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ABSTRACT 

The c l a s s i f i c a t i o n  of Schlumberger re- 
s i s t i v i t y  sounding curves i n  various geo- 
thermal f i e l d s  is treated i n  t h e  applica- 
t i o n  of a mult iple- layer  r e s i s t i v i t y  pro- 
blem. I n  comparison of t h e  r e s u l t  of 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 
w i t h  near exploratory o r  production wel l s ,  
it is demonstrated t h a t  only some type 
curves,  which a r e  s a t i s f i e d  by geothermal 
requirement, i n d i c a t e  t h e  exis tence of 
geothermal reservoi r .  A s  a r e s u l t ,  t h e  
d i s t r i b u t i o n  map of type  curves i n  K i r i -  
shima geothermal f i e l d  is presented as a 
bas ic  da ta  t o  determine t h e  d r i l l i n g  tar-  
get. F ina l ly  t h e  r e s u l t  of i n t e r p r e t a t i o n  
of Schlumberger r e s i s t i v i t y  sounding curve 
observed a t  t h e  s t a t i o n  of 1-23 is corre- 
l a t e d  w i t h  t h e  d r i l l i n g  logs of t h e  explo- 
ra tory  w e l l  KT-4. 

TYPE CURVES I N  GEOTHERMAL FIELD 

I f  w e  classify a t o t a l  of 597 Schlumber- 
ger  RS ( r e s i s t i v i t y  sounding) curves obtain- 
Table 1.  The type of r e s i s t i v i t y  sounding curves in geothermal 

areas 
2 layer 3 1 ayer 4 layer  5 layer 6 layer 

2(2)  5 2(12)  15 2(112)  2 2(1112) 0 2(11112) 0 

ype No. 

. .  
3 ( 2 i )  29 3 ( m j  68 s i i i 2 i j  o siiiizij 
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ed i n  such geothermal f i e l d s  a s  Otake,  Hat- 
chobaru, Sensui,  Kirishima, Onikobe, Dieng 
i n  C e n t r a l  Java,  and E l  Ta t io  i n  C h i l e  by  
use of 2- t o  6-layer type symbols, and i f  
w e  sum up t h e  number of similar types ,  t h e n  
w e  have Table 1, according t o  t h e  c l a s s i f i -  
cat ion of RS curves i n  a multiple-layer re- 
s i s t i v i t y  problem (Onodera, 1961). 

I n  practice, t h e  c l a s s i f i c a t i o n  of these 
curves extends t o  severa l  categories  of 2- 
t o  8-layer types.  

O f  t h e s e ,  only Schlumberger RS curves,  
which a r e  s a t i s f i e d  by t h e  geothermal re- 
quirement (Onodera, 1980), ind ica te  t h e  
exis tence of f r a c t u r e  type geothermal re-  
s e r v o i r ,  which are proved by exploratory 
and producing w e l l s ,  a s  l is ted i n  Table 2 .  
I t  is known from t h e  Table t h a t  p a r t i c u l a r -  
l y  such types  of 7(221) f o r  t h e  four-layer 
curve, 3(121) f o r  t h e  f o r  the  four-layer 
curve,  and 7(1221) f o r  t h e  f ive- layer  curve 
demonstrate possible  exis tence of t h e  f rac-  
t u r e  t y p e  geothermal reservoi r .  

T h i s  s t a t i s t i c a l  da ta  teaches us t h e  
f a c t  t h a t ,  i n  s e l e c t i n g  t h e  s i t e  of geo- 
thermal d r i l l i n g  based on t h e  geothermal 
requirement f o r  Schlumberger RS curves,  a t  
f i r s t ,  observed RS curves should be c l a s s i -  
f i e d  i n t o  t h e  type  of curve groups, and t h e  
zoning map of type curves should be drawn. 

THE GEOTHERMAL REQUIREMENT 

The geothermal requirement is defined as 
t h e  combination of r e s i s t i v i t y  values of 
sequence l a y e r s ,  which a r e  cor re la ted  t o  an 
a l t e r e d  formation and a f r a c t u r e  type geo- 
thermal r e s e r v o i r ,  respec t ive ly ,  and a 
depth of t h e i r  i n t e r f a c e  from t h e  sur face ,  
whose value m u s t  be g r e a t e r  t h a n  350 m .  

