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The aim of electromagnetic sounding including
the logging is to determine medium parameters on
the base of measurement data. In other words, itis
necessary to associate each vector g from the mea-
surement space G to vector p from the space of
model parameters P. The finding of such correspon-
dence determines the essence of solving the inverse
problem.

Traditionally in solving the logging inverse prob-
lem, itis accepted to use a minimization of the func-
tional:
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(1)

where: nis the number of sounds in the equipment,
piT are computed theoretical values of apparent re-
sistance (AR) of the model under consideration, piP
are values obtained really in AR measuring and g, is
the value of error for i-th sound. The values of model
parameters, to which computed piT correspond at
each step of the iterative process of minimization of
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GEODYNAMICAL PHENOMENA:

the functional (1) shall be the solution of the inverse
problem. This approach was devised and described
in details in many articles (L. E. Kneller, A. P. Pota-
pov, M. I. Epov, G. K. Gorbik, S. M. Zundulevich,
A. E. Kulinkovich, M. D. Krasnogon etc.). At the
present time this method is commonly used in prac-
tice (for example in programs: Mikar, Electra, VIKIZ
etc.), we shall refer it to as “now used method”.

In the present work, it is shown that practical
use of such approach is not quite correct since in-
stead of vector g the spatial domain g+dg should be
our initial condition (taking into account an error, a
result of any variation is non-numerical, a confidence
interval (CI)). Accordingly, the inverse problem solu-
tion shall be not p vector, but a p+dp spatial domain.
The results of minimization (1) reflect only the rela-
tionship between vectors gand p, but do not reflect
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any relationship between g+8g and p+dp. For exam-
ple, Figure demonstrates the dependence of appa-
rent resistivity p, on formation resistivity p; for resis-
tivity logging sound A0.4MO.1N. As it is shown in
the figure, the values of dp; corresponding to the
same value of dp; can change substantially depen-
ding on a part of range. And in accordance with the
above-stated, in this case the interval of dp+, but not
the value of p; itself, is the solution of inverse prob-
lem. Thus, the method of inverse problem solving
should primarily minimize the domain of g+8g. As
was found, it can be easily realized. The idea of the
proposed method consists in the replacement of
functional (1) by functional:

where: A, are wei?hting coefficients determined from

the condition inf \Sp(Sg}\) and in solving the inverse
Mok

problem determining the measure of influence on

the confidence interval of every of model parame-

ters, respectively.

Table 1. Parameters of different bed models

o'l;);pee d Fluid content 57;“ g(r)n Dld
1 water-saturated 4.5 20 5
2 gas-saturated 50 30 5
3 oil-saturated 8.5 30 4

Table 2.Compared error in solving the inverse problem with using two methods (I —now used,

Il — proposed) for 7IK equipment

| I
Type of bed on % 00 % D/d, % on % 000 % D/d, %
1 37.1 12.0 23.7 54 25 53
2 15.6 16.3 23.1 6.4 4.1 6.4
3 415 42.8 34.0 3.7 6.1 3.1

Table 3. Compared errors in solving the inverse problem with using two methods

(I — excisting, Il — proposed) for MEK equipment
| Il
Type of bed P % Pxos % D/d’ % P % Px0s % D/d, %
1 194 324 72.1 13.3 15.2 13.1
2 141 26.1 51.6 4.9 13.0 12.7
3 17.8 29.2 47.4 5.3 14.1 18.2
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To estimate the efficiency let us give some exam-
ples of comparing the proposed method of solving the
inverse problem with the now used method. For that
end, let us consider models of typical invaded beds
corresponding the conditions of the Dnieper-Donetsk
depression (model parameters of considered beds are
given in Tabl. 1; where: p; is the formation resistivity,
Pxo IS the invasion zone resistivity, D is the diameter of
invasion zone, dis the rated well diameter). The 7IK
seven-sound equipment for induction logging (a modi-
fied analogue of AIT Schlumberger) and the MEK mul-
tisound equipment for electric logging (a modified an-
alogue of HRLA Schlumberger) were chosen as the
sounding equipment.

The results of comparison between these me-
thods for 7IK are given in Tabl. 2, and the ones for
MEK are given in Tabl. 3. It is evident that the pro-
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posed method is significantly more precise than the
one used traditionally. Similar calculations were
performed for all spectrum of models of payout beds
relating to the Dnieper-Donetsk depression and
Western Siberia. It shall be noted that effective prac-
tical use of the proposed method has become pos-
sible owing to the development of computers since
it require considerable computer resources: actual-
ly to determine the confidence interval for each of
determined parameters of every concrete bed it is
necessary to solve the inverse problem for several
different values of initial data.

The following conclusion was made on the base
of conducted study: the solution of inverse problem
based on the minimization of functional (2) is more
correct and accurate than in case of use of the mini-
mization of functional (1).
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