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ABSTRACT 

The p r e s e n t  s i t u a t i o n  of t h e  geothermal f i e l d  
developments i n  Japan i s  such t h a t  e i g h t  
geothermal power s t a t i o n s  are be ing  opera ted ,  
whi le  t h e r e  are st i l l  many geothermal areas 
t o  be explored .  Up t o  this day,  t h e  t a r g e t  
of geothermal e x p l o r a t i o n  has mainly been t h e  
areas by s u r f a c e  g e o l o g i c a l  survey  and t h e  
e x i s t i n g  geothermal r e s e r v o i r s  a r e  l o c a t e d  
n o t  deeper  than  1,500m depth.  
geothermal energy development shows a t r e n d  
from t h e  s tudy  on vapor  dominated or l i q u i d  
dominated hydrothermal r e s o u r c e s  i n  sha l low 
zones t o  t h a t  on hydrothermal  r e s o u r c e s  i n  
deeper  zones. E x p l o r a t i o n  wells of 3,OOOm 
depth  c l a s s  have been d r i l l e d  i n  Japan.  

Recent 

INTRODUCTION 

There are a l t o g e t h e r  e i g h t  geothermal power 
p l a n t s  i n  o p e r a t i o n  i n  Japan.  They are, i n  
o r d e r  of commencement of o p e r a t i o n ,  t h e  
Matsukawa Power P l a n t  of t h e  Japan Metals  and 
Chemicals Co., Ltd.  (Matsuo-mura, Iwate  
P r e f e c t u r e ) ,  t h e  Otake Power P l a n t  of t h e  
Kyushu E l e c t r i c  Power Co., Ltd.  (Kokonoe-machi, 
Oita P r e f e c t u r e ) ,  t h e  Onuma Power P l a n t  of t h e  
l i t s u b i s h i  Metal Corpora t ion  (Hachimantai ,  
Aki ta  P r e f e c t u r e ) ,  t h e  Onikobe Power P l a n t  of 
the E l e c t r i c  Power Development Co., L t d .  
(Naruko-machi , Miyagi P r e f e c t u r e )  , t h e  
Hatchobaru Power P l a n t  of t h e  Kyushu E l e c t r i c  
Power Co., Ltd. (Kokonoe-machi, Oita 
P r e f e c t u r e ) ,  t h e  Kakkonda Power P l a n t  
(Shizukuishi-machi,  Iwate P r e f e c t u r e )  of t h e  
Japan  Metals  and Chemicals Co., Ltd. ,  and t h e  
Tohoku E l e c t r i c  Power Co., Ltd. ,  t h e  Suginoi  
Power P l a n t  (Beppu-shi, Oita P r e f e c t u r e )  t h a t  
was c o n s t r u c t e d  as a n o n - u t i l i t y .  power p l a n t  
by t h e  Suginoi  Hote l  Co., Ltd. ,  and t h e  Mori 
Power P l a n t  (Mori-machi, Hokkaido) t h a t  w a s  
p u t  i n  o p e r a t i o n  on November 26, 1982 by t h e  
Donan Geothermal Energy Co., Ltd., and t h e  
Hokkaido E l e c t r i c  Power Co., Ltd. These 
geothermal f i e l d s ,  except  Matsukawa of t h e  
vapor dominated type ,  are most ly  t h e  water 
dominated type.  Then, under  expansion are 
t h e  Hatchobaru and Kakkonda Power p l a n t s ,  
where development works are p r e s e n t l y  i n  

progress .  
mentioned above have genera ted  a combined 
power o f  1,203 x 106 kWh/yr, and t h e  mean 
working ra te  and l o a d  f a c t o r  of a l l  t h e s e  
power p l a n t s  combined l i e  on a h igh  l e v e l  of 
95.4% and 87.3$, r e s p e c t i v e l y ,  r e f l e c t i n g  t h e  
very  h igh  r e l i a b i l i t y  l e v e l s  of t h e s e  
geothermal power p l a n t s .  

The work of surveying  and developing  
geothermal energy r e s o u r c e s  i n  Japan i s  be ing  
advanced under consignment by t h e  New Energy 
Development Organiza t ion  (NEDO) , t h e  c e n t r a l  
organ i n  t h e  count ry  f o r  geothermal energy 
development,  wi th  a i d  extended by t h e  
M i n i s t r y  of I n t e r n a t i o n a l  Trade and I n d u s t r y  
(MITI). 
geothermal a r e a s  t o  be explored ,  i t  will t a k e  
a l o n g  time t o  r e a l i z e  t h e i r  steam product ion .  
These e x p l o r a t i o n  and development of 
geothermal r e s o u r c e s  a r e  most ly  based on t h e  
organized b a s i c  i n v e s t i g a t i o n ,  which h a s  
started from t h e  f i s c a l  y e a r  1973 by t h e  
Geological  Survey of Japan.  According t o  t h e  
r e p o r t s  by t h e  G.S. group, t h e  d i s t r i b u t i o n  
of  thermal a r e a s  i n  Japan i s  g e o l o g i c a l l y  
d i v i d e d  i n t o  f i v e  c a t e g o r i e s  as fo l lows:  
(1) Neogene T e r t i a r y  green  t u f f  areas, ( 2 )  
Neogene T e r t i a r y  sedimentary b a s i n s ,  (3) 
Neogene T e r t i a r y  p l u t o n i c  rock a r e a s ,  ( 4 )  
Pliocene-Quaternary sedimentary b a s i n s ,  and 
( 5 )  Quaternary  v o l c a n i c  areas. 
t h e  P l iocene-Quaternary  sedimentary b a s i n s  
are a r e a s  of normal t e r r e s t r i a l  h e a t  flow. 
The T e r t i a r y  p l u t o n i c  rock a r e a s  have l o c a l l y  
a b n o r w l  h e a t  f low,  b u t  h e a t  f low from t h e  
T e r t i a r y  sedimentary b a s i n s  and green  t u f f  
areas i s  g e n e r a l l y  h igher  than  t h a t  of normal 
h e a t  f low areas. There a r e  one hundred and 
e l e v e n  sites of steam fumaroles ,  b o i l i n g  
s p r i n g s  and h o t  s p r i n g s  wi th  water  tempera- 
ture h i g h e r  than  9O'C i n  t h e  abovementioned 
areas and:most of t h e s e  are d i s t r i b u t e d  i n  
t h e  Quaternary  v o l c a n i c  a r e a s .  

