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METHOD FOR QUANTITATIVE
SEPARATION OF ELECTROMAGNETIC
INDUCTION AND INDUCED POLARIZATION
EFFECTS

BACKGROUND OF THE INVENTION

[0001] The invention relates to the field of electrical explo-
ration. The invention relates to the methods of determination
of subterranean formations properties by means of electric
parameters of subterranean formations measuring and sepa-
rating of the parameters measured.

[0002] The invention can be applied both in surface and
marine electrical exploration using controlled sources of
electromagnetic field, and is used in gas and oil exploration
for searching and delimitation of oil and gas reservoirs basing
on segregation of response from stratum, secondarily
changed due to hydrocarbons migration, to split the measured
signal to available components. The invention provides for a
set of techniques that enable a layer-by-layer determination of
geoelectrical parameters values, as well as process character-
istics of induced medium polarization and electromagnetic
induction.

[0003] The known invention ‘A geoelectrical prospecting
method (variants)’, Patent RU No. 2235347 published on
Aug. 27, 2004, IPC GO1V3/06, discloses the way of electro-
magnetic field inducing in a studied medium by transmitting
through it a periodical rectangular pulse sequence with a
pause after each pulse. At each current pulse cutoff and
between current pulses, during pauses, the momentary values
of axial and orthogonal differences of potentials are mea-
sured, thus determining potential differences. By solving the
inverse problem on a mathematical physics differential wave
equation for a dipole source intensity in a polarizable con-
ducting medium, n normalized parameters are calculated fol-
lowing the equation, and the medium model closest to a
studied medium in terms of geometrical structure and electric
parameters is obtained. According to the electrophysical
parameters included in the mentioned equation, time sections
of the model are plotted. The method allows detecting and
delimitating of oil and gas reservoirs, evaluating of their
saturation quality, as well as provides for separation of elec-
trical conduction and induced polarization parameters. Nev-
ertheless the method does not solve the main problem of a
quantitative separate studying of the electrical conduction
and induced polarization processes, does not consider equiva-
lence of the obtained model electrophysical parameters and
can not estimate their informativeness.

[0004] The known invention ‘Focused current marine geo-
electrical prospecting method’, Patent RU No. 2284555 pub-
lished on Sep. 27, 2006, IPC GO1V3/06, discloses the way of
electromagnetic field inducing in a studied medium, measur-
ing of momentary values of the first and the second differ-
ences of electric potentials, ensuring of a condition that the
resultant of axial electrical potential difference along the
section makes zero, calculating of a coefficient basing on the
equation, determining of three multitudes of independent nor-
malized electrical parameters, solving of the inverse math-
ematical problem to determine three electrophysical param-
eters (conductivity, induced polarization and a constant of the
time of induced polarization potential difference drop), and
plotting of three time sections basing on those parameters.
The essence of the invention is a separation of electrical
conductivity and induced polarization parameters. The inven-
tion also permits to determine a constant of the time of
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induced polarization potential difference drop, which is the
third important parameter along with the first two ones. Nev-
ertheless the invention provides for only summarized data of
all elements of a studied medium, where the field is devel-
oped, since a space distribution of monitored source current [
is not controlled in any way, and there is no information on the
said distribution in existing three-dimensionally inhomoge-
neous media. The invention does not solve the main problem
of a quantitative separate studying of the electrical conduc-
tion and induced polarization processes, does not consider
equivalence of the obtained model electrophysical param-
eters and can not estimate their informativeness.

