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Abstract

The future effectiveness of the resistivity method depends upon its ability
to interpret field data obtained under more complex geological structure envi-
ronments. Generally, the effects of nontarget surroundings such as weathered
overburden layers, vertical contacts, faults, fracture zones, deep bed rocks or
host rocks, near-surface lateral or local inhomogeneities and topography are
noises for exploration, and only the response due to the target is a signal. In
these various resistivity environments, it is very important to know how to
reduce the nontarget inhomomeneity effects. Also, one must be careful when
applying the homogeneous medium interpretation techniques to actual field
data processing.

In this paper, the following points are discussed ;

(1) Normalization of the noises caused by geologic structures in order to
extract and enhance the response (signal) due to the target in-
homogeneities.

(2) Significance of expression procedure in an evaluation of resistivity inter-
pretation process and results.

(3) Sensitivity distribution newly developed by using the FEM 2D-3D
algorithm in the case of nontarget inhomogeneities. Also, the sensitivity
difference of its application that is effective to evaluate the extraction
and enhancement of the response (signal) due to the target in-
homogeneities in various surroundings.

1. Introduction

New electrical prospecting methods utilizing the three-dimensional data and
subsurface electrodes have become increasingly important exploration tools for
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detecting deeply located mineral or low mineralized deposits, energy and ground-
water reservoirs and geological fracture zones.V'+'®2203%0)

The most important recent developments in the electrical technique include
the uses of high density numerical modelings and three-dimensional subsurface
electrodes 9P 141920030

In general, although field measurements are carried out under complicated
subsurface structures, the interpretation of resistivity prospecting data may be
commonly performed by employing the techniques developed by assuming ho-
mogeneous ground. Recently, the development of the computer 2D-3D or 3D
modeling has provided us with a very powerful tool for a more quantitative
investigation in the cases of various inhomogeneities.

In the present study, first, the response due to target inhomogeneities in
various surroundings has been investigated by using the finite element method
(FEM) 2D-3D algorithm. Next, four examples of its application have been
chosen to give an aid to a more effective resistivity interpretation, and to be
most interesting from the view points of interactive modeling and visualization
systems:

(1) Normalization procedure of the noises caused by geologic structures in
order to extract and enhance the response (signal) due to the target
inhomogeneities.

(2) Solid electrode array method using cross-hole (or hole-to-hole) and
hole-to-surface (and/or surface-to-hole) configurations.

(3) Expression procedure in an evaluation of resistivity interpretation
process and results.

(4) Sensitivity distribution newly developed using the FEM 2D-3D algo-
rithm in the case of nontarget inhomogeneities, and the sensitivity
difference applied to evaluate the degree of extraction and en-
hancement of the response (signal) due to the target inhomogeneities
in various resistivity soundings.

Section 2 gives apparent resistivity of an arbitrary three-dimensional elec-
trode array calculated by the FEM 2D-3D algorithm. Sections 3 and 4 give
normalization results to reduce the nontarget inhomogeneity effects for extrac-
tion and enhancement of the response (signal) due to the target inhomogeneities,
and the significance of the expression procedure in an evaluation of the resistiv-
ity interpretation process. Section 5 gives a sensitivity distribution in nontarget
inhomogeneities and its application. Finally, section 6 gives conclusions.
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2. Apparent resistivity calculated using FEM 2D-3D
algorithm for three-dimensional electrode array

Recently, the finite element 2 D-3D modeling algorithm for electrical and
electromagnetic methods introduced by Coggon (1971), Rijo (1977) etc*®
developed by many resistivity studies, has become a flexible tool for quantitative

, and

interpretation.

Generally, to reduce the errors in finite element modeling, it is a common
practice to make the mesh finer near the sources and the inhomogeneities.
However, one would need more computer time with the finer mesh. We have
also suggested, as Zhao, Rijo and Ward (1986)? did, that the normalization
procedure is very useful to compensate the errors due to the discrete nature of
the finite element mesh and also due to the inverse Fourier transform.