The e i g h t  geothermal power p l a n t s  

Although t h e r e  a r e  s t i l l  many 

Among t h e s e ,  

To promote geothermal development,  t h e  G.S. 
of Japan  picked up t h i r t y  h igh  p o t e n t i a l i t y  
geothermal  areas c h a r a c t e r i z e d  by remarkable  
geothermal anomaly. Most of t h e s e  areas have 
o f t e n  been des igna ted  as n a t i o n a l  parks  or 
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quas i -na t iona l  parks ,  and t h e  geothermal 
development w i t h i n  t h e s e  areas needs be- 
forehand permission of  t h e  Environment Agency. 
The Japan Geothermal Energy Development Center  
h a s  i n v e s t i g a t e d  geothermal p o t e n t i a l i t y  and 
f e a s i b i l i t y  of i t s  develo  ment through s u r f a c e  
survey and w e l l  d r i l l i n g  fabout  1,ooOm depth)  
under i n s t r u c t i o n s  from t h e  Power Generat ion 
S e c t i o n  and Geothermal Resources  Development 
I n v e s t i g a t i o n  Committee, which belong t o  MITI. 

Before 1977, t h e  t a r g e t  of geothermal explo- 
r a t i o n  has  mainly been t h e  areas by s u r f a c e  
g e o l o g i c a l  survey and t h e  e x i s t i n g  geothermal 
r e s e r v o i r s  a r e  l o c a t e d  n o t  deeper  t h a n  1,500m 
depth.  In 1977, t h e  G.S. of Japan  s e l e c t e d  
t h e  f i f t e e n  promising geothermal  areas based 
on t h e  items of (1) i n d i c a t i o n  of large scale 
geothermal r e s e r v o i r ,  (2) d e t e c t i o n  of 3,OOOm 
- 4,000111 depth  r e s e r v o i r ,  (3) r e l a t i o n s h i p  on 
volcano d i s t r i b u t i o n  and ( 4 )  geothermal 
a c t i v i t i e s  i n  Neogene T e r t i a r y  sedimentary 
b a s i n s  and Quaternary v o l c a n i c  areas. The 
e x p l o r a t i o n  w e l l s  of  3,000m depth  c l a s s  were 
d r i l l e d  from 1978 by MITI t o  make c l e a r  of t h e  
deep geothermal r e s e r v o i r s  i n  Hohi area where 
Otake and Hachobaru power s t a t i o n s  are l o c a t e d .  

MATSUKAWA 

The Matsukawa power p l a n t  is  l o c a t e d  about  50 
km n o r t h  west of Morioka C i t y ,  about  one 
and h a l f  hours  d r i v e .  I t  occupies  t h e  
southern  c o r n e r  of t h e  Towada Hachimantai  
Nat iona l  Park and i s  i n  a b a s i n  of t h e  upper 
stream of t h e  Matsukawa r i v e r  wi th  an  a l t i t u d e  
of gOOm above sea l e v e l .  M t .  Iwate, a n  a c t i v e  
volcano,  can be seen  i n  a n o r t h  west d i r e c t i o n  
from here .  Matsukawa h a s  been known as a 
s u l p h u r i c  h o t s p r i n g  a r e a  from old  t imes.  

I n  January  1964, d r i l l i n g  of t h e  f i rs t  pro- 
d u c t i o n  w e l l  a t  Matsukawa turned o u t  t o  be 
very  s u c c e s s f u l .  
wel l  which was 945m deep reached more than 60 
t / h  which r e p r e s e n t s  a p o s s i b l e  output  of 
5,000 kw. The first i n  Japan  and t h e  wor ld ' s  
f o u r t h  geothermal  power p l a n t  of 22 MW c a p a c i t y  
was c o n s t r u c t e d  h e r e  i n  October 1966. 

Geologica l ly ,  t h i s  area i s  coversd by 
Quaternary  v o l c a n i c  r o c k s ,  wi th  e x i s t e n c e  of 
a c a l d e r a  around M t .  Marumori and a s t e e p  
c l i f f  c o n s i s t i n g  of a l t e r e d  rocks  a l o n g  t h e  
Matsukawa r i v e r  p r e s e n t s  wild topographica l  
f e a t u r e s  made by t h e  v i o l e n t  v o l c a n i c  a c t i v i t y  
of  e a r l y  times. I n  s p i t e  of t h e  f a c t  t h a t  
t h e r e  were b u t  a few geothermal m a n i f e s t a t i o n s  
wi thout  a b o i l i n g  p o i n t  l i k e  subs tance  a t  t h e  
s u r f a c e ,  s imple steam and h o t  water emi t ted  
from t h e  w e l l s  when d r i l l e d  by t h e  F i e l d  
O f f i c e  t o  a depth  of  about  3OOm. The first 
geothermal energy i n v e s t i g a t i o n  was s t a r t e d  i n  
1956. 
belonging t o  t h e  Agency of  I n d u s t r i a l  Sc ience  

The amount of steam from a 

The Geological  Survey of  Japan ,  

and Technology, jo ined  t h e  i n v e s t i g a t i o n .  
Thus, a coopera t ive  s t u d y  between t h e  
Geologica l  Survey and J M C  ( Japan  Metals and 
Chemicals Co.,Ltd.) was commenced i n  1958. 
From then  forward f o r  t e n  y e a r s  much e f f o r t  
f o r  development was e x e r t e d  u n t i l  t h e  p r o j e c t  
f i n a l l y  reached i t s  goal  wi th  t h e  complet ion 
of t h e  geothermal power p l a n t .  

Based on t h e  d a t a  obta ined  from t h e  d r i l l i n g s ,  
t h e  g e o l o g i c a l  success ion  i n  this area can be 
d e s c r i b e d  as fo l lows:  from upper  t o  lower;  
Quaternary  Matsukawa a n d e s i t e ;  t h e  T e r t i a r y  
P l i o c e n e  Tamagawa welded t u f f  format ion;  
Miocene Yamatsuda; Koshidomaezawa; and t h e  
Sakamotozawa and Kunimitoge format ions ,  
r e s p e c t i v e l y .  Seven product ion  wells are 
d iv ided  i n t o  three types  by t h e i r  steam 
c h a r a c t e r i s t i c s .  The f i r s t  type  is  t h e  well 
c h a r a c t e r i z e d  by t h e  emission of wet steam 
f o r  some per iods  b e f o r e  becoming a super- 
hea ted  s team; f o r  a per iod  of f i v e  months i n  
t h e  c a s e  of t h e  No.2 well and f o r  one y e a r  i n  
t h e  c a s e  of  t h e  No.1 w e l l .  The second type  
i s  t h e  well which has  a cont inuous emission 
of w e t  steam up t o  t h e  p r e s e n t .  The No.3 w e l l  
corresponds t o  t h i s  ca tegory .  The l a s t  type  
i s  the w e l l  which has  had a cont inuous 
emission of superhea ted  steam so far, but  
producing d r y  steam when t h e  emission f i r s t  
s t a r t e d .  Well No.5, 6 and 7 which a r e  l o c a t e d  
a t  t h e  upper s t r e a  of Akagawa r i v e r  a r e  of 
this type.  It goes wi thout  saying t h a t  t h i s  
l a s t  type  i s  most u s e f u l  f o r  g e n e r a t i n g  
power. 