[0005] The known invention ‘A geoelectrical prospecting
method (variants)’, Patent RU No. 2231089 dated Jul. 8,2003
published on Jun. 20,2004, IPC GO1V3/06, discloses the way
of electromagnetic field inducing in a studied medium by
transmitting a periodical rectangular pulse sequence with a
pause after each pulse, measuring of electrical potentials dif-
ferences at points of observation using normalized param-
eters values and following the mathematical physics differ-
ential wave equation for a dipole source intensity in an
electrochemically polarizable conducting medium, thensolv-
ing the inverse problem and determining the inherent electro-
physical parametets of each element of medium (conductiv-
ity, induced polarization and a constant of the time of induced
polarization potential difference drop), and plotting three
time sections basing on those parameters. The invention
allows detecting and delimitation of il and gas reservoirs and
evaluating of their saturation quality. Separation of electrical
conduction and induced polarization parameters is provided.
But it does not allow a complete separation of inherent to
geological medium elements polarization induced by electri-
cal dynamic transients related to electrical conductivity of the
said stratum elements that form the section. The invention
does not solve the main problem of a quantitative separate
studying of the electrical conduction and induced polariza-
tion processes, does not consider equivalence of the obtained
model electrophysical parameters and can not estimate their
informativeness.

[0006] The known invention ‘A method of geoelectrical
prospecting signal analysis’, Patent RU No. 2253137 pub-
lished on Jan. 10, 2005, IPC G01V3/08, discloses simulta-
neous transforming of each measured signal by at least two
modulators, followed by determining of the least intervals.
The invention allows increasing of accuracy and informative-
ness due to a simultaneous analyzing of the signal (regular
component) and interference noises (random component).
However, the object of the invention is a usage of the method
comparing output signals of delta modulators integrators with
an output signal of the respective channel with the help of
gated comparator. However, the offered method of analysis is
feasible only with the use of at least two delta modulators with
significantly different quantization steps, system of measur-
ing probes, magnetic field sensors, or any other sensors fea-
turing sufficient broadbandness and spatial angular selectiv-
ity (directivity). The method can not be applied for analyzing
of parameters obtained by use of the processes of induced
polarization in prospecting and exploring ofoil and gas fields.
[0007] The known invention ‘A method for estimating of
specific electrical resistivity of a geological formation envel-
oping a wellbore filled by a wellbore fluid’, Patent RU No.
2209451 published on Jul. 27, 2003, IPC7 GO1V3/38, dis-
closes obtaining of a set of diagrams, choosing of a modeled
section, introducing of additionally modeled sections, repeat-
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ing of correcting of a modeled section until the difference
between a diagram and respective modeled diagram becomes
below a selected threshold value, and includes correcting of
each modeled section as function of the values ratio. The
invention provides an improved method evaluating specific
electrical resistivity of a geological formation and consider-
ing a wellbore fluid invasion into a formation enveloping the
wellbore. However, the invention does not allow detecting
and delimitation of oil and gas reservoirs, evaluating of their
saturation quality, as well as providing of separation of elec-
trical conduction and induced polarization parameters.
Besides, the invention does not solve the main problem of
quantitative separate studying of the electrical conduction
and induced polarization processes, does not consider the
equivalence of the obtained model electrophysical param-
eters and can not estimate their informativeness.

[0008] The most close invention in terms of method of
geoelectrical characteristics processing is ‘A method for the
subterranean formations properties determination’, Patent
RU No. 2294547 published on Feb. 27, 2007, IPC” GO1V3/
38, that discloses developing of a formation parameters
model, modeling of electrical properties measurements, com-
paring of the modeled measurements and the measured elec-
trical properties, determination of physical/petrophysical
properties of formation based on various measurements to
provide a combined inversion, evaluating of the physical/
petrophysical properties of formation using the model and
various measurements of electrical properties, as well as use
of a unifying model. The invention allows implementation of
improved methods of data processing during a drill well
sectioning with the use of electricity, and provides more accu-
rate determination of Rt value to evaluate formation charac-
teristics estimating a formation depth and introducing initial
information into the inversion scheme, i.e. geometry infor-
mation stabilizing imprecise problems of “enhancement”.
However, the invention does not allow detecting and delimi-
tation of oil and gas reservoirs, evaluating of their saturation
quality, as well as providing of separation of electrical con-
duction and induced polarization parameters. Besides, the
invention does not solve the main problem of quantitative
separate studying of the electrical conduction and induced
polarization processes, does not consider the equivalence of
the obtained model electrophysical parameters and can not
estimate their informativeness. The objective of the invention
is to imply a method that includes pure adjustment of medium
model by iterative use of inversion and separation of the
measured signal to any components does not occur. We offer
a method that supposes application of medium model
obtained as a result of the inverse problem solving, to split the
measured signal AU(t) into the components EM(t) and Ipg(t).