In order to discuss the effectiveness of the normalization procedure to
compensate the error in the finite element solution, two kinds of sensitivity have
been defined® as:

St FEM= Oar, FEM— a0, FEM)/ 000, FEM * 100, } (1)

Sk. ANALYT™ (pah. ANALYT —Da0, ANAL YT)/ 0Og0, ANALYT * 100,

where,

Sk rem=sensitivity (%) obtained from the FEM solution,

Sk anvaLyr=sensitivity (%) obtained from the analytical solution,

Oax rEm=apparent resistivity (ohm-m) of the inhomogeneous earth with
target inhomogeneities computed by the FEM,

0. rem=apparent resistivity(ohm-m) of the homogeneous half-space
computed by the FEM,

Oar, anaLyT=apparent resistivity (ohm-m) of the inhomogeneous earth with
target inhomogeneities by the analytical method,

O, anaLyT=apparent resistivity (ohm-m) of the homogeneous half-space
by the analytical method.

By definition, the sensitivities in the cases of S,S 0 for the relation of 0, S
09 between the target resistivity o, and the homogeneous half-space resistivity p,
are called the normal sensitivity. Those in the case of Sy2 0 for the same
resistivity relation are called the reverse sensitivity, respectively.

From expression (1), we have newly defined a sensitivity difference 4S,
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and a normalization factor n. Those are as follows:

ASh, rEmyanaLYT=Sh FEM— Sk, ANALYT, (2)
n="V 0, rer’ Va0, ANALYT=Da0, FEM/ Pad, ANALYT . (3)

By applying these equations, the apparent resistivity o anvaryr is given by the
following expression, namely,

Oak, ANALYT=Pak, FEM/ N — ASk FEM/ANALYT * Da0, ANALYT (4)

It may be considered that the sensitivity difference 4S, changes with both
the characteristics of the geological models and the electrode configuration. In a
case where the sensitivity difference 4S, is negligible, we can obtain the nor-
malized apparent resistivity (0} pea) from the pg rew by using the following
relation,

Ok, FEM=Dak, FEM/' N . (5)

From these results, the normalized apparent resistivity obtained by expres-
sion (5) becomes the approximate apparent resistivity with the error 4
Sk FEM/ANALYT * Pav, anaryp Which is the second term on the right side in Equation
(4). Zhao, Rijo and Ward (1986)% reported that the error in the unnormalized
FEM solution was in the range from 6 % to approximately 42% in the case of
the infinite, very thin, conductive dike model in a half-space. They also clarified
that the error in the solution normalized by the finite element solution of the
half-space was in the range from 0.1% to 3 % and the mean-square error was
reduced from 25% to 1.9% by the normalization.

Figure 1 illustrates an example of the normalization factor distribution
obtained by the FEM 2D-3D algorithm for the homogeneous model of which
resistivity is 100 ohm-m. The values are computed for the so—called quasi three
—dimensional, namely the 2 D-3D model of which the dimensions are a width of
6800 m in the x-direction, a length of 3000 m in the y-direction (the strike
direction) and a depth of 3200 m in the z-direction. They are shown as maps
and sections. The electrode configuration illustrated in Figure 1 is C (I) (700,
1100, -200) P (V) (x, y, 0) hole-to-surface solid array. This normalization
factor distribution may change according to a change of the simulation model.

Figure 2 illustrates the sensitivity difference pseudo-map for C (700, 1100,
-200) P (surface) solid electrode array calculated by Equation (2) in the case of
the vertical three-layers model. The model has a vertical conductive vein at the
middle, namely, in Figure 3, o,=p,=p,= 100 ohm-m and the resistivity o; of the
outcropped vertical vein with a thickness 200 m (from 900 m to 1100 m in the x
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Fig.1. An example of the normalization factor distribution.
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Fig.2. A sensitivity difference distribution of C(subsurface) P(surface) cross-hole
electrode array configuration in the case of the vertical three-layers model.

