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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DECISION-MAKING FOR CHOOSING
OF GEOLOGICAL AND ENGINEERING OPERATIONS:
CURRENT STATUS AND PROSPECTS

Abstract. It is commonly known that great care is given to upgrading of the efficiency due to implementing of
various new technologies and GTM during development of oil fields. Widespread introduction of GTM as well as
enhanced oil recovery (EOR) and elaboration of their technologies raise the issues of relevant choice of the best
methods ensuring proper technical and economical efficiency in particular conditions. Despite of the profound in-
terest of the researches to the given question, major problems arise currently anyway at comparative evaluation of
various types of GTM regarding particular conditions. The issue of upgrading of efficiency of GTM based on the
integrated geological and physical and technological information is currently challenging and deserves relevant
consideration. Deep analysis of the conditions for applying of various GTM using advanced techniques and corres-
ponding software allows in its turn to give guidance to current possibilities in order to upgrade efficiency of field
deposit. For many years the research focused on upgrading of the efficiency of field deposits had been conducted in
various scientific and industrial organizations. The analysis of choosing and implementing of GTM at different
deposits is of great interest. Review and analysis of up-to-date condition of problem of GTA choosing are illustrated
in the article. Examples of application and performance evaluation of GTM are shown at different deposits. Develop-
ment and upgrading of the analysis methods as well as forecasting of indicators and decision-making have been
observed over the recent years. Their implementation allowed upgrading the efficiency of conducted geological and
technical operations. As a result of conducted operations the researchers solved the issue of creating of integrated
methodology and its mathematic, scheduled and information application for evaluating of efficiency and optimal
scheduling of geological and technical operations at field deposits; structure of automated system of decision support
and algorithm of its functioning have been created; by transforming the indicators characterizing the formation into
the relevant factors, the equations (linear and multiplicative) were made expressing the dependence of the efficiency
indicators of GTM from the formed factors; by variants calculation and analysis of comparative efficiency of any
GTM in different conditions the directions were shown and the results of making decisions for choosing of the best
GTM were obtained.

Key words: geological and technical measure (GTM), field development, decision-making, crude oil produc-
tion, oil recovery.

Introduction. During operation of oil field well works are reported to be carried out for adjusting of
its development and maintenance of crude oil production level. This range of works is called as geological
and technical measures (GTM), owing to which oil producing companies provide achieving of the
required indicators of field development. It goes without saying there is an operational need for assessing
of methods and efficiency criteria of GTM.

It is commonly known that great care is given to upgrading of the efficiency due to implementing of
various new technologies and GTM during development of oil fields. Widespread introduction of GTM as
well as enhanced oil recovery (EOR) and elaboration of their technologies raises the issues of relevant
choice of the best methods ensuring proper technical and economical efficiency in particular conditions.
Despite of profound interest of the researches to the given issue, major problems arise currently anyway at
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comparative evaluation of various types of GTM regarding particular conditions. It is linked with the lack
of research allowing to give prognosis evaluation of the efficiency of GTM for those reasons where it was
not applied for whatever reason. State of the art of analysis techniques of information and decision-making
allows to achieve this goal upon availability of integrated geological and physical and technological
information. At the same time the experience of implementing of different GTM at various fields confirms
its great importance for increasing of oil production index as well as provides importance for the inves-
tigation of the paths of using to the fullest extent of potential opportunities of the available information,
despite of the fact that we have to face its uncertainty both statistical and non-statistical kind very fre-
quently. The specified data demands applying of the methods allowing to build the relevant forecasting
models of efficiency indicators and making decisions within the multicriteriality conditions based on the
sort of available information.

Accordingly, the issue for the upgrading of the efficiency of GTM based on the integrated geological
and physical and technological information is currently challenging and deserves relevant consideration.
Deep analysis of the conditions for applying of various GTM using advanced techniques and correspon-
ding software allows in its turn to give guidance to current possibilities in order to upgrade efficiency of
field deposit. For many years the research focused on upgrading of the efficiency of field deposits had
been conducted in various scientific and industrial organizations. The analysis of choosing and imple-
menting of GTM at different deposits is of great interest.

Summary of the research related to geological and technical measures. Various types of GTM
are currently used at oil deposits. They are as follows: bottom hole treatment (BTH), hydraulic fracturing
of formation (HFF), extended reach drilling as well as other methods of oil well stimulation and advanced
recovery methods (ARM) of geological horizons [1-3].

Various methods for calculation of the efficiency of applied GTM are offered currently [4]. In general
all the measures conducted on the wells can be divided into the different types according to impact:
technological, maintenance, ARM and oil production intensification, BTH.

