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ABSTRACT 

A new method of i n t e r p r e t a t i o n  of v e r t i c a l  
r e s i s t i v i t y  sounding curves is presented based on 
an a n i s o t r o p i c  layered e a r t h  model. 

the  v i c i n i t y  of product ion region and a v i r g i n  
area i n  the  Hatchobaru geothermal f i e l d .  The 
r e s u l t s  of i n t e r p r e t a t i o n  are compared with t h e  
d r i l l i n g  d a t a  from t h e  product ion w e l l s .  

was obtained f o r  t h e  hydrothermal system a t  t h e  
Hatchobaru area.  

I n  addi t ion ,  i t  w a s  proved t h a t  a n i s o t r o p i c  
c o e f f i c i e n t s  determined from t h e  r e s i s t i v i t y  
invers ion  provide the  va luable  information n o t  
only on t h e  t r u e  r e s i s t i v i t y  l a y e r  s e c t i o n ,  b u t  
on t h e  es t imat ion  of f r a c t u r e s  which are t h e  ver- 
t i c a l  o r  t h e  h o r i z o n t a l  ones. From t h i s  s tudy ,  
i t  w a s  found t h a t  most of production w e l l s  located 
near  t h e  VES s t a t i o n s  i n  t h e  domain I V  i n  t h e  
a n i s o t r o p i c  c o e f f i c i e n t  map. 

The method has  been appl ied  t o  t h e  VES d a t a  i n  

Concludingly, an acceptab le  g e o e l e c t r i c  model 

INTRODUCTION 

The an iso t ropic  charac tor  of t h e  formation has  
been genera l ly  overlooked i n  t h e  i n t e r p r e t a t i o n  of 
r e s i s t i v i t y  sounding curves ,  though geologica l  
formations may have t h e  d i f f e r e n t  r e s i s t i v i t y  va lues  
along t h e  p a r a l l e l  d i r e c t i o n  and i n  the  normal 
d i r e c t i o n  t o  t h e  bedding planes.  This phenomenon 
is q u i t e  common i n  var ious  formations such as not  
only sedimentary beds b u t  f r a c t u r e d  igneous beds 
having c o n t r a s t i n g  l i t h o l o g i e s .  It is a l s o  w e l l  
known a s  a t r a d i t i o n a l  problem t h a t  t h e  a p p l i c a t i o n  
of t h e  i n t e r p r e t a t i o n  method based on an i s o t r o p i c  
layer ing  t o  the  r e s i s t i v i t y  sounding (VES) curves 
leads t o  s u b s t a n t i a l  e r r o r s  i f  t h e  subsurface for-  
mations were shown t o  be  a n i s o t r o p i c .  

which w e r e  previously obtained a t  t h e  Hatchobaru 
geothermal f i e l d  i n  Japan. 

FORWARD PROBLEM 

W e  consider  an a n i s o t r o p i c  h a l f  space  made up 
of a layered e a r t h  i l l u s t r a t e d  by Fig.1. 
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jUpp and vozoff(1977) has  shown t h a t  t h e  ani-  
sotropy could be resolved wi th  j o i n t  invers ion  of 
DC r e s i s t i v i t y  and magneto te l lur ic  da ta ,  because 
the  MT measurements responds only t o  conduct iv i ty  
and depth estimates are n o t  d i s t o r t e d .  

I n  the  present  paper, w e  have demonstrated t h a t  
the  anisotropy i n  each l a y e r  u n i t  of t h e  subsurface 
formations could be  s e p a r a t e l y  determined from t h e  
usual  VES curves obtained i n  t h e  f i e l d  survey by 
means of a least-squares  invers ion  techniques. 

a n i s o t r o p i c  layered e a r t h  is appl ied  t o  the  VES d a t a  

Fig. 1. Anisotropic  layered e a r t h  model t h a t  has  t h e  
d i f f e r e n t  r e s i s t i v i t y  va lues  a long t h e  p a r a l l e l  
d i r e c t i o n  and i n  t h e  normal d i r e c t i o n  t o  t h e  
bedding planes.  

