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Description 

Technical  Field 

5  The  present  invention  relates  to  a  nuclear  power  generation  system  which  utilizes  a  dam  constructed  un- 
derground. 

Technical  Background 

10  Geological  formations  contain  permeable  and  impermeable  layers.  These  permeable  and  impermeable 
layers  are  frequently  faulted,  forming  number  of  geological  structures  where  groundwater  is  pooled  (ground- 
water  basin).  This  means  that  40%  of  precipitation  is  soaked  by  the  ground,  infiltrates  into  the  permeable  layers 
and  pools  above  the  impermeable  layers  before  flowing  down  into  the  seas.  However,  flow  of  the  groundwater 
is  restricted  by  numerous  faults  in  the  formations,  and  is  forced  to  flow  along  the  fault-lines. 

15  Permeable  layers  are  generally  20  -  45%  in  porosity  and  are  therefore  capable  of  retaining  a  large  quantity 
of  water  (1  0  -  20%  of  the  volume  of  the  formations). 

In  1979,  a  cutoff  wall  measuring  500  m  in  length  and  16.5  m  in  height  was  constructed  near  the  outlet  of 
a  groundwater  basin  in  Okinawa  and  used  as  an  underground  dam  with  the  storage  capacity  of  700,000  tons. 
Subsequently,  a  number  of  underground  dams  were  constructed  as  listed  in  the  table  below. 

20 

Table  1 
25 

c u t o f f   wal l   s t o r a g e   c a p a c i t y  
name  (wate r   i n t a k e )   l o c a t i o n  

l e n g t h   h e i g h t  
(m)  (m)  in  t o n s  

Sunagawa  1,835  49  9 , 5 0 0 , 0 0 0   Ok inawa  

F u k u s a t o   1,720  52  1 0 , 5 0 0 , 0 0 0   Okinawa  

Minafuku  500  16.5  700,000  Okinawa  

Kabashima  59  17  10,000  N a g a s a k i  

Usami  129  12.5  1 , 0 0 0 / d a y   F u k u o k a  

Unknown  3,850  84  1 0 0 , 0 0 0 , 0 0 0   C h i n a  

Unknown  820  24  700,000  T a i w a n  

55  These  dams  are  intended  to  supply  drinking  water  or  irrigation  water.  Amount  of  intake  per  day  is  approx- 
imately  250  m3  which  is  equivalent  to  1/40  of  the  total  storage  capacity  at  Kabashima. 

In  the  conventional  nuclear  power  generation  systems  employed  in  Japan,  uranium  oxide  is  enriched  to 
approximately  3%  either  in  BWR  (boiling  water  reactor)  or  PWR  (pressurized  water  reactor)  and  used  as  a  fuel 
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to  generate  high  temperature  water  steam,  which  in  turn  is  used  to  actuate  turbines  of  the  generator.  The  sys- 
tems  are  installed  on  the  surface. 

Generally,  nuclear  power  generation  requires  1  .5  million  kW  of  energy  to  obtain  an  output  of  500,000  kW, 
and  of  that  total  energy,  500,000  kW  is  converted  into  electric  energy  while  the  rest  takes  the  form  of  thermal 

5  energy.  Primary  cooling  water  is  used  as  a  moderator  for  the  neutrons  generated  from  a  reactor.  The  primary 
cooling  water  is  also  circulated  in  the  core  to  remove  the  heat  generated  at  the  core.  Heat-laden  primary  cooling 
water  is  exchanged  thermally  with  the  secondary  coolant  of  sea  water  by  means  of  the  condenser  and  recycled 
into  the  core.  A  power  generator  with  the  output  of  500,000  kW  requires  1  80,000  m3/h  of  the  sea  water  as  the 
secondary  coolant,  which  amounts  to  as  much  as  to  4.32  million  m3  /day.  The  temperature  of  the  secondary 

10  coolant  usually  rises  by  about  7°C  and  the  water  is  discharged  into  the  sea.  Thus,  the  energy  absorbed  by  the 
sea  water  is  calculated  as  follows: 

Q-t  =  432  x  1010x7cal/day 
=  1.46  million  kW/s 

In  the  conventional  nuclear  power  generation  system,  an  extremely  large  amount  of  secondary  cooling 
15  water  is  discharged  into  the  sea.  Further,  since  the  cooling  water  is  not  designed  to  be  discharged  at  a  distant 

offshore,  the  sea  water  is  warmed  up  and  various  abnormal  events  such  as  red  tide  and  outbreak  of  jelly  fish 
have  occurred. 