According to the literature analysis different models are used for problem solving of oil production
forecasting in order to choose the most efficient GTM. Estimated figures are defined by existing trends of
oil production and efficiency of scheduled GTM. Recent research including upgrading of the existing
approaches to the assessment of efficiency of GTM make possible wide implementation of new systems of
programming, automation of automation process of engineering efficiency of the applied methods of the
enhanced oil recovery. This includes the development of software complex EOR—Office representing
modern tool designated for automation of the whole complex of tasks for experts engaged in enhanced oil
recovery [5, 6]. One of the main approaches to the assessment of technological efficiency of various GTM
in oil production is extrapolation. The core of extrapolation methods for the assessment of technological
efficiency of various GTM consists in building of oil production base level. For this purpose actual oil
production during conducting of GTM is comparing with projection data obtained during extrapolation of
background. Herewith even minor mistakes in building of base oil production level as noted by experts
lead to inadequate matching and planning of effective GTM [7]. In practical terms the real efficiency of
GTM is assumed to assess by the methods of characteristics of water-oil displacement, i.e. by watering
curves — connections of type V;; = f (V) and by curves of oil production variation — connections of type
Vi = f (t): here V, and V, — are accumulated selections of oil and liquid; t —time. According to [7] the
cumulative effect can be divided into the effect conditioned by changing of oil displacement nature and
effect related to liquid drainage intensification. Additional quantity of produced water is calculated.
Cumulative effect of GTM is defined by oil production rate decline curves — connections of type V, = f (t).

Currently the tens of different types of displacement characteristics [8, 9] are calculated and one of
the problems is a choice of such displacement characteristic which was coordinated in the best way with
production history of the object and ensured the most precise extrapolation when forecasting [10]. For
example work [11] shows some issues related to choosing of the most precise methods of assessment of
GTM as well as connections are given for reflecting of possible cases of differentiation of technological
benefit of enhanced oil recovery method. According to the author’s opinion forecasting of the effect (i.e.
calculation of the estimated effect) of GTM based on the extrapolation curves of actual and base oil
production using methods of characteristics cannot be always reliable. The author thinks that such
circumstance appears due to the following reasons. According to his opinion, despite of the fact that
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duration of the effect from applying of some types of GTM (for example, HFF) vary between 5-7 years,
the using of watering curves for relatively long-ranged forecasts can be reliable only in case of high
watering, exceeding 50-70% as a rule. In case of lower watering (at early stages) the duration of the fo-
recast shall not increase 3-6 months. However many types of GTM are conducted in non-aqueous or less
water-producing wells.

It is also noted in the work that upon availability of representative information on declining oil pro-
duction after conducting of GTM (at least 4-6 points) the reliable extrapolation of displacement charac-
teristics is possible. In such conditions the applying of forecasting methods can be viable, which are based
on using of oil production decline ratios. In case if the information of oil uptake is not representative the
ratios of declining of uptakes by the other wells are possible with more extended operational period after
GTM. Based on the above the upgrading of the methods of displacement characteristics currently appears
on the agenda and is quite up-to-date [12]. According to work [13] the object of the forecast is wells,
bushes, areas, (well fields), shop, horizon, oil and gas production enterprise and etc., forecast intervals -
month, quarter, year. Based on the kind and sequence of planned measures there is a possibility of con-
ducting of multiple-path calculations which in its turn demands corresponding software using modern
mathematical apparatus. According to this work [13] considers technology of calculations of forecast
indicators implemented in integral software complex (ISC) «Baspro-analyticy (developed by CJSC
«Analytical center SibINKor») and applied in practice of indicators analysis of oil deposits of the
Nizhnevartovsky district. Two programmable modules are supposed to use for task solving: «Baspro-
characteristics» — ensures calculation of base production under existing development system and assess-
ment of impact from conducted GTM; «Baspro-forecast» — estimates anticipated oil production including
intended effect from estimated GTM.

Diagrams showing the process of calculation of baseline of oil production as well as its forecasting
option are illustrated in the work. Classification of indexes of technological efficiency of GTM conducting
is shown. Efficiency of various GTM is installed according to the geological structure of the Ershovoe
field. As the authors note, the given principle was used to the fullest extent for making of GTM and fore-
casting of technological performance data of the development of the Ershovoe oil field effected by CISC
«Tyumen Oil Company». The estimate indicators for the assessment of GTM effect are defined in accor-
dance with «Guidance for the assessment of technological efficiency of applying of enhanced oil recovery
methods». The methods applied in the program are based on defining of displacement characteristics
approximating in the best way the actual data of oil production history. Approximation is carried out in the
setting of user-defined interval and belonging to history interval. Approximation error is estimated «in the
least-squared sense». The effect in «Baspro-characteristics» is automatically divided into two constituents:
oil production effect and intensification effect. Effect from volume reduction of produced water is calcu-
lated alongside with two main effects. If characteristic of base production was already calculated and kept
in the base of «anticipated production», «Baspro-characteristics» allows to calculate effect comparing this
data and actual production [14].

Development of the mathematical modeling techniques and state-of-the-art instruments of computer
science enables defining of technological efficiency of GTM for concerned oil and gas object by two
possible ways, considers the author of harmonized calculation methods of the efficiency of GTM [9]: by
ongoing multidimensional deterministic filtration model; small parameter random and statistical model on
the basis of data of production history.

In the first instance creating of geological and filtration models of the object is required and presence
of the relevant software describing processes in place. This approach demands relatively big time and
funds costs.

In the second instance the assessment of technological efficiency is performed without involving
filtration model of the object. The second approach does not demand big time and funds costs and can be
used when using efficiency of GTM.

The methods provide confidence estimate of the initial data, theoretical assumptions, testing of the
proposed methods as well as manual to software application. This allows increasing quality and confi-
dence of the made decisions. Other authors [10] conduct analysis of currently used methodological issues
on assessment of technological efficiency of GTM as well as provide the results of numerical experiments
on the assessment of efficiency of GTM using software application “BASPRO-Characteristics” (methods
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SibNIINP) at actual data (a range of areas of the Samotlorskoe field) and at the model characteristics
estimated on idealized three-dimensional hydrodynamic model.

