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Summary

That chapter is devoted to new ideas of developing a new method of an active
electromagnetic induction and a seismic monitoring in oil saturated media. It
contains theoretical algorithms for modeling the elastic waves propagation in a
hierarchic structured media with porous inclusions saturated by some fluids (oil or
water). It presents the results, obtained by the electromagnetic method, related to
the structure, and the disintegration zones, which are cracks in the rock massif. The
question of self-organization of these cracks, which occur by an outer force action,
had been researched. The information about that crack zones and their state is very
needed for forecasting the oil outworking from the deposit. It allows the
development of the outworking strategy. All experimental data had been developed
in real massifs, in mines or boreholes on oil deposits. The chapter also contains a
new processing method of seismic monitoring data, which are obtained on real oil

boreholes.
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9.1 Introduction

The processes of oil gaseous deposits outworking are linked with the moving
of polyphase multicomponent media, which are characterized by no equilibrium
and nonlinear rheological features. The real behavior of layered systems is
defined by the complicated rheology moving liquids and the structural
morphology of porous media (Hasanov and Bulgakova, 2003). It is urgently
needed to account those factors for a substantial description of the filtration
processes. Additionally, we must also account the synergetic effects. That allows
suggesting new methods of control and management of complicated natural
systems, which can research these effects. Thus, our research is directed to the
layered system, -which is a complicated hierarchic dynamical system-, from
which we have to outwork oil. By developing a mathematical model of a real
object, we need the quality as a priori information as for the use of the active and
passive monitoring data obtained during the well operation. The solution on
inverse problems has a large significance for oil industry, because the oil layer
covers the set of natural systems, which can not be directly investigated as a
whole. Researches of the last years showed that in the evolution of dynamical
systems, which cover the oil objects, the nonstabilities, the factors: the nature, the
theory of the self-organization and the synergetics, play a significant role. That
information about their phenomenon is only obtained using monitoring data,
which are sensitive to the hierarchic structure (Hasanov and Bulgakova, 2003).

Let us consider three sequential appeared processes, which lead to exceeding
of ultrasoning processes by vibration influence on the layers (Hachay and Drjagin,
2010a, b). First: transfer the weak harmonic oscillations of the bottom layer to the
collector blocks. Second: appearance of blocks micro oscillations in the fluid
flow by a high pressure, which leads to pressure pulsations in the liquid and to the
irregularity of the flow in cracks. Third: generation of resonant block elastic
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oscillations, which produce ultrasonic oscillations.

The mechanism of transferring the oscillations of the initial low frequency
latitude wave consists of exciting the collector layer as a whole. The transfer of
transverse oscillations by inclined wave falling on the layer and the transfer of the
shear stresses depend on the material capacity, which supports the cracks between
the blocks. Thus, if the material is water, the transverse oscillations do not go
through the bottom layer into the oil layer. If the material in the crack is viscous,
the shear oscillations will influence on the neighbor blocks and initiate
microscopic horizontal displacements and rotations. Mathematical methods for
modeling the propagation of different geophysical wave fields through
heterogeneous media with hierarchic inclusions play a significant role in
constructing new methods of the oil saturated medium monitoring.

9.2 Modeling of Seismic Field for Hierarchic Heterogeneous Media

Let us consider an algorithm of sound diffraction on 2-D elastic heterogeneity
with hierarchic structure, located in the j-th layer of n-layered medium (Hachay,
1994; Hachay and Khachay, 2008). If by transition on the next hierarchic level,
the axis of two-dimensionality does not change and only the geometry of the
section of embedded structures change, then we can write the iteration process of
modeling of the seismic field (case of generating only longitudinal wave).
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medium into the heterogeneity, ja - out of the heterogeneity, A - is a constant

of Lameux, O -the density of the medium, - the cycle frequency, g = gradg;

=1,...J, ji,...n, index | =1,...L-number of the hierarchic level. If on some
hierarchic levels, the structure of the local heterogeneity is divided. On any
heterogeneity, the integrals in the formula (1) are taken into account on all
heterogeneities. In our algorithm, we consider the case, when the physical

features of heterogeneities are the same, and only the boundaries differ.

The iteration process covers the modeling of the response of transition from the
previous hierarchic level on the next level. Inside each hierarchic level, the
integral-differential equation and the integral-differential representation are
calculated as it is written in the papers (Hachay, 1994; Hachay and Khachay, 2008).

Similarly to that case, we can write the same process for modeling of elastic
transversal wave distribution in the n-th layer medium with 2-D hierarchic
structure of an arbitrary morphology.
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G, ;(M,M") - the source function of seismic field for the involved problem,

K2, = (o 1 aey); M- is a constant of Lame.

That algorithm for modeling of two types of seismic waves distribution, in the
matrix massif of the oil deposit and in the interblock space of the oil deposit, can
be used as an approximate for interpreting the data of borehole seism-acoustic
monitoring, and it can formulate the requirements to the system of monitoring
data for organizing a control influence on the oil layer. Very often, we deal with a
situation, when the porous oil saturated inclusion is inside an elastic inclusion,
and as a whole, it is a hierarchic construction imbedded in a N-layered medium.
We shall write now the system of 2-D seismic modeling in an acoustic
approximation.