—direction) is 50 ohm-m. The sensitivity difference 4S, is in the range from
-25% to-0.49%.
It shows that the errors can be reduced considerably by the normalization
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procedure. Also, the apparent resistivity which is approximately equal to the
analytical solution can be obtained sufficiently. However, by comparing Figure
1 with Figure 2, we see that all positions showing large sensitivity differences
do not agree with those showing large differences of the normalization factor n
to 1.0. This result indicates that the sensitivity difference may change according
to the characteristics of structure and the location of the current source.

3. Normalization procedure to reduce the nontarget inhomogeneity
effects for extraction and enhancement of the response
(signal) due to target inhomogeneities

Generally, in the complex resistivity environments, it is very important how
to reduce the various nontarget inhomogeneity effects for the extraction and
enhancement of the response (signal) due to the target inhomogeneities.®

We have already defined the sensitivity difference in expression (2) in
order to evaluate the performance of the FEM 2D-3D numerical modeling
system. . Here, we have applied the concept of sensitivity difference to an
evaluation of the normalization procedure to extract and enhance the response
(signal) of the target inhomogeneities. The new sensitivity in the nontarget
inhomogeneities is defined as:

Swvn= Oarn—Oan)/Pan * 100, 6

where,

Senw=sensitivity (96) for the nontarget inhomogeneities,
Pany—apparent resistivity (ohm-m) of the inhomogeneous earth structure
which consists of target and nontarget inhomogeneities and
pwy=apparent resistivity (ohm-m) of the nontarget inhomogeneities.

Next, in the case of target inhomogeneities existing in the half-space homo-
geneous medium, the sensitivity was given"*'" by,

Se=0at —040)/Pao * 100, (7

where,

Sy=sensitivity (%) for the half-space homogeneous medium,
pa=apparent resistivity (ohm-m) of the homogeneous medium with
target inhomogeneities and

pm—apparent resistivity (ohm-m) of the homogeneous medium.
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Now, a new sensitivity difference 4S,y, between the sensitivity S,y for the
nontarget inhomogeneities and the sensitivity S, for the homogeneous medium is
defined as:

AS&N/N:SkN/N_Sk- (8)

Therefore, from expressions (6), (7), and (8), the new apparent resistiv-
ity o can be expressed as:

Oar — Oarn/Oan) * Oa0— ASkn/n * Oao- (9)

If the second term A4S,y * 04 On the right side in Equation (9 ) is negligible
compared with the first term, we can obtain the apparent resistivity o}, which is
normalized by the apparent resistivity of the nontarget inhomogeneities as
follows :

Ok = 0arn/Dan) * Lao- (10)

As shown above, the sensitivity difference A4S,y in Equation (9) can be
applied to evaluate the degree of the extraction and enhancement of the target
response in the normalization procedure to reduce the nontarget inhomogeneity
effects. It may also be used in order to estimate and evaluate the interpretation
process and results in the interactive quantitative analysis.

Figure 3 shows an inhomogeneous earth model with a single conductive
vertical target and its surroundings, which consist of a vertical contact and a
partial horizontal overburden.

Fig.3. An example of resistivity model which consists of a conductive vertical
target and its surroundings including a vertical contact and a partial
horizontal overburden.
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A geological model having a conductive vertical target is made by setting p,
= 700 ohm-m, p,= 100 ohm-m, p3= 10 ohm-m and p,= 200 ohm-m for the model
in Figure3. This model is called Model 5171 W. In order to get the apparent
resistivity distribution within this model, a current electrode C (I) is located at
x=700m, y= 1100 m, z=— 200 m. Figure 4 shows the apparent resistivity dis-
tributions computed by using the FEM 2 D-3D algorithm for Model 5171 W and
for C (700, 1100, — 200) P (subsurface) cross-hole (or hole-to-hole) solid elec-
trode array. Figure 4a shows the xz section in which current electrode is
located. Figures 4 b and 4 c show the xz sections of 200 m and 400 m apart from
the current source in the y-direction (the strike direction), respectively.