Table 3 shows some numerical values f o r  
t h e  geothermal requriement, and a l s o  is 
c a l l e d  necessary condition f o r  t h e  Schlum- 
berger RS curve ind ica t ing  t h e  exis tence of 
t h e  f r a c t u r e  type  geothermal reservoi r .  

Fig.  1 shows t h e  so lu t ion  f o r  t h e  i tera- 
t i v e  least-squares  i n t e r p r e t a t i o n  of Sch- 
lumberger RS curve observed near t h e  pro- 
duction w e l l  H-7 i n  Hatchobaru geothermal 
f i e l d ,  and Fig.  2 i l l u s t r a t e s  t h e  cor re la -  
t i o n  of t h e  in te rpre ted  r e s u l t  of t h e  same 
curve w i t h  t h e  temperature log i n  w e l l  H-7. 
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Table 3. Some numerical values fo r  Geothermal 
Requirement 

Type A i n  B i n  C i n  
Station curves ohm-m meters ohm-m 

0-15 LOS13 3(21) 20 480 100 
H-16 LOS24 3(121) 77 1,000 270 
H-12 LOS23 3(121) 40 700 250 
0-6 LOS12 3(121) 7.4 430 140 
0-7 LOS14 7(221) 10 550 300 
H-1  C-13 7(221) 8 996.8 106 
H-7 A-10 7(1221) 3.6 702 198.7 
H-12 B-12 7(1221) 2 694.3 198.7 
U - 1  ES-17 ll(2121) 12 750 200 

A :  Resistivity of altered formation; B: Depth 
of interface; C:  Resistivity of f rac ture  type 
geothermal reservoir;  0: Otake; H:Hatchobaru; 
U: Onikobe; 7: E l  Tatio. 

A RESULT OF ITERATIVE INTERPRElATION OF SCMUflBERCER RS CURE 

7 7-EW 13(2211) 4.6 478.3 207.3 
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I n  the  so lu t ion  of RS curve f o r  A-10, 
t h e  fourth r e s i s t i v i t y  layer  ( r e s i s t i v i t y  
of 3.6 ohm-m) corresponds t o  an a l t e r e d  
formation, say Hohi volcanic  complex, and 
t h e  f i f t h  r e s i s t i v i t y  layer  is c o r r e l a t e d  
t o  t h e  f r a c t u r e  type geothermal r e s e r v o i r ,  
c a l l e d  Usa formation, And t h e  depth of 
t h e i r  i n t e r f a c e  is given by 702 m .  These 
values show a t y p i c a l  geothermal require-  
men t .  The flow r a t e  of steam from H-7 w a s  
21.8 t / h  dated March 3, 1980. Geothermal 
f l u i d  was e jec ted  from cracks a t  a depth of 

A RESULT OF ITERATIVE IN'IERPRETATION OF SCHLUHBERCER RS CURE 
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850 m, which is formed i n  t h e  f i f t h  resis- 
t i v i t y  layer of 198.7 ohm-m i n  r e s i s t i v i t y .  

Similar  example is a l s o  shown i n  Figs. 
3 and 4. The  w e l l  H-12 produced t h e  steam 
flow r a t e  of 45.7 t / h  under pressure of 6 
atg.  dated March 4 ,  1980. 

APPLICATION 

Fig.  5 shows t h e  d i s t r i b u t i o n  map of 
type curves f o r  t h e  r e s i s t i v i t y  sounding 
curves observed i n  Kirishima geothermal 
f i e l d  now under geothermal development by 
t h e  Geothermal Section of Thermal Power 
Department i n  t h e  Kyushu Electric Power 
Co., Inc.  T h i s  zoning map shows an a r e a ,  
which is occupied by t h e  type curves at  t h e  
r e s i s t i v i t y  sounding s t a t i o n s  given by 
color  v i s ions .  