9.3 Modeling of a Seismic Field in an Acoustic
Approximation for Hierarchic Two Phase
Heterogeneous Media

This part of the chapter is devoted to develop new integral equations for 2-D
seismic field in a dynamical variant and to joint analysis of integral equations for

a 2-D seismic field in the frame of the model of a local hierarchical inclusion with

303



Advances in Data, Methods, Models and Their Applications in Oil/Gas Exploration

a porous oil saturated inclusion and a pure elastic local hierarchic inclusion for
the case when the parameter Lame x=0, in the inclusion and in the host medium.
In that case, the dynamical seismic problem can be considered independently for
the case of a longitudinal wave and for the case of a latitudinal wave distribution.
The received results can be used for the choice of criterions of joining seismic
methods for researching high complicated two phase media.

9.3.1 The Problem of a Sound Diffraction on a 2-D Porous Oil
Saturated Heterogeneity Located in the J-th Layer of
N-layered Medium

This problem shall be solved, using the approach which is cited in the papers
(Kupradze, 1950; Hachay and Khachay, 2011; Hachay and Khachay, 2013). The
mass forces @ is assumed as a potential located in the first layer of the n-layered
medium. The plane XOY coincides with the upper plane of the first layer, z=0.
The axis OZ is directed vertically down. The surface of the 2-D heterogeneity of

arbitrary section s, is directed along the axis OY. By setting x=0 in each layer

S;, the first equation from the equations system for the direct seismic dynamical

problem (Kupradze, 1950), is transformed to such a form:

2
Ap; +kli(/7i =-2r fi (M);

oi @)

[}

U =grade; fi(M) :m i

where i=1,...n, ®=® by i=1, by i#1 ®;=0. According to (Kupradze, 1950;
Hachay and Khachay, 2011; Hachay and Khachay, 2013), the wave number in

the i-th layer is equal to:

Oj
=i 4
g (4)

304



Chapter 9 A New Method of an Active Electromagnetic Induction and a Seismic
Monitoring in Oil Saturated Media

where @ -cycle frequency, o, - density and coefficient of Lame of the i-th

layer of the N-layered medium. Let consider the porous fluid saturated inclusion
(water or oil) is located in the J-th layer of the N-layered elastic medium.
According to Frenkel (1944), if the liquid phase will stay in equilibrium, it must
be equally stressed in all points of the porous space by a hydrostatic pressure ps.
That pressure must also have an effect on the embedding medium, and its

deformation must lead to a changing of the phase volume v, and pores v, in

the same ratio:

AVp AV 1

Vi \% - Kio P (5)

K,-true module of compressibility of the phase. In the same ratio, the whole

macroscopic volume of the medium varies too. For not moving the liquid in the
porous inclusion, according to Frenkel (1944), the system (1) can be written

after simple transformations as such:

2
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: (6)
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_ [y(M) byMesg
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K =4 -module of overall compression by u=0, » - porosity. Let us

introduce such marking: k(M) =k;; - wave number in the layered medium s,

i=/,....n and

ki =@

K(M) = ’ :
M) =12 M) by M S0 1ji Zji

(8)

{klji by MeSo 2 20ji
The index ji indicates the features of the medium inside the heterogeneity S,.
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In the common case, in the arbitrary layer S; or inside the heterogeneity S, the
equation (6) taking into account the relations (4), (7), and (8), will be of the

form:

80, +"12i‘/’i = -22(f, (M) +p); )

The boundary conditions in the media without discontinuities, which are the
vertical component of the vector of displacement or components of the stress
tensor, are continuous, according to Kupradze (1950). And on the boundaries L;,

they have the form:

%_8¢i+1:0‘ __[aﬁ) :(@j _
o o zebi{ Gn ji LonJja’

[Ui (0% i+ )}[Uiﬂ(wz(/’i +1+¢>|+1)}=0\ zelj;

(10)
[G(w2¢+®+a pg)} B =[6(a)2¢)+(D)} o
Jl Jja
[a(w2¢+q§)]‘zzo =0;
The index ji - identifies the values o,o,® on the boundary of

heterogeneity from the inner side, ja - from the outer side of the heterogeneity,
which is located in the j-th layer, L-boundary of the layer, with index i - from

the side of the i-th layer, and with index i+1 - from the side of (i+1)-th layer,
_1 K H
a=1l-x “Kg according to (6).

According to Kupradze (1950), the conditions of damping on infinity, have the
form:

11
rgrad ¢, = O(1), r(aa—(fi —ik ;) = o(l) D

306



Chapter 9 A New Method of an Active Electromagnetic Induction and a Seismic
Monitoring in Oil Saturated Media

Let: (Z)I = - qpio, (12)

where i=1,...Jji,...,n, ¢i°- the potential of the normal seismic field in the

layered medium by absent heterogeneity: (p?i - and

A¢i0 +k12i(pi0 =27 fi (M); (13)
0
%_ 991 =0‘ L
oz oz zebi» (14)

[oi (w2¢>.0+¢7|)} —[6i+1(w2¢9+1+47|+1)} = O‘ZGLi ;

0

. 0 0 .
The functions ¢ and éin on the contour of the heterogeneity are

continuous. The algorithm of a normal field calculation by sound diffraction, in
the layered medium by an arbitrary excitation source in a dynamical variant, is

written in the papers (Khachay, 2006 a, b), #; - the potential of the seismic field

anomaly, which, as it can be shown by taking into account (4,6,9,12), satisfies

the equation:
Ag; +KZ M) = (K2 (M) — R (M) + ap,); (15)

and the boundary conditions:

%_6@”1:0‘ (@j z(@j .
oz oz 2eli» on ji \onJja’

(16)
[Giwzri’i] - [O'i+1w2¢i+1} = O‘ZGLi ;
On the contour of the heterogeneity, the following relation is established:
[o7]ja ~[o0]}i = (@0 — o )e;° + @) (17)
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The source function of a seismic field Gg,(M.M") is defined as a solution

of such a boundary problem (Hachay and Khachay, 2011; Hachay and Khachay,
2013):

0 0

~2
AGSpi +k GSpi(M’M )=-226(M -M"); (18)
And the boundary conditions satisfy:
dGsp,i  Gsp,i+1

2 I ) . _ . (19)
|:0Iw GSp,l} [O-H—lw GSp,|+1} 0‘Z€L| )

0 0Gsp (M, M0
Functions Ggy(M.M ") and CopMMT

are continuous on the contour of
the heterogeneity. Let us use the Green formula (Kupradze, 1950) for the

functions ¢, and Gg,(M,M®) for each layer of n-layered medium by i
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Cja -is the outer side of the contour of the heterogeneity C. Let us multiply by

o; the expressions (20) and (21) and sum them with account of the boundary

conditions. As a result, we shall obtain:
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Let us apply the Green formula to the functions qui and Gg, ; o, m%) for

the inner side of the domain Sy, with account of (6), (7), (13), (14), (15-17) (18),
(19), then we shall obtain:
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Let us multiply the expression (21) by Gji and sum it with the expression

(22), taking into account the boundary conditions on the contour of the
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heterogeneity. We obtain:
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Let us use the equality (Kupradze, 1950):
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Then, the expression (22) with account of (23) can be rewritten in such form:
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Thus, that allows obtaining the solution of the integral-differential equation
and defining the distribution of the potential for the displacement vector inside
the heterogeneity. Using the second integral-differential representation, we can
define the potential of the displacement vector in an arbitrary layer. Then, using
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the expression (1), we calculate the distribution of the displacement vector in the
arbitrary layer.

9.3.2 Comparison of Algorithms of a 2-D Modeling of the Seismic
Field for the Cases of an Elastic and a Porous Liquid
Saturated Inclusion in a N-layered Medium

Let us compare the obtained expressions for the solution of diffraction of the
seismic field in a frame of a geometrical model but with different physical
features of the inclusion. In our previous research (Hachay and Khachay, 2011),
we expressed the system of integral-differential equations for the case of elastic
inclusion in N-layered medium by:

2,2
(k% —2) oi
i . 0 jJa 0,0
TS” ¢(M)GSp,J(M1M )dTM +57ji§0 (M7)-
0

71795 6 %%4e_pm0) bymCesg
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The names of variables in (27) are the same, as in (26). By comparing (27) and
(26), we notice that it is a difference in the structure of the free term in the
integral-differential equation for the inner problem. Thus, it is evident that this
will reflect on the difference of the solution for these two models. However, the
existence of the porous inclusion does not change the wave number for the
considered problem of the longitudinal wave distribution for two different

medium models. That makes evident the no informative kinematic characteristics
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of the longitudinal waves for the identification of a porous liquid saturated
inclusion.

9.3.3 Modeling of a Sound Diffraction on a 2-D Elastic
Heterogeneity of a Hierarchic Type with an Inside Porous
Inclusion, Located in a N-layered Medium

Let us consider a sound diffraction on a 2-D elastic heterogeneity with a
hierarchic structure, located in the j-th layer of a n-layered medium (Hachay and
Khachay, 2013). If by passing from one to another hierarchic level, the 2-D axis
does not vary and only the geometries of the sections of the nested structures vary,
we can develop an iteration process for the modeling of the seismic field (the case
of the distribution of longitudinal wave only).

The idea, which was developped in the paper (Hachay and Khachay, 2013) for
the solution of the direct problem for the 2D case of the distribution of the
longitudinal wave through a local elastic heterogeneity with a hierarchic structure
located in the J-th layer of the N-layered medium, is extended to the case, when a
porous liquid saturated inclusion will exist on the L-th hierarchic level.

(ki li)”‘ (M)Gg, (M, M°)dz,, + Gja o (M?) -

Sci jil

( Oja ™ J'|) a¢'
B 02 gS.GSpJ on =AM MeS,
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where Gsp,i(M,MO) - the source function of seismic field, which coincides
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with the function of the expression (18-19), klzj" =a)2(0'ji|//1j")

wavenumber for the longitudinal wave, in the provided expression the index ji
indicates that the features of the medium belong to the inside space of the
heterogeneity, ja - out of the heterogeneity, I=1...L-1 - the number of the

hierarchic level, g, = gradeg,, »° - the potential of the normal seismic field

in the layered medium in the absence of a heterogeneity of the previous rank, if
I=2..L 0 —g, ,» if 1=, Lo_,0, these functions coincide with a
corresponding expression suggested by Hachay and Khachay (2013). If by
passing on the next hierarchic level of 2-D, they do not vary and only the
geometry sections of embedded structures vary. Then analogously to (Hachay
and Khachay, 2013), we can develop an iteration process for modeling the
seismic field (case forming of longitudinal wave). The iteration process pertains
to modeling the displacement vector by passing from previous hierarchic level
to the next level. Inside each hierarchic level, the integral-differential equation
and the integral-differential representation are written for the potential, which is
used for defining the displacement vector (28). If I=L, inside the heterogeneities
from the previous hierarchic level, the porous liquid saturated inclusion occurs.