Considering t h e  layer ing  t o  be h o r i z o n t a l ,  w e  
s h a l l  denote t h e  r e s i s t i v i t y  t o  cur ren t  i n  t h e  
d i r e c t i o n  perpendicular  t o  t h e  layer ing  pt and t h e  
r e s i s t i v i t y  t o  cur ren t  a long t h e  s t r a t a  p ~ .  

average r e s i s t i v i t y  Pm , d e f i n e d ‘ a s  
The new method of i n t e r p r e t a t i o n  based on t h e  Furthermore, w e  s h a l l  in t roduce  t h e  concepts of 
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and c o e f f i c i e n t  of anisotropy,  a defined as These r e s u l t s  of t h e  i n v e s t i g a t i o n  may be sum- 
marized by t h e  fol lowing system of equat ions:  

a = SPtTpa =/- (2) 

L I w  - M I ( a )  
Ah where (J is t h e  conduct ivi ty  and t h e  q u a n t i t y  a . is a measure of t h e  anisotropy.  e-a iMi (A)+e i Li ( A )  -e-XhiMi+l ( A )  -eXhiL ( A )  =O 

c y l i n d r i c a l  symmetry and t h e  anisotropy is of t h e  
I n  condi t ions  where t h e  p o t e n t i a l  f i e l d  has  a -e-Xh i'i iLi ( A  1 +Kie-' iMi+l ( A )  -Ki e fa:Li+l ( A )  (13) 

( l - K i )  emXh i 
type r e f e r e d  t o  above, t h e  r e l a t i o n  t h a t  must be  
s a t i s f i e d  is  thus  

Ln(A) = 0 

o r  

1 a2v 1 a v 1 a2v 
- ( - 2 + -  - p t  a r  r a r ) + z t  = O 

a2v 1 a + . 2 7 = 0  1 a2v a 2 + r  a r  a a z  

(3) 

(4) 

I n  p a r t i c u l a r ,  t h e  expression f o r  t h e  p o t e n t i a l  
, caused by a p o i n t  source of c u r r e n t  a t  t h e  sur-  
f a c e  of a homogeneous b u t  a n i s o t r o p i c  e a r t h  must be 

(5) 

where I is t h e  i n t e n s i t y  of t h e  e lectr ic  cur ren t .  

must then be  
The p a r t i c u l a r  s o l u t i o n s  of t h e  equat ion (4) 

Using eqs.(5) and (6) t h e  genera l  s o l u t i o n  i n  t h e  
i - th  l a y e r ,  can be  w r i t t e n  

where, Jo is t h e  Bessel func t ion  of zero order .  
W e  in t roduce a modified depth coord ina te ,  h 

which defined by Koefoed(l979) a s  

and t h e  i n t e g r a l  of Lipschi tz :  
1 p e Jo(Ar) dA = m 

then,  eq. (7) reduces t o  

The func t ions  L i (  h )  and M i (  h )  are d i f f e r e n t  
f o r  t h e  d i f f e r e n t  l a y e r s ,  and are determined by t h e  
following boundary condi t ions.  
(I) A t  the  s u r f a c e ,  t h e  normal c u r r e n t  d e n s i t y  

must be  zero: 

Eq.(13) is a l i n e a r  system of 2n equat ions i n  
t h e  2n unknowns L;, L2 , .. . , Ln , M I  , M2 , ... , 
Mn. Since t h e  number of equat ions is equal  t o  t h e  
number of unknown t h i s  system can be solved. 