BRIEF SUMMARY OF THE INVENTION

[0009] When transmitting electrical current through a
medium there appear different effects caused by various
physical phenomena. These effects go with electromagnetic
induction characterized by induction fields that is defined by
wave theory, and with induced polarization caused by elec-
trochemical processes in the medium.

[0010] Until now, the problem of splitting these effects has
been solved through increasing of the record interval of tran-
sients from an initiating pulse in a medium provoking elec-
tromagnetic induction and polarization. Meanwhile the
longer it took until the moment of measuring, the lesser
became the value of electromagnetic induction field, down to
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negligibly small values. Otherwise when the period to the
moment of measuring is decreased, the effect of polarization
will not be negligible at initial moments after the pulse. Mea-
surements of conductivity of the platforms featuring signifi-
cant thickness of sedimentary cover show a slow fading of
electromagnetic oscillation due to a high conductivity of sedi-
mentary cover (hundreds and thousands of Siemens). Exist-
ence of the problem and absence of its solution is mentioned
in Wate’s book (see G. Wate. Geoelectrical magnetism. Mos-
cow, Publishing house Nedra, 1987, p. 235).

[0011] The technical result of the proposed method appears
to be a possibility of solving the main problem of quantitative
separate studying of the electrical conduction and induced
polarization processes with consideration of the equivalence
ofthe obtained model electrophysical parameters and estima-
tion of their informativeness.

[0012] The method offers:

[0013] a quantitative separate determination of intensity
of electromagnetic induction and induced direct current
polarization fields with inaccuracy 0.5% or less;

[0014] a provision of long time interval of the fields
splitting, 1 us to few seconds, including sections with
high conductivity.

[0015] The method can be applied since the function AU is
always analytical, i.e. continuous, and its derivatives of order
two are also continuous. Moreover, electromagnetic induc-
tion and induced polarization fields are not additive, since a
part of induced polarization (IP) field is generated by induc-
tive current, and vice versa, a part of electromagnetic induc-
tion field is caused by induced polarization fields. We shall
discuss only the induced polarization created by direct cur-
rent during its transmitting into medium.

[0016] The claimed technical result is ensured by the fact
that the method of quantitative separation of electromagnetic
induction and induced polarization effects includes:

[0017] measuring of the transient process above a polar-
izable medium;

[0018] modeling of electromagnetic measurements
within a horizontally stratified polarizable medium;

[0019] segregating of an electrodynamic component
from transient process;

[0020] segregating of a galvanic component of induced
polarization from transient process;

[0021] evaluating of variation of a galvanic component
of induced polarization by area and its geological inter-
pretation.

