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Japan i s  scarce i n  domest ic  n a t u r a l  r e s o u r c e s .  I n  f a c t ,  t h e  
degree  of dependence on imports  of b a s i c  r a w  materials i s  q u i t e  h igh .  
T h i s  paper  d e s c r i b e s  primary energy supply as a background t o  t h e  
s t a t u s  of geothermal energy developments,  and geophys ica l  w e l l  
logging i n  geothermal w e l l s .  

Primary Energy Supply of Japan  

Although Japan made a h igh  level  of economic growth from 1960 

A s  
u n t i l  t h e  o i l  crisis i n  1973, t h e  o i l  crisis h a s  had such a cons ider -  
a b l e  e f f e c t  on t h e  Japanese  economy as t o  shake i t s  foundat ion .  
t h e  base  of J a p a n ' s  energy p o l i c y ,  "The Long Range P r o s p e c t s  f o r  
Energy Supply and P o l i c i e s "  w a s  i s s u e d  i n  1975 by t h e  Energy Council .  
I n  Table  1, which is  i t s  long t e r m  energy supply program, the degree  of 
dependence on imported o i l  w i l l  d e c r e a s e  from 77 p e r c e n t  i n  1973 t o  
63 p e r c e n t  i n  1985. 
of reducing dependence on imported o i l ,  a c c e l e r a t i o n  of t h e  development 
of domest ic  energy and t h e  l a r g e - s c a l e  i n t r o d u c t i o n  of LNG w i l l  b e  
necessary .  

On t h e  o t h e r  hand, i n  o r d e r  t o  a t t a i n  t h e  t a r g e t  

The Japanese  government h a s  decided t o  make a new energy p l a n  
by next  y e a r ,  paying due r e g a r d  t o  t h e  growing s e n s e  of energy crisis.  
The new energy p o l i c y  w i l l  b e  founded on t h e  fo l lowing  p r i n c i p l e s :  
(1) t o  d e c r e a s e  dependence on c rude  o i l ,  (2)  t o  s e c u r e  t h e  s t a b l e  
supply of hydrocarbon energy,  (3) t o  r e a l i z e  t h a t  t h e  p r e s e n t  t a r g e t  
f o r  n u c l e a r  energy is  d o u b t f u l ,  ( 4 )  t o  develop v a r i o u s  s o r t s  of energy 
r e s o u r c e s  and t h e i r  t e c h n o l o g i e s ,  (5) t o  promote energy s a v i n g ,  (6) t o  
e s t a b l i s h  f r i e n d s h i p  t r a d e  w i t h  overseas  c o u n t r i e s  through i n t e r n a t i o n a l  
coopera t ion .  

The a d v i s o r y  committee of Energy Counci l  announced i t s  r e v i s e d  
p l a n  (Table  2)  i n  June  t h i s  y e a r ,  though i t  i s  n o t  y e t  f i n a l .  The 
former government p l a n  has  been v a r i o u s l y  c r i t i c i z e d  ever s i n c e  i t  w a s  
r e p o r t e d .  
f e a s i b i l i t y  of achiev ing  t h e  t a r g e t s  of t h e  p l a n ,  mainly: 
areas of n u c l e a r  energy and LNG, r e a l i z a t i o n  of t h e  p l a n ' s  t a r g e t  i s  
d o u b t f u l ;  ( 2 )  t h e  assurance  of a v a i l a b l e  funds should have been made 
c lear ,  i n  o r d e r  t o  c a r r y  through t h e  p l a n ;  (3) t h e  leve l  of o i l  impor ts  
would n o t  b e  so  easy t o  achieve.  Each of t h e s e  p o i n t s  w a s  a n  impor tan t  
i n d i c a t i o n  f o r  t h e  n e c e s s i t y  of r e v i s i n g  t h e  energy p l a n .  

I n  p a r t i c u l a r  t h e r e  w e r e  l i v e l y  arguments about  t h e  
(1) i n  t h e  
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Table 1. Actual Resu l t s  and Forecast  o f  Primary Energy Supply 

1 

Domestic 
SUPPlY 

Imported 
SU?PlY 

Sources 

Hydro-Power, 106k?.J 

Geothermal Energy, 106KW 

0. i l  S: Batura l  G a s ,  106KL 

Coal 10 ton 

Ejuclear Power, 106K\;I 

6 

6 

6 

LKG , 10 ton  

coa l  , 10 t o n  

Crude o i l  & LPG, ~ O ~ K L  

FY 1573 

21.20 

0.03 

3.70 

21.68 

2.30 

2.37 

58.00 

318.00 

383 - 

1 

FY 1975 

25.43 

0.05 

3.53 

18.60 

5.95 

5.06 

62 - 34 

285.27 

366. 

FY 1985 
~ 

28.30 

2.10 

14 .OO 

20.00 

49 -00 

42 -00 

102.40 

485.00 

710. 