The only one of these  unknowns, t h a t  is  of 
i n t e r e s t ,  is L1 because t h e  p o t e n t i a l  measurements 
are made a t  t h e  sur face .  I n  t h e  fol lowing L1 w i l l  
be  denoted %( A) which is commonly re fered  t o  as 
t h e  k e r n e l  func t ion .  

e a r t h  can b e  w r i t t e n  as 
The k e r n e l  func t ion  f o r  an a n i s o t r o p i c  layered 

where t h e  func t ions  Pn(h ), Qn( A )  and Hn( X ) m y  
b e  given by t h e  F l a t h e ' s  recurs ion  formula: 

H,(u) = Hn-l(U) + Pn-l(l/u)kn-luhn-l (16) 

Qn(u) = Q,-~(u) - Qn-1(1/UIkn-1Uhn-' 

with  u = exp(-2h). 
where t h e  r e s i s t i v i t y  r e f l e c t i o n  c o e f f i c i e n t  and 
t h e  modified depth are defined by t h e  fol lowing 
equat ions:  

Therefore , t h e  e lectr ic  p o t e n t i a l  a t  t h e  sur -  
f a c e  by a p o i n t  source  of e l e c t r i c  c u r r e n t  is 
given by t h e  equat ion 

A t  t h e  boundary between each p a i r  of succes- We thus o b t a i n  t h e  mathematical expression f o r  
s i v e  l a y e r s  two boundary condi t ions  must be  
s a t i s f i e d :  conf igura t ion  

t h e  apparent  r e s i s t i v i t y  f o r  t h e  Schlumberger 

i - i+l pa = p l m {  1 + $z{mRn(A)Ji(A$)ldA (20) 
(11) 

where L is t h e  c u r r e n t  e l e c t r o d e  separa t ion ,  J1 is  
t h e  Bessel func t ion  of t h e  f i r s t  o rder  and & ( A ) ,  

1 av 

Pit az pi+ltaz 

-i= -- 

(111) A t  t h e  i n f i n i t e  depth,  t h e  p o t e n t i a l ,  t h a t  is t h e  k e r n e l  func t ion ,  is determined by eq.(15). 

paren t  r e s i s t i v i t y  when t h e  kerne l  i s  known. 
caused by a cur ren t  source a t  t h e  s u r f a c e ,  
must become zero: 

Eq.(20) makes i t  p o s s i b l e  t o  compute t h e  ap- 
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INVERSE PROBLEM 

Various authors  have published t h e  methods of 
automatic i t e r a t i v e  i n t e r p r e t a t i o n ,  i n  which the 
l a y e r  parameter adjustment are made by the  com- 
puter ,  s t a r t i n g  with i n i t i a l  guess parameters. 
These methods a r e  a t  p re sen t  t h e  most exce l l en t  
t o o l  i n  t h e  exact  i n t e r p r e t a t i o n  of r e s i s t i v i t y  
sounding measurements. We have used a modified 
program from the program coded by Ushijima(l980) 
which numerically accomplish t h e  inversion i n  a 
s t a b  l e  manner. 

The p resen t  computer program has the  following 
fea tures  : 
(1) The program has  used the  SALS program as a 

main program i n  which F le t che r ' s  a lgori thm 
has been used t o  s e l e c t  an  appropr i a t e  value 
f o r  Marquardt's f a c t o r  a t  each s t e p  of inver- 
s ion  process .  

(2) Theore t i ca l  apparent  r e s i s t i v i t y  values  a r e  
ca l cu la t ed  f o r  the  a c t u a l  e l ec t rode  sepa ra t ions  
taken i n  the  f i e l d ,  using the  Johansen's 
d i g i t a l  f i l t e r  c o e f f i c i e n t s .  

(3) The weights of t h e  VES d a t a  a r e  ad jus t ed  
according t o  t h e  r e s i d u a l  values  between t h e  
observed and c a l c u l a t e d ,  based on t h e  robust  
e s t ima t ion  method. 

(4) S t a t i s t i c a l  estimates of t h e  s o l u t i o n s  a r e  made 
by the informations such a s  a s tandard deviat-  
ion S, Akaike's Information C r i t e r i o n  (AIC), 
t h e  parameter c o r r e l a t i o n  c o e f f i c i e n t s ,  t h e  
parameter s tandard dev ia t ions ,  etc. 

( 5 )  The program can be d i r e c t l y  app l i cab le  t o  
an i s o t r o p i c  case, by f i x i n g  the  an i so t rop ic  
c o e f f i c i e n t  of each l a y e r  t o  equal  one. 