Geophysical p r o s p e c t i n g  c a r r i e d  o u t  a t  two 
l e v e l s :  one i s  a t  t h e  s u r f a c e ,  t h e  o t h e r  i s  
i n  t h e  bore  holes .  The VES ( v e r t i c a l  e l e c t r i c  
sounding) method has been a p p l i e d  f o r  ga ther -  
i n g  informat ion  about  g e o l o g i c  s t r u c t u r e  and 
rock a l t e r a t i o n .  In o r d e r  t o  survey  t h e  
g e o l o g i c  s t r u c t u r e  and f r a c t u r e d  zones con- 
cerned wi th  producing geothermal steam, a 
large scale s e i s m i c  survey  has been conducted 
i n  this a r e a .  From t h e  method of s e i s m i c  
r e f l e c t i o n  wi th  f o u r  f o l d ,  much i n f o r m a t i o n  
about  t h e  underground s t r u c t u r e  i n  t h e  base 
r o c k s  covered by t h e  Quaternary  v o l c a n i c  
complex has been obta ined .  I t  goes wi thout  
s a y i n g  that c o r e  samples obta ined  by d r i l l i n g  
g i v e  impor tan t  in format ion  about  t h e  geologic  
s t r u c t u r e  and t h e  occurrence of  geothermal 
f l u i d .  Bes ides  c o r e  survey,  i t  i s  p o s s i b l e  t o  
g e t  d a t a  on subsur face  s t r u c t u r e  from t h e  
survey  by t h e  geophys ica l  logging  of  a hole .  
To f a c i l i t a t e  this type  of  survey ,  temperature  
and e l e c t r i c  l o g g i n g s  have been made i n  a l l  
e x p l o r a t i o n  and product ion  wells i n  this area. 

E i g h t  product ion  wells 945 - 1,500m deep have 
been d r i l l e d  s o  far i n  t h e  Matsukawa area, 
among which seven wells (except  t h e  No.4 w e l l )  
supply  steam f o r  t h e  power s t a t i o n .  A t y p i c a l  
arrangement of i n s e r t i o n  of c a s i n g  p i p e s  in 
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t h i s  area has been as fo l lows:  from upper t o  
lower, 3Om of s u r f a c e  C.P. of 18". 25Om of 
conductor  C.P. of 13 3/8" and 5oOm of produc- 
t i o n  C.P. of 9 5/8" which a r e  surrounded by 
cementing material. 
bottom o f  hole ,  s l o t t e d  7" p i p e  i s  i n s e r t e d  
i n t o  t h e  remaining 8 5/8" of  t h e  h o l e  af ter  
d r i l l i n g  i s  completed. 

The slits i n  t h e  s l o t t e d  p i p e s  are ar ranged  
i n  a z i g  zag format ion  w i t h  14 l i n e s  p e r  220 
mm i n  length .  Each l i n e  h a s  an  area of 8Omm 
x 5.5mm and t o t a l  l i n e s  occupy 5 - 7$ of he 
s u r f a c e  a r e a  of a s l o t t e d  p ipe .  

Except where steam begins  t o  f low o u t  n a t u r a l -  
l y ,  a blow out  of steam i s  caused a r t i f i c i a l l y  
by u s i n g  a sand pump or a b a i l e r .  I n  
Matsukawa, t h e  No.7 e x p l o r a t i o n  well was 
d r i l l e d  by a method of d i r e c t i o n a l  d r i l l i n g .  
D i r e c t i o n a l  d r i l l i n g  was undertaken by u s i n g  
a t u r b o - d r i l l  of 6 5/8" diameter  a t  a depth  
of 292~1, with  a h o r i z o n t a l  d i s t a n c e  from t h e  
wel l  head t o  t h e  bottom of t h e  h o l e  be ing  
175.85111 a t  a depth of 600m. 
d i r e c t i o n a l  method, i t  i s  p o s s i b l e  t o  reduce  
t h e  a r e a  of t h e  d r i l l i n g  s i t e  and thereby  t h e  
t o t a l  l e n g t h  of t h e  steam g a t h e r i n g  p ipe  l i n e s .  

From 50Om deep t o  t h e  

By u s i n g  this 

The Onuma geothermal f i e l d  began steam pro- 
d u c t i o n  i n  1973. As f o r  geology of this 
f i e l d ,  Quaternary v o l c a n i c  rocks  (70 t o  15Om 
t h i c k )  and T e r t i a r y  format ion  (more than 
2,000m t h i c k )  have been confirmed i n  t h e  
course  of geologic  survey.  The Quaternary  
a n d e s i t i c  r o c k s  cover  most of t h e  area. The 
T e r t i a r y  format ion  c o n s i s t s  mainly .o f  d a c i t e  
and a n d e s i t e  and t h e i r  p y r o c l a s t i c s  and 
sediments  of Miocene t o  P l iocene  age. Many 
volcanoes are known t o  be d i s t r i b u t e d  on t h e  
u p l i f t e d  block formed by a series of f a u l t s  
and f o l d s .  P r e v a i l i n g  geologic  s t r u c t u r e  i n  
t h e  area i s  N-S and NU-SE t r e n d i n g  t e c t o n i c  
l i n e s  which are c h a r a c t e r i z e d  by t h e  f a u l t s ,  
b lock movement and graben s t r u c t u r e .  
Geothermal m a n i f e s t a t i o n s  such as g e y s e r s ,  
fumaroles ,  mud p o t s  and h o t  s p r i n g  are found 
a long  t h e  subsided s t r u c t u r e  of t h e  graben 
t rend 'ng i n  N-S which i s  confirmed by t h e  
r e g i o n a l  g r a v i t y  survey.  A number of zones of 
s u r f a c e  a l t e r a t i o n  due t o  geothermal a c t i v i t i e s  
have been r e c o  zed cover ing  a t o t a l  area of 
more than 5 kmy The e l o n g a t i o n  of t h e  
s u r f a c e  a l t e r a t i o n  i n  E-W and N-S d i r e c t i o n s  
r e f l e c t s  t h e  subsur face  g e o l o g i c  s t r u c t u r e .  
The E-W t r e n d i n g  a l t e r a t i o n  zone r e p r e s e n t s  
t h e  t e c t o n i c  l i n e  of TamagRwa t o  Goshogake and 
t h e  N-S t r e n d  of a l t e r a t i o n  zone appears  t o  be 
a l o n g  t h e  graben s t r u c t u r e .  