A t o t a l  number of 85 belong t o  t h e  four- 
layer  type 4(122) of t h e  Schlumberger R S  
curves,  which do not ind ica te  t h e  ex is tence  
of t h e  f r a c t u r e  type geothermal r e s e r v o i r ,  
are observed i n  K i r i s h i m a  geothermal f i e l d .  
Paint ing out these  areas by making use of 
pink, t h e  r e s i d u a l  area corresponds t o  a 
promiscng geothermal development a r e a ,  
which is supported by such s u b s t a n t i a l  sta- 
t i s t i ca l  da ta  as t h e  four-layer type 7(221) 
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MATSU1: (1957) 

F i g .  5 .  Map showing t h e  d i s t r i b u t i o n  of t y p e s  of r e s i s t i v i t y  sounding curves 
i n  Kirishima geothermal f i e l d  

a n d  3 ( 1 2 1 )  a n d  t h e  f i v e - l a y e r  t y p e  7(1221) 
a n d  l l ( 2 1 2 1 ) .  

namely (1) West area of H t .  Shiratoriyama- 
Sh i r a to r i  spa . ,  ( 2 )  area of K u r i n o  spa.- 
K u r i n o d a k e - S h i r a t o r i  spa . ,  a n d  (3) c e n t r a l  
part of t h e  area i n v e s t i g a t e d  by resisti- 
v i t y  s o u n d i n g  e x p l o r a t i o n .  

A s  f o r  t h e  t y p e s  of RS c u r v e s  i n d i c a t i n g  
s t a t i s t i c a l l y  t h e  e x i s t e n c e  of t h e  f r a c t u r e  
t y p e  geothermal reservoir,  t h e  numbers of 
type  c u r v e s  are 7 f o r  t h e  t y p e  3 ( 1 2 1 )  and  7 
f o r  t h e  t y p e  7 ( 2 2 1 )  of t h e  four-layer RS 
c u r v e s ,  and are 26 fo r  t h e  t y p e  7 ( 1 2 2 1 ) ,  
i n c l u d i n g  t h e  RS c u r v e  at t h e  s t a t i o n  of 1- 
2 3  n e a r  t h e  exploratory w e l l  of KT-4, a n d  
13 f o r  t h e  l l ( 2 1 2 1 )  of t h e  f i v e - l a y e r  RS 
curves. C o n s e q u e n t l y ,  from a v iew p o i n t  of 
t h e  c l a s s i f i c a t i o n  of RS c u r v e s ,  it is 
n a t u r a l l y  c o n c l u d e d  t h a t  t h e  areas numbered 
b y  ( l ) ,  ( 2 ) ,  a n d  (3) are f u l l y  expected t o  
d e v e l o p  K i r i s h i m a  g e o t h e r m a l  r e s o u r c e s .  

T h e s e  can  be divided i n t o  three areas, 
CORRLATION OF THE RESULT OF INTERPRETATION 
OF R S  CURVES OBSERVED AT THE STATION,I-23 
WITH THE DRILLING LOG OF KT-4 

Fig.  6 shows t h e  c o r r e l a t i o n  of t h e  
r e su l t  of i n t e r p r e t a t i o n  of Schlumberger RS 
c u r v e  observed a t  t h e  s t a t i o n ,  1-23 w i t h  
t h e  d r i l l i n g  log of t h e  e x p l o r a t o r y  w e l l ,  

From t h e  RS c u r v e ,  geothermal require- 
ment is g i v e n  by t h e  combina t ion  of t h e  
r e s i s t i v i t y  values of 20 ohm-m fo r  t h e  
f o u r t h  r e s i s t i v i t y  layer ,  which  c o r r e s p o n d s  
t o  t h e  altered f o r m a t i o n ,  called t h e  Saga- 
r iyama  lava,  t h e  r e s i s t i v i t y  v a l u e  of 180 
ohm-m f o r  t h e  f i f t h  r e s i s t i v i t y  l aye r ,  
which is correlated t o  t h e  fracture t y p e  
geothermal reservoir, called t h e  Makizono 
lava,  and  t h e  depth  of these i n t e r f a c e  of 
780 m .  E s p e c i a l l y ,  t h e  r e s i s t i v i t y  sudden  
f a l l  f o r  t h e  half  electrode s p a c i n g  of 900 
m i n d i c a t e s  t h e  e x i s t e n c e  of a h y d r o t h e r m a l  
s y s t e m .  