As the xz section distance from the source becomes longer, the maximum
value near the source disappears and the minimum value of about 83 ohm-m at
the source side near the target becomes higher, up to about 108 ohm-m. Also,
383 ohm-m near the horizontal overburden becomes smaller to about 333 ohm-m.
(Compare Figs. 4a, 4b, and 4c.) The response due to the conductive vertical
target has been greatly disturbed by the geologic effects of a vertical contact
and a horizontal overburden.

The apparent resistivity sections shown in Figures 4a, 4b, and 4c are
normalized by the apparent resistivities in the nontarget inhomogeneities model
which is made by setting po,=p;= 700 ohm-m, p,= 100 ohm-m and p,= 200 ohm-m.
This nontarget inhomogeneities model is called Model 71 W. Figures 5a, 5b,
and 5c show the normalized apparent resistivity sections. For references, the
apparent resistivity sections in the model having only a single conductive
vertical target named as Model 51, that is, p;=p;=0,= 100 ohm-m and p3= 10
ohm-m, are shown in Figures 6a, 6b, and 6c.

Comparing Figure 5a with Figure 6 a, it was found that the minimum value
of about 55 ohm-m which is produced in the upper left corner of the target in
the case of Model 51 (see Fig. 6 a) was greatly enhanced in the normal sensitiv-
ity up to the minimum value of about 20 ohm-m in the normalized apparent
resistivity section. (See Fig. 5a.) The same tendencies may be also seen in the
apparent resistivity values of other xz sections shown in Figures 5b and 6b,
and also in Figures 5¢ and 6c.

From these results, it has been clear that the normalization procedure was
very useful to reduce the effects of nontarget inhomogeneities surrounding the
target body and to extract and enhance the response due to the target.
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ohm-m and p4,=200 ohm-m in Fig. 3).

(a): xz section with the source C(I), (b): xz section at the distance 200m
from C(I), (c): xz section at the distance of 400m from C(I).
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(a) : xz section with the source C(I), (b) : xz section at the distance

of 200m from C(I), (c): xz section at the distance of 400m from C(I).
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4. Significance of expression procedure in an
evaluation of resistivity interpretation process

In this section, the significance of the expression procedure in an evaluation
of the resistivity interpretation process and results is discussed using examples
of the normalization procedure applied to cross-hole (or hole-to-hole) and hole-
to-surface (and/or surface-to-hole) solid electrode array resistivity modelings
for a more complicated structure than that of section 2. The new model studied

X-DIRECTION (METERS) 10’
50.00 70.00 90.00 110.00 130

-00 RESISTIVITY (OHM-M)
x 10000. 0
= 7000.0
e 5000.0
x 2000.0
. 1000.0 i
A ~ 700.0 i
500.0 i
= 200.0 |
= 100.0
3 70.0
50.0
e 20.0
= 10.0
0
a8 0
5

25 ns

Fig.7. An example of complicated resistivity model which consists of a conduc-

tive vertical target and its surroundings including a vertical contact, partial

horizontal overburden, a deep horizontal layer, near-surface local in-

homogeneity and local structure near the source C(I).

here, as shown in Figure 7, has the following conditions:

(1)

A thin, conductive vertical target inhomogeneity of which resistivity ps
= 10 ohm-m.
(2) A deep horizontal layer at the right-side of a vertical contact.

(3) A near-surface local inhomogeneity.

(4) Nontarget inhomogeneities with large resistivity contrast above the

current source.