Gravi ty  survey  and e l e c t r i c a l  one were c a r r i e d  
o u t  i n  this a r e a .  
gravimeter, g r a v i t y  survey  was conducted i n  

Using L a  Coste  G type  

o r d e r  t o  determine s i g n i f i c a n t  subsur face  
g e o l o g i c  s t r u c t u r e  p r e v a i l i n g  i n  t h e  a r e a .  I n  
Ohnuma, Bouguer anomaly v a l u e s  v a r y i n g  from 
-65 t o  -38mgal were found. Therefore ,  this 
area l i e s  i n  a t y p i c a l  n e g a t i v e  Bouguer 
anomaly area. 
g r a v i t y  zone having graben s t r u c t u r e  has  been 
confirmed which t r e n d s  N-S from S h i b a r i  t o  
Coshogake. Ohnuma geothermal p l a n t  i s  con- 
s i d e r e d  t o  be l o c a t e d  a t  t h e  c e n t e r  of  this 
graben s t r u c t u r e .  Schlumberger a r r a y  em- 
p l o y i n g  d i r e c t  c u r r e n t  r e s i s t i v i t y  method was 
used throughout  t h e  survey cover ing  a t o t a l  
l e n g t h  of 72 l i n e  lon. Low r e s i s t i v i t y  zone 
w i t h  v a l u e s  less than  l O n m  i n  AB/2 = 800m 
extends  cont inuous ly  from n o r t h  t o  south .  A 
s p e c i f i c  low r e s i s t i v i t y  zone was d i s t i n g u i s h e d  
t o  appear  from Sumikawa p a s s i n g  through Ohnuma, 
then  t o  Komonomori i n  t h e  graben s t r u c t u r e .  

Based on t h e  chemical composi t ion of ho t  
s p r i n g  waters from t h e  a r e a ,  they  are c l a s s i -  
f i e d  i n t o  three groups;  SO t e i s  t h e  most 
abundant among t h r e e  g r o u A .  ?e& a l k a l i n e  t o  
n e u t r a l  N a C l  type  occurs  only a t  S h i b a r i  and 
Zenikawa on t h e  n o r t h e r n  p a r t  of t h e  a r e a .  
Tamagawa hot  s p r i n g  is  famous as H C l  type  wi th  
low pH value.  Analys is  of t h e  d ischarged  water  
from t h e  product ion  w e l l s  of t h e  Ohnuma power 
p l a n t  shows 2,500 t o  3,000 ppm s o l i d s  c o n t e n t ,  
mainly of sodium c h l o r i d e  and s i l i c a .  

F ive  product ion  w e l l s  have been d r i l l e d  by 
r o t a r y  d r i l l i n g  machine wi th  f i n a l  d iameter  of 
0 5/8 i n c h e s  and s l o t t e d  p i p e s  of 7 i n c h e s  i n  
d iameter  i n  t h e  deeper  p a r t s .  A t  about  1,300 
t o  1,700m depth  t h i c k  p i l e s  of d a c i t e ,  a n d e s i t e  
and t h e i r  p y r o c l a s t i c s  a r e  c l o s e l y  in te rbedded  
wi th  each o t h e r  and s t r o n g l y  f r a c t u r e d  forming 
h o t  water  r e s e r v o i r .  
between product ion  w e l l s ,  mutual i n t e r f e r e n c e  
on t h e i r  p roduct ion  output  i s  noted.  However, 
t h e  annual  decrement of t h e  steam product ion  
i s  very small. A s  geothermal steam i s  ac- 
companied with h o t  water, t h e  steam s e p a r a t o r  
a t  t h e  wellhead e f f e c t i v e l y  s e p a r a t e s  steam 
from hot  water. The s e p a r a t e d  steam is t r a n s -  
mi t ted  t o  t h e  power s t a t i o n  through t h e  main 
steam pipe.  
c o o l i n g  water. A p a r t  of ho t  water is being  
u t i l i z e d  t o  f r e s h  water by means of h e a t  
exchanger and t h e  remainning i s  r e - i n j e c t e d  
i n t o  t h e  ground through r e - i n j e c t i o n  wells. 

OTAKE 

The Otake area, cover ing  Kokonoe Town, Kusu 
D i s t r i c t ,  Oita P r e f e c t u r e ,  is  l o c a t e d  a t  6km 
northwest  of Mt. Kuji i n  t h e  c e n t r a l  p a r t  of 
t h e  n o r t h e r n  Kyushu. As for topography, i t  
l ies  between M t .  Xuroiwa a t  i t s  south-eas t ,  
M t .  Waita a t  i t s  north-west and Mt.fisokobushi 
a t  i t s  west. They are dormant volcanoes,  and 
c o n s t i t u t e  a v a l l e y  of Kusu R i v e r ,  running 
from s o u t h  t o  nor th .  And i ts  e l e v a t i o n  i s  i n  

A large and e longated  low 

Being c l o s e l y  spaced 

Condensed steam i s  recyc led  as 
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t h e  range  from 9OOm t o  1,lOOm above sea l e v e l .  
Natural steam fumarole  zone i s  d i s t r i b u t e d  i n  
t h e  d i r e c t i o n  of south-north,  and a l s o  fuma- 
r l o e s  and hot  s p r i n g s  are l o c a t e d  i n  t h i s  
neighborhood. Hain ones of them are ar ranged  
from t h e  south  i n  t h e  o r d e r  of  Komatsu-, 
Otake- and Kawara-Fumaroles and Suj iyu-  and 
H i  zenyu-Hot Springs.  