FIELD EXAMPLES 

A series of r e s i s t i v i t y  sounding measurements 
has  been c a r r i e d  o u t  f o r  t h e  purpose of geothermal 
resources  i n v e s t i g a t i o n  a t  t h e  Hatchobaru f i e l d .  
I n  t h i s  survey, d a t a  are taken along p a r a l l e l  l i n e s  
spaced 200 m a p a r t  and depth soundings a r e  a l s o  
made 200 m a p a r t  along these  l i n e s ,  with maximum 
cur ren t  e l e c t r o d e  expansion t o  2000 m. 

shown on t h e  maps of Fig.2 together  with t h e  
loca t ion  of the product ion w e l l s .  

The loca t ion  of t h e  sounding s t a t i o n s  a r e  

Hachobar u 
power station ! 

1812 lg J B 

Fig. 2. VES s t a t i o n s  and l o c a t i o n  of production 
w e l l s  a t  t h e  Hatchobaru geothermal f i e l d .  

Ushijima, e t  a l .  

We s h a l l  now consider  t h e  i n t e r p r e t a t i o n  of t h e  
apparent r e s i s t i v i t y  curves a t  t h r e e  s t a t i o n s  B-12, 
C-15 and D-15, along t h e  l i n e  S1, going from north- 
e a s t  t o  southwest. Line S1 crosses  t h e  c e n t r a l  
po r t ion  of t h e  p re sen t  production zone. 

t h e i r  i n t e r p r e t a t i o n  and automatic p l o t t i n g .  are 
shown i n  Figs.  3 - 5. 

The observed apparent r e s i s t i v i t y  curves with 

I I . . , . , . . I  I , . . , . , ,  I I ......, I 1 .....,. I , , , I .  4 
ELECTRODE SEPARATION LIZMI 

I. * 1.1 ID0 I I .  I 1-1 1-8 

Fig. 3a. VES curve wi th  t h e  i n t e r p r e t a t i o n  a t  B-12 
.(  6 l a y e r  model ) . 

ITERATIVE INTERPRETATION OF RS CURVE 
FOR ANISOTROPIC LAYERED EARTH 

FIELOW HACHOBARU 
SI. NO. w B-12 tANISOTROPYJ 

8 -  Lpll 
Ilm 1-84 
01. alba 

r !? '&48L 'C  
m a -  u s a  a m  - m a - n ~ m m  . . I I. IDI &a 
I a. we cn 

- 8 . 1 1  Dm 

1 . .  
:.I I.@ I 1  0 1-1 1-8 1-8 

ELECTRODE SEPARATION L I ~ I ~ I  

Fig.  3b. VES curve wi th  t h e  i n t e r p r e t a t i o n  a t  B-12 
( 4 l a y e r  model 1. 

I n  these  f i g u r e s ,  circles show t h e  observed 
apparent r e s i s t i v i t y  va lues  and a s o l i d  curve rep- 
r e s e n t s  t h e  t h e o r e t i c a l  curve obtained by t h e  use 
of t h e  f i n a l  s o l u t i o n .  

t h a t  is as 6-layer curve o r  4-layer curve.  It is, 
however i n t e r e s t i n g  t o  no te  t h a t  the  two d i f f e r e n t  
models a l s o  y i e l d  t h e  almost same s o l u t i o n  concern- 
i n g  t h e  r e s i s t i v i t y  va lues  of t h e '  low r e s i s t i v i t y  

VES curve a t  B-12 a r e  i n t e r p r e t e d  i n  two models, 
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zone and t h e  e l e c t r i c a l  basement and t h e  boundary 
depth between them due t o  t h e  high r e s i s t i v i t y  
c o n t r a s t  of them. 

L O  

Fig. 4. VES curve wi th  t h e  i n t e r p r e t a t i o n  a t  C-15. 

FIELDM HACHOBARU 

Fig. 5 .  VES curve wi th  t h e  i n t e r p r e t a t i o n  a t  D-15. 

Soundings B-12 and C-15 a r e  made i n  t h e  v i c i n i -  
t y  of the  present  production region,  then t h e  in- 
v e r s i o n  r e s u l t s  of VES curves a t  t h e s e  s t a t i o n s  
w i l l  be  compared with t h e  d r i l l i n g  d a t a .  