On the basis of three-dimensional hydrodynamic calculations of model and real sections of oil
formations they conducted experimental calculations using software applications «Tempest MORE
(Roxar) and Eclipse (Schlumberger), which results were compared with engineering design by the
following methods of assessment of technological efficiency of GTM: methods of All-Union RDE of Oil
[8, 15], SibNIINP [16], Kazakova A.A. [7, 8, 17] and Shakhverdieva A. Kh. [18]. Such approach to ap-
plying of hydrodynamic models enables testing methods of assessment of technological efficiency at
«synthetic» development indicators obtained in the modeling process by individual wells. Resulting from
data analysis and decision support of GTM by experts from Tyumen [19] the concept of corporate
knowledge bases of Tyumen Oil Company was offered designated for keeping, development, using of the
experience and empirical knowledge of the experts of the company engaged in geological and technical
operations (GTM) [11]. The organization of work with knowledge basis is based on Internet using. The
content of the knowledge basis is structured as pairs “GTM — situation under which the operation was con-
ducted”. Mathematical tool of hypergraphs is used for formalizing of representation of the situations,
development of the algorithms of the situational analysis (methods of common situational approach) and
search.

Situational method (situational models in corporate knowledge basis) is based on searching and using
of analogies known from the real experience of the professional activity. The reality of the experience for
the engineer can be more important than the results of mathematical modeling. Combination of both ap-
proaches where situations — analogues will be used for choosing of the estimated parameters of GTM can
be of great interest.

Work [5] describes building of database of GTM by wells recommended for production as well as
corresponding criteria for GTM choosing. According to this work building of GTM database by wells by
each formation the following criteria shall be chosen: current oil-filled thickness is at most 2 m; formation
is not left out or by current fund non-recovery well; formation without coagulation with perforated forma-
tion or non-recovery well (this criteria may not be taken into account); in radius of at least 500 m there are
no wells by the current fund working on the given formation; bed shaliness is less than 6% (this criteria
may not be considered, if the application of EOR (filter cake dissolving) is estimated; the formation
permeability is over 0.07 um’. Forecasting flowrates are calculated by all considered formations. Alloca-
tion of chosen wells is checked according to the maps of current oil-filled thicknesses. The chosen wells
are incorporated into GTM base as recommended for rendering to oil production. According to the
authors” opinion the offered criteria enable performing choice of wells for building of the computer-based
database with the following verification by the compiled maps which is more effective in case of big
scope of information than manual well locations selection. This database building order for the
development of GTM was applied upon the drawing-up recommendations by Abdrakhmanovskaya,
Tchishminskaya and Eastern — Suleevskaya areas in the Romashkinkoe field [20].

Article [21] considers problem solving of creating of data base of GTM by wells recommended for
production using method of fuzzy sets on the example of formation «a» of the horizon /I; of the Eastern -
Suleevskaya area of the Romashkinskoe field. Fuzzy set is here an object belonging to which can be
judged only with certain volume of concern. Problem solving of well locations selection for recommen-
dation for producing for each formation reduces to defining for all wells of membership functions to
multitude «well recommended for rendering for production». Presence of many criteria, frequently
contradictory, offers difficulties in choosing of the best solution [22]. In this regard the authors reduce the
solution of multicriterion problem to one-criterion using fuzzy set theory, considering this criterion as
practicability measure of conducting of provided GTM, that in their view allows effecting fast ranging of
possible options of decision by degree of practicability and form the most favorite operation schedule.

The author [23] offers the following concept under assessment of efficiency of measures for in-
creasing of oil production and final oil recovery.

To determine the efficiency of any additional technical measure on increasing of current production
and final oil recovery two design options of development of oil deposit (production facility) shall be esti-
mated: without additional action (base option); with additional measure. Regular and precise satisfactory
information on the operation of producers and injectors (their flowrates of oil and liquid, water injection
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and bottom-hole pressure) on the concerned production facilities [23, 24] is required in order to determine
confidently of the initial recoverable reserves of oil and liquid actually brought into production, and their
changes .

The analysis of the completed operations indicates that most of the authors consider that performance
evaluation of application of methods of enhanced oil recovery (EOR) and performing forecasting for new
deposit areas building of geological and filtration models is required for updating of geological conditions
of distributing of current reserves of oil. In this regard methodological approach is considered relating to
the development and implementation of enterprise software products, oriented at mass user and designated
for operation of geological and filtration to tasks of enhanced oil recovery of formations.

Operational solving of production tasks by the authors program products was used — three-dimen-
sional enterprise information system (TDEIS), developed by the employees of RDE of mathematics and
mechanics named after N.G. Tchebotareva and LLC “Vensis” under active participation of experts of
industrial organizations [25].

The concept of ongoing model is used within the scope of this system. Ongoing system is understood
as a single computer technology representing assembly of digital integrated geological, geophysical, hyd-
rodynamic information (database), 3D geological and filtration models and software tools of building and
viewing of models, issuing of reporting graphical and tabular material. Description of the basic functions
of programmable modules is given in the work. The estimated group consists of three modules designated
for building of geological, filtration models and GTM model. Module of building of geological model is
working in the presence of database by the initial indicators, filtration model modeling module (Fluid)
functions under condition of built geological model (Geo), module for assessment and forecasting of
efficiency of GTM uses the results of geological and filtration model for work.