The Otake area was s e l e c t e d  f o r  t h e  geothermal 
development as f o l l o w s ;  (1) I t  i s  i n  natural 
steam fumarole  zone among mountain r a n g e s  of 
Kuju,  and i n  t h e  v i c i n i t y  of  this area such 
s u r f a c e  m a n i f e s t a t i o n s  of  geothermal a c t i v i t y  
as Fumaroles and h o t  s p r i n g s  a r e  b r i s k .  ( 2 )  
Near Kawara-Fumarole, a w e l l  w a s  d r i l l e d  i n  
1927 and steam obat ined  a t  t h e  depth  of 84x11. 
I t  has  been s p o u t i n g  steam-water mixture  f o r  
30 y e a r s  approximately,  though t h e  steam 
product ion  from t h e  w e l l  was decreased gradu- 
a l l y  and stopped l a t e l y .  
p a r a t i v e l y  less i n f l u e n c e  t o  t h e  h o t  s p r i n g s  
o r  p r i v a t e  houses i n  t h e  neighborhood, though 
s i t u a t e d  r a t h e r  inconvenient ly .  Bes ides ,  t h e  
r e s i d e n t s  a r e  g e n e r a l l y  coopera t ive .  

R e s u l t s  from t h e  pre l iminary  survey r e v e a l e d  
t h a t  comparat ively new hornblende a n d e s i t e  and 
v o l c a n i c  complex of  M t .  Kuroiwa covers  the M t .  
Waita and Mt. Ichimoku. A t  Komatsu-Fumarole 
t h e r e  e x i s t s  c l a y - s o i l  o r i g i n a t e d  by cons ider -  
a b l e  hydrothermal a l t e r a t i o n ,  and underground 
water i s  s t o r e d  t o  be comparat ively s c a r c e .  
A t  bo th  Otake- and Kawara-Fumaroles t h e r e  are 
more p y r o c l a s t i c  r o c k s  than  

The a c t i v i t y  of steam fumaroles  a t  Komatsu- 

Fumarole w a s  powerful over  wide areas. Otake- 

Fumarole was more o r  less weaker than  t h e  
former. Kawara-Fumarole was t h e  weakest of 
a l l  t h r e e ,  and a l s o  i t s  range  i n  a c t i v i t y  was 
narrow. The s c a l e  and a c t i v i t y  of three 
Fumaroles grew s m a l l e r  toward t h e  nor th .  A s  
t o  the t r a f f i c  convenience,  Kawara-Fumarole i s  
b e s t ,  s i n c e  i t  i s  c l o s e  t o  t h e  road ,  whi le  
Otake-Fumarole i s  l o c a t e d  a t  about  200111 east 
t o  t h e  r o a d ,  from which a mountain p a t h  l e a d s  
t o  i t .  Komatsu-Fumarole i s  l o c a t e d  i n  t h e  
d i s t a n c e  of 80Om south  from t h e  t e r m i n a l ,  and 
i s  most inconvenient  of a l l ,  though i t  is  
reached by a mountain path.  

Based on t h e  r e s u l t s  of p r e l i m i n a r y  surveys ,  
steam w e l l s  were d r i l l e d  i n  Otake area t o  
o b t a i n  super-heated n a t u r a l  steam. S i t e s  of 
w e l l s  were s e l e c t e d  n e a r  Otake-Fumarole, which 
i s  convenient  f o r  t r a n s p o r t a t i o n  of  d r i l l i n g  
equipment and p r e p a r a t o r y  works, and a l s o  i n  
t h e  neighborhood of Kawara-Fumarole and 
between two Fumaroles. During t h e  term 
between February 1953 and December 1956, 4 
steam wells were d r i l l e d  a t  t h e  d e p t h  of 3OOm 
t o  900m. The whole w e l l  produced powerful 
d i s c h a r g e s  of steam-water mixture  i n s t e a d  of  

(3) I t  g i v e s  com- 

c layey  ones. 

super-heated steam. A t  t h a t  time, i t  was 
cons idered  from t h e  sur rounding  g e o l o g i c a l  
c o n d i t i o n s  that t h e  steam r e s e r v o i r  e x i s t e d  i n  
t h e  t e r t i a r y  Sediment, of which t h e  d e p t h  were 
es t imated  i n  t h e  range  of 50Om t o  6OOm. 
Never the less ,  t h e  d r i l l i n g  o p e r a t i o n  f o r  Otake 
w e l l  No.3 d r i l l e d  t o  t h e  d e p t h  of  9OGm d i d  not  
proved t h e  e x i s t e n c e  of t h e  t e r t i a r y  sediment. 
O f  course ,  i t  was found after t h e  well-com- 
p l e t i o n  that t h e  d ischarge  from t h e  w e l l  was 
a l s o  t h e  mixture  of steam and h o t  water. I n  
such a manner, i t  was imposs ib le  t o  get t h e  
superhea ted  steam from t h e  w e l l  f o r  pr imary 
o b j e c t  i n  t h e  geothermal power g e n e r a t i o n .  

I n  December 1961, steam of 16 t/h was obta ined  
by s e p a r a t i n g  t h e  steam-water mixture  from 
geothermal well mentioned above. Accordingly,  
geothermal e x p l o r a t i o n  and r e s e a r c h e s  were 
e n t e r p r i s e d  f o r  the o b j e c t  t o  g e n e r a t e  e l e c t -  
r i c  power u s i n g  s e p a r a t e d  steam. I n  o r d e r  t o  
develop t h e  geothermal power g e n e r a t i o n ,  i t  
i s  e s s e n t i a l l y  need t o  c o l l e c t  t h e  informat ion  
i n  d e t a i l  on t h e  range of geothermal areas, 
c o n d i t i o n s  of subsur face  s t r u c t u r e  t o  be 
s t o r e d  t h e  mixture  of  steam and h o t  water as 
w e l l  as t h e  product ion  c a p a c i t y ,  w e l l  per- 
formance and t h e  l i f e  of w e l l s .  

