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ABSTRACT 

The mise-a-la-masse survey w a s  c a r r i e d  out  i n  
1983 a t  Hatchobaru geothermal f i e l d  using t h e  HT-8 
explora tory  w e l l  which i s  loca ted  near  t h e  known 
production zone of geothermal resources .  

The r e s u l t i n g  r e s i d u a l  maps c l e a r l y  ind ica ted  
t h e  four  promisfng low r e s i s t i v i t y  zones includ- 
ing  t h e  present  geothermal r e s e r v o i r  which s u p p l i e s  
t h e  mixture of steam and h o t w a t e r  t o  the 55  MW 
power p l a n t .  

t h e  sharp ly  contoured r e s i d u a l  anomalies because 
of t h e  high c o n t r a s t  i n  t r u e  r e s i s t i v i t y  between 
rocks and t h e  geothermal r e s e r v o i r  a t  Hatchobaru 
geothermal f i e l d .  

It w a s  concluded t h a t  t h e  s t r i k e  of f a u l t s  t h a t  
r e g u l a t e  t h e  upstream of t h e  geothermal f l u i d  and 
t h e  l a t e r a l  d i s t r i b u t i o n  of t h e  geothermal reserv-  
o i r  could be d i r e c t l y  de tec ted  by t h e  mise-a-la- 
masse measurement a t  Hatchobaru geothermal f i e l d .  

It was found t h a t  t h e  measurement gave rise t o  

INTRODUCTION 

r e s i s t i v i t y  zone (marked by t h e  square)  shows t h e  
lowest va lue  a t  s t a t i o n  B-12. 
t h a t  t h e  degree of hydrothermal a l t e r a t i o n  is very  
s t r o n g  and a promi sing r e s e r v o i r  eX.i S t S  around 
B-12. Thus, i t  is found t h a t  t h e  geothermal reser- 
v o i r  could be del inea ted  t o  some e x t e n t  by t h e  
i n d i r e c t  g e o e l e c t r i c a l  methods such a s  DC and MT. 

However, i f  t h e  geothermal r e s e r v o i r  is charged 
e l e c t r i c a l l y  by t h e  use of casing,  t h e  shape of t h e  
e q u i p o t e n t i a l  l i n e s  w i l l  r e f l e c t  t h e  geometry of 
t h e  r e s e r v o i r  d i r e c t l y  and would be  expected t o  
y i e l d  some informations concerning t h e  shape, s i z e ,  
d i p  of t h e  f a u l t  and o ther  geometr ical  parameters. 

It is observed t h a t  t h e  geothermal f l u i d  has  a 
q u i t e  low r e s i s t i v i t y  such as 1 ohm-m,then t h e  geo- 
thermal r e s e r v o i r  i t s e l f  can be  considered as a 
subsurface conductor l i k e  an  o r e  body. 

This may i n d i c a t e  
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I n  order  t o  d e l i n e a t e  t h e  geothermal r e s e r v o i r  
a t  Hatchobaru geothermal f i e l d ,  t h e  mise-a-la-masse 
survey was c a r r i e d  o u t  using the  exploratory w e l l  
HT-8 which is loca ted  near  t h e  present  product ion 
wells. The HT-8 w e l l  i s  d i r e c t i o n a l  and cased 
to t h e  f u l l  1276m. 

The general ized geologic  succession a t  Hatcho- 
baru geothermal f i e l d  is as fol lows.  

The Kujyu volcanic  complex is charac te r ized  by 
r e l a t i v e l y  viscous lavas ,  which have formed many 
lava domes. The Hohfvolcanic  complex, extruded 
by the  Kujyu complex, is comprized of about 800 m 
of very widespread pyroxene a n d e s i t e  lava  flows 
and t h e i r  pyroc las t ics .  The upper and lower Hohi 
formations c o n s i s t  mainly of l avas .  Underlying 
the  Hohi complex a t  Hatchobaru deep w e l l s  (about 
1100 t o  1500 m deep) are p r o p y l i t e s ,  more than 
300 m th ick ,  c o r r e l a t e d  with t h e  Usa group. Their  
upper p a r t ,  below the  unconformity a t  the  base of 
the  Hohi complex, may be presumed t o  be t h e  geo- 
thermal r e s e r v o i r  a t  Hatchobaru area. 