In such a way almost all field-geological information is covered. Classes of oil-field tasks are detai-
led. Due to GTM the estimated group of software modules consists of GTM module performing two func-
tions: assessment of efficiency of GTM application; analysis of efficiency of GTM in the different geolo-
gical and industrial conditions.

The review stated above represents profound interest of the researchers to the issue of assessment of
efficiency of GTM, development of scientifically-based methodological approaches, analysis and choo-
sing of the best options of the decisions and therefore confirms importance and applicability of decision-
making on upgrading of efficiency of GTM.

As you can see from the above mentioned brief survey large number of studies has been performed,
related to the assessment of technological efficiency as a separate type of GTM as well as the relevant
guidance documents was developed.

This research as well as the results of GTM conducted in several districts allow to solve a number of
tasks under their generalization responding several questions in particular predictive estimates of the
relative efficiency of the different types of GTM on the concerned specified object, as well as determining
of the object which is best suited for certain type of GTM.

Solving of these issues becomes difficult by the lack of the approach concluding in careful statistical
analysis of integrated geological and geophysical and technological information, models expressing
connection of efficiency indicators of any type of GTM with parameters describing the discovered object
(formation). Moreover, in a number of cases the decision-making on choosing of GTM becomes very
difficult by the lack or insufficient information.

Modern level of development of mathematical methods and informational technologies as well as the
results of their successful using at various stages of the research works enable solving the assigned tasks in
the conditions of limited information.

As you can see from the review this circumstance was considered in a number of works related to the
efficiency of certain types of GTM.

All known methods for defining of technological and economical efficiency of applying of GTM are
based on the comparing of certain dependencies based as a result of its implementing with base. For
example, when assessing of the efficiency of the watering actual displacement correspondences are used
using this method and without it. At the same time it is obvious that the main task concludes in correct
approximation of the natural base process operation without using of GTM [8, 18, 26, 27].

— 10 ——
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In view of presented information alongside with the development of effective methods of evaluation
of technological and economical efficiency of GTM the development of new approaches acquires par-
ticular importance enabling to give technological and economical assessment to not only one particular
GTM in the certain conditions but comparative efficiency of any GTM in different physical and geological
and technical and geological conditions.

This allows performing reasonable matching for these or those GTM wellbores, deposits and their
technologies.

Resulting from which work [26] offers calculation system of performance indicators of GTM on the
basis of data of technological, physical and geological and commercial characteristics characterizing
conditions of conducting of any GTM. Accordingly we performed the research pursuant to slightly simp-
lified and upgraded option of a system [26]. According to the stated diagram the condition of the wells,
equipment, history of conversion, the technology of conducting of GTM is characterized by technological
features; physical and geological indicators — condition and features of oil deposit, namely: porosity, per-
meability, hydrocarbon saturation, productivity of deposits and etc.; commercial — deposit development
system, current and cumulative oil production before and after conducting of GTM, characteristics of well
interaction and etc.

In such a way the chosen technological, physical and geological and commercial indicators generate
information collection allowing characterizing the involved facility, technology of conduction of GTM
and their impact to the results of conducted measures.

Analysis and assessment of impact of geological and technological characteristics of the object
to the efficiency indicators of GTM. As a result from the analysis of the research accumulated to the
present time large number of different GTM is used for upgrading the efficiency of the development of oil
fields and intensification of oil production. Efficiency of their using depends on reasonable combination of
large number of physical and geological, technological and industrial indicators characterizing in an
integrated manner the conditions of conducting of any GTM. In practical terms, as a rule, for particular
deposits choosing of GTM, their parameters as well as their technological and economical assessment, is
performed in geological services of oil and gas production department on the ground of gained experience.
However very often despite of experience and knowledge of geological services of oil and gas production
department the choice of sites, GTM and their technology is conducted not always properly to certain
geological and technological development terms. In practice there is no single approach using which we
can give correct technological and economical assessment to not only separately taken GTM in certain
conditions but also give predictive estimate of comparative efficiency in various physical and geological
and technical and technological conditions.

Owing to recent development of the methods considering marked circumstances, there is a possibility
to decide the assigned tasks on the higher level. It is intended here possibility of creating different models
as well as the relevant programs based on the integrated geological and geophysical and technical and
technological information and allowing making the most grounded technological decisions.

In order to create such models, data of geological and technical measures are used which is conducted
on the facilities of different deposits of Kazakhstan [26, 28, 37]. The following factors serve as indicators
which impact the efficiency of geological and technical measure: total thickness of formation, m (x,), oil-
filled thickness, m (x,), uncovered oil-filled thickness, m (x3;), net sand coefficient (x4), porosity unit
fraction (xs), permeability, Kp”‘lO'3 um? (xe), oil viscosity, mPa*s (formation condition) (x;), oil density
t/m’ (xg), gas content, m’/t (xo), initial oil saturation, unit fraction (x,,), formation temperature, T°C (x;;),
wax content in oil, % (x1,), sulfur content in oil, % (x;3), oil flowrate to geological and technical measure,
t/day (x14), liquid flowrate to geological and technical measure, t/day (x;s5), watering to geological and
technical measure, % (x;6). The following factors serve as indicators of geological and technical measure:
duration of the effect, day. (¥;), additional oil production, t. (¥3), incremental oil rate, t (¥3), oil flowrate
after geological and technical measure, t/day (Y4), watering after geological and technical measure, % (¥s).