Figure 8 a illustrates the apparent resistivity contour in xz section with the
current source in the case of C (700, 1100, — 200) P (subsurface) cross-hole
array for the complex inhomogeneities model shown in Figure 7, namely, po,= 700
ohm-m, p,= 200 ohm-m, p3= 10 ohm-m, p,= 200 ohm-m, ps= 1000 ohm-m, pg= 100
ohm-m, p;= 500 ohm-m, pg= 20 ohm-m and py= 700 ohm-m. This model is called
Model 5272 WLN. Figure 8 b shows the apparent resistivity contour in the same
section for the model similar to Model 5272 WLN. This model is called Model
5272 WLC. The resistivities are the same except py= 20 ohm-m in Figure 7.
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Fig.8 C(subsurface) P(subsurface) cross-hole apparent resistivity contour sec-
tions. (a) : Model 5272WLN (o,=py=700 ohm-m, po,=p,=200 ohm-m, p;=10
ohm-m, p;=1000 ohm-m, og=100 ohm-m, p;=500 ohm-m, pg=20 ohm-m and
09=700 ohm-m in Fig.7), (b): Model 5272WLC (same as Model 5272WLN
except pg=20 ohm-m in Fig. 7).

Comparing Figure 8 a with 8 b, we see that the effect of the noise caused by
near-source inhomogeneities is interestingly very large. However, Figure 8 a is
similar to 8 b at the right-side of the target and also beneath the near-source
noise structure. It suggests to us that one can select the electrode configurations
so as to decrease the effects of nontarget inhomogeneities.

Figures 9a and 9b illustrate three-dimensional perspective views of appar-
ent resistivity distributions. These perspective views of the plot are very helpful
in the resistivity interpretation process of large three-dimensional data as well as
the two-dimensional contour plot as an aid to the experts.

In the iterative interpretation process, one can monitor and evaluate every
stage of analysis using recent computer simulation techniques.

At first, let us normalize the results shown in Figure 8a and 8b by the
apparent resistivity distributions of the nontarget inhomogeneities models called
Model WLN and Model WLC, respectively. Model WLN was made by setting the
respective resistivity shown in Figure 7 as follows, p,=p;=p3=p¢= 100 ohm-m, o,
= 200 ohm-m, ps= 1000 ohm-m, ;= 500 ohm-m, pg= 20 ohm-m and py= 700 ohm-
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Fig.9. Apparent resistivity three-dimensional perspective views of plot. (a):

Perspective view of Figure 8a (Model 5272WLN), (b) : Perspective view of
Figure 8b(Model 5272WLC).
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Fig. 10. Normalized apparent resistivity sections in the second stage of normaliza-
tion procedure. (a): Normalization result of Figure 9a by the apparent
resistivity in the nontarget inhomogeneities model (Model WLN, o,=p;=700
ohm-m, p,=200 ohm-m, p;=ps=ps=p7;=100 ohm-m, pg=20 ohm-m and py=
700 ohm-m in Fig.7), (b): Normalization result of Figure 9b by the
apparent resistivity in the nontarget inhomogeneities model (Model WLC,
same as Model WLN except 0,=20 ohm-m in Fig.7), (¢): Response due to
Model 5272(0,=700 ohm-m, p,=200 ohm-m, p3=10 ohm-m and p;=ps=ps=07
=pg=py=100 ohm-m in Fig.7).

m, and Model WLC is almost the same as Model WLN except pg= 20 ohm-m.
Figures 10 a and 10 b show the results of the normalization shown above. These
normalized results are regarded as the second stage of the normalization proce-
dure among three stages expected. Figure 10c shows the apparent resistivity
distribution for the model called Model 5272 which consists of a conductive
target, a vertical contact and deep horizontal layers. This model is made by
setting p,= 700 ohm-m, p,= 200 ohm-m, p3= 10 ohm-m, p,=05=0s=07=0s=0Pe= 100
ohm-m in Figure7. By comparing the normalized results shown in Figures 10 a
and 10b to the apparent resistivity distribution of the model with the target
which is shown in Figure 10 c, it is recognized that the normalized section in
Figure 10 a is more similar to the response due to Model 5272 in Figure 10 ¢ than
that of Figure10b. This difference is caused by the effect of a conductive
material just above the target. Models WLN and WLC are made by assuming
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that the resistivity distribution near the surface is clarified by the shallow
electrical profilings or loggings. Therefore, in the second stage, the normalized
results may be regarded as the response due to unknown deep resistivity
structures.