[0022] The method is charactetized in setting of several
input functions dependent on medium parameters and mea-
sured on the medium surface, forming of these functions in
the way that ensures different manner of their dependence on
electromagnetic induction and induced polarization fields,
wherein one of these functions, e.g. Ps, is made to increase an
electromagnetic induction and induced polarization ratio as
compared to DU(t), another, e.g. P, is made to decrease the
electromagnetic induction and induced polarization ratio as
compared to DU(t), and one more of these functions, e.g. D¢,
represents a combination oftime and spatial derivatives of the
transient field. Further a simultaneous inversion of the input
functions is performed, and a geoelectrical model of the sec-
tion is obtained, meanwhile the number of the medium
parameters which characterize induced polarization is delib-
erately redundant, so that the obtained medium model is not
single, but lies within a certain range of equivalence. In the
obtained model the polarizability is set to nil for all layers,
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and through solving a direct problem the electromagnetic
induction field (EM) is calculated, simultaneously the wave
numbers of the said model are set to nil, and through solving
the direct problem the field of the induced polarization (IP)
galvanic component is calculated. Besides, a parameter, e.g.
P, is formed as a filter that increases the induced polarization
and electrodynamics ratio as compared to AU(t), further P, is
defined as a ratio of the second axial potential difference of
the transient field A2U(t) and the first axial potential differ-
ence of the transient field AU(t) under a condition of current
cut-off according to the equation PL:}=A2U/AUY ., ope
Another way the parameter Ps is formed as a filter that
decreases the induced polarization and electrodynamics ratio
as compared to AU(t), and further as a ratio of the second axial
potential difference of the transient field A2U(t) and the first
axial potential difference of the transient field AU(t) under a
condition of switched on current according to the equation
Ps()=A2U(1)/AU(tY ,,,. .,.- I particular, the parameter Dg(t)
is formed as the difference of the parameters [(t) and P,(t)
according to the equation D¢(0)=It(t)-P, (t), where (1) is
caleulated according to the equation I(t)=A(A%U(t))/A, (AU
(t)) as the ratio of the time derivatives A2U(t) and AU(t).
[0023] After the input parameters determined at the same
measure point are formed, their minimization is performed
through inputting of the following parameters to a minimiza-
tion program:
[0024] DU(t)=AU(t)/AU,, where AU, 1s a potential dif-
ference AU, measured during current passing,
[0025] P,()=A*U(tYAU(1), calculated under a cut-off
current condition,
[0026] Ps(t)=A*U(t)/AU(1), calculated under a switched
on current condition,
[0027] Dg(t)=1(t)-P,(t), where L(t)=A(A*U(t))/A (AU
o)

followed by performing of their inversion within a horizon-
tally stratified polarizable medium under conditions of the
deliberately redundant number of the model geoelectrical
parameters describing its polarization properties. At the same
time, as a special case, the induced polarization field is deter-
mined as a result of solving the direct problem with wave
numbers set to nil, and the electromagnetic induction field is
determined as a result of solving the direct problem with
polarizability set to nil.

[0028] When all actions are completed, verification of
reproducibility of the solution is performed.

[0029] The assigned task of effects splitting requires per-
forming of a few steps.

Step I

[0030] 1.Setting a few input functions that can be measured

and built on the medium surface.

[0031] 2.The functions are to be constituted in the way that
ensures different manner of their dependence on electro-
magnetic induction and induced polarization. One of them
increases the ratio of electromagnetic induction and
induced polarization as compared to DU that presents a
voltage drop curve, another function decreases the men-
tioned ratio. These functions represent a combination of
the transient field and its spatial derivatives. Besides, one of
the functions represents a combination of time and spatial
derivatives.

Step II

[0032] 1.A simultaneous inversion (solve the inverse prob-
lem) for all input functions is performed, and a certain
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model of the section is obtained. The medium parameters
are defined layer-by-layer, those are: electrical resistivity
p, polarizability factorm, relaxation time T, index of power
c. The polarizability factor, relaxation time and index of
power are determined basing on Cole-Cole model. The
model parameterization according to these parameters is
set deliberately redundant, i.e. the solution obtained
belongs to a class of equivalent solutions.

[0033] 2. The polarizability is set to nil for all layers within
the obtained model, and through solving the direct problem
the electromagnetic induction field EM is calculated.

[0034] 3. Thewave numbers within the same model are also
set to nil, and through solving the direct problem the direct
current induced polarization field is calculated.

[0035] Iteration of actions sequence (from Step II) proves a
coincidence of calculated electromagnetic induction EM and
induced polarization IP fields with accuracy of the inverse
problem solution. The obtained models differ, but the fields
coincide.
[0036] Furthermore, the induced polarization IP field is a
field obtained when solving the direct problem for the given
model with the wave numbers set to nil at any point of the
section, and the electromagnetic induction EM field is a field
obtained when solving the direct problem for the given model
with polarizability set to nil at any point of the section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The method is illustrated and proved by means of
plots and diagrams in the figures.

[0038] FIG. 1 shows graphs of AU, and AU, representing
apotential difference on detector lines OM and ON of an axial
dipole array.