In that case, the system (28) with account of (26) can be written in such a form:

(“”—uﬂ(ﬁ (M)Gg, ;(M,M dzy +

Soi jil

el g6, W) rap) 0 es,
o (klj" - klj) 0 0 0 (29)
W”@(M)GS;JJ(M’M )dTM "'(lel(lvI )_
g S e €S, -
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If I=L+1 and on the next level the heterogeneity is again elastic, for the
following of the iteration process we can use again the system (28). Very often,
we deal with a situation of solid oil deposits, where they are outworked in mines
by mining technologies. Here, we are going to show the use of an electromagnetic
method to control the morphology of the zones of the disintegration in the holes.
By providing mining works in a high stressed rock massif, the man-made
seismicity becomes evident, therefore the problem of its forecasting and
prevention attracts much attention in all the countries with a developed mining
industry. The near-term forecasting plays a significant role, but till now the
developing of a method which allows to define quantitative criterions for the
warning system is a large problem as in mining and in seismology (Yegorov and
Redkin, 2001). Using the idea of physical mesomechanics, which includes the
synergetic approach for analyzing the state changing of a rock massif of a
different matter content, that problem can be solved by monitoring methods,
which can research a medium with a hierarchical structure (Panin et al., 1995;
Hachay, 2007). The medium changing, which leads to near-term precursors of
dynamical events, can be explained in a frame of a conception of a self-organized
criticality (Klimontovitch, 2002; Olemskoy and Kaznelson, 2003), for which the
main factors are the heterogeneity and nonlinearity. In the frame of the Siberian
Mining Institute, a new direction of massif state research is developed and named
as nonlinear geomechanics (Kurlenja and Oparin, 1999). But in our opinion, we
can achieve more success using together geomechanical and geophysical
methods, which are based on a medium model as a model of a stratified block
structure with hierarchical inclusions. Moreover, if we are also interested in the
evolution of that structure, we need to use complex geophysical methods, which
have a sufficient resolution of revealing of the origin and the decay of the
self-organized structures (Hachay, 2007). For the first time by using the planshet
electromagnetic method, which was elaborated in the Institute of geophysics of
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Ural Branch of Russian Academy of Sciences we could in the frame of natural
investigations realize the idea of revealing of the disintegration zones in the rock
massif and organize the monitoring of their morphology (Hachay et al., 2003a;
Hachay, 2003b). That method covers to geophysical methods of non destroying
control. It differs from other tomography methods by a system of observation and
methods of processing and interpretation, which are based on the conception of
three staged interpretation (Hachay et al., 2001).

9.4 A New Method of Revealing of the Disintegration
Zones in the Near Hole Space of Rock Massif of
Different Matter Content

For the first time the phenomenon disintegration zones around the
underground holes was described in the paper (Shemjakin et al., 1986), which
was later on registered as a discovery (Shemjakin et al., 1992). The research of
the morphology and the migration dynamics of these zones has a great
significance by outworking deep located deposits, in which dynamical events
occur. Significant devices for its research are geophysical methods. In addition
to the the information about the structure and medium state, obtained from the
geophysical data by their interpretation in the frame of the model, which is an
approximation to the real medium, it is needed to be choosen from the class of
physically and geologically proved. As it was shown in the paper (Sadovskiy et
al., 1987), for geological medium describing as a rock massif with its natural
and man-caused heterogeneity, the discrete model as piece-block medium with
included heterogeneities of less rank, than the block is meaningful. As it had
been shown in the paper (Sadovskiy et al., 1987) a simple sum of measured
geophysical parameters can lead to violent conceptions of the medium structure

and its evolution. A set of papers from the Institute of Physics of the Earth RAS

315



Advances in Data, Methods, Models and Their Applications in Oil/Gas Exploration

had been devoted to research the development of a hierarchical block medium
model on the quality level (Sadovsky et al., 1987; Rodionov et al., 1989).
Significant roles have the papers of academician V.N. Strachov, which are
devoted to developing a new interpretation theory for gravitation and magnetic
fields for a discrete structure of the medium; the main conception is published
(Strachov, 1993, 1994). It must be marked, that for research of the structure
details of discrete hierarchic media, a larger resolution has geophysical fields,
which depend as on space coordinates, as on time or frequency-that are-seismic
and electromagnetic fields. Moreover, the use of controlled sources achieve the
field focusing. Our planshet method for an electromagnetic induction research
in a frequency-geometrical variant is now widely used also for an underground
(mine) variant. It allows to provide volume geophysical research in massifs, by
man-caused influence (Shemjakin et al., 1992; Hachay and Novgorodova, 1999).
Let us consider these experiments in details. As an excitation source we used the
field of a vertical magnetic dipole on frequencies: from 5 to 80 kHz. We
provided measurements of the modules of three alternating magnetic field
components (vertical IHzl and two horizontal: along the hole |Hr| and across the
hole 1Hel) in the frame of planshet system of observation (in wide profile array
variant) with the step 5m and length 60-80m (in dependence from the
geoelectrical features of the researched massif. The excitation source is located
at the beginning of the array and it is moving systematically with the array
through 15 m along the hole. For each array and fixed frequency o two
interpretation parameters are defined by such formulas: pes (r)=or’(IHzI/IHr1)/x
and d(r) =(IHe!/1Hr1)100%. These data present an information base for data for
further interpretation, which is realized during three stages (Hachay and
Novgorodova, 1997). On the first stage geoelectrical parameters of the one-D