2 

FY 1985 

27.00 

0.50 

8.20 

20.00 

27.00 

27.00 

(S) 88.60 
(L)  81.48 
( S )  499.46 
(L) 440- 63 

Sources of Inforna t ion  

Source 1) Energy Council (1-ug. 1975) 

Source 2)  The I n s t i t u t e  o f  Energy Economics(Dec. 1976) 

For I n s t i t u t e  of Energy Economics, 

(S) i n d i c a t e s  standard case 

(L) i nd ica t e s  l o w  grovth case 

Conversion r a t e s  of petroleum t o  hea t  

1 l i t e r  o f  petroleum 9,400 K C a l  
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Table 3. Geothermal Poxer Tlants in Operat ion 
and -=der ConstructLon in Zagan (1977, J d y )  

N m e  of 
C onpar-y 

fiia3.j of  
S t a t i o n  

Cjrushu E l e c t r i c  
P o w e r  Co. 

I 

E l e c t r i c  Pciier 
DevelcFment Co. 

Unma 

Onikobi 

K p s h u  Z l e c t r i c  
lower  C c .  I 

I 

Su3 - C e t 2-1 

o c a t  i. on 
? r e f .  ) 

I wat e 

- 
Oi ta 

Aki2a 

%yagi  

Giza 

22,030 

11,000 

10,000 
(7,503) 

25, COO 
(12,5CO! 

50, 000 
(23,200) 

n e ,  000 
(76,000)f 

50, COO 

53, coo 

1c3, coo S ub - t o t a1 

- 
S t a r t i r g  
07 era. t L c n 

1?67? Oct . 

1974, June 

- 

-q actual da+a) 

1977. Dec . 
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Geothermal Resources and Development i n  Japan  

A t  p r e s e n t ,  f i v e  geothermal power s t a t i o n s  are be ing  o p e r a t e d ,  
and ano the r  two s t a t i o n s  are under c o n s t r u c t i o n ,  as shown i n  Table  3 .  
An organized  b a s i c  i n v e s t i g a t i o n  f o r  geothermal r e s o u r c e s  w a s  s t a r t e d  
i n  t h e  f i s c a l  yea r  of 1973 by t h e  Geologica l  Survey of Japan. 

Japan  i s  set on p a r t s  of a v o l c a n i c  b e l t ;  t h a t  i s ,  t h e  v o l c a n i c  
r anges  of Chishima, Nasu, Chokai, F u j i ,  Norikura,  Hakusan, Ki r i sh ima 
and so  on. Hot s p r i n g s  occur r ing  i n  t h e  v i c i n i t y  of t h e s e  volcanoes  
have been used f o r  ba th ing .  According t o  a r e p o r t  (1975) by t h e  
Geologica l  Survey of Japan ,  t h e r e  are 111 s i tes  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  having tempera tures  more than  90°C, 
a l though i n  t o t a l  t h e r e  are about 1,500 h o t  s p r i n g  r e s o r t s  i n  Japan. 
P r o s p e c t i v e  si tes f o r  geothermal energy development u s u a l l y  l i e  around 
t h e  h o t  s p r i n g  zones of vo lcanoes .  A s  p a r t  of t h e  long-term new 
energy r e s e a r c h  and development program named "Sunshine P r o j e c t " ,  
t h e  Geo log ica l  Survey of Japan  picked up t h e  t h i r t y  h igh  p o t e n t i a l i t y  
geothermal f i e l d s  (F ig .  1 )  c h a r a c t e r i z e d  by conspicuous geothermal 
anomal ies ,  p a r t i c u l a r l y  fumaroles and h o t  s p r i n g s  of tempera ture  
above 90°C. 

Geophysical Well Logging i n  Geothermal Wells 

The purpose of geothermal w e l l  logging  d i f f e r s  from t h a t  of 
o i l  o r  g a s  w e l l s  i n  some r e s p e c t s .  
d r i l l e d  i n  h o t t e r  and ha rde r  fo rma t ions ,  which o f t e n  are f r a c t u r e d .  
T h i s  combination of h igh  tempera tures  and hard format ions  ( igneous  o r  
metamorphic, n o t  sedimentary format ions)  causes  some prsblems i n  
geothermal w e l l  logging .  

Geothermal w e l l s  are u s u a l l y  

I n  Japanese  geothermal energy development companies such  as t h e  
Japan  Metals h Chemicals Co., L t d . ,  g e o l o g i s t s  and r e s e r v o i r  eng inee r s  
have mainly conducted r e s e a r c h  i n t o  t h e  e v a l u a t i o n  of f r a c t u r e s  and 
geothermal r e s e r v o i r s  by e l e c t r i c  logging  (S.P. ,  r e s i s t i v i t y ) ,  
t empera ture  and p res su re  logg ing ,  c a l i p e r  logging and so on. 

