pool  swell  taken  place  in  the  beginning  of  the 
accident,  that  is  due  to  the  standing  up  of  the  water 
surface  caused  by  the  noncondensing  gas  jetted 
out  from  the  outlet  20  of  the  vent  tube  5.  Namely, 
the  bottom  of  the  dry-well  volume  in  which  the 
main  steam  line  3  is  arranged  can  be  lowered. 

It  the  case  where  the  equalizing  line  11  is 
provided,  the  height  of  it  can  also  be  reduced  in 
accordance  with  the  structure  in  which  the  water 
depth  to  the  outlet  20  of  the  vent  tube  5  is  re- 
duced.  Therefore,  the  top  end  of  the  core  1  can  be 
raised.  Since  the  position  of  the  core  1  can  be 
raised,  the  vertical  size  of  the  reactor  pressure 
vessel  2  can  be  reduced. 

As  result,  the  height  of  the  reactor  pressure 
vessel  2,  that  is  the  primary  containment  vessel  7 
can  be  reduced. 

Furthermore,  since  the  water  depth  to  the  out- 
let  20  of  the  vent  tube  5  can  be  reduced,  the  water 
head  pressure  acting  to  the  outlet  20  of  the  vent 
tube  5  can  be  lowered,  causing  the  pressure  in  the 
dry-well  volume  4  at  the  time  of  the  accident  to  be 
reduced.  Therefore,  the  necessary  strength  of  the 
primary  containment  vessel  7  can  be  reduced. 

Although  the  invention  has  been  described  in 
its  preferred  form  with  a  certain  degree  of  particu- 
larly,  it  is  understood  that  the  present  disclosure  of 
the  preferred  form  has  been  changed  in  the  details 
of  construction  and  the  combination  and  arrange- 
ment  of  parts  may  be  resorted  to  without  departing 
from  the  scope  of  the  invention  as  hereinafter 

claimed. 

Claims 

5  1.  A  primary  containment  vessel  comprising: 
a  dry-well  volume  (4)  accommodating  a 

reactor  pressure  vessel  (2)  in  which  a  core  (1) 
is  accommodated  and  covering  the  upper  por- 
tion  of  said  reactor  pressure  vessel  (2); 

io  an  annular  suppression  chamber  (31)  pro- 
vided  with  a  suppression  pool  (6)  surrounding 
an  intermediate  portion  of  said  reactor  pres- 
sure  vessel  (2)  and  filled  with  cooling  water, 
the  water  surface  of  which  is  positioned  higher 

is  than  the  top  end  of  said  core  (1); 
a  plurality  of  vent  tubes  (5)  establishing  a 

connection  between  said  dry-well  volume  (4) 
and  said  suppression  pool  (6); 

a  steel  containment  vessel  (7)  forming  an 
20  annular  outer  wall  of  said  reactor  pressure  ves- 

sel  (2)  and  hermetically  surrounding  said  dry- 
well  volume  (4); 

an  outer  pool  (8)  surrounding  the  outer 
wall  (22)  of  said  containment  vessel  (7)  and 

25  filled  with  cooling  water;  and 
characterised  by  a  baffle  plate  (10)  dis- 

posed  in  said  suppression  pool  (6)  along  said 
outer  wall  (22)  of  said  containment  vessel  (7), 
having  its  top  end  positioned  at  a  height  be- 

30  tween  a  free  surface  of  said  suppression  pool 
(6)  and  an  outlet  (20)  of  said  vent  tube  (5) 
opened  in  said  suppression  pool  (6)  and  its 
lower  end  positioned  at  a  height  between  said 
outlet  (20)  and  the  bottom  of  said  suppression 

35  pool  (6),  wherein  a  natural  pool  water  convec- 
tion  passage  circulating  from  the  inside  of  said 
baffle  plate  (10)  to  the  outside  of  the  same  is 
formed. 

40  2.  A  primary  containment  vessel  according  to 
Claim  1,  wherein  said  baffle  plate  (10)  is  dis- 
posed  in  a  region  defined  by  hi  >  h3  where 
the  difference  in  height  between  said  top  end 
of  said  baffle  plate  (10)  and  said  outlet  (20)  is 

45  hi  and  the  difference  in  height  between  said 
outlet  (20)  and  said  lower  end  of  said  baffle 
plate  (10)  is  h3. 

3.  A  primary  containment  vessel  according  to 
50  Claims  1  and  2  further  comprising  an  equaliz- 

ing  line  (11)  for  establishing  a  connection  be- 
tween  said  suppression  pool  (6)  and  said  reac- 
tor  pressure  vessel  (2)  via  a  check  valve  there- 
of  for  stopping  a  flow  into  said  suppression 

55  pool  (6),  said  equalizing  line  (11)  having  its 
opening  in  said  suppression  pool  (6)  at  a  posi- 
tion  lower  than  said  outlet  (20)  and  its  opening 
in  said  reactor  pressure  vessel  (2)  at  a  position 
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upper  than  said  core  (11). 