[0039] It illustrates an infinite set of various combinations
of induced polarization [P and electromagnetic induction EM
fields. For a synthetic model, the drop curve DU has been
calculated and its inversion has been performed twice from
different zero-order approximations with accuracy up to
0.1%. Two different equivalent solutions (by DU parameter)
have been obtained, and tangibly different values of IP and
EM fields correspond to each.

[0040] FIG. 2 shows an interval of EM and IP currents
distribution on different steps (phases) of transient: the early
one A), the interim (transition) one B) and the late one C).
[0041] Thereby during transient the electromagnetic induc-
tion EM field diffuses into the lower semispace following the
skin effect, and inducing it eddy currents tend to a uniform
distribution in the lower semispace; on the opposite, the 1P
field always stays spatially inhomogeneous and decreases
when moving away from the source of current, i.e. from an
emitter.

[0042] Basing on the purpose of the settask, it is required to
consider the transient field transforms that would be recorded
in the same point and had different functional dependence on
induced polarization and electromagnetic induction fields.
The most natural decision is an introduction of normalized
spatial derivatives of the transient fields (more precisely, their
finite differences) in addition to the transient fields them-
selves, since space-time structures of EM and IP fields are
different.

[0043] FIG. 3 shows: a) scheme of a measuring apparatus
logging the parameters DU(1), P1(¢), Ps(t), Do(t) during a
vessel movement; b) current waveform in generator line AB
to initiate transient; ¢) measured signals A2U(t) and AU(t) on
a detector line.
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[0044] FIG. 4 shows a curve DU(t) fading in time above the
earth surface in the presence of polarization (B) and in its
absence (A), on the detector line MO (at the distance of 1000
m (1)) and detector line ON (at the distance of 2400 m (2)).

[0045] FIG. 5 shows a parameter P1(¢) curve above the
earth surface in the presence of polarization (2) and in its
absence (1), with 1=1% and p=50 Ohm'm, and n=0%.
[0046] FIG. 6 shows a parameter Ps curve above the earth
surface, relatively, with m=4% and =0, where ) is a polar-
izability factor in terms of Cole-Cole model.

[0047] FIG. 7 shows a curve D¢, calculated with n=0 and
1=1%, where 1) is a polarizability factor in terms of Cole-Cole
model. The curves are plotted relative to a zero line Do.
Applying of time derivatives along with spatial characteris-
tics permits an advanced description of transients.

[0048] FIG. 8 shows a three-dimensional reference model
that served the ground for plotting of parameters synthetic
curves corresponding to those plotted basing on field obser-
vations (DU(t), P1(z), Ps(t), D(1)), and to values of EM and
IP fields. An equivalent one-dimensional model is also
shown.

[0049] FIG.9 shows EM and IP fields coincided to 0.15%
for the models of FIG. 8.

[0050] FIG. 10 shows curves plotted basing on the field
observations at Northern Gulyaevskaya area (the Barents Sea
shelf) and corresponding model curves. One of equivalent
geoelectrical models is also shown.

[0051] FIG. 11 shows curves plotted basing on the field
observations at Northern Gulyaevskaya area (the Barents Sea
shelf) and corresponding model curves. One of equivalent
geoelectrical models, different from the one shown in FIG.
10, is also shown.

[0052] FIG. 12 shows the curves of EM and IP fields drops,
based on equivalent models and different in the value lesser
than measurement error making 0.5%. The IP field stands out
within wide time span against the level of the EM field that is
2 orders higher.

[0053] FIG. 13 shows the induced polarization field iso-
lines along a section above an onstream field, and an oil and

gas reservoir delimitation basing on the induced polarization
field.

DETAILED DESCRIPTION OF THE INVENTION

[0054] The method is executed as follows.

[0055] A set of input data obtained in the result of the earth
surface measurements is provided. The data are formed in the
way that ensures different functional relationship of induced
polarization and electromagnetic induction for all data. Bas-
ing on these data, by means of inversion, a geoelectrical
model is obtained under a condition of deliberately redundant
number of the section parameters that characterize the
induced polarization processes.