Another  problem  is  that  as  the  sea  water  contains  much  salt,  various  parts  of  the  generation  system  such 
as  the  water  intake  port,  condenser  and  pipes  become  easily  eroded. 

20  Nuclear  power  plants  are  generally  sited  at  locations  where  earthquakes  are  unlikely  to  occur.  However, 
since  the  existing  plants  are  constructed  on  the  surface,  essential  structures  such  as  reactor  are  easily  sub- 
jected  to  strains  due  to  earthquakes  if  and  when  they  occur. 

Although  power  plants  are  preferably  sited  near  urban  areas  where  the  demand  for  power  is  high,  nuclear 
power  plants  are  usually  located  in  remote  areas  and  are  therefore  inefficient  in  terms  of  energy  utilization. 

25  Use  of  sea  water  as  the  secondary  coolant  is  further  defective  in  that  it  requires  an  energy  =  200  x  9.8 
x  10  =  18,000  kW  to  pump  up  the  sea  water  to  the  reactor,  for  example,  located  at  the  altitude  of  10  m  at  the 
rate  of  200  m3  per  second.  Still  another  defect  lies  in  that  it  is  difficult  to  site  a  nuclear  power  plant  at  a  location 
where  the  tide  is  high. 

In  view  of  defects  mentioned  above  in  respect  of  the  prior  art,  the  present  invention  aims  at  providing  an 
30  underground  nuclear  power  generation  system  which  is  less  susceptible  to  adverse  effects  of  earthquakes, 

which  does  not  use  the  sea  water,  and  which  can  be  sited  at  a  location  relatively  near  the  urban  areas. 

Disclosure  of  the  Invention 

35  The  object  of  the  present  invention  is  attained  by  a  nuclear  power  plant  system  which  comprises  under- 
ground  dams  constructed  by  installing  cutoff  walls  on  the  groundwater  basin,  a  reactor  installed  inside  concrete 
walls  on  a  bedrock  below  the  underground  dams,  and  an  evaporation  type  cooling  tower  connected  at  one  end 
with  the  primary  coolant  for  said  reactor  and  at  the  other  end  with  an  intake  pipe  for  the  water  pooled  in  said 
underground  dams,  wherein  a  steam  exhaust  port  and  an  air  intake  port  of  said  cooling  tower  are  respectively 

40  communicated  with  the  surface  via  stacks. 
Above  mentioned  nuclear  power  generation  system  is  constructed  by  the  method  shown  below. 
A  groundwater  basin  having  suitable  condition  is  detected  by  a  geological  survey. 
A  cutoff  wall  of  predetermined  height  and  length  is  installed  substantially  vertically  to  faults  by  injecting 

concrete,  water  glass  (sodium  silicate)  or  the  like  into  the  ground  near  the  outlet  of  a  groundwater  basin.  Then, 
45  a  reactor  is  installed  on  the  bedrock  below  the  underground  dam  and  shielded  with  concrete  walls. 

An  evaporation  type  cooling  tower  is  installed  next  to  the  reactor.  An  evaporation  port  and  an  air  inlet  port 
of  said  cooling  tower  communicates  with  the  surface  via  stacks. 

The  primary  cooling  water  of  the  reactor  and  the  water  pooled  in  the  underground  dam  are  guided  into  the 
cooling  tower.  All  the  dam  water  which  has  been  used  as  coolant  is  designed  to  evaporate  instead  of  being 

so  returned  to  the  underground. 
The  storage  capacity  of  the  underground  dam  is  designed  according  to  the  output  of  the  nuclear  power 

plant.  In  the  case  of  evaporation  type  cooling  towers,  capacity  of  2,016  m3/h  is  required  forthe  output  of  500,000 
kW/h,  which  is  equivalent  to  48.384  m3  of  water  per  day.  Therefore,  the  total  storage  capacity  is  designed  at 
the  level  more  than  5  million  m3  or  an  amount  100  times  the  daily  requirement. 