Figures 11 a and 11 b illustrate the sensitivity difference contours at xz sec-
tion obtained by Equation (8) for the normalized results shown in Figures 10 a
and 10b. In Figurell a, we can see the zone having a sensitivity difference of
about 50% between the source and the top of the target, which position agrees
with the maximum value in Figure 10 a. An increase of the normal sensitivity of
about- 10% near the target is recognized. Also, the zone of sensitivity difference
of about 30% above the source agrees with the high apparent resistivities
produced at the respective positions in Figure 10 b.

Figures 12a and 12b are the results of the third stage process, that is, the

a 1 SENSITIVITY DIFFERENCE

130.00 150.00 170.00 RESISTIVITY (OHM-M)

X-DIRECTION (METERS) x10
o10.00  30.00 50.00 70.00 80.00 110.00
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b NstT
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Fig. 11. Evaluation of interpretation process using the sensitivity difference in the
second normalization stage. (a): Evaluation of the normalization result
shown in Figure 10a, (b) : Evaluation of the normalization result shown in
Figure 10b.
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Fig.12. Normalized apparent resistivity sections in the third stage of normaliza-
tion procedure. (a): Normalization result of Figure 9a by the apparent
resistivity in the nontarget inhomogeneities model (Model 72WLN, p,=p3=
700 ohm-m, p,=p,=200 ohm-m, ps;=1000 ohm-m, pg=100 ohm-m, ;=500
ohm-m, ps=20 ohm-m and ,=700 ohm-m in Fig.7), (b): Normalization
result of Figure 9b by the apparent resistivity in the nontarget in-
homogeneities model (Model 72WLC, same as Model 72WLN except p,=20
ohm-m in Fig.7), (c): Response due to the target inhomogeneities model
(Model 52, p,=p,=100 ohm-m, p;=10 ohm-m and p,=p5=ps=0r=0ps=py= 100
ohm-m in Fig. 7).

apparent resistivities shown in Figure 8 are normalized by the apparent resis-
tivities of the model consisting of all the surrounding nontarget inhomogeneities.
Those are Model 72 WLN and Model 72 WLC, respectively. The effects due to
the nontarget inhomogeneities, such as vertical contact, near-surface and deep
horizontal layers and near-suface local structure, have been almost clearly
reduced in comparison with the second stage normalized results.

The response due to the target in the homogeneous half-space medium is
presented in Figure 12 c. Both Figures 12a and 12 b are similar to Figure 12 ¢, but
Figure 12 b which is obtained in the case where the model has the near-source
local noise structure (os= 20 ohm-m) is more sensitive to the target than the
result shown in Figure 12 a for the model which has no near-source local noise
structure. The reverse characteristics of the sensitivity beneath the target in
Figure 12 ¢ have also been recognized in small rates in both Figures 12a and 12

o
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Fig. 13. Evaluation of interpretation process using the sensitivity difference in the
third normalization stage. (a): Evaluation of the normalization result

shown in Figure 12a, (b) : Evaluation of the normalization result shown in
Figure 12b.

Finally, we have evaluated the normalized sections (Figs.12a and 12b)
using the sensitivity difference shown in Figures13a and 13b. In was found
that the third stage normalization procedure by all of the surrounding nontarget

inhomogeneities reduced the effects of the noise structures. Also, it enhanced
the response due to the target more clearly than the second stage normalization
procedure which is performed by using the model consisting of a part of the
resistivity environments. It is due to the fact that the mutual reactions among
the nontarget structures in the third stage are larger than those in the second
stage. The increases of about-20% in the normal sensitivity shown in Figures
13a and 13b indicate that the successful extraction and enhancement of the
response due to the target is achieved.