Figure 1 shows t h e  t y p i c a l  g e o e l e c t r i c  s t r u c t -  
u re  of geothermal r e s e r v o i r  a t  Hatchobaru f i e l d  on 
the  b a s i s  of the  j o i n t  invers ion  of Schlumberger 
and MT surveys. It is recognized t h a t  the  elect- 
r ica l  d i s c o n t i n u i t y  between B-12 and C-15 roughly 
corresponds t o  t h e  d i s t r i b u t i o n  of t h e  l o s t  c i rcu-  
l a t i o n  zone. I n  a d d i t i o n ,  t h e  r e s i s t i v i t y  of low 
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FIELD SURVEY 

Figure 2 shows t h e  e l e c t r o d e  arrangements, C1,  
connected t o  the  anchor cas ing  of HT-8 w e l l ,  is 
ear thed i n t o  t h e  conducting formation under inves- 
t i g a t i o n  so t h a t  i n  f a c t  t h e  formation is a c t i n g  
a s  a cur ren t  e lec t rode .  The d i s t a n t  e a r t h i n g  C2 
is taken f a r  from t h e  surveyed a r e a ,  a p a r t  6 km 
dis tance  from t h e  C 1  e lec t rode .  

The f ixed  p o t e n t i a l  e l e c t r o d e  P2, t h e  p o s i t i o n  
of which is  loca ted  by t r i a l  measurements, is a l s o  
set  f a r  from t h e  surveyed area and s i t u a t e d  near  
the  top of the  Mt.Ichimoku. 

The p o t e n t i a l  e l e c t r o d e  P1 is moved r a d i a l l y  
from the  C 1  e l e c t r o d e  with 100 - 150 m separa t ion .  

A commutated electric c u r r e n t ,  which has  a 
frequency of 0.05 Hz is introduced and t h e  r e s u l t -  
ing  vol tages  on t h e  ground s u r f a c e  are mapped a t  
s t a t i o n s  by means of a vol tmeter  wi th  r e s p e c t  t o  
t h e  base s t a t i o n  P2. 
s t a t i o n  is derived from t h e  recording of repeated 
measurements. 

The s p e c i f i c  v o l t a g e  a t  each 

)------- c1 @ P1 0 P2 @ c2 

. .  
0 Transmitter 

@ C1: current electrode connected to HT-8 well 

@ Recorder 

@ Receiver 

3 PI: wving potential electrode 

@ P2: fixed potential electrode 

@ C2: distant earthing current electrode 

Figure 2.  Electrode conf igura t ion  i n  the  
mise-a-la-masse survey. 

FIELD DATA 

Figure 3 shows t h e  d i s t r i b u t i o n  of t h e  observed 
p o t e n t i a l s .  

Here, i t  is found t h a t  t h e  e q u i p o t e n t i a l s  are 
d i s t o r t e d  due t o  t h e  ex is tence  of subsur face  con- 
duct ing body. I n  genera l ,  a h o r i z o n t a l l y  layered 
e a r t h  o r  a symmetric body about t h e  w e l l  would 
genera te  a p a t t e r n  of c i r c u l a r  contours  centered 
on t h e  w e l l .  Therefore, t h e  d i s t o r s i o n  sugges ts  
t h a t  the  l o c a l  s t r u c t u r e  of t h e  subsur face  is a t  
l e a s t  two-dimensional r e s i s t i v i t y  changes. 

