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Abctract: In this research paper there was made a new approach to the oil and gas index area description at the category
level and inorganic deposit in a borehole formation prognostication process at the category level. The importance of the
decision support problem on the levels of exploration, prospecting and exploitation of oil and gas deposits has revived high and
permanent interest in this scope of an inquiry. Theory of category use for the quantity and quality info streams calculation for
the weak-structured oil and gas object description. It is efficient to use the existing oil and gas field stripping technologies on

the basis of this theory.
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1. Topic Actuality

Exploration, prospecting, development and exploitation of
oil and gas deposits are impossible without implementation
of information technologies in order to organize the system
of gathering, storing and appropriate processing not only
quantitative, but also qualitative information for expert’s
decision support in the process of control of oil deposit life
period. This explains the intensity of scientific researches in
the particular field, which are caused by the low level of
knowledge formalization, and which limit the ability of
mathematical models application.

2. The Aim of the Study

The importance of the decision support problem on the
levels of exploration, prospecting and exploitation of oil and
gas deposits has revived high and permanent interest in this
scope of an inquiry.

The research direction chosen is topical because of its
orientation to rationalization and intensification of oil and gas
expert’s intellectual activity in the decision-making process
on all levels of oil deposit life history, validating and

selection of directions and methods of a deposit development
[7,12].

In this research the formalization of oil and gas object
domain that appeared in the papers [8, 9], build upon the idea
of categorical specification of data suggested in [6, 13, 14] is
developed.

3. The Task

The introduction of categorical interpretation of the object
domain on the basis of predicate diagrams

Definition 1: Categorical data specification (K-
specification), according to [6], will be considered to be a tap
(C, M, F) where:

1. C — finite category;

2. M — finite aggregate of objects in C;

3. F: Cy — FinSet — functor, where C, is a discrete

category, the object set of which is the set of C objects.

Definition 2: The predicate diagram on the set of unary
predicates /7, according to [8], will be considered an object #
= B" R" £ £" n™) where every element has its
corresponding predicate (n: B” N R™” — II), B — vertex set,
R —arc set, f; and f; — functions, that for every arc determine
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its beginning and its end.

Definition 3: The model of K-specification of data for oil
and gas object domain will be considered to be a tap (M, v,
1) where:

1. M: C — FinSet is a functor, for which every ueM is

mono arrow;

2. ¥: M ° I — F — natural mapping, where I: C, — C is an

initiation.

3. II: predicate diagram predetermined on M.

The category of C specification is most often
predetermined by the graph and by the set of decisions which
is determined from predicate diagrams coincidence.

Let C — to be a discrete category with two objects (C =
{COLECTOR, DEPOSIT?}).
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Figure 1. The information graph for oil-and-gas bearing deposits
prediction.

DEPOSIT - is one or several pay horizons or areas, with
common characteristics and common geological conditions,
which are designed by the same well stock.

COLECTOR - is a reservoir for oil, gas or water, which
has certain filtration capacitive characteristics that potentially
allow holding or carrying the output.

This specification states that the object domain we want to
formalize consists of two kinds of entity. Arrows in the
category determine existent relations. For example:

COLECTOR

n= llr,l

DEPOSIT

.M=0

As the arrow is a function in the model, so there is a
certain DEPOSIT for every COLECTOR.

The source with 7 arrows in the category can be presented
as n-ary multirelation:

P
o G
COLECTOR
M=0

0/G COLECTOR

This specification shows that P= {field and industrial
geophysical evidence and core analysis} PARAMETERS is a
multirelation between COLECTOR and O/G COLECTOR:
for every object of PARAMETERS type is certain twain (x,
y), where x is of COLECTOR type, y — O/G COLECTOR.
The variant when different objects of PARAMETERS type fit
with the equal twain. For example O/G COLECTOR can be

determined by a various set of parameters.
Let’s consider a prime multirelation (without reiterations):

N

COLECTOR 0/G COLECTOR

M= {(P.(1;.1)))

Here we can see that COLECTOR and O/G COLECTOR
(oil and gas collector) are connected because of the same sets
of PARAMETERS only. When /; — are the characteristics of
analysis of gravimetric, magnetometric, and seismometric
prospecting and electrical exploration; [/, — are the
characteristics of well survey and geological investigations.

P
I‘ !

n= COLECTOR O/G COLECTOR
DEPOZIT
R =l,¢l,.R, =10, M=0

This specification shows that COLECTOR and O/G
COLECTOR can be determined by PARAMETERS, if they
belong to the same deposit. Such kind of structural design is
often used in practice. If we take previous affirmations as
marks /;, [,, then /3 — will be the characteristics of formation
factor, void factor, the analysis of geographical location of in-
place permeability; /, — void factor characteristics that are
determined from core analysis, geophysical exploration, the
analysis of geographical location. On the basis of
affirmations given, the interpretation of composition R; and
R, will acquire the following description:

R; - contingencies for characteristics of geological
exploration analysis, for formation factor;

R, — contingencies for characteristics of void factor, for
geophysical exploration analysis