Consequently, we have clarified that it is very useful to express the resistiv-
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ity information in the interpretation process as the proper display, for an exam-
ple, a three-dimensional perspective view of the plot as well as the two-
dimensional contour, for monitoring and evaluating both the process and the
results, and also as an aid to the interactive modeling system.

5. Construction of sensitivity distribution in
nontarget inhomogeneities and its application

The future effectiveness of the resistivity method depends upon its ability to
interpret data in more complex structure environments. Generally, the effects of
nontarget surroundings such as weathered overburden layers, vertical contacts,
faults, fracture zones, deep bed rocks or host rocks, near-surface lateral or local
inhomogeneities and topography are noises, and the response due to the target is
a signal.

In these various resistivity environments, one must be careful when applying
homogeneous medium interpretation techniques. The sensitivity distributions in
the case of homogeneous medium had been developed and reported in the

12 including Geophysical Exploration (Butsuri-Tanko in Japanese), Vol.

papers
25 (1972). Barker (1978)'® , at Birmingham University, reported very interesting
signal contribution sections similar to the sensitivity distributions in the Geo-
physical Journal of the Royal Astronomical Society, vol. 59, These concepts have
been applied to practical problems in resistivity surveys and interpretation of the
results.V'?

However, recently we have recognized that it is very important to develop
the sensitivity distribution in nontarget inhomogeneities for the improvement of
resistivity interpretation techniques. Undoubtedly, if the sensitivity distribution
in the homogeneous medium was equal to that of nontarget inhomogeneities, it
can be applied to the resistivity interpretation of the various nontarget in-
homogeneities.

But actually it is difficult to interpret the response due to the target with
various surroundings using only the sensitivity distribution in the homogeneous
medium. On the other hand, one must interpret not only the static resistivity
information but also the dynamic resistivity information, such as various resis-
tivity changes with time or with energy given naturally or artificially.

From the points of view shown above, it is very useful and interesting to
acquire knowledge about the sensitivity characteristics in nontarget in-
homogeneities. In this section 5, both the sensitivity distribution and the

sensitivity difference in the nontarget inhomogeneities, including simple and
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Fig.14. An example illustrating the response due to unit volume target and
electrode system in nontarget inhomogeneities.

complicated noise structures, have been defined and developed in order to find
out a way to a more accurate interpretation of the resistivity methods and
systems, and to offer exciting oppotunities for the detection of the target in
practical problems.

Figures 15a and 15b show the examples of the sensitivity distributions as a
three-dimensional perspective view of the plot when the target of resistivity p,=
10 ohm-m exists in the simple nontarget inhomogeneities model (Model 71 W, p,
=ps=ps= 700 ohm-m, p,=ps=p0;= 100 ohm-m and p,= 200 ohm-m in Fig.14) and
the more complicated nontarget inhomogeneities model (Model 72 WLN, p,= 700
ohm-m, p,=p,= 200 ohm-m, ps= 1000 ohm-m, pg= 100 ohm-m, p;= 500 ohm-m and
0s= 20 ohm-m in Fig. 14), respectively. Figure 15c¢ shows the perspective view
of sensitivity distribution due to the target in the homogeneous medium. The
electrode configuration is a kind of cross-hole array, namely, C (subsurface) P
(subsurface) solid electrode arrangement used as an electrode array of so-called
computerized geotomography (by analogy with medical tomography). These
perspective views of sensitivity distributions can be obtained easily by using the
PDB (Picture Data Base) system. We can display various plots such as automat-
ic two-dimensional contour plots, bird’s eye views and mixed expressions. The
examples illustrated in Figures15a and 15b have been obtained by using PDB
S71 WP 7. DATA and SWLNP 7. DATA. Comparing Figures 15a and 15b with
Figure 15¢c, we see that both of the sensitivity distributions in the simple non-
target inhomogeneities (Model 71 W) and in the more complicated one (Model 72
WLN) are quite similar to those in the case of the homogeneous medium except
the detailed characteristics such as the tendency of reverse sensitivity zones
between C, and P,. It has been found that Figure 15b is more similar to Figure
15 ¢ than Figure 15a at the zone of complicated structures.