55 
Brief  Description  of  the  Drawings 

Fig.  1  is  a  section  of  formations  to  show  the  relation  between  permeable  and  impermeable  layers.  Fig.  2 
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is  a  section  of  an  underground  dam.  Fig.  3  is  a  schematic  cross  section  of  an  embodiment  of  this  invention 
system. 

Optimal  Mode  to  Realize  the  Invention 
5 

This  invention  will  now  be  described  in  more  detail  referring  to  the  attached  drawings. 
Fig.  1  is  a  schematic  section  of  formations  which  mainly  comprise  permeable  layers  1  and  impermeable 

layers  2  which  are  faulted  at  fault-lines  3,4.  The  water  is  retained  in  the  permeable  layers  1,  and  flows  along 
the  impermeable  layers  2  which  forms  the  groundwater  basin.  As  shown  in  Figs.  1  and  2,  a  cutoff  wall  5  is 

10  installed  substantially  vertical  to  the  line  of  stratigraphic  division  of  an  impermeable  layer. 
The  cutoff  wall  5  is  built  by  driving  a  certain  number  of  pipes  into  the  ground,  pouring  in  through  the  pipes 

cement  grout  which  is  a  mixture  of  cement  and  water  or  a  mixture  of  such  cement  grout  and  clay  or  water  glass 
(sodium  silicate)  to  fill  up  pores  in  the  permeable  layer. 

The  reference  numeral  6  denotes  a  concrete  shield  for  biological  shielding  of  a  reactor  installed  on  a  bed- 
is  rock  7  below  the  cutoff  wall  5.  Ametal  container  10  is  placed  within  said  concrete  shielding  6,  and  further  inside 

said  container  10  is  installed  a  reactor  8  which  generates  heat  by  the  reaction  of  uranium  oxide. 
The  reactor  8  is  provided  with  an  inlet  12  for  the  primary  cooling  water  for  cooling  the  heat  generated  by 

the  nuclear  reaction  and  an  outlet  14  for  exhausting  the  primary  cooling  water  evaporated  by  the  heat  from 
the  reactor  8  so  as  to  prevent  the  reactor  8  from  being  excessively  heated. 

20  The  steam  let  out  from  said  outlet  14  of  the  reactor  8  is  guided  to  a  turbine  16  for  generating  power  via 
piping  means  to  actuate  the  turbine  16  for  generation  of  power.  It  is  subsequently  exhausted  from  the  turbine 
16,  condensed  at  a  cooling  tower  20  from  gas  to  liquid,  and  recycled  back  to  the  reactor  8  via  a  water  supply 
pump  18  and  a  cleaning  apparatus  19. 

The  primary  cooling  water  is  designed  to  circulate  within  a  closed  circuit  as  it  is  exposed  to  radiation  in 
25  the  reactor  8. 

The  cooling  tower  20,  as  shown  in  Fig.  3,  has  an  air  outlet  port  22  at  the  top  and  an  air  inlet  port  24  on 
one  side  thereof,  and  contains  a  spiral  piping  member  comprising  a  thermally  conductive  tube  to  form  a  pas- 
sage  for  the  primary  cooling  water.  A  sprinkler  30  is  provided  above  the  piping  member  in  order  to  sprinkle  the 
water  guided  from  the  cutoff  wall  5  via  a  pipe  26  and  a  tank  28.  Further,  a  large-size  fan  32  is  installed  near 

30  the  air  inlet  port  24  for  taking  in  the  air  from  the  surface  as  well  as  for  exhausting  the  steam  at  the  surface. 
This  evaporation  type  cooling  tower  20  is  intended  to  absorb  the  energy  of  the  primary  cooling  water  in 

the  form  of  heat  by  utilizing  latent  heat  of  the  evaporating  water,  and  is  capable  of  absorbing  a  large  amount 
of  energy  with  less  secondary  cooling  water. 

The  reference  number  34  denotes  a  stack  which  is  connected  to  the  air  outlet  port  of  the  cooling  tower  20 
35  for  letting  out  the  steam  to  the  surface,  and  36  a  stack  connected  to  the  air  inlet  port  24. 

The  diameter  of  those  stacks  can  be  determined  in  relation  to  the  output  of  the  reactor  8,  the  amount  of 
cooling  water  and  the  amount  of  air  blowing,  but  is  preferably  relatively  large. 