A t  first, i t  w a s  decided t o  apply  some geo- 
p h y s i c a l  e x p l o r a t i o n  (magnet ic ,  g r a v i t y ,  
r e s i s t i v i t y  and temperature)  t o  t h e  wide area 
i n c l u d i n g  Otake and Hatchobaru areas, and 
secondly t o  i n v e s t i g a t e  f u r t h e r  subsur face  
c o n d i t i o n  by bor ing .  I n  conclus ion ,  such 
geophys ica l  e x p l o r a t i o n s  r e v e a l e d  t h e  
p o s s i b l e  e x i s t e n c e  of geothermal h o t  water, 
channels  s u p p l i n g  h e a t  and connec t ing  t o  
thermal  source ,  and t h e  promising geothermal 
a r e a  of e l l i p s e  wi th  major a x i s  of 3 km ex- 
t e n d i n g  from s o u t h  t o  n o r t h  and minor a x i s  of  
1.5 km extending  from east t o  west i n c l u d i n g  
Otake and Hatchobaru areas, which i s  i n d i c a t e d  
by low r e s i s t i v i t y  zone. To confirm t h e  
r e s u l t s  of geophys ica l  e x p l o r a t i o n ,  t o  c l a r i f y  
g e o l o g i c a l  s t r u c t u r e  and t o  i n v e s t i g a t e  t h e  
e x i s t e n c e  of geothermal steam and h o t  water, 
two t e s t  bor ings  of 1,000 meter c l a s s  were 
c a r r i e d  out  i n  t h e  southern  area of  Otake 
geothermal f i e l d .  

A p o s s i b i l i t y  of geothermal f i e l d  development 
was obta ined  by t h e  tes t  r e s u l t s  of Otake Well 
No.5 i n  Dec. 1961. Accordingly,  a p l a n  was 
made on t h e  d r i l l i n g  of 5 product ive  wells, 
Nos.6 through 10, d u r i n g  t h e  term from 
December 1963 t o  March 1966. Otake power 
s t a t i o n  has a c a p a c i t y  of 12.5 HW, and has 
been o p e r a t i n g  s i n c e  1967. A t  t h a t  t ime,  
Otake Wells No.6 through No.10 produced t h e  
steam, b u t  Otake Well No.6 ceased product ion  
i n  t h e  end o f  1967, Well No.7 i n  1975, Well 
No.8 i n  1977, Well No.10 i n  1980 due t o  a l o s s  
i n  en tha lpy ,  r e s p e c t i v e l y .  S i n c e  t h a t  t ime,  
steam product ion  had dec l ined .  I n  1979 and 
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1981, product ion  was r a i s e d  by t h e  d i r e c t i o n a l  
d r i l l i n g  of new product ion  w e l l s  No.14, No.15 
and N0.16. A t  p r e s e n t ,  t h e  output  of Otake 
power p l a n t  keeps about  8 MW w i t h  f o u r  pro- 
duc t ion  w e l l s  ( t h e s e  three wells and Well No.9) 
and f o u r  r e i n j e c t i o n  wells (Nos. 10 through 
13). 

HATCHGBARU 

Hatchobaru No.1 U n i t  (55 MW) was completed i n  
1977 as t h e  wor ld ' s  f i rs t  double- f lash  type  
geothermal power p l a n t  and has been o p e r a t i n g  
s a t i s f a c t o r i l y .  Kyushu E l e c t r i c  Power Co. has  
been conduct ing t h e  development of geothermal 
steam and t h e  c o n s t r u c t i o n  and o p e r a t i o n  of 
power p l a n t s  under a n  i n t e g r a t e d  system from 
geothermal e x p l o r a t i o n  t o  ower p l a n t s ,  and 
completed Gtake No.1 U n i t  712.5 MW) i n  1967 
and Hatchobaru No.1 U n i t  (55 MW) i n  1977. 
When Hatchobaru s t a r t e d  o p e r a t i o n ,  t h e  output  
was 23 MW due t o  i n s u f f i c i e n t  steam product ion  
and r e i n j e c t i o n  c a p a c i t y  caused by a d e l a y  i n  
d r i l l i n g .  However, t h e  o u t p u t  i n c r e a s e d  
s t e a d i l y  wi th  s u c c e s s f u l  d r i l l i n g ,  r e a c h i n g  
t h e  r a t e d  output  of 55MW i n  1980. 
s i n c e  then  been o p e r a t i n g  s a t i s f a c t o r i l y  a t  an  
average annual  c a p a c i t y  f a c t o r  of about  9 6 ,  
though t h e  amount of steam sometimes runs low. 

When t h e  geology of Kyushu i s  examined macro- 
s c o p i c a l l y ,  t h e r e  a r e  two major  rifts running  
from e a s t  t o  west and from n o r t h  t o  s o u t h ,  
e f f u s i n g  a l a r g e  number of volcanoes.  
s e c t i o n  of t h e  east-west r i f t ,  i . e . ,  Oita- 
Kumamoto l i n e ,  i s  occupied by t h e  Kuju vol- 
c a n i c  group which i s  t h e  h e a t  source  of t h e  
Hatchobaru geothermal f i e l d .  The depth  of t h e  
geothermal r e s e r v o i r  a t  Hatchobaru was 
p r e v i o u s l y  800 - 1 , 5 0 0 ~  ( lower Hohi s t ra tum o r  
Usa stratum). 
of a 2 , 0 0 0 ~  c l a s s  product ion  w e l l  (H-17) i n  
1980 and a 3 ,000~  e x p l o r a t o r y  wel l  (HT-5-1) i n  
1982 as p a r t  of t h e  survey f o r  t h e  development 
of No.2 U n i t ,  t h e  g e o t e c t o n i c  c o n d i t i o n  has  
been a s c e r t a i n e d  t o  a c o n s i d e r a b l e  e x t e n t .  As 
r e g a r d s  the  o r d e r  of strata from the s u r f a c e ,  
Kuju v o l c a n i c  rocks  ( Q u a t e r n a r y ) ,  Hohi 
v o l c a n i c  rocks  ( Q u a t e r n a r y ) ,  Usa s t ra ta  
( T e r t i a r y )  and t h e  basement rocks  (Mesozoic 
e r a )  are found. The basement rocks  appear  a t  
a depth  of about  2 , 0 0 0 ~  wi th  granite i n t r u d i n g  
i n t o  metamorphic rocks  ( c r y s t a l l i n e  s c h i s t s )  
and forming a l t e r n a t i n g  strata. The 
hydrothermal a l t e r a t e d  minera ls  ( e p i d o t e  and 
c a l c i t e )  found i n  small c racks  i n  t h e  basement 
rocks  sugges t  t h e  p o s s i b l e  e x i s t e n c e  of a deep 
r e s e r v o i r  zone. 