THEORETICAL COMPUTATION 

The p o t e n t i a l  due t o  a p o i n t  c u r r e n t  e l e c t r o d e  
a t  a d i s t a n c e  r is 

y = p l .  .L 
2 r  r 

Figure 3. Normalized p o t e n t i a l  d i s t r i b u t i o n  a t  
Hatchobaru geothermal f i e l d  (mV/A). 

i f  t h e  p o t e n t i a l  a t  an i n f i n i t e  d i s t a n c e  is 
sumed t o  be zero. 

been introduced by Kauahikaua e t  a l .  (1980). 
formula can b e  der ived  by a process  of i n t e g r a t i o n  
s t a r t i n g  from t h e  p o t e n t i a l  of a poin t  e lectrode:  

as- 

The p o t e n t i a l  of a l ine-source e l e c t r o d e  has  
The 

V 2 L . 1 .  2a L & (  L+ JiW-] (2)  r 

r e s i s t i v i t y  f o r  t h e  f o u r  e l e c t r o d e  configurat ion 
shown i n  Figure 2 is expressed as 

Therefore, t h e  expression f o r  t h e  apparent  

(3) 
V 

Pa- K - - 
I 

where K is c a l l e d  a geometric f a c t o r  and defined 
by t h e  fol lowing equat ions:  

Topographic e f f e c t s  are also taken i n t o  account 

The t h e o r e t i c a l  e q u i p o t e n t i a l s  i n  a homogeneous 

The e q u i p o t e n t i a l  s u r f a c e s  approach s p h e r i c a l  

f o r  t h e  c a l c u l a t i o n  of t h e  geometric f a c t o r .  

i s o t r o p i c  e a r t h  is shown i n  Figure 4. 

form i n  the  neighbourhood of t h e  e lec t rode  C 1 .  
However, t h e  contour  l i n e s  are d i s t o r t e d  near  
M t .  Goto because of a s t e e p  topography. 
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Figure 4. Theore t ica l  e q u i p o t e n t i a l s  around C 1  
e l e c t r o d e  i n  a homogeneous i s o t r o p i c  
e a r t h  ( x lo-'. m-' ) 

INTERPRETATION 

P o t e n t i a l  anomalies with regard t o  a r e g i o n a l  
e f f e c t  a r e  determined by t h e  d a t a  processing,  and 
t h e i r  poss ib le  causes a r e  i n v e s t i g a t e d  according 
t o  the  flow diagram shown i n  Figure 5. 

a . I t  4 

DC RESISTIVITY 
MAGNE TOTELLURICS 

TOPOGR A P H Y 

t I  

THEORETICAL 

Figure 5 .  Flow diagram of i n t e r p r e t a t i o n  f o r  
the  mise-a-la-masse measurement. 

The a c t u a l  vo l tage  V measured a t  each s t a t i o n  
a r e  transformed i n t o  apparent  r e s i s t i v i t y  by eq.(3) 
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and compared wi th  a t h e o r e t i c a l  apparent  resisti- 
v i t y  i n  order  t o  g e t  a r e s i d u a l  anomaly. 

The method used t o  s imula te  t h e  l o c a l  geologic- 
a l  s e c t i o n  are e i t h e r  two-dimensional o r  three-  
dimensional e a r t h  model based on the  f i n i t e  d i f f e r -  
ence method. 

obtained i n  Hatchobaru area. 
Figure 6 shows t h e  maps of r e s i d u a l  anomalies 

Figure 6 .  Residual map a t  Hatchobaru geothermal 
f i e l d  (mV/A) . 

