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PREDICTION OF THE WELL PERFOMANCE INDICATORS
WITH THE USE OF FUZZY CLUSTER ANALYSISYS

Abstract. The article is devoted to the results of information analysis and the establishment of the relationship
between factors affecting operating efficiency and performance indicators (turnaround time, pump delivery rate)
using a fuzzy clustering algorithm. One of the main tasks of the oil field practice is to assess the influence of various
factors on the performance of field operations and to make the right technological decisions. The reliability of the
estimates and decisions made is determined by how reliably the input and output variables and their values are
selected. Often there are situations when, in the presence of the same data, fundamentally different results are
obtained. To find specific expressions of these dependencies and parameters characterizing them, in particular, me-
thods of statistical data processing are used. As a result of analyzing the causes of failures of subsurface pumps,
factors that influence the pump efficiency at the considered fields were found, which were subjected to a fuzzy
cluster analysis, that allowed to get an idea of the influence of these factors on the performance indicators under
uncertainty. A connection was obtained between the input and output variables, which can be expressed by the fuzzy
rules IF-THEN.

Keywords: water cutting, liquid flow rate, turnaround time, membership function, fuzzy cluster analysis.

Introduction. One of the main tasks of the oil field practice is to assess the influence of various
factors on the performance of field operations and to make the right technological decisions. The relia-
bility of the estimates and decisions made is determined by how reliably the input and output variables and
their values are selected. Often there are situations when, in the presence of the same data, fundamentally
different results are obtained. To find specific expressions of these dependencies and parameters charac-
terizing them, in particular, methods of statistical data processing are used and, ultimately, real experi-
mental material or field observation results are replaced by obtained laws and some integral, that is, com-
mon for the entire dependence as a whole, assessment of the measure of correlation ratio. In accordance
with the adopted technology, the found law in the form of equations of the relation between influencing
factors and efficiency indicators is then transferred to the object under study. This path is often a source of
erroneous conclusions, since in most cases the formulation of goals and constraints when making deci-
sions to improve the efficiency of pumps and field operation in the presence of multi-factorality, multi-
criteria are fuzzy, in a word, all this requires the use of an appropriate apparatus.

Review of recent studies. When drilling wells, we have to deal with various parameters inherent in
the oil reservoir as a complex system. One of the hardest problems in this case is the classification and
clustering of this amount of information, as well as the selection of the most important data. The theory of
fuzzy sets is successfully used to solve this problem in the development of fields and in decision-making.

In [1], fuzzy information about hydrocarbon deposits is considered as a situation that arose due to
physical and linguistic uncertainty. Physical uncertainty arises due to the impossibility of determining the
necessary physicochemical, mechanical, geological and technological parameters at each point of complex
systems. As the author notes, information about the geological and technical system is limited and does
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not fully cover the entire system. In addition, the measurement error and its subsequent interpretation
contribute to the physical uncertainty of the quantitative estimates. The linguistic uncertainty of the
qualitative parameters is due to the multiplicity and ambiguity of meanings and connections in the spe-
cialists’ and experts’ languages [1]. In the noted work it is considered that the quantitative and qualitative
characteristics of a complex geological and technical system are fuzzy. In this regard, the author explores
ways of operating a virtual field.

As noted in [2], a fuzzy situation can be of three types. In the fuzzy situation of the first type, alterna-
tives from the set Q are fuzzily described, that is, the properties of the alternatives can be assessed only at
a qualitative level. The words “good”, “bad”, “fast”, “slow”, “many”, “little” can be used as such assess-
ments. The task of making a decision in this situation is to choose from the set 2 of an alternative that
corresponds to some ideal more than any other alternative. To choose such an alternative, it is necessary to
establish the degree of correspondence of each property of the analyzed alternatives to a similar property
of an ideal. And then you should choose an alternative that has the best degree of compliance with the
ideal. In a fuzzy situation of the second type, the conditions for determining the optimality principle are
not clearly defined, that is, it is not clear with which of the known ideals alternatives should be compared.
Such a situation arises when there can be several ideals, but the choice of one or another ideal depends on
the conditions in which the decision is made. But these conditions themselves are fuzzy. In this case, the
task of making a decision is to find out which of the possible situations is most likely. In the fuzzy situa-
tion of the third type, the optimality principle itself is not clearly defined, that is, the ideal with which
alternatives should be compared is not exactly known, since this ideal is described only on a qualitative
level. In this case, the task of making a decision is to determine what is preferable: “almost certainly
corresponds to” or “is often considered.”