[0056] Ifthe induced polarization IP field is determined for
this model as a result of solving the direct problem with set to
nil wave numbers, and the electromagnetic induction EM
field is determined as a result of solving the direct problem
with set to nil polarizability, then a condition of the IP and EM
fields reproducibility is observed. It means that discrepancies
obtained during the IP and EM fields calculation above dif-
ferent equivalent models do not exceed the actual observation
error (about 0.5%).
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[0057] For the method realization:
1. Parameter P1 (see FIG. 1) is formed during a measuring
under a cut-off current pulse condition:

[0058] taking it as a filter that increases the induced
polarization and electrodynamics ratio as compared to
AU(),

[0059] determining P1, for this purpose, as the ratio of
the second axial potential difference A2U of the tran-
sient field and the first axial potential difference AU of
the transient field under a cut-off current condition, i.e.
P1(#)=A2U(t)/AU(D).

[0060] FIG. 1 shows AU, and AU, representing potential
differences on the detector lines OM and ON of the axial
dipole array. Parameter P1 responds to a spatial inhomoge-
neity of the transient field. The electromagnetic currents field
is described by a diffusion equation hence it tends to a uni-
form distribution within the medium when decay time
increases. The induced polarization field is proportional to a
polarizing current density, hence it is always spatially inho-
mogeneous (see FIG. 2) [see P. Yu. Legeido “The Theory and
Technologies of Differentially Normalized Geoelectric Pros-
pecting for Investigating Polarizable Sections in Oil and Gas
Geophysics.” A Thesis for a Doctoral Degree in Geology and
Mineralogy, Irkutsk, 1998]. Thereby, parameter P, can be
considered as a filter that increases the induced polarization
and electrodynamics ratio as compared to the transient field
AU (see FIGS. 4 and 5).

2. Parameter Ps is formed during a measuring under a
switched on current pulse condition:

[0061] taking it as a filter that decreases the induced
polarization and electrodynamics ratio as compared to
AU(),

[0062] defining, for this purpose, the ratio of the second
axial potential difference A2U of the transient field and
the first axial potential difference AU of the transient
field under a switched on current condition.

[0063] The induced polarization and electrodynamics ratio
is low at the early step of transient, though at the late stage
parameter Ps is mainly determined by resistances distribu-
tion, and polarizability has a weak influence upon it. Hence,
parameter Ps can be considered as a filter that decreases the
induced polarization and electrodynamics ratio as compared
to the transient field AU (see FIG. 6).

3. Parameter D¢ is formed to provide a detailed transient
description, since it is calculated basing on the time deriva-
tives A2U(t) and AU(t),

[0064] this parameter represents a difference of param-
eters It and P1 relative to arbitrary units (a logarithm of
transient time), i.e. D¢=It-P1,

[0065] wherein parameter It is calculated as It=At(A2U)/
At(AU), i.e. as the ratio of the time derivatives A2U(t)
and AU(D).

[0066] The decay rates for the induced polarization and
electromagnetic induction fields are normally different hence
it is reasonable to apply time derivatives to provide more
detailed description of the transients (see FIG. 7).

4. Minimization of the parameters obtained in the same mea-
sure point is performed,

[0067] for this purpose the parameters are passed to the
minimization program entry (see FIG. 3):

[0068] DU(t)=AU(t)YAU,, where AU, is a potential dif-
ference AU measured during current passing,

[0069] P1(#)=A2U/AU(t) calculated under a cut-off cur-
rent condition,
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[0070] Ps(t)=A2U/AU() calculated under a switched on
current condition,

[0071] D¢(t)=It-P1, where It=At(A2U)/At(AU),

[0072] followed by performing of their inversion within
a horizontally stratified polarizable medium under con-
ditions of deliberately redundant number of the model
geoelectrical parameters, in order to approximate the
curves plotted during field measurements above an inho-
mogeneous anisotropic and gradient medium as close as
possible.