section are defined for each array after a previous filtration of data pes (r) with
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account the condition : d(r)<A, where A - is a level of filtration (Hachay and
Novgorodova, 1997) of pes(r) values . The interpretation of the first stage is
provided in a frame of layered model: n layers over the hole and n layers under
it. Then we shall calculate the average parameters of the section with account of
overlapping for the whole profile or for some planshet. As a result we obtain the
distribution of a specific resistivity in the per hole space up and down from the
hole for each point of observation.

Then, the second stage is fulfilled in the frame of the algorithm, which allows
to determine the geometrical characteristics of the conductive intrusions and their
sum equivalent moments which are proportional to the ratio of the difference
between the conductivity in an imbedded medium and in the intrusion to the
conductivity of the imbedded medium. Here according to (Strachov, 1993, 1994),
the approximate principle for alternating electromagnetic fields is used. The
initial model of the inclusion is used as current lines of finite length. The average
parameter of geoelectrical heterogeneities, which is defined as average value of &
in each point of the profile, located along the hole by this type of sources is
approximated. We are solving the minimization problem of the standard
deviation (residual) of the experimental curve of an average parameter of
geoelectric heterogeneity from the theoretical (Hachay and Novgorodova, 1997).
The location of the sources of excitation remains the same as it was by the
realization of the first stage. The current lines are located directly either under the
profile down from the hole, or above up the profile. Thus, we can define the
described above parameters of these current lines, the fitting is provided in a
semi-automatic regime: the changing of sought parameters during the fitting
process is assigned interactive. The procedure finishes, when the residual
becomes less of the given value. The absolute value of the residual is controlled
by the given fitting accuracy of the experimental value of the average parameter
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of geoelectric heterogeneity in extreme points. Mathematically speaking, that
procedure is realized by a computational algorithm and a program. Thus, using
the results of the first and second stage of interpretation we can construct the 3-D
geoelectric model of a researched place of a geological medium.

That developed approach for alternating electromagnetic fields was extended
on the case of a dynamical seismic with an active source of excitation in a frame
of joined three staged conception of an electromagnetic and a seismic
interpretation (Hachay et al., 1999a). That method also allows researching the
heterogenic medium in the frame of discrete-hierarchic model, distinctive from
the widely used seismic methods, based on a kinematic approach. A new complex
volume research electromagnetic induction and seismic (in dynamical variant)
method allows to construct a volume geoelectrical and elastic model of rock
massif structure. In different mines of deposits of different matter content with
use of such method it had been revealed disintegration zones of rock massifs. It
had been developed criterions, which allow to provide the sorting of these zones
of zones of hidden cracks and contact (different module) zones, which had been
confirmed by geologic and geomechanical data (Hachay et al., 1999b; Hachay
and Novgorodova, 2000). The high accuracy of that approach is ensured by the
use of the volume system of observation in a frame of holes located on different
levels. The distribution of zones of local heterogeneities and its morphology into
the mine space is the significant information for safe outworking of the deposit.
Let us consider results of 4 cycles of the electromagnetic monitoring of the
Tashtagol’s mine massif, which was provided during 2000-2003 years in some
holes, located on four horizons. Here we shall consider results of monitoring of
ort 4, horizon -210, because in that hole additional repeated measurements during
every year cycle of measurements had been provided. So, it is possible to analyze
the structure of the massif during different time intervals. In the sections (fig. 1
a-c), obtained in the year 2002, we can see, that even during a small time interval
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(1 week) the migration of the zones of the local heterogeneities and its intensity
has more significant results.
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Figure 1. Geoelectric sections of the massif from the 4-th ort, horizon -210,
Tashtagol mine, 2002, frequency 5 kHz, three cycles of measurements.

Reference designations: My=MoxLox10*, M- coefficient which is multiplied
with the moment of the electrical current line, it is equivalent by field to the
influence of the zone of geoelectric heterogeneities, Lo - length of the current
line in m, the resistivity of the imbedding section is given in Om.m. The vertical
axis is given in m (depth in absolute marks), the horizontal axis is the length of
the hole in number of pickets (pk) and in meters (m).