The results of evaluation by the sensitivity difference method are presented
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Fig. 15. Three-dimensional perspective views of the sensitivity distribution of C
(subsurface) P(subsurface) solid electrode array. (a): Sensitivity distribu-
tion due to target (ox=10 ohm-m) in the nontarget inhomogeneities model
(Model T1W, p,=p3=ps=ps=700 ohm-m, p,=ps=p;=100 ohm-m and p,=200
ohm-m in Fig. 14), (b): Sensitivity distribution due to target(o,=10 ohm-
m) in the nontarget inhomogeneities model (Model 72WLN, p,=700 ohm-m,
02=04=200 ohm-m, ps=1000 ohm-m, pg=100 ohm-m, p;=500 ohm-m and pg=
20 ohm-m in Fig.14). (c): Sensitivity distribution due to target (o,=10
ohm-m) in the homogeneous medium with resistivity of 100 ohm-m.
in Figuresl16a, 16 b, and 16c. First, in comparing the simple inhomogeneities
(Model 71 W) with the homogeneous case, the enhancements of the normal
sensitivity of about-28% near the source C; and above the potential electrode P,
are clearly observed. Next, in comparing the complicated inhomogeneities
(Model 72 WLN) with the homogeneous case, the enhancements of the normal
sensitivity near the source C, and above the potential electrode P, are similar to
those in Model 71 W. Also, the sensitivity differences are small near the local
conductive noise structure with pg= 20 ohm-m, and are large beneath the local
noise structure near the source C,. Figure 16 a in the case of Model 71 W shows
the unbalanced normal sensitivity increase in the right and left sides of the
vertical contact. Figure 16 b in the case of Model 72 WLN shows interesting
characteristics of sensitivity averaging in the complicated structures.
It is interesting and reasonable that the sensitivity differences at the more
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complex nontarget inhomogeneities zone are smaller than those at the same zone
of the simple nontarget inhomogeneities.

6. Conclusions

Recently, the growing use of computer simulation increases a demand for the
investigations and the developments of interpretation methods® Numerical
modeling including the visualization technique and the use of subsurface elec-
trodes have been new elements of most important recent developments in electri-
cal survey methods. Also, electrical methods using subsurface electrodes have
become increasingly more useful exploration tools for detecting deep or hidden
mineral deposits, energy or groundwater resources and geological fracture zones,
and also monitoring groundwater contamination, nuclear waste repository and
various changes of earth structures.

In the future, the effectiveness of the electrical technique depends upon its
ability to interpret the data obtained under more complex structure environ-
ments. Particularly, it is very important and interesting how to extract and
enhance the response due to a target.

First, in order to reduce the effects of nontarget inhomogeneities we have
studied a normalization procedure of the geologic structure noises using the FEM
2D-3D algorithm. As a result, we have found out that it is very useful to
normalize the resistivity information by the background resistivity information.

Next, we have developed a new modeling algorithm including the visualiza-
tion technique. Since it is important to monitor and evaluate the interpretation
not only of results but also the process, we have studied an expression proce-
dure, such as the traditional two-dimensional contour plot and the three-dim-
ensional perspective view of plot using the interactive graphics system. The
bird’s eye view of resistivity information yields a more sensitive and higher
density quantitative evaluation of the iterative interpretation process than only
the numerical data.

Furthermore, the sensitivity distribution in nontarget inhomogeneities def-
ined in this study contributes to a greater accuracy and resolution than only in
the homogeneous medium. The sensitivity difference method may become an
effective indicator to evaluate the simulation algorithms and the interpretation of
the results and processes.

The examples of the interpretation procedure mentioned above appear to
give an aid to extraction and enhancement of the response (signal) due to the
target in various nontarget inhomogeneities for a new resistivity interpretation.
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