4.  A  primary  containment  vessel  according  to  any 
of  Claims  1,  2  and  3,  wherein  said  baffle  plate 
(10)  is  disposed  at  a  position  at  which  h3  = 
0.75  hi  is  satisfied  where  the  difference  in 
height  between  said  top  end  of  said  baffle  plat 
(10)  and  said  outlet  (20)  is  hi  and  the  dif- 
ference  in  height  between  said  outlet  (20)  and 
said  lower  end  of  said  baffle  plate  (10)  is  h3  so 
that  a  natural  pool  water  convection  passage 
circulating  from  the  inside  of  said  baffle  plate 
(10)  to  the  outside  of  the  same  is  formed. 

5.  A  primary  containment  vessel  according  to  any 
of  Claims  1-4,  wherein  said  baffle  plate  (10) 
has  a  vertical  cross  sectional  shape  formed  in 
such  a  manner  that  it  is  positioned  close  to 
said  outer  wall  (22)  of  said  containment  vessel 
(7)  in  a  portion  upper  than  said  outlet  (20)  and 
it  is  positioned  close  to  said  outlet  (20)  in  a 
portion  lower  than  said  outlet  (20). 

6.  A  primary  containment  vessel  according  to  any 
preceeding  Claim,  wherein  said  baffle  plate 
(10)  is  secured  by  a  plurality  of  supports  fas- 
tened  to  said  outer  wall  (22)  of  said  contain- 
ment  vessel  (7). 

7.  A  primary  containment  vessel  according  to  any 
preceeding  Claim,  wherein  said  baffle  plate 
(10)  is  annularly  formed  along  said  outer  wall 
(22)  of  said  containment  vessel  (7). 

Patentanspruche 

1.  Primarsicherheitshulle  mit: 
einer  Trockenauffangkammer  (4),  die  ein  Reak- 
tordruckgefaB  (2)  enthalt,  in  dem  ein  Kern  (1) 
untergebracht  ist,  und  die  den  oberen  Bereich 
des  ReaktordruckgefaBes  (2)  bedeckt; 
einer  ringformigen  Pufferkammer  (31),  die  mit 
einem  Pufferbecken  (6)  versehen  ist,  das  einen 
mittleren  Abschnitt  des  ReaktordruckgefaBes 
(2)  umgibt  und  mit  Kuhlwasser  gefullt  ist,  wo- 
bei  dessen  Wasseroberflache  hoher  liegt  als 
das  obere  Ende  des  Kerns  (1); 
einer  Mehrzahl  von  Entluftungsrohren  (5),  die 
eine  Verbindung  zwischen  der  Trockenauffang- 
kammer  (4)  und  dem  Pufferbecken  (6)  herstel- 
len; 
einer  stahlernen  Sicherheitshulle  (7),  die  eine 
ringformige  AuBenwand  des  Reaktordruckgefa- 
Bes  (2)  bildet  und  die  Trockenauffangkammer 
(4)  hermetisch  umgibt; 
einem  die  AuBenwand  (22)  der  Sicherheitshulle 
(7)  umgebenden,  mit  Kuhlwasser  gefullten  au- 
Beren  Becken  (8); 

gekennzeichnet  durch 
eine  Ablenkplatte  (10),  die  im  Pufferbecken  (6) 
entlang  der  AuBenwand  (22)  der  Sicherheits- 
hulle  (7)  angeordnet  ist,  wobei  ihr  oberes  Ende 

5  in  einer  Hohe  zwischen  einer  freien  Oberflache 
des  Pufferbeckens  (6)  und  einem  AuslaB  (20) 
des  in  das  Pufferbecken  (6)  offenen  Entluf- 
tungsrohrs  (5)  positioniert  ist  und  ihr  unteres 
Ende  in  einer  Hohe  zwischen  dem  AuslaB  (20) 

io  und  dem  Boden  des  Pufferbeckens  (6)  positio- 
niert  ist,  wobei  ein  Beckenwasserdurchgang  fur 
den  naturlichen  Konvektionskreislauf  von  der 
Innenseite  der  Ablenkplatte  (10)  zu  ihrer  Au- 
Benseite  gebildet  ist. 