5. Calculation of the IP and EM fields basing on the obtained
medium model is performed under conditions as follows:

[0073] the polarizability is set to nil for all medium areas
within the obtained model and through solving of the
direct problem the electromagnetic induction field is
calculated;

[0074] the wave numbers are set to nil for all medium
areas within the same model and through solving of the
direct problem the induced polarization field is calcu-
lated.

6. Verification of the solution reproducibility is performed:

[0075] verification of the IP and EM fields reproducibil-
ity proves that practically for all types of sections they
are reproduced with an error not exceeding a measure-
ment error (i.e. about 0.5%) (see FIGS. 10 and 13).

[0076] The method of separating of the electromagnetic
induction and polarization fields can be illustrated with the
help of the following example.

[0077] For a three-dimensional model the parameter syn-
thetic curves corresponding to curves plotted at field mea-
surements has been plotted, and the EM and IP fields have
been calculated (see FIG. 8).

[0078] An equivalent model within a horizontally stratified
polarizable medium has been found for the synthetic curves,
and the EM and IP fields have been calculated basing on this
model (see FIG. 8).

[0079] The fields obtained basing on the three-dimensional
and the horizontally stratified models have been compared
(see FIG. 9). The discovered error (0.15%) does not exceed
the error of discrepancy between the synthetic curves plotted
for the three-dimensional model and the model curves plotted
for the horizontally stratified medium. By virtue of small
discrepancy the difference on the graphs is not visually
detectable.

[0080] The method of quantitative separation of electro-
magnetic induction and induced polarization effects has been
tested in practice in most various geological and geophysical
conditions.

[0081] Electric exploration works comprising measuring of
parameters DU(t), P1(2). Ps(t). D¢(t) have been performed at
the onstream oil and gas field at Northern Gulyaevskaya area
(the Barents Sea shelf). Horizontally stratified polarizable
models have been obtained for the curves plotted at the field
measurements with approximation error not exceeding 0.5%
(see FIGS. 11 and 12). Furthermore, a few equivalent models
have been obtained for the same survey stake, and calculated
graphs of the EM and IP fields have shown discrepancy not
exceeding 0.5% (see FIG. 13). At that an IP field that is two
orders below the EM field has been distinguished. Plotting
isolines of the IP field has resulted in clear delimitation of an
oil and gas reservoir (see FI1G. 14).

[0082] Herein:
[0083] Rois a resistance, Ohm-m;
[0084] Cis an index of power in Cole-Cole model;
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[0085] H is a layer thickness, m;
[0086] m is a polarizability factor for Cole-Cole model,
%;
[0087] tis arelaxation time for Cole-Cole model, s.
[0088] For instance, for a model with the following param-
eters:

Ro=10 Ohm m, Eta=5%, Tau=0.5 s, C=0.5, H=100 m
Ro=50 Ohm m, Eta=2%, Tau=0.5 s, C=0.5, H=100 m
Ro=20 Ohm m, Eta=2%, Tau=1 s, C=0.5, H=200 m
Ro=5 Ohm m, Eta=5%, Tau=1 s, C=0.5, H=300 m
Ro=200 Ohm m, Eta=7%, Tau=1 s, C=0.5

Ro=500 Ohm m, Eta=0, H=450 m

Ro=5 Ohm m, Eta=0, H=800 m

Ro=1000 Ohm m, Eta=0, H=co

[0089] Basing on this model the values of input data corre-
sponding to those obtained during field measurements, as
well as the induced polarization and electromagnetic induc-
tion fields have been calculated and a graph for Northern
Gulyaevskaya area at the Barents Sea shelf has been plotted,
see FIG. 13.

[0090] In other words, basing on the purpose of the set
problem the transient field transforms, that would have been
recorded in the same point and shown different functional
dependence on the induced polarization and electromagnetic
induction fields, have been introduced and considered. At the
same time, the normalized spatial derivatives of the transient
fields (more precisely, the finite differences) in addition to the
transient fields themselves have been introduced since the
space-time structures of electromagnetic induction fields and
induced polarization fields are different. Thus, the claimed
technical result has been obtained.