Recently, in connection with an increase in computational power, modeling has been added to the
standard decision analysis approach [3]. A risk analysis based on Monte Carlo simulation is a method by
which risk and uncertainty, covering the main predictable variables in solving a problem, are described
using probability distributions. Arbitrary sampling in distributions performed many, possibly thousands of
times, allows you to create sequential scenarios.

Works on decision making under fuzzy conditions in the oilfield practice are shown in [4-10].

In [4], the separation of operational objects based on the theory of fuzzy sets is considered. It should
be noted that the oil reservoir is not a clear and unambiguously determined object, and the applicability
criteria are a logical generalization of expert assessments. At the first step, an approximate description of
the parameters takes place with the help of linguistic variables (for example, a collector is estimated as
“low-porous”, “medium-porous” and “highly porous™). At the second step, based on expert knowledge,
the function of belonging to a fuzzy set of “operational object” (“non-natural”, “very bad”, “bad”, “me-
diocre”, “good”, “very good”, “excellent”) is constructed. At the third step, rules (R) for allocating an
operational object (O0) are defined, for example: R1 = "IF the difference in the depth of reservoir
formation is insignificant, THEN layers will represent a good 00", R2 = "IF geological factors (G) are
good and technological factors (T) are good, THEN OO is good ", etc.

The advantages of applying the theory of fuzzy sets when solving problems of control and monitoring
the processes of operating oil and gas fields under uncertainty are shown in [5]. The calculation algorithms
are given, and the results obtained when working with fuzzy values are shown on real and hypothetical
data. Fuzzy logic and its potential application in solving problems related to petroleum engineering are
shown in [6-8]. The most successful application of intelligent systems, especially when solving technical
problems, was achieved through the use of various intelligent tools individually and as a hybrid system.
As shown in [11], expert systems are artificial intelligence tools that store and implement expert opinions,
methods, and rules to achieve accurate system results. Fuzzy Petroleum Prediction (FPP) was developed to
prepare an expert system using expert knowledge, analysis of oil well data, and redistribution of oil fields.
The data required for its application were selected from various sources. The five factors used to predict
oil were: temperature, pressure, density of crude oil, gravity, and gas density. FPP was applied at thirty
wells in the Daging oilfield as a published data set and other sources and achieved amazing results by
developing various fuzzy functions.

As noted in [12], according to a survey conducted among oil and gas companies in Ghana, most
managers use maximax, minimal losses and expected value when making decisions under conditions of

— =




ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

risk and uncertainty. But quantifying uncertainty is not an end in itself, eliminating or even reducing
uncertainty is also not the goal. It is wrong to assume that uncertainty is reduced by simply modeling it,
and making the right decisions simply requires more information [13]. Rather, the goal is to make the right
decision, which in many cases requires an assessment of the corresponding uncertainties. The oil and gas
industry has overlooked this goal for a long time, focusing efforts on giving decision-makers a deeper
understanding of the possible outcomes that follow from important decisions [13]. In [14], the methods
used to assess underground risk and volume uncertainty over the life cycle of exploration and production
are considered. Although probabilistic methods are necessary for making decisions, it has been shown that
they have limitations that should be understood. In borderline situations, they are difficult to justify, and
non-technical factors are important when making decisions.

The advantages of taking into account the geological uncertainty when making decisions about the
location of a well are estimated by comparing the results of decisions made using the theory of fuzzy sets
with those made using the traditional approach using a single deterministic model [15]. In [16], fuzzy
logic is used in problems of analytical modeling of enhanced oil recovery methods. Planning for the
application of enhanced oil recovery methods (EORM) is a complex task that requires an integrated
approach to its solution. Without optimizing the conditions for choosing technologies for implementation
at a specific site, it is impossible to fully realize the capabilities of the EORM To overcome the problems
arising from the use of strict limits of applicability of the methods, it is proposed to use fuzzy logic and
assign reservoir objects to a class of fuzzy environments, and solving the problem of selecting the EORM
- to making decisions in a fuzzy environment. Using the theory of fuzzy sets, one can quantify categorical
concepts such as “very good” or “very bad”, which is especially important in tasks such as choosing an
impact method, when the reservoir parameters differ in one direction or another from the applicability
criteria.