Let us introduce a new integral parameter for the intensity of the disintegration
zones, located in the massif down the hole:

Sp =Z|\7|Oi (x,H) (30)

where H- the researched depth of the massif, located down the hole, x-coordinate
of the zone center along the hole, i- number of the zone.
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Figure 2. Distribution of integral intensity Sp of revealed crack zones down the
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25 4

20

A

SpfSk

—*—20kHz
— B—10kHz
-« A- 5kHz

1 2 3 4 5 [} 7 8 9
1-2000, 2,3,4,5-2001,6,7,8-2002
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down the hole and Sk above the hole, using active electromagnetic monitoring

data during 3 years, ort 4, horizon -210.
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A good correlation of obtained results (fig.2) indicated about the change in the
massif structure, located down the hole, which do not lead to its non stability. Let
us introduce a function analogously (30) for a roof space of the hole:

S, =ZI\7I0"(X,H)

As it is seen particularly from the fig.3 there is a significant difference of the
massif of the structure up and down the hole space. On the fig.3 the changes of
the ratio Sp/Sk during 4 years of the provided research are analyzed. Three
measurement cycles of observation during 2002 year show a sharp difference if
the ratio behavior in dependence from frequency, that can indicate about the
changing in the phase state of the massif, located into the roof hole space.

Let us analyze interpretation results data of electromagnetic monitoring for
each cycle (years: 2000, 2001, 2002, and 2003) for the frequency 5 kHz. Let us
divide the interval H (30) on subintervals through 1m down the contour of the
hole and for each of it we can calculate the value Spint- the integral interval
intensity of zones heterogeneity in massif, located down the hole.

7

o3 \ —-5kHz

1- 0-1m, 2-1m-2m,3-2m-2m,4-3m-4m,5-4m-5m,8-5m-6m,7-6m-Tm,
a 8-Tm-8m
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Figure 4. The changing of the interval from the hole contour and integrated along
the hole intensity of disintegration zones for the frequency 5 kHz. S=Spint.a - one cycle
of observation in the 2000 year, b - four cycles of observation in the 2001 year, ¢ - three
cycles of observation in the 2002 year, d - three cycles of observation in the 2003 year.

k
spint(N,T) =3 Mi(N,T)
i=1

where N-number of the interval, on which is divided the hole space located down
the hole: N=1 (0-1m), N=2 (from1m to 2m), N=3 (from 2m to 3m), N=4 (from 3m
to 4m), N=5 (from 4m to 5m), N=6 (from 5m to 6m), N=7 (from 6m to 7m), N=8
(from 7m to8m), N=9 (from 8m to 12m), N=10 (from 12m to 17m), T- cycles of
measurements: T=1 (2000 year),T=2 (2001 year ), T=3 (2002 year ), T=4 (2003
year), ky.-amount of heterogeneities extracted for the interval N for the whole
length of the hole.

On the fig. 4a we can see the relation, which is obtained from data of 2000 year.
The value Spint monotonously decreases down to a contour hole. On the fig.4b
we can see the appearance intervals of a disintegration zones absence (2001year).
That tendency is seen more obviously from analyze of data of 2002 year (fig.4c)
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and 2003 year (fig.4g).

Based on the previous results obtained for one point of the mine space it is
interesting to analyze the identical results of four cycles of massif
electromagnetic monitoring for all researched halls of the Tashtagol mine,
located on four horizons on the depth from 540m to 750m for revealing the
morphology of disintegration zones in the outer hole space, which is under
intense man caused and a natural stress field action.

The system of many leveled electromagnetic induction frequency-geometrical
researches, provided in the mine during the years 2000-2003 has such form:

Scheme 1. The location of the profiles in the mine.

Horizon (m) Number of holes
-140 3
-210 2 4 8
-280 8
-350 18 19 20

Considering only the quantitative values of spint(N,T) (in conventional
units) for all orts according to scheme 1 for three frequencies 20, 10, 5 kHz: first
group - up to 30, second group from 30 to 40, third group - from 40 to 100.

Table 1. The classification of the rock massif state stability. First group-state stable,
second group-state quasistable, third group-state nonstable.

N First group Second group Third group

1 Horizon -140, ort3 Horizon -210, ort2 Horizon -210, ort 8
2 Horizon -350, ort 20 Horizon -350, ort 18 Horizon -280, ort8
3 Horizon -210, ort4 Horizon -350, ort 19

The structure of the first massif group independently from the depth of orts

location is characterized as stable and the distribution of the parameter

Spint(N,T) s defined as stable ordered, especially it is typical for the 4-th ort,

325



Advances in Data, Methods, Models and Their Applications in Oil/Gas Exploration

horizon -210, where had been provided repeated measurements during three
years and in the year 2004 the measurements had been provided before and after
mass explosions. From the other side the 4-th ort is located in the restricted
crunch, and our results show its stable state. The distribution of the parameter

Spint(N,T) for the massif of the second group is characterized by every year
change its ordering in contour intervals down the hole, and by the way, there
exist a frequency no agreement of its change, but the amplitude of the change is
restricted. In our classification that massif state can be characterized as quasi

stable.

For the massif of the third group the peculiarities of distribution of the

parameter SPINt(N.T) indicated for the massif of the second group only
grow with its amplitude and the massif can be characterized as a potential no
stable. In the years 2002, 2003 the most strong dynamical events had been
located near 8-th orts, -210 and -280 horizons, ort 19 horizon -350 also
characterizes as anomaly, where a rock shock occurred with the energetic class
more than 6, in the place, indicated by the results of electromagnetic monitoring

by higher average parameter geoelectric heterogeneity.