1. A method for quantitative separation of electromagnetic
induction and induced polarization effects, comprising: mea-
suring of the process of transient over a polarizable medium,
modeling of electromagnetic measurements within a horizon-
tally stratified polarizable medium, segregating of an electro-
dynamic component from transient process, segregating of a
galvanic component of induced polarization from transient
process, evaluating of changes of the induced polarization
galvanic component by area and its geological interpretation,

characterized in

setting of several input functions dependent on medium

parameters and measured on the medium surface, form-
ing of these functions in the way that ensures different
manner of their dependence on the electromagnetic
induction field and induced polarization field, wherein
one of these functions is made to increase an electro-
magnetic induction and induced polarization ratio as
compared to DU(t), the second of these functions is
made to decrease the electromagnetic induction and
induced polarization ratio as compared to DU(t), and the
third of these functions is made as a combination of time
and spatial derivatives of the transient field, and further
in simultaneous inversion of all the input functions and
obtaining of a geoelectrical model of the section, mean-
while the number of the medium parameters which char-
acterize induced polarization is deliberately redundant,
so that the obtained medium model is not single, but lies
within a certain range of equivalence, then the obtained



US 2010/0164500 Al

model polarizability is set to nil for all layers, and
through solving the direct problem the electromagnetic
induction field (EM) is calculated, simultaneously the
wave numbers of the said model are set to nil, and
through solving the direct problem the field of the
induced polarization (IP) galvanic component is calcu-
lated.

2. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the several input functions
are formed, where one of the functions is Ps, calculated to
increase the electromagnetic induction and induced polariza-
tionratio as compared to DU(t), the second is P, calculated to
decrease the electromagnetic induction and induced polariza-
tionratio as compared to DU(t), and the third is D¢, calculated
as a combination of time and spatial derivatives of the tran-
sient field.

3. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the parameter P is formed
as a filter that increases the induced polarization and electro-
dynamics ratio as compared to AU(t), the said parameter P, is
defined as a ratio of the second axial potential difference of
the transient field A2U(t) and first axial potential difference of
the transient field AU(t) under a condition of current cut-off
according to the equation PL#=A2UR)/AUQRY ;e o5

4. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the parameter Ps is formed
as a filter that decreases the induced polarization and electro-
dynamics ratio as compared to AU(t), the said parameter Ps is
defined as a ratio of the second axial potential difference of
the transient field A2U(t) and first axial potential difference of
the transient field AU(t) under a condition of current switched
on according to the equation Ps(t)=A2UtYAUY,,..c o

5. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the parameter Dg(t) is
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formed as a difference of parameters I,(t) and P, (t) according
to the equation D¢ (t)=It(t)-P, (t), where the L() is calculated
according to the equation 1(t)=A(A*U(t))/A (AU(1)) as a ratio
of the time derivatives A2U(t) and AU(Y).

6. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the simultaneous mini-
mization of the input parameters determined at the same
measure point is performed through inputting the following
parameters to a minimization program:

DU(t)=AU(t)/AU,, where AU, is a potential difference AU

measured during a current passing,

P, (t)=A*U(t)/AU(t), calculated under a cut-off current con-

dition,

Ps(t)=A2U(t)/AU(1), calculated under a switched on current

condition,

Dg(t)=1(t)-P (1), where L(t)=A (AU t)At(AU(1)),
and performing their inversion within a horizontally stratified
polarizable medium under conditions of the deliberately
redundant number of the model geoelectrical parameters
describing its polarization properties.

7. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the induced polarization
field IP is determined as a result of solving the direct problem
of the model obtained after its minimization with the wave
numbers set to nil.

8. The method for quantitative separation of effects accord-
ing to claim 1, characterized in that the electromagnetic
induction field EM is determined as a result of solving the
direct problem of the model obtained after its minimization
with polarizability set to nil.

9. The method for quantitative separation of effects accord-
ing to claims 1-8, characterized in that verification of repro-
ducibility of the solution is performed.
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