Thus, initial data consist of 16 indicators and 5 efficiency indicators by each type of GTM. Further
according to works [30, 32, 41], transforming of initial data is conducted in order to reduce a number of
input variables.

Then correlation analysis enables installing dependencies of indicators of GTM from the marked
factors and before going to correlation analysis, there is a need to ensure in dependency of data to normal
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law of distributions which is one of the requirements. There are many different criteria for verifying of the
given condition. Verification for normality is a binding procedure within conducting of measurements,
control, tests, processing according to the Russian GOST. There are different criteria, but we used criteria
of Shapiro-Wilk [29, 37].

The criterion of Shapiro-Wilk is based on relation of optimum linear unbiased estimate to its common
estimate by the method of maximum likelihood. Statistics of criterion is as follows:

2
1 n
W = S_2|:Z an—Hl ' (xn—Hl - xi ):| s (1)
i=1

7 1 n
2 =\2 =
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Numerator is the square of estimate of root-mean-square deviation of Lloyd [30]. Critical statistical
values W(a) were defined according to literature data, for example, [29]. If W < W(a), null hypothesis
normality of distribution deviates on the level of significance a.

The conducted calculations give opportunity to ground application of data at correlation analysis.

In order to build the dependencies of the selected criteria from the influential factors data of con-
ditions and results of GTM were subjected to the correlation analysis. Moreover the data were subjected
to the statistical processing by two ways using the program of linear regression.

1. Dependencies of the efficiency indicators from geological and technological factors by their
natural values:

9
Y =aqa,+ Z a.x, 2)
i=1

2. All the data were preliminary logarithmed, the linear dependency was made in a such way that
using exponentiation transformed into multiplicative with further specification by successive appro-
ximation:

Y = aoxfl-xfz ....-xg" (3)

Each equation represented the dependency of any efficiency indicator from the chosen factors. Such
equations were made for each type of GTM.

After receiving of regression equations the degree of correspondence of calculated values of the effi-
ciency indicators were installed for different GTM by actual equations. The quantitative assessment of
degree of conformity is defined by identical measure according to the formula given in work [31], which
values shall be changed within 0 <1=1:
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When using integrated geological and geophysical and technical and technological information for
taking of the most grounded technological decision depending on type of GTM that type of regression
equation having large identity measure is chosen.

Decision-making at choosing of GTM. Results of calculations by received models are used when
making decisions for choosing the best GTM for the considered conditions. This was made using
efficiency indicators of GTM, adopted as criteria in such a way that the desired solution was satisfied to
conditions of 5 criteria. As it is shown from the review different authors used various criteria for choosing
of GTM. The whole process can be presented as a system which simplified diagram is represented on
figure. When solving multicriteria tasks the difficulties arise due to the simultaneous satisfying of all the
criteria, i.e. it is required to take decisions in the conditions of uncertainty.

Recently various methods are used for solving of such tasks, such as method of combining of criteria
into one, generalized method of «the least concessions», positions of fuzzy set theory engineered by
L.Zade. Classification of uncertainties given in works [2, 17] enables estimating the situation and choo-
sing the best method for decision-making. Further when making decisions the method called “the least
concessions” [32, 37] was used.
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Simplified diagram for system of choosing of GTM.

When using the given method the decision of multicriteria task reduces to successive maximization
(minimization) of private criteria and choosing of values of concessions. Besides qualitative analysis of
the relative importance of private criteria is made first and they are numbered in order of decreasing of the
importance. Then the value of the permissible reduction of the value of first importance criterion is
designated and the second importance criterion is maximized provided that the value of the first criterion
should not differ from maximum by more than the value of installed reduction. The recession value is
redesignated but according to the second criterion and the maximum value of the third importance crite-
rion is found provided that the values of the first two criteria should not differ from the previously found
maximum values by more than values of the corresponding recessions. Further all the other partial criteria
are used. The resulting strategies are consired optimal.

Recently the problems of management and decision-making have increasingly attracted the attention
of researchers — oil industry workers. A.A. Koltun in his work [39]. Choosing of geological and technical
measures uses the data of the development history (base curve method), which does not enable conside-
ring hydrodynamic processes and interference of wells to the fullest extent thereby reducing the reliability
of the obtained decisions. However wide development of the hydrodynamic modeling as a mean for
choosing of geological and technical measures laid the groundwork for automation of their choosing [33].

The work by A. Cottini-Loureiro and M. Araujo [33, 34] using efficiency maps was suggested for
choosing of well pad distribution patterns but time expenditures for building of efficiency maps drastically
depend on dimension of the hydrodynamic models and is a process demanding to computing resources.
When setting into operation of new wells changing of dynamics of existing wells occurs which does not
allow to analyzed method to consider interference of wells in time and employ high requirements to com-
puting resources.