9.5 Conclusions

Thus, the received results of an electromagnetic induction monitoring allow to
make such conclusions:

* Rock massif has a many ranked hierarchic structure, the research of the
dynamical state and its structure can provide only with geophysical
methods which are dialed on that medium model.

e The use of planshet many leveled induction electromagnetic methods with
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a controlled source and a developed processing and interpretation method
allows to reveal disintegration zones, which are indicators of a massif
stability.

* The disintegration zones are located in the near hole space asymmetrically
up and down from the hole and discrete: that is to say that there are
intervals in the near hole space, where they are absent.

* The maximum change in the massif, which is under man caused occurs just
in the morphology of the space location of that zones depending on time.

* Introduction of a new integral parameter of the subinterval distribution
intensity of the disintegration zones allows achieving the detailed
quantitative classification of massif by the degree of stability and arranging
for those quantitative criterions.

In the paper (Hachay, 2004a), we described the natural results, which had been
achieved by revealing the self-organization phenomenon in the rock massif by
man-caused influence and the method of defining criterions of stability state on
the base of our classification method. Those results had been received during
some cycles of electromagnetic monitoring in the Tashtagol mine. The research
had been provided on the depths 540-750m for revealing the morphology of the
disintegration zones in around the hole area of the rock massif, which was
influenced by intense natural and man-caused stress field.

9.6 Phenomenon of Self-Organization in the Rock Massif
by Man-Caused Action

In the present time, there are sufficient data, which indicate the two significant
features of the modern geological medium evolution: -the mechanical matter
displacements of the Earth occur on any space and time scales; - the accessible
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for research matter of Earth’s crust constitutes a block-hierarchic structure, which
is a result of destruction and destroy processes (Goldin, 2002). A significant role
for understanding and forming the hierarchic structural deformation levels in
solid bodies play the theoretical and experimental results, which had been
developed on specimens (Panin et al.,, 1985). Using it, an approach was
developed basing on the conception about dissipative structures in non
equilibrium systems (Nikolis and Prigozin, 1979), for which on each hierarchic
level processes of self-organization exist. As it was shown in (Nikolis, 1989),
self-organization occurs by hierarchic structure existing. That approach can be
used for research of natural and man-caused systems as are massive, when they
are in the process of outworking. The model of open dynamical systems is used
for its describing the book (Nikolis and Prigozin, 1990). The analysis of the event
of self-organization processes can give the representation about the system
stability and promote to develop criterions of massif state stability as a whole
relatively the dynamics events of given energetic class. That idea has something
in common with the statement, written in the paper (Goldin, 2002), which
claimed a hypothesis about the divisibility of the medium scales. For each area
with the dimension |, the distraction act exists of a definite energetic classc (and
higher), for which the preparation can be regarded from the positions, where the
deterministic presentations play a significant role and therefore the forecasting of
the events can be arranged (for the place and time. But the disintegration for
smaller scales confine to the conception on no stationary random process, for
which forecasting of individual events is not possible.

In the papers (Hachay et al., 2003a; Hachay, 2004b) are published the results of
defining with use of 3D electromagnetic induction space-time monitoring
(Hachay et al., 2001) the fact, that the structure of the rock massif of different
matter content can be described by a model of hierarchic discrete medium. In the

frame of concrete modification we could trace two hierarchic levels.
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Figure 5. Event of the self-organization process in morphology of disintegration zones,
revealed by data of electromagnetic induction monitoring. a) Geoelectrical section for
the ort 19, horizon -350, 20 kHz, the year 2003. b) Geoelectrical section for the ort 8,
horizon -210, 10 kHz, the year 2002. c) Geoelectrical section for the ort 19, horizon
-350, 20 kHz, the year 2002. d) Geoelectrical section for the ort 8, horizon -210,
10 kHz, the year 2003.
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In the paper (Hachay, 2006) we had described the results of using a complex
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seismic and electromagnetic active and passive monitoring for forecasting
destroying dynamical events before and after mass explosions. Additionally we
shall analyze here the morphology of structure features of the disintegration
zones before a powerful dynamical event with energy Ig E=6.9 in the Tashtagol
mine on the depth 683m. (figs.6, 7) Before 3 days till the rock burst in the holes
3,4 in the geoelectrical sections of the hole ground sub vertical discrete structures
occur, which are the combining of the disintegration zones.

These structures occur in a resonance regime on different frequencies and
only on one frequency for each hole. That phenomenon is observed in different
mines. The occurrence of such structures are precursors of powerful dynamical
events. For defining the place and the magnitude of the event we must have an
information about the place in the classification table of the stability of the
massif volume.

9.7 Seism Acoustic Active Borehole Monitoring in Qil
Saturated Massif

In the Institute of geophysics UB RAS, the method of active seism acoustic
monitoring of the oil layer is developed and improved (Drjagin et al., 2009). That
method is used for the estimation of oil saturation and its possibility to oil
recovery.