It  h a s  

A 

However, as a r e s u l t  of d r i l l i n g  

A t o t a l  of 18 product ion  w e l l s  have been 
d r i l l e d  so f a r  i n  t h e  Hatchobaru area, 12  of 
which wi th  s u c c e s s f u l  blowing. The number of 
c u r r e n t l y  blowing we1l.s i s  10, g e n e r a t i n g  55 
MW. The geothermal r e s e r v o i r  zone i n  t h e  
Hatchobaru a r e a  i s  assumed t o  be f r a c t u r e s  
which developed a long  a f a u l t .  Therefore ,  t h e  
p r o b a b i l i t y  of s u c c e s s f u l  blowing is  h i g h  i f  
t h e  product ion  wel l  i s  d r i l l e d  through f a u l t  
p lanes .  Two f a u l t s ,  Komatsu-ike s u b - f a u l t  and 

Hatchobaru f a u l t ,  have been confirmed i n  t h e  
Hatchobaru area. I n  p a r t i c u l a r ,  t h e  former is 
a major d i s c h a r g e  fault and s u c c e s s f u l  
blowing r e s u l t e d  i n  most of t h o s e  wells 
d r i l l e d  through this f a u l t  a t  1,000 - 2 , 0 0 0 ~ .  
The c h a r a c t e r i s t i c s  of product ion  wells vary 
from w e l l  t o  w e l l .  However, t h e  r a t i o  o f  
steam t o  hot  water i n  t h e  blowing f l u i d  i s  
about  1 : 2  (mouth p r e s s u r e  of about  8 kg/cm2g) 
wi th  t h e  non-condensable gas c o n t e n t  averaging  
0.5$ (weight  $). S i n c e  t h e  output  o f  
p roduct ion  w e l l s  has  been d e c r e a s i n g  a t  a r a t e  
of about  1% p e r  y e a r ,  i t  i s  necessary  t o  
d r i l l  an a d d i t i o n a l  w e l l  every year .  

A t o t a l  of 1 7  r e i n j e c t i o n  wells have been 
d r i l l e d  s o  f a r  i n  t h e  Hatchobaru a r e a ,  14  of 
which a r e  i n  c u r r e n t  use.  I n  a d d i t i o n ,  t h r e e  
of unsuccessfu l  steam product ion  w e l l s  have 
been used as r e i n j e c t i o n  wel l s .  
complete f a i l u r e  f o r  r e i n j e c t i o n  wells. Even 
i n  t h e  c a s e  of a completely d r y  hole ,  i t  i s  
p o s s i b l e  t o  develop l o s t  c i r c u l a t i o n  of water  
a r t i f i c i a l l y  by p a t i e n t l y  r e p e a t i n g  appropr i -  
a te  p r e s s u r i z a t i o n  and b o i l i n g  out .  
two major problems involved  i n  r e i n j e c t i o n  
wells: a r a p i d  f a l l  i n  r e i n j e c t i o n  c a p a c i t y  
and t h e  i n t e r f e r e n c e  of r e i n j e c t i o n  wi th  t h e  
steam product ion  zone. 
c a p a c i t y ,  s i n c e  i t  decreases  by about  2% 
every  y e a r ,  i t  i s  necessary  t o  provide  from 
two t o  t h r e e  a d d i t i o n a l  wells annual ly .  T h i s  
seems t o  be p r i m a r i l y  due t o  t h e  s i l i c a  
c o n t e n t  i n  t h e  h o t  water .  The i n t e r f e r e n c e  
wi th  t h e  steam product ion  zone poses  an  
extremely s e r i o u s  problem i n  t h e  Hatchobaru 
a r e a .  S ince  this a r e a  o f f e r s  few l o c a t i o n s  
s u i t a b l e  f o r  r e i n j e c t i o n ,  e .g . ,  recharge  
f a u l t ,  many r e i n j e c t i o n  w e l l s  were d r i l l e d  
near  t h e  steam product ion  stratum a t  t h e  
e a r l y  s t a g e  of development. 
g radual  cool ing  of product ion  w e l l s  occurred 
and,  i n  p a r t i c u l a r ,  two product ion  w e l l s  
s i t u a t e d  r e l a t i v e l y  near  r e i n j e c t i o n  w e l l s  
s topped blowing (H-4 and H-6). I n  o r d e r  t o  
prevent  t h e  c o o l i n g  of product ion  w e l l s  due 
t o  r e i n j e c t i o n ,  i t  is d e s i r a b l e  t o  completely 
s t o p  r e i n j e c t i o n  i n  t h e  ne ighbor ing  a r e a .  
However, this i s  n o t  p o s s i b l e  under t h e  
p r e s e n t  c o n d i t i o n s .  Accordingly,  of t h e  t o t a l  
h o t  water o f  750 t / h ,  about  250 t / h  i s  
d i v e r t e d  t o  t h e  Otake a r e a  f o r  r e i n j e c t i o n  t o  
ease t h e  e f f e c t .  

There i s  no 

There a r e  

AS f o r  t h e  r e i n j e c t i o n  

As a r e s u l t ,  

SUGINGI 

Suginoi  geothermal power p l a n t  of t h e  Suginoi  
Hote l ,  having t h e  capaci-ty o f  3 W ,  t h e  
smallest i n  Jepan ,  s t a r t e d  o p e r a t i o n  i n  Aug. 
1981. The a t t e n t i o n  of Japanese people  
i n t e r e s t e d  i n  geothermal f i e l d  development i s  
d i r e c t e d  t o  this p l a n t  o p e r a t i o n  because of 
i t s  unique f e a t u r e s  c h a r a c t e r i z e d  by t h e  
mult ipurpose u t i l i z a t i o n  i n c l u d i n g  e l e c t r i c i t y  
g e n e r a t i o n ,  h e a t i n g  and c o o l i n g  energy, 
r e c r e a t i o n  and therapy  i n  b a t h s  and spas  and 
so on. Seven wells were d r i l l e d  from 180m t o  
400m depth.  A t  p r e s e n t ,  t h e s e  w e l l s  produce 
steam of 50 t / h  and hot  water  of 25 t / h  
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from bottom hole  where temperature  i s  90.C - 
230'C. 

ONIKOBE 

The Onikobe power p l a n t  i s  l o c a t e d  i n  Onikobe 
Katayama d i s t r i c t ,  Naruko-machi, Miyagi 
P r e f e c t u r e  and i s  opera ted  by t h e  E l e c t r i c  
Power Development Company, Ltd.  Licensed 
p l a n t  c a p a c i t y  i s  12.5 MW, t o t a l  steam 
product ion  i n  twelve wells i s  about  50 t / h  
and h o t  water  r e i n j e c t i o n  rate i n  two wells 
is about  150 t /h .  Most of product ion  w e l l  
c o n c e n t r a t e  t o  t h e  sha l low zone (depth  200 - 
400 meters )  wi th  lower steam p r o d u c t i v i t y .  
One d i r e c t i o n a l  w e l l  d r i l l e d  i n  1990 produced 
steam of 1 7  t / h  and F'H 5 h o t  water of 50 t /h  
from a 1,000m zone. 