A s  shown i n  t h i s  f i g u r e ,  t h e  mise-a-la-masse 
survey ind ica ted  four  anomalously low r e s i s t i v i t y  
zones including t h e  present  production zone. 

ponds t o  t h e  known geothermal a r e a  which suppl ies  
steam t o  t h e  55 MW geothermal power p l a n t  a t  
Hatchobaru. 

confirmed t h a t  t h e  r e s e r v o i r  temperature is  high, 
240 O C .  

developed y e t ,  b u t  t h e  zone of a southeas te rn  p a r t  
is planned t o  develop wi th in  t h i s  year .  

t h e  HT-8 w e l l .  From t h i s  da ta ,  the  HT-8 w e l l  is 
s i t u a t e d  w i t h i n  a region t h a t  is apparent ly  more 
r e s i s t i v e  zone than t h e  surrounding formations. 

power s t a t i o n  are loca ted  w j t h i n  a reg ion  marked 
with a letter L t h a t  is anomalously low r e s i s t i v i t y  
zones and t h e  contours  a r e  elongated i n  t h e  north- 
w e s t  d i r e c t i o n .  

This d i r e c t i o n  coincide with t h e  s t r i k e  of 
f a u l t  t h a t  is  considered as t h e  geothermal reser- 
v o i r  a t  Hatchobaru f i e l d .  

The zone of north-eastern p a r t  marked L corres-  

The another  zone of north-western p a r t  is  a l s o  ' 

Two zones loca ted  i n  a southern p a r t  a r e  not  

Figure 7 shows t h e  d e t a i l e d  r e s i d u a l  map around 

The almost a l l  of product ive w e l l s  a t  Hatchobaru 
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90 0 OD 8m , -,. rp. , , 7 \ L : ~ o v  potential zone 
f . \  

H- : Production w e l l s  HT- : Exploratory wells 
HR-: Reinject ion w e l l s  : Unused w e l l s  

H- R: Reinject ion w e l l s  converted from production 
w e l l s  

Q : Under production 

Figure 7. Detai led r e s i d u a l  map around t h e  HT-8 
w e l l  a t  Hatchobaru f i e l d  (mV/A). 

Figure 8 shows t h e  enlarged r e s i d u a l  map corre-  

The map is  compiled wi th  t h e  d r i l l i n g  r e s u l t s  
sponding t o  t h e  present  geothermal r e s e r v o i r .  

and e lectr ical  d i s c o n t i n u i t y  obtained from t h e  
previous geophysical  surveys.  It is found t h a t  
the  shape of t h e  low r e s i s t i v i t y  zone c l e a r l y  
r e f l e c t s  t h e  geometry of t h e  r e s e r v o i r  which d is -  
t r i b u t e s  a long t h e  f a u l t .  

located wi th in  a negat ive  c e n t e r  of t h e  low resist- 
i v i t y  zone have t h e  l a r g e s t  producing capac i ty  of 
steam and hotwater. 

The most i n t e r e s t i n g  f a c t  is t h a t  t h e  w e l l s  

CONCLUSION 

The mise-a-la-masse survey ind ica ted  four  
anomalously low r e s i s t i v i t y  zones. 

The zone of north-eastern p a r t  corresponds t o  
t h e  present  geothermal r e s e r v o i r  t h a t  suppl ies  
t h e  mixtures  of steam and hotwater  t o  t h e  55 MW 
geothermal power p l a n t  a t  Hatchobaru. 
found t h a t  t h e  d i s t r i b u t i o n  of p o t e n t i a l s  c l e a r l y  
r e f l e c t  t h e  geometry of t h e  geothermal r e s e r v o i r  
i t s e l f .  

It was 

Lost c irculat ion zone around 1,000m deep/ 
based on d r i l l i n g  resu l t s  ., Elec tr i ca l  discontinuity obtained from 
MT DC survey 

( \ \ \ \ I  I 
I 
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Figure 8. The enlarged r e s i d u a l  map arround t h e  
present  geothermal r e s e r v o i r  a t  
Hatchobaru f i e l d  (mV/A). 

I n  conclusion,  t h e  s t r i k e  of f a u l t  t h a t  regu- 
l a te  t h e  upstream of t h e  geothermal f l u i d  is d i -  
r e c t l y  de tec ted  by t h e  e longat ion  of t h e  v o l t a g e  
contours  a t  Hatchobaru area. 
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