For crack-porous collectors, which are in the process of operation by the
method of high liquid head water displacement of oil, the possibility of
intensification of ultra sound oscillations can be of a large technique importance.
Even a very weak ultra sound can be destroyed during a long time action viscous
oil films, which occur in cracks among the blocks, which can be a reason of
layers permeability lowering and increasing extraction of oil (Alekseev et al.,
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2001). For describing of these effects it is needed to consider the wave process in
a hierarchic block medium and theoretically research the mechanism of
self-oscillations origin by action of relaxation shear stresses (Hachay and
Khachay, 2008). In the papers (Hachay and Drjagin, 2010a, b) the algorithm of
phase portrait or diagram construction using data of seismic- acoustic monitoring
is considered. As a result of borehole monitoring we have three sets of intensity
of seismic-acoustic radiation: phone | (t,X)f , after the first excitation |(t,X)V1
and after the second excitation | (t, X)vz .These three functions for fixed z are
observed on a time interval 14 seconds and with a frequency of discretization
44100Hz with a step along the borehole 0.5m. The whole time interval we divide
on 14 subintervals with a length 1 second. In our paper using the earlier
developed algorithm we added a new algorithm of changing space, but integral in
time for equal periods of observation. Thus we obtain a new parameter Is
(conventional units), which is calculated as an average in time value for the
whole interval of observation along the borehole for all cycles of observation
(two for phone data, and two for each observations after first and second
excitations) (fig 8).

Let us think that to the end of corresponding cycles of observation for all points
of the oil layer a massif state mainly no equilibrium is formed. It is known that
after the Darcy law the filtration velocity is proportional to the pressure gradient.
By analogy let us research the distribution of space derivative of is along the
borehole (fig.9.). Let us divide for three cycles of observation intervals along the
borehole, for which the module of is is larger than 20000 conventional units.
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Figure 8. Distribution of the integral in time intensity of seism acoustic
response along the borehole.

Symbols: f12-average in time intensity of the massif response of the oil layer
before excitation, v12- average in time intensity of the massif response of the oil
layer after the first cycle of excitation, v22- average in time intensity of the massif
response of the oil layer after the second cycle of excitation. Is- average intensity
(conventional unit), coordinate along the borehole: X=X(m)+2600m.
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Figure 9. Changing along the borehole of distribution of integral in time intensity of
seism acoustic response. Here dl/dx=dls/dx Symbols are the same as on the fig.8.
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Figure 10. Phase diagrams of oil layer massif state for the assigned intervals
(table 2.) of the borehole area before the excitation.

150000
120000 P
90000
60000
30000

2 0

T
30000
50000 —V12(38) |
80000 - -m - V12(59.5) |

o e \12(60)
120000 .
150000 . : : . . T T
0 20000 40000 60000 80000 100000 120000 140000 160000

Figure 11. Phase diagrams of oil layer massif state for the assigned intervals (table 2.)
of the borehole area after the first excitation. Symbols are the same, as for the fig.10.

Symbols: I-intensity of seism acoustic response as function of time for the
period 14 sec. of observation (conventional unit), dl/dt-time derivative, by f12 in
brackets are coordinates of the intervals along the borehole X+2600 (m).
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Table 2. Intervals of anomaly values of space derivatives of integral in time intensity
of the massif response for three cycles of observation along the borehole.

X 1 2 3 4
f12 53 53.5 60
v12 58 59.5 60
v22 57.5 58 58.5 61
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Figure 12. Phase diagrams of oil layer massif state for the assigned intervals (table 2.)
of the borehole area after the second excitation. Symbols are the same, as for the fig.10.

From the analysis of the results fig. 8, we can notice that the increase of massif
activization on a concrete divided interval by the value of the parameter dl/dx
occurs if dl/dx >0, when dl/dx<0 the energy acivization decreases. That effect
can be linked in the first case with an increase of oil mobility and in the second
case with the increase with water mobility. The same considered effect that can be
seen on phase diagrams (fig.10), but on other intervals after the first and second
cycles of excitation (fig.11-12). As regards the method of phase diagrams, it

will be developed in the next chapter.

Thus, the developed methods allow (on the quality and quantity levels) to
make a classification of the many phases medium, which is an oil layer, using
data for a multiple excitation. For a quantitative solution of earlier listed events of
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no equilibrium and hysteretic interaction of water and oil by out working of the
oil layer, it is urgently to add and to further develop the system of seism acoustic
and electromagnetic observations.

9.8 Conclusions

In this study, we carrid out a comparison of no equilibrium effects due to
independent hydro dynamical and electromagnetic induction influence on an oil
layer and its surrounding medium. It is known, that by drainage and steeps, the
hysteresis effect on curves of the relative phase permeability in dependence on
porous medium water saturation by some cycles of influence:
drainage-steep-drainage, is observed. In earlier papers, the analysis of the
seismic-acoustic monitoring data in regimes of phone radiation, response on the
first influence of a given frequency and on the second influence is developed. For
the analysis of seismic-acoustic response in time on fixed intervals along the
borehole, an algorithm of phase diagrams of the state of many phase medium is
suggested. On the base of a developed algorithm a new algorithm of analyze of
space, but integral in time for equal observation periods changing by the method
of a phase diagram state of many phase medium in the oil layer is developed. The
developed method allows on quality level to classify the state of the polyphase
medium, which is the oil layer, using data of many cycles influence. In that paper
we suggest the algorithm of modeling for 2-d seismic field distribution in the
heterogeneous medium with hierarchic inclusions. Using the developed earlier
3-d method of induction electromagnetic frequency geometric monitoring we
showed the opportunity of defining of physical and structural features of
hierarchic oil layer structure and estimating of water saturating by crack
inclusions. That allows managing the process of drainage and steeping by water
displacement the oil out of the layer.
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