In  Fig.  3,  the  reference  numeral  38  denotes  an  overflow  pipe  which  discharges  overflow  of  the  water 
caused  by  the  difference  between  the  amount  of  water  seeping  in  the  underground  dam  above  the  cutoff  wall 

40  and  the  amount  of  water  taken  therefrom.  Said  overflow  pipe  is  used  to  activate  a  turbine  40  of  a  hydrogener- 
ator41  for  power  generation  which  is  installed  30  -  50  m  below  the  water  level  of  the  dam. 

The  water  used  for  hydropower  generation  is  discharged  into  a  second  underground  dam  formed  with  a 
cutoff  wall  42  built  in  the  groundwater  basin  located  below  said  underground  dam.  The  water  of  the  second 
underground  dam  is  pumped  up  to  the  first  dam  by  a  pump  43.  The  water  is  pumped  up  during  the  night  by 

45  excess  of  the  generated  power.  The  second  dam  is  designed  to  supply  secondary  cooling  water  by  pumping 
up  the  water  when  the  pondage  of  the  first  dam  decreases  to  a  level  below  the  requirement. 

A  water  intake  pipe  26  and  an  overflow  pipe  38  for  the  secondary  cooling  water  open  into  a  water  well  44 
sunken  near  the  cutoff  wall  5  of  the  upper  underground  dam.  Although  a  second  dam  is  installed  underground 
in  this  embodiment,  the  invention  is  not  limited  as  such.  Overflow  of  the  water  may  be  forced  into  the  ground- 

so  water  vein  in  the  permeable  layer. 
The  reference  numeral  39  denotes  a  repository  for  spent  fuel  installed  1  ,000  m  or  more  below  the  surface. 
The  amount  of  secondary  cooling  water  necessary  for  an  evaporation  type  cooling  tower  for  the  output  of 

500,000  kW  nuclear  power  generation  is  33.6  m3  per  minute  or  48,384  m3  per  day.  If  it  is  assumed  there  is  no 
energy  loss,  the  heat  Q2  necessary  for  the  water  of  15°C  to  evaporate  in  one  day  is  calculated  as  below. 

55  Q2  =  85°C  x  48,384  m3  x  1  06  +  539  x  48,384  m3  x  1  06 
=  3.02  x  1013cal/day 

=  1,460,000  kW/s 
As  the  blown-in  air  is  heated,  thermal  energy  is  further  absorbed. 
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The  evaporation  type  cooling  tower  evaporates  30%  of  the  secondary  cooling  water  for  cooling  and  uses 
70%  thereof  for  cooling  in  the  form  of  liquid. 

The  output  of  the  underground  nuclear  power  plant  can  be  calculated  from  the  total  pondage  of  the  ground- 
water,  the  volume  of  seepage  and  the  necessary  amount  of  water.  It  is  preferable  to  set  the  total  pondage  at 

5  a  level  higher  than  necessary  for  safety  consideration. 
Table  2  shows  the  amount  of  secondary  cooling  water  required  for  the  evaporation  type  cooling  tower  as 

relative  to  the  required  pondage  of  the  underground  dam  at  the  outputs  of  100,000,  500,000  and  one  million 
kW. 

10 T a b l e   2 

o u t p u t   amoun t   of  w a t e r   r e q u i r e d   m3  t o t a l   p o n d a a e  
kW  pe r   min .   pe r   day  r e q u i r e d   m3 

1 0 0 , 0 0 0   6 .7   9 , 6 7 7   -  9 7 0 , 0 0 0  

5 0 0 , 0 0 0   33 .6   4 8 , 3 8 4   4 , 8 3 0 , 0 0 0  

1 , 0 0 0 , 0 0 0   6 7 . 2   9 6 , 7 6 8   9 , 6 7 0 , 0 0 0  

Required  pondage  is  estimated  as  100  times  of  the  amount  of  daily  intake,  and  the  figures  are  obtained  from 
30  formula  above. 

If  the  output  of  the  nuclear  power  generation  is  500,000  kW,  and  the  amount  of  water  seeping  into  an  un- 
derground  dam  is  normally  96,768  m3  per  day,  the  hydroelectric  output  Q  obtained  by  the  use  of  this  excess 
water  would  theoretically  be  calculated  as  follows: 

Q  =  9.8  x  0.56  m3/s  x  40  m  (head) 
35  =219  kW. 