In the previous examples functor F' was constant. Let it be:

b U
N =COLECTOR O/G COLECTOR
. A
DEPOZIT ¥ it
gas colector
R =lyoly Ry =lyel
M= {P, (li.I2)}

F functor is represented in the figure by the dotted arrow.
If there is a line from the graph junction to the finite set, so
this is determined by the F functor for the particular junction.
Tat is F(O/G COLECTOR) is a set {oil, gas, oil-and-gas
collector}. If there is no dotted line from » junction, then
F(n) is an empty set. We can connect the P set with the finite
set of parameters, which characterize the COLECTOR, with
the help of predefined F functor. There exists [10]
sufficiently large number of non-connected factors, which
forecasts he collector at this level of scientific development,
such as seismic prospecting, electrical exploration,
gravimetrical prospecting, acoustic prospecting, core
analysis, qualitative and quantitative composition of inherent
carbohydrates.
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Let’s consider a specification:

O-PARAMETERS ~ G-PARAMETERS
™ s,-l ™~ ./; la
COLECTOR
O-COLECTOR T Is _ G-COLECTOR
P I
DEPOZIT

R =l oly.Ry=I0l,
Ry=l.ol, R =L<l,
M= {P;. P;}

where P; = {oil parameters}, P, = {gas parameters};

I, — the characteristics of saturation of formation, of
geological structure, of formation factor;

[, — the characteristics of saturation of formation, of in-
place permeability, of analysis of acoustic prospecting;

I; — the characteristics of reservoir oil saturation, of
reservoir  core  analysis, of geological-geophysical
prospecting;

l; — the characteristics of reservoir gas saturation, of
geological exploration analysis, of reservoir thermobaric
conditions analysis;

I5 — the characteristics of geographical location analysis, of
core analysis, of reservoir void factor;

ls — the characteristics of resource analysis, of reservoir
void factor, of formation sample analysis on deposits, of
electrical exploration analysis, of gas-oil factor;

l; — the characteristics of resource, reservoir porosity,
acoustic drill hole survey and carbohydrates composition
analysis.

On condition that the previous affirmations are true,
compositions (contingencies) in the interpretation will obtain
the following description:

R, — contingencies for characteristics of well survey
analysis with the help of acoustic investigation, for core
analysis;

R, - contingencies for characteristics of geological and
geophysical parameters

R; - contingencies for characteristics of reservoir gas
saturation and porosity factor;

R, - contingencies for characteristics of thermobaric
conditions analysis, of gas ratio.

By the help of this specification we can provide the next
example of dividing data of prognosticated field by objects.
On this basis we will be able to prognosticate more precisely
the geographic position, occurrence depth, power and
structure of the field.

We have showed the set of data that we can call
PARAMETERS. On their basis it can be defined if we have a
collector or an oil and gas collector. Data of core analysis,
gas saturation, thermo baric data and data of geological
survey wells may be the parameters that characterize oil and
gas collectors.

After having described the oil and gas deposit
prognosticate possibility by the help of category theory, let us
develop it. We will formalize the inorganic deposit formation
process in a borehole while hydrocarbon extracting.

The exploiting gas and gas condensed fluid fields is

followed by the emergence of brine water in well bore
products, especially at the late working phases. And as a
result there appear complications connected with the
inorganic substance formation and deposit in a borehole that
is developed, in pipes and industrial equipment. Salt
accumulation causes the diminution in cross-cut, pipe and
equipment clogging, bed properties collector diminution and
as a result it causes the break in gas mining at almost all
fields that are developed.

The analysis of existing approaches that clear up the
problem of inorganic substance deposit formation in borehole
enables to make a conclusion that such a problem really
exists and they are trying to solve it but only concerning
certain inorganic substances. As most of the fields on the
Ukrainian territory are under late stages of stripping, the
inorganic substance prognostication problem down the
borehole acquires economic implications.

The new technologies implementation on the
microprocessor system basis in field of oil and gas enables to
change significantly the economic ecological approach to
well exploitation on the late stripping stages.

While exploiting gas and gas condensate fields with
appearance of brine mineralized water in u well products, we
face the complications concerning the formation and
sediment of inorganic salts in boreholes. During this process
brine waters may also compound with hydrocarbons. All
these phenomena make the brine waters compositions so
complicated, variable and undefined that it is very hard to
determine any middle index of this composition. All the more
there are no reliable and full analytic researches in this
sphere.

The analysis of info streams affirms that the main reasons
for salt deposits are the following factors:

* The contact of chemically incompatible waters
(different horizon water compounding or compounding
of brine waters and condensate water);

* The change in thermodynamic conditions (temperature
and pressure);

* The change in hydrodynamic conditions (reduction in
speed of gas fluid stream in lift pipes and industrial
communications);

* The salt contents in following brine waters (the salt
concentration).

Besides the process of salt deposit formations is affected

by:

* clectric field;

* organic compounds;

e emulsion character in borehole;

* the nature of equipment surface;

* chemical reagents, that are used for mining gas and gas
condensed fluid (methanol, hydrochloric acid etc.)