15 
2.  Primarsicherheitshulle  gemaB  Anspruch  1, 

dadurch  gekennzeichnet, 
daB  die  Ablenkplatte  (10)  in  einem  Bereich 
angeordnet  ist,  der  definiert  ist  durch  hi  >  h3, 

20  wobei  hi  die  Hohendifferenz  zwischen  dem 
oberen  Ende  der  Ablenkplatte  (10)  und  dem 
AuslaB  (20)  ist  und  h3  die  Hohendifferenz  zwi- 
schen  dem  AuslaB  (20)  und  dem  unteren  Ende 
der  Ablenkplatte  (10)  ist. 

25 
3.  Primarsicherheitshulle  gemaB  Anspruchen  1 

und  2, 
zusatzlich  mit  einer  Ausgleichsleitung  (11)  zum 
Herstellen  einer  Verbindung  zwischen  dem 

30  Pufferbecken  (6)  und  dem  ReaktordruckgefaB 
(2)  uber  ein  Ruckschlagventil,  zum  Anhalten 
einer  Stromung  in  das  Pufferbecken  (6),  wobei 
die  Ausgleichsleitung  (11)  ihre  Offnung  im  Puf- 
ferbecken  (6)  in  einer  Position  unter  dem  Aus- 

35  laB  (20)  und  ihre  Offnung  im  Reaktordruckge- 
faB  (2)  in  einer  Position  oberhalb  des  Kerns 
(11)  hat. 

4.  Primarsicherheitshulle  nach  einem  der  Anspru- 
40  che  1  ,  2  oder  3, 

dadurch  gekennzeichnet, 
daB  die  Ablenkplatte  (10)  in  einer  Position  an- 
geordnet  ist,  in  der  h3  =  0,75  hi  erfullt  ist, 
wobei  hi  die  Hohendifferenz  zwischen  dem 

45  Oberende  der  Ablenkplatte  (10)  und  dem  Aus- 
laB  (20)  ist  und  h3  die  Hohendifferenz  zwi- 
schen  dem  AuslaB  (20)  und  dem  Unterende 
der  Ablenkplatte  (10)  ist,  so  daB  ein  Becken- 
wasserdurchgang  fur  einen  naturlichen  Kon- 

50  vektionskreislauf  vom  Innern  der  Ablenkplatte 
(10)  zum  AuBeren  derselben  gebildet  ist. 

5.  Primarsicherheitshulle  nach  einem  der  Anspru- 
che  1  bis  4, 

55  dadurch  gekennzeichnet, 
daB  die  Ablenkplatte  (10)  einen  vertikalen 
Querschnitt  hat,  der  so  geformt  ist,  daB  sie  in 
einem  Bereich  oberhalb  des  Auslasses  (20) 

9 



17 EP  0  397  162  B1 18 

nahe  an  der  AuBenwand  (22)  der  Sicherheits- 
hulle  (7)  und  in  einem  Bereich  unterhalb  des 
Auslasses  (20)  nahe  am  AuslaB  (20)  positio- 
niert  ist. 

6.  Primarsicherheitshulle  nach  einem  der  vorher- 
gehenden  Anspruche, 
dadurch  gekennzeichnet, 
daB  die  Ablenkplatte  (10)  durch  eine  Mehrzahl 
von  Halterungen  verankert  ist,  die  an  der  Au- 
Benwand  (22)  der  Sicherheitshulle  (7)  befestigt 
sind. 

7.  Primarsicherheitshulle  nach  einem  der  vorher- 
gehenden  Anspruche, 
dadurch  gekennzeichnet, 
daB  die  Ablenkplatte  (10)  ringformig  entlang 
der  AuBenwand  (22)  der  Sicherheitshulle  (7) 
gebildet  ist. 

Revendicatlons 

1.  Cuve  primaire  de  confinement,  comprenant  : 
un  volume  (4)  de  reservoir  sec  contenant 

une  cuve  (2)  sous  pression  de  reacteur  dans 
laquelle  est  loge  un  coeur  (1)  et  recouvrant  la 
partie  superieure  de  la  cuve  sous  pression  (2) 
de  reacteur, 

une  chambre  annulaire  (31)  de  suppres- 
sion  ayant  une  mare  (6)  de  suppression  entou- 
rant  une  partie  intermediate  de  la  cuve  (2) 
sous  pression  de  reacteur  et  remplie  d'eau  de 
refroidissement,  la  surface  de  I'eau  etant  pla- 
cee  au-dessus  de  I'extremite  superieure  du 
coeur  (1), 

plusieurs  tubes  des  ventilation  (5)  etablis- 
sant  un  raccordement  entre  le  volume  (4)  de 
reservoir  sec  et  la  mare  de  suppression  (6), 

un  recipient  (7)  de  confinement  forme 
d'acier  et  constituant  une  paroi  annulaire  exter- 
ne  de  la  cuve  (2)  sous  pression  du  reacteur  et 
entourant  hermetiquement  le  volume  (4)  de 
reservoir  sec, 