Although  in  this  embodiment,  the  overflow  of  the  water  in  the  underground  dam  is  used  for  hydroelectric 
generation,  use  of  excess  groundwater  is  not  limited  to  power  generation  but  may  be  for  irrigation  for  plants 
on  the  surface  by  pumping  up  the  water.  The  plants  may  be  used  as  indicator  for  acid  rain  measurement. 

40  Industrial  Applicability  of  the  Invention 

As  described  in  detail  in  the  foregoing,  the  nuclear  power  generation  system  according  to  this  invention 
is  constructed  to  take  in  a  necessary  amount  of  groundwater  which  is  abundant  in  the  underground  from  an 
underground  dam  built  nearby,  and  therefore  the  system  may  be  installed  wherever  a  suitable  groundwater 

45  basin  exists.  As  the  system  does  not  need  pumping  up  of  groundwater,  the  energy  can  be  utilized  at  a  higher 
efficiency. 

As  the  nuclear  power  generation  system  is  built  underground  in  this  invention,  the  system  is  remarkably 
superior  in  earthquake  resistance  because  the  influence  of  S  wave  (transverse  wave)  is  drastically  attenuated 
compared  to  an  aboveground  system. 

so  As  the  system  is  built  several  tens  meters  below  the  surface,  even  if  radiation  is  accidentally  produced 
from  the  reactor,  the  concrete  walls  and  impermeable  layers  in  the  formations  would  act  as  a  biological  shield, 
ensuring  safety. 

Unlike  the  conventional  system,  as  this  system  uses  groundwater  as  the  secondary  cooling  water  instead 
of  sea  water,  machines  and  equipments  such  as  the  pipings  are  less  prone  to  corrosion,  ensuring  a  longer  life. 

55  Moreover,  this  system  recycles  the  groundwater  to  prevent  depletion  thereof  without  returning  the  same 
to  the  original  groundwater  vein  after  cooling,  to  prevent  groundwater  contamination. 

5 
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Claims 

1.  A  nuclear  power  generation  system  which  comprises  an  underground  dam  formed  with  a  cutoff  wall  on 
groundwater  basin,  a  reactor  installed  within  concrete  walls  on  a  bedrock  below  said  underground  dam, 
and  an  evaporation  type  cooling  tower  which  houses  water  piping  member  for  the  primary  cooling  water 
for  said  reactor  and  is  connected  to  a  pipe  for  guiding  in  the  water  pooled  in  said  underground  dam,  and 
which  is  so  structured  that  a  steam  outlet  and  an  air  inlet  of  said  cooling  tower  are  respectively  commu- 
nicated  with  the  surface  via  stacks. 

2.  A  construction  method  for  an  underground  nuclear  power  generation  system  comprising  the  steps  of 
a)  exploring  a  desirable  groundwater  basin  by  geological  survey, 
b)  forming  an  underground  dam  by  installing  a  cutoff  wall  of  a  predetermined  height  and  length  and 
substantially  vertical  to  faults  by  pouring  in  concrete  or  water  glass  (sodium  silicate)  near  the  outlet  of 
the  groundwater  basin, 
c)  installing  a  reactor  on  the  bedrock  below  the  underground  dam  and  covering  said  reactor  with  a  con- 
crete  shielding, 
d)  installing  an  evaporation  type  cooling  tower  adjacent  to  the  reactor  in  such  a  manner  that  said  cooling 
tower  is  communicated  with  the  surface  through  a  stack  mounted  at  a  steam  outlet  thereof  and  through 
another  stack  mounted  at  an  air  inlet  thereof, 
e)  guiding  the  primary  cooling  water  of  the  reactor  and  the  water  pooled  in  the  underground  dam  into 
the  cooling  tower. 

Patentanspruche 

1.  Kernkraftwerk,  das  einen  mit  einerTrennwand  auf  einem  Grundwasserbecken  gebildeten  unterirdischen 
Staudamm,  einen  innerhalb  von  Betonwanden  auf  einem  Felsboden  unterhalb  des  Grundwasserbeckens 
errichteten  Reaktor  und  einen  Verdampfer-Kuhlturm  umfalit,  in  dem  Wasserrohre  fur  das  Primar-Kuhl- 
wasser  des  Reaktors  untergebracht  sind  und  der  mit  einem  Rohr  zur  Einfuhrung  des  im  unterirdischen 
Staudamm  gesammelten  Wassers  verbunden  ist,  und  das  derart  aufgebaut  ist,  daft  ein  Dampfauslaft  und 
ein  Lufteinlali  des  Kuhlturms  jeweils  uber  Schornsteine  mit  der  Oberflache  verbunden  sind. 