COMPARISON OF SOLUTIONS WITH DRILLING DATA 

The two types of s o l u t i o n s  based on a n  aniso-  
t r o p i c  and an i s o t r o p i c  layer ing  are compared wi th  
t h e  d r i l l i n g  d a t a  a long t h e  s e c t i o n  pro jec ted  t o  

the  l i n e  S1 shown i n  Fig.2. 
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3 8 . 9  7 . 9  I 1 4 8 . 9  R-m 

8 0 
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c 51E 
0 

V e r t i c a l  Depth 

Fig. 6. Comparison of t h e  r e s i s t i v i t y  l a y e r  sect- 
ion  along t h e  S1 l i n e  wi th  t h e  d r i l l i n g  
d a t a  of product ion wells. Values i n  t h e  
parenthes is  denote  an a n i s o t r o p i c  coef f i -  
c i e n t s .  

Figure 6 shows t h e  t h r e e  primary rock u n i t s :  
f i r s t ,  t h e  sur face  zone wi th  a high r e s i s t i v i t y  
rocks of 500 - 1300 ohm-m t h a t  were c o r r e l a t e d  wi th  
volcanic  rocks of t h e  Kujyu and upper Hohi sequence 
; second, t h e  in te rmedia te  l a y e r  wi th  the  low re- 
s i s t i v i t y  rocks of 2 . 1  - 6.3 ohm-m t h a t  were corre-  
l a t e d  wi th  a s e c t i o n  c o n s i s t i n g  p r i m a r i l y  of 
Ple is tocene  t u f f  b r e c c i a  of t h e  middle Hohi group 
and f rac tured  volcanics  of t h e  lower Hohi sequence; 
and t h i r d ,  an electrical  basement which has  a high 
r e s i s t i v i t y  between 180 - 1200 ohm-m beneath t h e  
low r e s i s t i v i t y  s e c t i o n  which appears  t o  be  corre-  
l a t e d  wi th  t h e  Pyroxene a n d e s i t e  lower Hohi vo lcanic  
sequence, t h e  Usa group. 

L a t e r a l l y ,  with regard t o  t h e  'low r e s i s t i v i t y  
zone, t h e  r e s i s t i v i t y  t a k e s  gradual ly  a high va lue  
from B-12 t o  D-15, t h a t  is  nor th  t o  south.  This 
t rend coincides  with t h e  i n c l i n a t i o n  of f a u l t s  o r  
the  d i s t r i b u t i o n  of t h e  lost c i r c u l a t i o n  zone t h a t  
corresponds t o  t h e  geothermal r e s e r v o i r .  

I n  addi t ion ,  i t  is  a l s o  recognized t h a t  t h e  
marked d i s c o n t i n u i t y  of t h e  depth t o  t h e  e lectr ical  
basement e x i s t s  between B-12 and C-15, thus such a 
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From t h e  preceding r e s u l t s ,  we may conclude 
t h a t  t he  g e o e l e c t r i c  s t r u c t u r e  of t h e  present  
peothermal r e s e r v o i r  system of Hatchobaru power 
p l a n t  could be  explained by t h e  model as shown i n  
Fig.  7.  

l a r g e  d i scon t inu i ty  must be  considered t o  i n d i c a t e  
t h e  presence of f a u l t  marked by f i n  Fig.6. 

Judging from these  th ree  f a c t o r s ,  t h a t  are the  
r e s i s t i v i t y  changes of v e r t i c a l  and la te ra l  d i r ec -  
t i o n s  and t h e  d i scon t inu i ty  of t h e  e lectr ical  
basement, t he  l o c a t i o n  and i n c l i n a t i o n  of f a u l t  
which r egu la t e  t h e  upstream of the  geothermal 
f l u i d  could be  determined. 