une  mare  externe  (8)  entourant  la  paroi 
externe  (22)  du  recipient  de  confinement  (7)  et 
remplie  d'eau  de  refroidissement,  et 

caracterisee  par  une  plaque  deflectrice 
(10)  placee  dans  la  mare  de  suppression,  (6)  le 
long  de  la  paroi  externe  (22)  du  recipient  de 
confinement  (7),  ayant  une  extremite  superieu- 
re  placee  a  une  hauteur  comprise  entre  une 
surface  libre  de  la  mare  de  suppression  (6)  et 
une  sortie  (20)  du  tube  de  ventilation  (5)  qui 
debouche  dans  la  mare  de  suppression  (6)  et 
une  extremite  inferieure  placee  a  une  hauteur 
comprise  entre  la  sortie  (20)  et  le  fond  de  la 
mare  de  suppression  (6),  si  bien  qu'un  passa- 
ge  de  convection  d'eau  naturelle  de  la  m'are 

est  forme  pour  la  circulation  de  I'interieur  de  la 
plaque  deflectrice  (10)  vers  I'exterieur  de  celle- 
ci. 

5  2.  Cuve  primaire  de  confinement  selon  la  reven- 
dication  1,  dans  laquelle  la  plaque  deflectrice 
(10)  est  placee  dans  une  region  telle  que  hi  > 
h3,  la  difference  de  hauteur  entre  I'extremite 
superieure  de  la  plaque  deflectrice  (10)  et  ladi- 

w  te  sortie  (20)  etant  hi  ,  et  la  difference  de 
hauteur  entre  ladite  sortie  (20)  et  I'extremite 
inferieure  de  la  plaque  deflectrice  (10)  etant  h3. 

3.  Cuve  primaire  de  confinement  selon  les  reven- 
15  dications  1  et  2,  comprenant  en  outre  une 

canalisation  (11)  d'egalisation  etablissant  une 
connexion  entre  la  mare  de  suppression  (6)  et 
la  cuve  sous  pression  (2)  du  reacteur  par  I'in- 
termediaire  d'un  clapet  de  retenue  destine  a 

20  interrompre  la  circulation  vers  la  mare  de  sup- 
pression  (6),  la  canalisation  (11)  d'egalisation 
ayant  son  ouverture  dans  la  mare  de  suppres- 
sion  (6)  qui  a  une  position  inferieure  a  la  sortie 
(20)  et  dont  I'ouverture  dans  la  cuve  sous 

25  pression  (2)  du  reacteur  est  a  une  position  qui 
se  trouve  au-dessus  du  coeur  (1). 

4.  Cuve  primaire  de  confinement  selon  I'une 
quelconque  des  revendications  1  ,  2  et  3,  dans 

30  laquelle  la  plaque  deflectrice  (10)  a  une  posi- 
tion  telle  que  h3  =  0,75.  hi  ,  la  difference  de 
hauteur  entre  I'extremite  superieure  de  la  pla- 
que  deflectrice  (10)  et  la  sortie  (20)  etant  hi  et 
la  difference  de  hauteur  entre  la  sortie  (20)  et 

35  I'extremite  inferieure  de  la  plaque  deflectrice 
(10)  etant  h3,  si  bien  qu'un  passage  de 
convection  d'eau  naturelle  de  la  mare  est  for- 
me  pour  la  circulation  de  I'interieur  de  la  pla- 
que  deflectrice  (10)  vers  I'exterieur  de  celle-ci. 

40 
5.  Cuve  primaire  de  confinement  selon  I'une 

quelconque  des  revendications  1  a  4,  dans 
laquelle  la  plaque  deflectrice  (10)  a  une  confi- 
guration  en  coupe  verticale  telle  qu'elle  est 

45  placee  a  proximite  de  la  paroi  externe  (22)  du 
recipient  de  confinement  (7)  dans  une  partie 
superieure  a  ladite  sortie  (20),  et  qu'elle  est 
placee  a  proximite  de  la  sortie  (20)  dans  une 
partie  inferieure  a  cette  sortie  (20). 

50 
6.  Cuve  primaire  de  confinement  selon  I'une 

quelconque  des  revendications  precedentes, 
dans  laquelle  la  plaque  deflectrice  (10)  est 
fixee  par  plusieurs  supports  solidaires  de  la 

55  paroi  externe  (22)  du  recipient  de  confinement 
(7). 
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7.  Cuve  primaire  de  confinement  selon  I'une 
quelconque  des  revendications  precedentes, 
dans  laquelle  la  plaque  deflectrice  (10)  est 
formee  annulairement  le  long  de  la  paroi  exter- 
ne  (22)  du  recipient  de  confinement  (7).  5 
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