MOR1 - 
The Mori power p l a n t  i n  Nigorikawa geothermal 
f i e l d  l o c a t e d  i n  Southern Hokkaido i s  a 50 MW 
s t a t i o n  opera ted  by Donan Geothermal Energy Co. 
Ltd., and t h e  Hokkaido E l e c t r i c  Power Co. Ltd. 
I t  has  been producing s i n c e  Nov. i n  1982. I n  
this f i e l d ,  i t  i s  necessary  t o  pay much at- 
t e n t i o n  t o  t h e  h igh  C02 gas c o n t e n t  i n  t h e  
steam, and h igh  HCO-J i o n  c o n t e n t  i n  t h e  h o t  
water .  
i n t e r c e p t s  t h e  output  of Mori power p l a n t '  

The plugging of s c a l e  d e p o s i t  i n  p i p e  

KAKKONDA 

The Kakkonda power s t a t i o n  i n  t h e  Takinoue 
geothermal f i e l d  l o c a t e d  i n  Iwate p r e f e c t u r e ,  
n o r t h e a s t e r n  p a r t  of Honshu, Japan i s  a 50 MW 
s t a t i o n  opera ted  by J M C  and Tohoku E l e c t r i c  
Power Company. I t  has been producing s i n c e  
May i n  1978. 

Based on t h e  r e s u l t s  of t h e  d e t a i l e d  surveys  
made d u r i n g  t h e  per iod  from 1967 t o  1972, 
d r i l l i n g  of s i x  e x p l o r a t i o n  wells of  700 - 
1 , 0 0 0 m  deep was commenced i n  September,  1972 
and completed i n  February,  1974. By t h e  d a t a  
obta ined  from d r i l l i n g  and g e o l o g i c a l  and 
geophys ica l  loggings  made i n  t h e  wells, possi-  
b i l i t y  of geothermal development i n  this area 
was fur thermore  supported.  Thus, based on t h e  
r e s u l t s  of  t h e  s y n t h e t i c  a n a l y s e s  of t h e  
surface and subsur face  e x p l o r a t i o n ,  d r i l l i n g  
of  t h e  product ion  and r e i n j e c t i o n  wells 
s t a r t e d  i n  August, 1974, f o r  t h e  purpose of 
geothermal development i n  this area. During 
t h e  per iod  from August 1974 t o  August 1977, 11 
product ion  wells of 1,000 - 1,600m deep and 15 
r e i n j e c t i o n  wells of 500 -7oOm deep were 
d r i l l e d .  On t h e  o t h e r  hand, c o n s t r u c t i o n  of 
wellhead equipment a n d  steam g a t h e r i n g  
p i p e l i n e s  was commenced i n  May, 1975 and 
completed i n  November, 1977. A t  t h a t  moment, 
a l l  t h e  c o n s t r u c t i o n  works of steam supply 
system came t o  a n  end. 

I n s t a l l a t i o n s  r e l a t e d  t o  steam supply system 
i n c l u d e  geothermal wells, s e p a r a t o r s ,  steam 
g a t h e r i n g  p i p e l i n e s ,  steam header  and s i l e n c e r .  
Among t h e s e ,  geothermal w e l l s  are d iv ided  i n t o  

two types ,  one f o r  product ion  and a n o t h e r  f o r  
r e i n j e c t i o n .  Because Takinoue is l o c a t e d  i n  
t h e  Nat iona l  Park,  where l a n d  u s e  f o r  con- 
s t r u c t i o n  of roads ,  d r i l l i n g  sites, steam 
g a t h e r i n g  p i p e l i n e s  and power p l a n t  i s  normal- 
l y  p r o h i b i t e d  by environmental  concerns,  a 
grouping method was adopted i n  Takinoue f o r  
t h e  d r i l l i n g  of t h e  geothermal wells, which 
meant t h a t  two or t h r e e  wells were grouped i n  
small base  areas. Due t o  t h e  r e a s o n s  
mentioned above, f i v e  d r i l l i n g  base areas, 
named A ,  B ,  C ,  D and E ,  were prepared i n  
Takinoue. Accordingly,  most wells i n  a b a s e  
area were d r i l l e d  by d i r e c t i o n a l  d r i l l i n g  wi th  
such an  arrangement as mul t i - legs  of an  
octopus. Moreover, t o  d r i l l  p roduct ion  wells, 
a i r  d r i l l i n g  method was adopted i n  this area. 
I n  t h i s  method, air i s  used as c i r c u l a t i n g  
f l u i d  f o r  mud water and i t  h a s  such m e r i t s  
t h a t  d r i l l i n g  rate is  i n c r e a s e d ,  l o n g  l i f e  of 
d r i l l i n g  b i t s  can be k e p t ,  permeable cracks 
are p r o t e c t e d  from plugging by c u t t i n g s  and 
f r a c t u r e s  wi th  geothermal f l u i d  can be 
checked. Nine among 11 product ion  wells were 
d r i l l e d  by air  d r i l l i n g ,  showing t h a t  this 
method can be used i n  such a h o t  water area 
as Takinoue. 

Compared t o  Matsukawa which is one o f  t h e  
vapour-dominated areas, Takinoue i s  a t y p i c a l  
h o t  water  a r e a  a s  mentioned a l r e a d y .  
Therefore ,  much h o t  water gushes o u t  from t h e  
product ion  wells wi th  steam. The s e p a r a t o r  
i s  used f o r  s e p a r a t i n g  steam from h o t  water 
a t  t h e  ground s u r f a c e .  Separa ted  hot  water 
i s  s e n t  t o  t h e  r e i n j e c t i o n  wells, whi le  steam 
is t r a n s p o r t e d  by p i p e l i n e s  and i s  ga thered  
i n  a steam header. I n  Takinoue, t h e  steam 
header  i s  s e t  up i n  B base  a r e a  which i s  
l o c a t e d  n e a r  t h e  power p l a n t .  
i s  s e n t  t o  t h e  steam header  and t h e  s e p a r a t e d  
h o t  water i s  d isposed  i n t o  t h e  r e i n j e c t i o n  
wells i n  B and A base areas. 

The d r y  steam 
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