Owing to close location of wells their arrangement diagram as shown in work by G. Santellani and
B.Hansen [35], leads to difficulties of consideration of their interference it should also be noted that applying
of the method stated in the given work force to stop using reputable existing well pad distribution pattern.
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The issues of building of informational decision-making support system are considered in a number
of studies when using type of geological and technical measure on the oil well for enhancing of its per-
formance. In some of them choosing of options for performing of the certain type of measure is con-
ducting according to the stages of the system analysis of problem situations, [36]. Describing of work of
informational system is given on the example of the main software module in the given work allowing to
calculate economical efficiency of the geological and technical measure such as formation fracturing [36].
Main stages of decision-making are described when choosing of GTM type. Therewith the process for
choosing of wells for conducting of the certain type of GTM undergo the following stages: analysis of the
situation (identification of need for conducting of GTM for the certain well); defining of goals (estimating
of parameters, on which changing GTM shall be directed); producing of decisions and analysis of alter-
natives (building of the list of possible types of GTM for achieving of the estimated goals, assessment of
their efficiency); implementation of the decision (conducting of GTM); assessment of the results (moni-
toring of condition of the well after conducting of GTM, analysis of the results). The proposed informa-
tional system consists of several software modules by the number of types of GTM [36]. According to the
authors” opinion such indicator as achieving of estimated incremental oil rate shall not be considered as a
single criterion for assessment of the efficiency of conducting of geological and technical measures. It
goes without saying that the more complete analysis requires performing additional analysis of such
indicators as quantity of oil, recovered additionally due to conducting of GTM as well as duration of the
effect from the measure. The results of analysis of the efficiency of GTM for the period of 2011-2014 are
given in the article using the mentioned approach.

Considering significant number of fields developed by LLC «LUKOIL-PERMpy, all of them are
conditionally divided into the groups by geographic principle [38]. The information of the conducted
geological and technical measures conducted in 2011-2014 on the wells by the groups of wells for in-
creasing of well efficiency such as hydraulic fracturing of formation, acid treatment, radial drilling,
repeated and additional perforations are shown in the stated work.

As follows from the presented data the repeated and (or) additional perforation is conducted more
often at the wells of deposits of all the groups, excluding the northern group. The authors note that the
most common type of impact is hydraulic fracturing on the wells of the northern group of wells.

In such a way, the research in this direction shows the opportunity of assessment of the comparative
efficiency and decision-making when choosing of GTM in various conditions.

Conclusion. Practice of the applying of GTM shows that their implementation appears ineffective.
Thus conducting of comparative analysis for the assessment of the efficiency of their using is of great
interest not only in conditions of their conducting but in the conditions where they were not conducted.
Such assessment shall be based on the relevant models expressing the dependence of indicators of effi-
ciency from the indicators characterizing geological and physical conditions of using any measure in the
considered or similar conditions of the other field.

The models obtained for such purpose allow forecasting of the indicators of the efficiency of any type
of GTM in new geological and physical conditions. In this regard the systems and design models were
used for the purpose of forecasting of indicators for the conditions different from those where GTM were
used. The results of the calculations were used when making decisions for choosing of the best GTM for
considered conditions. This was performed using efficiency indicators of GTM taken as criteria of GTM
adopted as criteria in such a way that the decision would satisfy all the adopted criteria.

Thus, development and upgrading of methods of the analysis, forecasting of the indicators and deci-
sion-making which implementation allowed to increase the efficiency of conducted geological and
technical measures have been watched recently. As a result of conducted works the researchers solved the
task of creating of comprehensive methodology and its mathematical, software and information applica-
tion for assessment of the efficiency and optimal planning of geological and technical measures on the oil
fields; the structure of the automated system of decision support and algorithm of its functioning have
been developed; by transforming the indicators characterizing the formation into the relevant factors, the
equations (linear and multiplicative) were made expressing the dependence of the efficiency indicators of
GTM from the formed factors; by variants calculation and analysis of comparative efficiency of any GTM
in different conditions the directions were shown and the results of making decisions for choosing of the
best GTM were obtained.

—— |4 ——
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A. . Koiimuna', O. T. Knpncem«oz,
B. H. Koiiibi6aes', K. K. Araesa’

'I1I. Ecenor aTbinmarsl Kacruit MeMIIEKETTIK TeXHOIOTHANAP 5xKoHe VHXUHUPHHT YHUBEPCHTETI,
Axray, Ka3zakcras,
? AsepbaifikaH YIITTHIK FHUTBIM aKaJIeMUsCHIHBIH MyHail OHE Ta3 HHCTHTYTHI,
baky, Azep0aiimkan

KA3IPT'1 3BAMAHTbI )KAF JAWBI )KOHE KETICTIKTEPI:
I'EOJIOT O-TEXHUKAJIBIK ITAPAJIAPJIBI TAHIAY BOUBIHIIIA
IEIMIMHIH KABBIJITAHYbI