KT-4. 
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~10000 ohm-m 9000 nx Schlumberger R S  curve 
at the station 1-23 near KT-4 
in  Kirishima geothermal field 

- 
662-668m 237tOC 
7 3 4 - 7 4 0  m 152OC 

220 780 5 layer 7(1221) type 

10 190 1000 L12 m, 
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Fig .  6 .  Five  layer  7(1221) type of the  Schlumberger r e s i s t i v i t y  sounding curve 
indicat ing  t h e  exjs tence  of €rP.cture type geothermal reservojr ,  whlch 
was proved by the  exploratory w e l l  KT-4 in KirlRhima geothermal field. 

On t h e  other  hand, as shown i n  t h e  r i g h t  
upper corner of Fig.  6 ,  t h e  casing with 7 
i n c h e s  i n  diameter w a s  i n s e r t e d  a t  a depth 
of 990 m.  The bottom temperature d i s t r i -  
bution i n  t h e  w e l l  g ives  approximately 180 
OC t o  200 OC a t  a depth range from 900 rn 
t o  1,070 m. Such temperature d i s t r i b u t i o n  
s a t i s f i e s  a condition of swabbing. W i t h i n  
t h e  i n t e r v a l  from 990 m t o  1,070 m w i t h  6 
inches i n  diameter, t h e  port ion of escaping 
t h e  d r i l l i n g  mud is e x i s t e n t  a t  a depth of 
990 m ,  and the  escaping rate was observed 
by 60 t / h  over. From here ,  t h e  flow rate 
of steam of 15 t / h  approximately was ob- 
served under t h e  well pressure of 1.5 a t g .  
Although t h i s  exploratory well  does not 
correspond t o  an ordinary geothermal pro- 
ducing w e l l ,  it is worth w h i l e  t o  prove t h e  
exis tence of geothermal resources at  a 
depth of 1,000 m ,  approximately. 

A s  a r e s u l t ,  t h e  e r r o r  of t h e  i n t e r p r e t -  
ed r e s u l t  by making use of t h e  ordinary 
curve matching method is given by 22 per 
cent', which is too  l a r g e  compared w i t h  
another cases.  

I n  addi t ion ,  two temperature d a t a ,  t h a t  
is ,  237 OCf for depths from 662 m t o  668 m 
and 152 OC f o r  734 m t o  740 m ,  which a r e  
shown i n  t h e  l e f t  middle par t  of Fig.  6 ,  
are obtained by t h e  estimation from t h e  
f l u i d  f i l l i n g  temperature of core  samples 
a t  laboratory a f t e r  A s s i s t a n t  Prof .  M. Ha- 
yash i ,  Division of Geothermal Geology, Re-  
search I n s t i t u t e  of I n d u s t r i a l  Science,  
Kyushu University.  

DRILLING TARGET I N  FUTURE 

It  is suggested from 
geoelec t r ica l  point of view 
t h a t  t h e  most pronising 
area a s  d r i l l i n g  t a r g e t  
should be pointed out  t o  
t he  r idge of Mt.Shirator i -  
yama. 

CONCLUSION 

The research on the  c l a s s i f i c a t i o n  of 
r e s i s t i v i t y  sounding curves goes back t o  
t h e  academic year of 1961. I n  its appl ica-  
t i o n ,  it was presented here t h a t  t h e  zoning 
map of t h e  type  f o r  Schlumberger R S  curves 
should be t r e a t e d  and discussed before  
w r i t t i n g  t h e  report  of r e s i s t i v i t y  explora- 
t i o n  f o r  geothermal f i e l d .  A t  p resent ,  t h e  
s t a t i s t i ca l  probabi l i ty  of r e s i s t i v i t y  
sounding curves,  which were proved b y  t h e  
production w e l l s , i s  of few magnitude. How- 
ever ,  t h i s  d i s t r i b u t i o n  map not only pre- 
s e n t s  and d e l i n e a t e s  an area of geothermal 
development, but a l s o  ought t o  have a c l o s e  
r e l a t i o n  t o  a geological map i n  geothermal 
f i e l d .  
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