The formalization problem of chemical composition
conduction process in brine waters that are transported
through the well bore under different thermodynamic
circumstances is very important.

The implemented analysis states that physical and
chemical aspects of salt crystallization in a borehole are
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studied enough. Though for being able to prognosticate the
multi component inorganic solution crystallization let us first
take a view of working out formal logical mathematical
model opportunity for the control and operation of one-
component salt crystallization in borehole.

To define main parameters, that influence essentially the
formation and growth speed of crystals and the inorganic salt
deposits down the borehole formation possibility, it’s
necessary to prognosticate the deposit formations. The
solving of this problem would be more effective if the speed
of deposits down the borehole formation will be measured.
So it would be possible to plan the funds for prevention
activities.

Taking into account all mentioned earlier and after being
acquainted with the crystallization process influence factors
[1]. Some of them can be defined in stationary operation
mode:

* borehole coalface temperature, and its allocation down

the well bore;

¢ exploitation column diameter;

* borehole depth;

¢ appropriate salt concentration;

¢ kinds of salt [4].

In this work it is investigated in general the mathematical
model for prognostication the deposit formations in a
borehole mining gas and gas condensed fluid [5].

Considering the conclusion there were made some
regularities that characterize the inorganic crystal formation.
The basis for these regularities was the free energy in
compound excess consideration (the free Gibbs’ energy was
used). There showed up the following results: salt deposits
appear on a column wall in a borehole coalface that coincides
with practical data.

Let us make an inorganic substance process formation
category interpretation on the predicate scheme basic, using
the preceding definitions:

Definition 1:

1. C — finite inorganic deposits category;

2. M —finite object setin C;

3. F:C, - FinSet — factor, where C, is a discrete

category and its object setis a C object set.

Definition 2:

The use of informational graph for an oil and gas saturated
deposits prognostication interpretation and indexes of
quantity and quality that characterize inorganic deposit
formations in a borehole (See draft 2):
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Figure 2. The directed graph information for interpreting the formation of

inorganic substances in well bore at gas.

Draft 2: Directed informational graph for inorganic
substance process formation interpretation in a borehole
while hydrocarbon extracting.

Definition 3:

Let’s consider that

SALT DEPOSITS
n=  Ji M=o
MINERALIZED WATERS

If C is a discrete category with two objects (C = {salt
deposits, mineralized water}). SALT DEPOSITS are hard
formations in collector pores, on the pump-compressor pipe
walls and in land equipment. MINERALIZED WATER is a
high mineralized brine that contains a set of valuable
components and can be considered as a hydro mineral raw
material. As a result we can get a predicate interpretation
diagram showed at the draft 2.

MINERALIZED WATER

:J‘/\i_-

SAID N- COMPONENT SALT
n= DEPOSITS DEPOSITS

NN A

MINERALIZED WATER

R =l,0l,.R,=l;°l,. M=0

Here we can see that SALT DEPOSITS and N-
COMPONENT SALT DEPOSITS are connected only by the
same set of parameters. /; are the thermo baric conditions
characteristics; /, are the mineralizes water proof analysis
characteristics.

This specification shows that SALT DEPOSITS and N-
COMPONENT SALT DEPOSITS may be defined by the
parameters if they belong to the same field. This kind of
construction is often used practically. /; are the thermo baric
conditions characteristics; /, are the mineralizes water proof
analysis characteristics; /; are the temperature behavior
analysis characteristics; /, are salt content concentration
alteration dynamic analysis characteristics. On the basis of
these statements the composition interpretation R; and R, will
be the following: R; are the limitation for the characteristics
for the component salt concentration.

Graph parameterization enables to formalize the inorganic
substance deposit prognostication scheme while borehole
stripping. We get the answer according to the given limitation
by the categorical predicate diagram with the given graph
matching method.

As there are problems with the intellectual system working
out for the prognostication the inorganic deposit formations
in a borehole while hydrocarbons mining, it is suggested to
use the mechanism of dividing the index area and its
description by the organizational models [15]. So, the
received formalisms for the processes and objects of oil and
gas index area description will be used for the description of
roles and tasks of agents in an interaction and oil and gas
index area object interplay intellectual multyagent result
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prognostication system working out.

4. Conclusion

In this research paper there was made a new approach to
the oil and gas index area description at the category level
and inorganic deposit in a borehole formation
prognostication process at the category level. All this enables
to represent the connections and differences between
different informational streams that characterize the
crystallization process in oil and gas index area conditions.

The suggested approach is the continuation of [7-9, 11, 14,
15] methods that had been suggested earlier. Their content is
in a category theory use for the quantity and quality info
streams calculation for the weak-structured oil and gas object
description. It is efficient to use the existing oil and gas field
stripping technologies on the basis of this theory.

The further research will be directed to:

* getting knowledge about oil and gas index area at the
person request method development. This person makes
decisions according to its informational needs;

* development of phased expert’s knowledge
formalization methods on the quantity and quality info
stream basis, its structurization and work out while
inorganic formations in a borehole crystallization
process description;

» formal logic device enlargement.
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