Our governmental suppor t  f o r  geothermal w e l l  logging  may be 
grouped i n t o  two k inds .  F i r s t ,  t h e  Japan  Geothermal Energy Development 
Center i s  now i n v e s t i g a t i n g  geothermal p o t e n t i a l  and t h e  f e a s i b i l i t y  of 
i ts  development us ing  s u r f a c e  surveys  and bo r ing  w e l l s  (about '1,000 
meters depth)  under i n s t r u c t i o n s  from t h e  Power g e n e r a t i o n  s e c t i o n  and 
t h e  Geothermal r e s o u r c e s  development i n v e s t i g a t i o n  committee, which 
belong t o  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 .  The 
fo l lowing  geophys ica l  measurements i n  t h e s e  w e l l s  are a v a i l a b l e :  
t empera ture  logging ,  e l e c t r i c  logging  (S.P. ,  r e s i s t i v i t y ) ,  c o r e  
a n a l y s i s  ( rock  d e n s i t y ,  magnetic s u s c e p t i b i l i t y ,  a c o u s t i c  v e l o c i t y ,  
thermal  c o n d u c t i v i t y )  and so on. 

A second kind is  t h e  Geothermal Energy Research and Development 
program of "Sunshine P r o j e c t , "  planned by t h e  I n d u s t r i a l  Technology 
Agency. Inc luded  are t h e  fo l lowing  f o u r  R & D groups: 
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Figure 1. Locations of the 30 geothermal fields to be investigated by the Geological Survey of Japan. 
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(1) exploration, drilling and production, (2)  geothermal power 
generation and plant, ( 3 )  recovery of volcanic energy, energy from 
dry hot rock etc., (4) environmental problems, multiple utilization 
of steam and hot water etc. One of them is the R & D on well logging 
probes and devices with a view of geothermal energy development. 
In 1975, the study was initiated by our Borehole Measurement 
(geothermal well logging) Committee which consists of members from 
the Geological Survey of Japan, University of Tokyo, Geothermal 
Energy Research and Development Co. (secretariate), Japan Metals 
& Chemicals Co., Teikoku Oil Co., Japan Petroleum Exploration Co. 
and so on. 

A feasibility study and selection of well logging tools 
2 were conducted in early stagesof this study. These tools are usually 

designed for operation in an environment of 25OoC and 200 - 300 Kg/cm . 
The following equipment will be constructed and operated by the 
coming March. 

(1) Testing Vessel 
(2)  Downhole Flowmeter for hot water (continuous recording 

( 3 )  Acoustic Velocity Logging device measuring the compressional 

(4) Bore Hole Television Camera 
(5) 

type) 

wave and shear wave simultaneously 

Temperature Logging and Pressure Logging devices. 

These hot spring zones have peculiar landscapes such as volcanic 
valleys and have often been designated as national parks or quasi- 
national parks. Geothermal development within the area of a national 
park needs prior permission of the Director of Environment Agency. 
The Governor's permission would not be easily obtained. 
in view of the very high dependence of Japan's energy supply on 
foreign resources, the development of the domestic geothermal 
energy resources should be promoted as a national policy. 

However, 
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TABLE 4. 

boaparison of f i e l d  data w i t h  calculated r e su l t s .  

Total Predicted Pressure Drop Percent 

( t /h r )  
Flow Regiae q ,pgrkm2j A p, Difference Test Mass Rate 

T-205-1 

T -2 05 -2 

T-205-3 
T -205 -4 
c-1-1 
c -1-2 

c-1-3 
c-2-1 
c-2-2 
c-2-3 

32.5 
39.7 
47.3 
54.9 
78.1 

147 5 
198.6 
127.5 
209.9 
229.0 

F=Froth, BxBubble, 

39.2 
36.7 
33.0 
30.5 
62.82 
52 . 06 
44.52 
56-05 
50.65 
48.65 

38.8 
37.3 
30.8 
26.9 

52 . 81 

58.02 

59.13 

47 72 

53 02 
48.7a 

- 1.0 
1.6 - 6.7 

-n08 
- 3.9 
1.4 
7.1 
3.5 
4.8 
0.2 

(&Pc-APJ 
Percent Difference = x 100 

TABLE 5 .  

Well Data from Takinoue, Jap1(1975-6). 
Reference Cased Steam Water Wellhead Wellhead 

Test Well Depth Depth Rate Rate Pressure Quality 
(d (m) (t/hr) (t/hr) (kscd 

T-205-1 
T-205-2 
T-2053 
T-205-4 
c-1-1 
c-1-2 
C-1-3 
c-2-1 
c-2-2 
C-2-3 

700 
700 
706 
700 
950 
950 
950 
WO 
880 
860 

500 1.9 
500 3*3 
500 5.2 
500 7.7 
752 6.5 
752 14.8 
752 17.9 
829 6.9 
829 21.4 
829 26.8 

~~ 

30.6 

42.1 

71.6 

180.7 
120.6 
168.5 
202.2 

36.4 

47.2 

132.7 

12.7 
10.6 
.9 .a 
8.0 

10.9 
10.2 
9.3 

13 - 98 
1’11.98 
13 . 22 

0.058 

0.110 
0.140 
0.083 
0.100 
0.090 
0.054 
0,102 
0.117 

0.083 
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Figure 2. 
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Figure  3. Testing Vessel 
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Figure 4. Downhole Flowmeter for Hot Water 
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