AnHoTanusi. MyHait keHOpeIHIApeIH urepy ke3inme ['TII xoHEe opTypri jkaHa TEXHOJOTHIAPIBI KOJITAHY
eceOiHeH THIMIUTIKTI apTTHIpyFa Kol KeHiI Oemineni. HakTel xarmaliga KaXKeTTI TeXHOIOT0-3KOHOMHUKAIBIK THIMIi-
JIKTI KAMTaMachI3 €TyIe, CH KAKCHl OMICTi AYPHIC TaHIAyAa, OJapAbIH TEXHOIOTHSUIAPBIH 1aMybl )koHe MAO, COHBI-
MeH Katap ['TII xeHiHeH KonmaHyda KONTeTeH cypakTap KoWbuiaabl. MyHmall cypakrapra 3epTTEyIIUIepAiH YIKEH
KBI3BIFYIIBUTBIKTAPBIMEH KaTap, Ka3ipri TaHma HakTHl karmaiina optypii ['TL TypnepiH caipiCTRIpManbl Oaramay
KEe31H/I€ MaHbI3/1bl KMBIHIIBUIBIKTAp TYBIHAAM B Ka3ipri TaHma KemeH i reoaoro-hu3NKaIbK XKOHE TEXHOIOTHSIBIK
aknaparrap Heriziae [ TIL TriMOinikTepiH apTThIpy MOceNenepi aKTyan bl dKoHe COMKECIHIIe MemTiM KaObITaHyFa
ne 6omansl. KEeHOPBIHIBI HTepyIiH THIMIUTITIH apTThIPy MaKCcaThIHIA aJIBIMEH 0ap MYMKIHIIKTI AYPHIC pETTey Co-
KeCiHIIe AyphIC OaFbITTayFa MYMKIHAIT Oap OaFrqapiraManapasl )KoHE Ka3ipri TaHIAFBl 9ICTEPAl KOITaHyMEH dpTYp-
ni I'THI xonmmaHy >karmailbl MYKHAT Tainay jkacayFa MYMKiHZIK Oepeni. Kem sxpurmap OoibI 3epTTeyiep opTypii
FBUIBIMH KOHE OHJIPICTIK YHBIMIOapAa, KEHOPHIHIA WTepYyIiH THIMIUTTIH apTTBIpyFa OaFbITTaNBIN KYPTi3iimi.
Optyprai keHopeiHAa ['TI eHrizy »oHe TaHmay TOXipHOeNepiH Tainaay KbI3BIFYIIBUIBIKTHI TyObIpansl. Makamana
I'TII TanmaymslH Ka3ipri TaHZAFbl KaFgalblH TANIAy XKOHE KUHAKTAp KenTipimemi. Optypiai keHoperHaapaa ['TII
THIMAUTIKTEpiH Oaranay *oHe KOJIIaHy MbIcanaapsl kepcetinreH. COHFBI JKBUIAAPHI OTKI31ITeH T€0I0T0-TeXHUKAIBIK
mrapanapIelH THIMIUIITIH apTTRIPY pealu3aluschl, IIemiMaep KaOBUINaHy >KOHE KepceTKimTep OoynKaMaaphl,
TaNmay 9NICTEpiH XKETUIAIPY JKoHEe Jamysl Oalikanansl. MyHall KeHOPBIHIAPBIHA T€0IOT0-TEXHUKAIBIK IapaTapbiH
THIMAL XKOCTapiay JKoHe THIMILTIKTI Oaramay YIIiH KemIeHAl dHicTepi KYpy KOHE OJapAblH MaTeMaTHKAIBIK, Oar-
JlapyiaMalblK JKOHE aKIapaTThIK KaMTaMachl3 €Ty TalChlpMaslapbl 3€PTTEYIIUIEPAIH KYPTi31AreH KyMbICTapbl HOTH-
JKEeNepiH/e MISHIITeH; MeniMai KaObUTaayabl KOJIAayAblH JKOHE OHBIH aJTOPUTMIiHIH XKYMBIC iCTEYiHIH aBTOMAaTTaH-
IBIPBUTFaH JKyHenep KYpBUIBIMBI HTepiireH; Kanpmrackad (akropiaapman ['TL triMainiridiH KepceTKimTepiH Kep-
CeTeTiH, colikeciHme (akTopiapra KabaTThl CHITATTAWTHIH, KaTa Kypy Oenriiepi >KoJbIMeH (CBI3BIKTHI )KOHE MYIIb-
TUTUTMKATUBTIK) TCHACYJIEP KYpacTHIPBUIABL; €H JKaKChl TaHAAy OOHBIHINA IIEIIiM KaObUIAay HOTHKENEpi allbIHIBI
JKOHE HYCKAJBIK €CeTeyiep JKOJIBIMEH XKOHE CaJBICTRIPMAabl THIMAUTIKTI Talmay opTYpJi jKaFmaiaarsl col Hemece
o3re ['TI >xonmmapsl KOpCeTinTeH.

Tyiiin ce3nep: reonoro-rexHukaiblK mapanap (I'TLI), keHOpsIHABI Urepy, MmemiM KaObUIIaHybl, MYHaHIbI
OHJIIpY, MyHalOepriniTikK.
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NPUHATHUE PEIIEHUHI IO BBIBOPY T'EQJIOIO-TEXHUYECKHX MEPOIIPUSITHIA:
COBPEMEHHOE COCTOSHHUE U NEPCIIEKTUBbI

