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ABSTRACT 

Type c u r v e s  f o r  r e s i s t i v i t y  sound ing  
w i t h  t h e  t w o - e l e c t r o d e ,  Wenner, Schlumber- 
ger, a n d  Dipo le -Dipo le  a r r a y s  are p r e s e n t e d  
fo r  a t w o - ,  three-, f o u r - ,  and f i v e - l a y e r e d  
ear th ,  b a s e d  on t h e  t h e o r y  o f  classifica- 
t i o n  of re la t ive  r e s i s t i v i t y  s o u n d i n g  
c u r v e s  fo r  a n  n - l a y e r e d  r e s i s t i v i t y  p rob lem.  

T h e s e  graphs are u s e f u l  t o  get a n  ele- 
m e n t a r y  knowledge of 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  s o u n d i n g  curves f o r  v a r i o u s  el-  
e c t r o d e  a r r a n g e m e n t s .  

EXACT RELATIVE RESISTIVITY COMPUTATION FOR- 
MULAS FOR AN N-LAYER RESISTIVITY PROBLEM 

Suppose an n - l a y e r  r e s i s t i v i t y  problem. 
E q u a t i o n s  for  computing t h e  re la t ive  resis- 
t i v i t y ,  which is d e f i n e d  as t h e  r a t i o  of 
a p p a r e n t  r e s i s t i v i t y  and  r e s i s t i v i t y  of t h e  
first l a y e r ,  a t  t h e  surface of t h e  model  
i n v o l v e d  are: 

for the two-electrode array 

p*(a) = 1 + F(a) ............ (1) 
2 

for the Wenner array 

pG(a) = 1 + 2F(a) - F(2a) ...... (2) 
for the Schlumberger array 

m 
m-1 pg(a,ma) = 1 + -F(a) 1 

m-1 . -F(ma) ..... 
where m = (L+!L)/(L-%! 

and for the Dipole-Dipole array 
1 pi(x,mx) = 1 + $(m+l) (m+2)F(mx) 
-2m (m+2) F ( (m+l) x) 

+m(m+l)F( (m+2)x) 1 ... ( 4 )  

where x is the Dipole length and mx is the Dipole 
separation, 

where F (a) = 2alWKn ( A )  JO (haldh, 
0 

The r e l a t i v e  r e s i s t i v i t y  s o u n d i n g  
c u r v e s  f o r  a two- l aye r  earth can  b e  g r o u p e d  
i n t o  t w o  k i n d s  of t y p e  c u r v e s  d e p e n d i n g  on 
t h e  c o n d i t i o n  s u c h  t h a t  p1<p2  and  p 1 > p 2 .  
T h i s  is v a l i d  i n  t h e  master c u r v e s  b y  Tagg 
(1934) and  Roman (1934). The p r o c e d u r e  of 
c l a s s i f i c a t i o n  is n o t  a f f e c t e d  b y  v a r i o u s  
electrode a r r a n g e m e n t s .  B a s i c a l l y ,  t h e  
number of t y p e  c u r v e s  i n v o l v e d  c a n  be ex- 
p r e s s e d  b y  

N2 = 2 ............ (5) 
The k e r n e l  f u n c t i o n  f o r  a t w o - l a y e r  case 

is g i v e n  i n  t h e  form 
1 -2hh 

(61 kle ............. -2Xhl K2(X) = 
1-kle 

The v a l u e s  of r e f l e c t i o n  c o e f f i c i e n t s  kl 

take p o s s i t i v e  and  n e g a t i v e  s u c h  t h a t  
l=kl>O f o r  p1<p2  and -lzkl<O f o r  p 1 > p 2 .  

T h u s ,  s u c h  v a l u e s  of kl are s u b s t i t u t e d  
i n t o  (6), and c a r r y i n g  out t h e  n u m e r i c a l  
c o m p u t a t i o n  of (1) t o  (4), w e  have t w o  
g r o u p s  o r  t y p e s  of r e l a t i v e  r e s i s t i v i t y  
s o u n d i n g  curves. 