2.  Bauverfahren  fur  ein  unterirdisches  Kernkraftwerk  mit  folgenden  Schritten: 
a)  Erkundung  eines  gewunschten  Grundwasserbeckens  durch  geologische  Aufnahme, 
b)  Aufbau  eines  unterirdischen  Staudamms,  indem  eineTrennwand  miteinervorbestimmten  Hohe  und 
Lange  im  wesentlichen  vertikal  zu  Verwerfungen  durch  Eingielien  von  Beton  oder  Wasserglas  (Natri- 
umsilicat)  in  der  Nahe  des  Auslasses  des  Grundwasserbeckens  errichtet  wird, 
c)  Errichtung  eines  Reaktors  auf  dem  Felsboden  unterhalb  des  unterirdischen  Staudamms  und  Ab- 
deckung  des  Reaktors  mit  einer  Betonabschirmung, 
d)  Errichtung  eines  Verdampfer-Kuhlturms  neben  dem  Reaktor  in  einer  Weise,  dali  der  Kuhlturm  durch 
einen  Schornstein  an  seinem  Dampfauslali  und  einen  weiteren  Schornstein  an  seinem  Lufteinlali  mit 
der  Oberflache  verbunden  ist, 
e)  Einfuhrung  des  Primar-Kuhlwassers  des  Reaktors  und  des  im  unterirdischen  Staudamm  gesammel- 
ten  Wassers  in  den  Kuhlturm. 

Revendications 

1.  Systeme  de  generation  d'energie  atomique.  qui  comprend  un  barrage  souterrain  forme  avec  un  mur  pa- 
rafouille  sur  un  bassin  d'eaux  souterraines,  un  reacteur  installe  dans  I'enceinte  de  murs  en  beton  sur  de 
la  roche  de  fond  en  dessous  dudit  barrage  souterrain,  ainsi  qu'une  tour  de  ref  roidissement  du  type  a  eva- 
poration  dans  laquelle  est  loge  un  element  de  canalisation  d'eau  pour  I'eau  de  refroidissement  primaire 
destine  audit  reacteur  et  qui  est  reliee  a  une  canalisation  pour  guider  I'eau  recoltee  dans  ledit  barrage 
souterrain,  et  qui  est  structure  de  telle  sorte  qu'une  sortie  pour  la  vapeur  et  qu'une  entree  pour  I'air  de 
ladite  tour  de  refroidissement  communiquent  respectivement  avec  la  surface  via  des  cheminees. 

2.  Precede  de  construction  pour  un  systeme  souterrain  de  generation  d'energie  atomique,  comprenant  les 
etapes  consistant  a: 
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a)  explorer  un  bassln  souhaitable  de  nappe  d'eaux  souterralnes,  par  Inspection  geologique, 
b)  former  un  barrage  souterrain  en  installant  un  mur  parafouille  ayant  une  hauteur  et  une  longueur  pre- 
determinees  etetantessentiellement  vertical  par  rapport  a  des  failles  en  yversantdu  beton  ou  du  verre 
soluble  (silicate  de  soude)  a  proximite  de  la  sortie  du  bassin  d'eaux  souterraines, 

5  c)  installer  un  reacteur  sur  la  roche  de  fond  en  dessous  du  barrage  souterrain  et  recouvrir  ledit  reacteur 
d'un  ecran  de  protection  en  beton, 
d)  installer  une  tour  de  refroidissement  du  type  a  evaporation  en  position  adjacente  au  reacteur  de  telle 
sorte  que  ladite  tour  de  refroidissement  communique  avec  la  surface  a  travers  une  cheminee  montee 
a  une  sortie  de  la  tour  pour  la  vapeur  et  a  travers  une  autre  cheminee  montee  a  une  entree  de  la  tour 

10  pour  I'air, 
e)  guider,  dans  la  tourde  refroidissement,  I'eau  de  refroidissement  primaire  du  reacteur  et  I'eau  recoltee 
dans  le  barrage  souterrain. 
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