AnHoTtanusi. Kak n3BecTHO, MOBHIEHNIO 3((GEKTUBHOCTH 32 CUET IMPUMEHEHHS Pa3IMYHBIX HOBBIX TEXHOJIO-
ruii 1 I'TM ynensiercst Oonplioe BHUMaHWE NpH pa3paboTke HeTSIHBIX MecTopokaeHuid. Illnpokoe BHenpeHue
I'TM, a Takke ¢ MYH u pa3BuTHE HX TEXHOJOTHHA CTaBUT BOIIPOCHI a/IeKBaTHOTO BHIOOpA HAWIYUIIIHX METOMOB,
o0ecreunBaroNINX T0DKHYI0 TEXHOJIOTO-3KOHOMUYECKYIO0 3((QEKTHUBHOCTE B KOHKPETHBIX ycIOBUsIX. HecMoTps Ha
GOoJIBIIION MHTEpEC HCCIIeA0BaTeNe K JaHHOMY BOIPOCY, BCE YK€ B HACTOSIIIEE BPEMS CEPbE3HBIC 3aTPYJHEHHS BO3-
HHUKAIOT IIPU CPAaBHUTEIBHOH OIEHKE pa3amgHbIX BHI0B I TM nmprMeHHUTENbHO K KOHKPETHBIM ycinoBusaM. [Ipobiema
noBbiteHus dpdexTuBHocTH ['TM Ha OCHOBE KOMILIEKCHOM reooro-(hHU3n4ecKOi M TeXHOIOIMIeCKOH HH(pOpMa-
LINM B HACTOSAIIIEE BPeMs ABISIETCS aKTyalbHON U 3aCITy’KHBAE€T COOTBETCTBYIOILETO BHUMAaHU. TIiaTesbHbII aHaN3
YCIIOBUM NpUMeHeHHUs pa3nuuHbelXx ['TM C HCHoNb30BaHHEM COBPEMEHHBIX METOJIOB M COOTBETCTBYIOIIETO IPO-
rpaMMHOI0 obecrieueHus IO3BOJUT B CBOIO o4yepelib NpaBUJIBHO COPUCHTUPOBATH HMMCIOHIUECA BO3MOKHOCTU C
LENbI0 TOBBIIEHHUS 3((HEKTUBHOCTH pa3pabOTKM MecTOpokaeHus. Ha NpoTsHhkeHMH MHOTHX JIET HCCIIeIOBaHMS,
HarpaBJIeHHbIE Ha MOBbIMIEeHNE () (HEKTUBHOCTH pa3pabOTKU MECTOPOXKICHUH, MPOBOAMINCH B PA3IMYHBIX HAYyYHBIX
Y TIPOM3BOJICTBEHHBIX OpraHu3alusix. [IpeacraBiser HHTepec aHalu3 OmbITa BeIOOpa U BHeApeHus ' TM Ha pasnny-
HBIX MECTOPOXIEHHUIX. B cTaThe mpuBOOUTCS 0030p M aHATH3 COBPEMEHHOTO COCTOSHHS pobieMbl Beibopa ['TM.
[ToxazaHbpl IprMepHl MPUMEHEHHSI U OIeHKH 3P dexTuBHOCTH [ TM Ha pa3nuyHBIX MECTOPOXKACHUAX. B mocnennne
TOZIbI HAOJIOAEeTCs Pa3BUTHE M COBEPLICHCTBOBAHUE METO/IOB aHAIN3a, MPOTHO3UPOBAHUS MTOKa3aTeeH U MIPUHATHS
pelIeHuil, peann3alys KOTOPBIX MO3BOJIMIA MOBBICUTH 3GPEKTUBHOCTD MPOBOANMBIX I'€0JIOr0O-TEXHHUECKUX MEpPO-
npusTHil. B pe3ynbpTate mpoBeJeHHBIX PabOT UCCIENOBATEIIMH PEIICHA 3a1a4a CO3/1aHNsl KOMIUICKCHOM METOUKH U
€e MaTeMaTHYeCKOro, IPOrpaMMHOT0 X MHPOPMALMOHHOTO 00eCTIeUeHHUs IS OLIEHKH (P (EKTHBHOCTH U ONTHMAIb-
HOTO TUIAHMUPOBAHUS IEOJOr0-TEXHUYCCKUX MEPOIPUITHIA Ha HE(DTAHBIX MECTOPOXKICHUAXK; pa3paboTaHa CTPYKTypa
aBTOMAaTU3UPOBAHHON CHUCTEMBI MOJJIEPKKH MPUHATUS PELICHUS U alrOpuTM €€ (yHKIMOHHPOBAHMS; MyTEM IIpe-
00pa3zoBaHusl IPU3HAKOB, XapaKTEPU3YIOLIMX IUIACT, B COOTBETCTBYIOLINE (haKTOPBI, HIOCTPOCHBI YpaBHEHUs! (JIMHEH-
HOE W MYJIBTUIUIMKaTUBHOE), BRIPAXKAIOLINE 3aBUCUMOCTh ToKa3ateinel apdexkruHoctu ['TM oT chopMupoBaHHBIX
(hakTOpOB; ITyTEeM BapHaHTHBIX PAacueTOB M aHAIM3a CpaBHUTEIbHOW 3ddexTrBHOCTH Toro wiau nHoro I'TM B pasz-
JIMYHBIX YCIIOBUSX IOKA3aHbI YTH U MOJYYEHBI Pe3yJIbTaThl IPUHSATHS pelIeHuni 1o BeIOopy Haminy4miero I'TM.

KiaroueBsble ciaoBa: reonoro-rexanueckoe meporpusarue (I'TM), pa3zpaboTka MeCTOpOKIACHUH, IPUHITHE Pe-
IIeHnH, [oO0kYa HedTH, HePTeoTaaYA.
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