I n  planning d r i l l i n g  opera t ions ,  i t  is  impor- 
t a n t  t o  know t h e  depth t o  t h e  geothermal r e s e r v o i r  
, as w e l l  as t h e  l a te ra l  boundary. Then, we com- 
pa re  t h e  depth t o  the  e lectr ical  basement wi th  the  
depth of t he  geothermal r e s e r v o i r ,  heing shown as 
t h e  underlined f i g u r e s  i n  Table 1. 

Table 1. Casing program, Lost c i r c u l a t i o n  d a t a ,  
and W e l l  c h a r a c t e r i s t i c s  of production 
w e l l s  a t  Hatchobaru geothermal f i e l d .  

NUMERICAL MODELIW 

I n  order  t o  test the  a p p l i c a b i l i t y  of one- 
dimensional invers ion  technique, t he  two-dimension- 
a l  model s tudy  w a s  made by t h e  f i n i t e  d i f f e rence  
method. The apparent r e s i s t i v i t y  curves were cal- 
cu la ted  f o r  a va r ious  model wi th  two-dimensional 
r e s i s t i v i t y  changes such as a v e r t i c a l  f a u l t ,  an 
inc l ined  f a u l t ,  a ho r i zon ta l  r e s e r v o i r  wi th  t h e  
v e r t i c a l  f a u l t ,  a vertical  r e se rvo i r  wi th  t h e  
v e r t i c a l  f a u l t ,  and so on. 

A t  p r e sen t ,  t h e  model shown i n  Fig.  8 w a s  con- 
s ide red  t o  be  an acceptab le  one because t h e  simul- 
a t ed  r e s i s t i v i t y  sounding curves are very  similar 
i n  shape t o  those  observed a t  s t a t i o n s  B-12 and 
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It is  found t h a t  t h e  depth of t h e  e lectr ical  
basement c o r r e l a t e  we11 with t h e  upper depth of 
t h e  geothermal r e s e r v o i r .  Therefore,  i t  could 
be  defined t h a t  t he  depth t o  t h e  electrical  base- 
ment g ives  the  minimum value  of t h e  depth of t h e  
geothermal r e se rvo i r .  Thus, t he  borehole  should 
be  cased t o  t h i s  depth. 

- _ -  
100 500 1000 2OOOm 

GEOELECTRIC MODEL OF GEOTHERMAL RESERVOIR 

L Y Y J  ( 1  n-rn) 
900 

1400 m 

P3 = 0 . 4 ( 2 0 0 ~ - r n )  

.............................................. 

Lost circulation zone 
(Ceo therm8 1 reservoir) ............. ............ ............. ............ ............. ............... 

..... ..... 
Fig .  8. Relative r e s i s t i v i t y  sounding curve f o r  

a two-dimensional model ca l cu la t ed  by t h e  
f i n i t e  d i f f e r e n c e  method. Schlumberger 
sounding s t a t i o n  is taken over t h e  ver- 
t i ca l  f a u l t .  Fig.  7 .  Ceoelec t r ic  model of the  geothermal system. 
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INTERPRETATION OF VES CURVES OF LINE D 

I n  t h i s  s e c t i o n  w e  s h a l l  d i scuss  the  r e s i s t i v i t y  
sounding d a t a  of l i n e  D i n  t h e  southern p a r t  of 
Hatchobaru area. The area inc luding  the  l i n e  D are 
expected t o  develop geothermal resources  f o r  t h e  
power p l a n t ,  while  a t  present  t h e r e  are no product- 
ion  w e l l s  wi th in  t h i s  a rea .  From t h i s  reason,  t h e  
r e s i s t i v i t y  sounding curves of l i n e  D were i n t e r -  
p re ted  by t h e  a n i s o t r o p i c  and i s o t r o p i c  invers ion  
methods. The r e s u l t s  are expressed i n  a r e s i s t i v i t y  
l a y e r  s e c t i o n  as shown i n  Fig. 9. 
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Fig. 9. R e s i s t i v i t y  l a y e r  s e c t i o n  of l i n e  D a t  
Hatchobaru f i e l d  . 