( k l , k 2 , . . . , k n , l )  i n c l u d e d  i n  t h e  k e r n e l  
f u n c t i o n  for  an n - l a y e r  r e s i s t i v i t y  pro- 
blem c o n s i s t  of n-1 k i n d s .  I n  a c c o r d a n c e  
w i t h  p o s s i t i v e  and  n e g a t i v e  i n  each value,  
t h e  number of c o m b i n a t i o n  of 2"-' e x i s t s .  
T h i s  permits t h e  c l a s s i f i c a t i o n  o f  resis- 
t i v i t y  s o u n d i n g  c u r v e s .  Thus ,  t h e  number 
of t y p e  curves i n  t h e  r e l a t i v e  r e s i s t i v i t y  
s o u n d i n g  c u r v e s  f o r  an n - l a y e r  r e s i s t i v i t y  
problem c a n  be e x p r e s s e d  as 

2n-l  

> 

I n  g e n e r a l ,  t h e  r e f l e c t i o n  c o e f f i c i e n t s  

(7) - ........... Nn - 

NOTATION I N  CLASSIFICATION 

A s  i l l u s t a r t e d  i n  t h e  f o r e g o i n g  s e c t i o n ,  

c u r v e s  f o r  a t w o - l a y e r  model c a n  be g r o u p e d  
i n t o  two tsoes:  o n e  is f o r  r e s i s t i v i t y  

a is the electrode separation, Kn(X) is the kernel 

function, Jo is the Bessel function of the first f u n d a m e n t a l l y ,  RS ( R e s i s t i v i t y  Sound ing)  
kind of zero order, and X is a parameter. 

KINDS OF RELATIVE RESISTIVITY 
SOUNDING CURVES 

c o n s t r a s t  s u c h  t h a t  p 1 c p 2 ,  f o r  which t h e  
curve groups are d e n o t e d  b y  a numera l  1 
w i t h  (l), and  t h e  o t h e r  is for p 1 > p 2 ,  fo r  
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Fig. l(c). Two types of curve groups for the two-layer model for 
the Schlumberger array 
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Fig. l ( d ) .  Two types of curve groups for the two-layer model for 
the Dipole-Dipole array 

which t h o s e  are represented by a numeral 2 
w i t h  ( 2 ) .  In s h o r t ,  relative RS curves  f o r  
a two-layer can be  grouped i n t o  

Type 2(2 )  for p1 > p2. Type l(1) for p1 < p Z 1  and 

10 I I I 1 1 1 1  I 1 I 1 1 1 1 1  I I I I 1 1 1 1  

0 2 1  4 ~ I , C l , k ; ~ ~ 1 h ~ l : 3 0 ~  , I , I 1 L  

01 

Fig. 2(a). Four type of curve groups for the three-layer model 
for the two electrode array 
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Fig. 2(b). Four types of curve groups for the three-layer model 
for the Wenner array 
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for the Schlumberger array 
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Fig. 2(d). Four types of curve groups for the three-layer model 
01 02 04 06 I 2 4 6 IO 20 40 60 KXI 200 400600 

for the Dipole-Dipole array 

For t h r e e  l a y e r  RS curves  i t  follows 
t h a t  4 t y p e s  can be  grouped such t h a t  

' Type l(11) for 02< P31 

Type 2(12) for pl< p2> p3 ,  
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Fig. 3 ( a ) .  Eight types of curve groups for the four-layer model 
for the two electrode array 
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Fig. 3 ( b ) .  Eight types of curve groups for the four-layer model 
for the Wenner array 

Type 3(21) for P2< P3, and 

Type 4(22) for pl> p2> ~ 3 .  

For four-layer RS curves there ex is t s  8 
types  such t h a t  

Type l(111) for pl< p2< p3< P 4 #  

Type 2(112) for pl< p2< p3> p4# 

Type 3(121) for pl< p2> p3< P4# 
Type 4(122) for pl< p2> p3> P4# 
Type S(211) for pl> p2< p3< P4# 
Type 6(212) for pl> p2< P3> P4, 
Type 7(221) for pl> p2> p3< p 4 #  and 
Type 8(222) for pl> p2> p3> P4. 

S i m i l a r l y ,  f i v e - l a y e r  RS c u r v e s  c a n  be 
c l a s s i f i e d  i n t o  16 t y p e s  s u c h  t h a t  

Type l(1111) for p1 < p2 < p 3  P4 P5, 
Tyep 2(1112) for p1 < p2 p 3  < P4 > P5, 
Tyep 3(1121) for p1 < p2 c p3 > p4 < P5# 
Type 4(1122) for P1 < p2 P3 > P4 > P5# 
Type S(1211) for p1 < p2 > p3  < P4 C P5, 
Type 6(1212) for p1 < p2 > p3 < P4 > P 5 #  

Type 7(1221) for p1 p2 > p3 > P4 < P5# 
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Fig. 3(c). Eight types of curve groups for the four-layer model 
for the Schlumberger array 
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Fig. 3(d). Eight types of curve groups for the four-layer model 
for the Dipole-Dipole array 

Type 8(1222) for p1 < p2 > p3  > p4 > p 5 #  

Type 9(2111) for p1 > p2 p3  < p4 < p5, 

Type lO(2112) for p1 > p2 p3 < P4 > P 5 $  

Type ll(2121) for p1 > P2 Pg > P4 P5, 
Type 12(2122) for p1 > p2 < P3 > P4 > P5, 
Type 13(2211) for p1 > p2 > p3 < p4 < p 5 #  

Type 14(2212) for p1 > p2 > p3  C p4 > P5, 
Type 15(2221) for p1 > p2 > p3 > p4 < p 5 ,  and 
Type 16(2222) for p1 > p2 > P3 > p4 > P5. 

GRAPHS OF RELATIVE R S  CURVES FOR A TWO-, 
THREE-, FOUR-, AND FIVE-LAYER MODELS 

The t y p i c a l  c u r v e s  of c u r v e  groups fo r  
a t w o - ,  three-, f o u r - ,  and  f i v e - l a y e r  cases 
are shown i n  F i g s .  1, 2 ,  3, and 4 f o r  t w o  
electrode, Wenner, S c h l w n b e r g e r ,  and  D i -  
po le -Dipo le  arrays w i t h  ( a ) ,  ( b ) ,  ( c ) ,  a n d  
( d ) ,  respec t ive ly ,  a n d  no d i f f i c u l t y  is en-  
c o u n t e r e d  i n  a s c e r t a i n i n g  t h e i r  g e n e r a l  
f e a t u r e .  These  c a l c u l a t i o n s  are d u e  t o  a 
p o l y n o m i a l  a p p r o x i m a t i o n  of t h e  k e r n e l  
f u n c t i o n  (Onodera ,  1963). 

Depths of i n t e r f a c e s  are s e l e c t e d  as 
i n c r e a s e d  geometrical p r o g r e s s i o n  from up- 
p e r  t o  lower, so t h a t  each r e s i s t i v i t y  



Onodera 

006 

r I I I l l r ~  I I 1 1 1 1 ~  I I 1 1 1 1 1  I I I ,,,,;I e z  

01 0 2  0 4 0 6  I 2 4 6 IO 20 40 60 Kx) xx) 400600 

- >, , ,,a] I 1 1 1  1 1 1 1  I I 1 1  1 1 1 1 1  I 1 1 1 I I L  

Fig. 4 ( a ) .  Sixteen types of curve groups for the five-layer model Fig. 4 ( c ) .  Sixteen types of  curve groups for  the five-layer model 
for the two electrode array for the Schlumberger array 

layer leflects clearly upon each r e l a t i v e  
r e s i s t i v i t y  s o u n d i n g  curve. For conven i -  
e n c e ,  such a curve is called t h e  t y p e  c u r v e  
of t h e  r e l a t i v e  r e s i s t i v i t y  s o u n d i n g  curves, 
of which  t h e  i n t e r p r e t a t i o n  is v e r y  easy. 

EFFECT OF DEPTHS 

If each of depths  f o r  a g i v e n  model is 
close w i t h  each o ther ,  t h e n  it is impos- 
sible t o  c lass i fy  t h e  t y p e  c u r v e  fo r  a g i v e n  
RS curve. T h i s  makes t h e  i n t e r p r e t a t i o n  of 
RS curve still worse, p a r t i c u l a r l y ,  i n  t h e  
case of c o n t a i n i n g  a t h i n  l a y e r ,  

CONCLUSION 

The t y p e  curves f o r  t h e  re la t ive  resis- 
t i v i t y  s o u n d i n g  f o r  a t w o - ,  three-, f o u r - ,  
and  f i v e - l a y e r  m o d e l s  were p r e s e n t e d  fo r  
t h e  t w o  e l e c t r o d e ,  Wenner, Sch lumberge r ,  
and Dipole-Dipole a r r a n g e m e n t s .  

T h e s e  t y p e  curves f u r n i s h  a n  e l e m e n t a r y  
knowledge of t h e  f n t e r p r e t a t i o n  of resisti- 
v i t y  s o u n d i n g  c u r v e s  t o  us. 
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