The f i g u r e  suggests  t h a t  two promissing geother- 
mal r e s e r v o i r s  which have a similar s t r u c t u r e  ex- 
pressed by t h e  g e o e l c t r i c  model of Fig.  7 e x i s t  i n  
t h e  regions of s t a t i o n s  D16 - D17 and D 1 7  - D 1 8 .  

Judging from t h e  ease t o  access of d r i l l i n g  
opera t ion ,  w e  came t o  conclude t h a t  t h e  s t a t i o n  
D16 is t h e  most promissing s i te  f o r  d r i l l i n g  i n  
order  t o  develop a f u r t h e r  geothermal resources .  

ANISOTROPIC COEFFICIENTS 

I n  the  a c t u a l  f i e l d ,  from t h e  d e f i n i t i o n  of an  
a n i s o t r o p i c  c o e f f c i e n t  by eq.(2) ,  t h e r e  is a possi-  

b i l i t y  t h a t  a may be less than uni ty .  This  happens 
whenever t h e  s i z e  and frequency of v e r t i c a l  c racks  
are s u f f i c i e n t  t o  channel enough c u r r e n t  v e r t i c a l l y  
(Campbell, 1977). 

From a geologica l  viewpoint, a l a r g e  d i f f e r e n c e  
of a n i s o t r o p i c  c o e f f i c i e n t s  from uni ty  ( i s o t r o p i c  
case)  sugges ts  t h a t  t h e  formation has zones of in- 
tense  j o i n t i n g  and f r a c t u r i n g .  

Fig.  10 shows t h e  d i s t r i b u t i o n  of t h e  aniso-  
t r o p i c  c o e f f i c i e n t s  determined from t h e  r e s i s t i v i t y  
invers ion .  General ly ,  i n t e r p r e t a t i o n  r e s u l t s  of 
a n i s o t r o p i c  r e s i s t i v i t y  invers ion  may b e  c l a s s i f i e d  
i n t o  t h e  fol lowing four  domain: 

Domain Anisotropic  Coeff ic ien ts  Cracks 

I1 a1 > 1 and 0 < ab < 1 mixed 
111 0 < ai < 1 and 0 < ab < 1 v e r t i c a l  

I V  0 ai < 1 and ab 1 mixed 

I ai > 1 and ab > 1 h o r i z o n t a l  

According t o  t h i s  c l a s s i f i c a t i o n ,  i t  is  
found t h a t  a l l  of VES curves obtained a t  Hatchobaru 
area show t h e  presence of e l e c t r i c a l  an iso t ropy  
both i n  t h e  low r e s i s t i v i t y  l a y e r  and e lectr ical  
bas  emen t . 

a1 
Low Resistivity 

I D-13 I 
I 0 I ah 

I Y 

D -14 I Electrical 
1.0 i-1;o AD-;* ' 1.3 Basement 0.7 ' OI8 ' 019 

I -I 1 

O D - 1 8  
0-4 0 0-15 

Fig.  10. D i s t r i b u t i o n  of a n i s o t r o p i c  c o e f f c i e n t s  
from t h e  r e s i s t i v i t y  invers ion .  S o l i d  
circles were confirmed t o  be product ive  
by t h e  product ion o r  explora tory  w e l l s .  

CONCLUSIONS 

A new method of i n t e r p r e t a t i o n  of VES curve  w a s  
presented based on an a n i s o t r o p i c  layered  e a r t h  
model. The method was appl ied  t o  t h e  VES d a t a  ob- 
ta ined  i n  t h e  v i c i n i t y  of producing reg ion  and a 
v i r g i n  area, and t h e  r e s u l t s  of t h e  former were 
compared wi th  t h e  d r i l l i n g  d a t a  of product ion w e l l s  
i n  o r d e r  t o  deduce a g e o e l e c t r i c  model of t h e  geo- 
thermal r e s e r v o i r  a t  Hatchobaru geothermal f i e l d .  

p resent  method provide more s t a b l e  depth e s t i m a t e s  
t o  a geothermal r e s e r v o i r  and a n i s o t r o p i c  c o e f f i -  
c i e n t s .  

It is r e l e v a n t  from t h i s  i n v e s t i g a t i o n  t h a t  t h e  
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