In general, an analysis of accumulated research has shown the ability to solve a number of problems
in an oil field, in particular, problems of modeling, decision-making, classification of objects, etc. using
the theory of fuzzy sets.

Formulation of the problem. To assess the change of the pump operation parameters, it is proposed
in the literature to use the delivery rate and the turnaround time.

The delivery rate and the turnaround time depend on many factors. In order to establish the influence
of these factors, an analysis of information on the geological and technological characteristics of operating
conditions has been carried out, which showed the impossibility of constructing statistical dependencies in
this case due to its insufficiency. Recently, decision-making methods taking into account the conditions of
uncertainty became widely used. One of such methods are methods of fuzzy classification.

The results of the analysis. As is known, the main problem in the operation of wells in complicated
conditions is the deterioration of reliability indicators, which in turn affects the technical and economic
indicators in general. The operation of pumps is influenced by numerous factors, both geological, and
technical and technological.

Geological factors (gas, water, deposits of salt, paraffin, mechanical impurities, etc.) primarily
characterize reservoir conditions.

Another group of factors is the factors associated with the design of a well or pump (diameters of
production strings, hole curvature, pump components and parts, etc.). Naturally, all factors can be divided
into factors with positive and negative effects on pump performance. To date, accumulated a large number
of studies on the work of deep-well pumps in complicated conditions. As practice shows, a dry period of
well operation takes up a small part of the total period and, therefore, the effect of water on the pump
operation begins almost from the beginning of the well operation. The appearance of formation water in
the oil is one of the main reasons worsening the performance of wells.

The appearance of formation water in oil leads to a number of complications during operation.

The operation of the pump is also affected by oil. Since it consists of active emulsifiers - asphaltenes,
as well as resins, oil is prone to the formation of emulsions, which is also facilitated by clay and sand
falling from the surface or from the formation. Since the viscosity and stability of the emulsion depend on
the dispersion of the oil-water mixtures, and the subsurface pumps are one of the best dispersants, an
emulsion is formed during the passage of fluid through the pump's working parts, the viscosity of which
can increase tenfold compared to pure oil. The influence of all these factors is ambiguous, and therefore its
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establishment by statistical means is difficult, often impossible. In such cases, the application of the provi-
sions of the theory of fuzzy sets allows you to establish the desired relationship.

To establish the relationship between the performance indicators of the pump and the relevant factors
characterizing the operating conditions of the wells, we have classified the operating conditions according
to several criteria using a fuzzy cluster analysis program, described in [17, 18]. Water cutting, fluid flow
rate, mechanical impurity level and productivity factor (input variables) for Karazhanbas deposit were
selected as signs for which clustering was carried out, the turnaround time and deluivery rate were taken
as output variables [19].

Currently, the tasks of cluster analysis, or automatic classification, are widely used in various fields,
including the oilfield business, wherever there are sets of objects of arbitrary nature. In recent years, these
methods became widely used in information analysis tasks. Traditional methods of cluster analysis suggest
a clear division of the original set into subsets, where each point after splitting falling into only one
cluster. However, as is known, such a restriction is not always true. Often it is necessary to produce a
partition to determine the degree of belonging of each object to cach set. In this case, it is advisable to use
fuzzy methods of cluster analysis. The tasks in this formulation attract the interest of specialists involved
in oil field practice [20]. One of the most important results in studying the operation of pumps during field
exploitation is the determination of the delivery rate and the turnaround time.

As a result of the program implementation, homogeneous groups of data - clusters are obtained, the
results of the noted clustering are shown in table. From this table, the mutual correspondence of the input
and output variables is seen.

Mutual correspondence between the input (water cutting, fluid flow rate, productivity factor, mechanical impurity level)
and output (turnaround time, delivery rate) variables

Water Fluid flow rate, | Productivity factor, Mechanical impurity level, Turnaround Delivery
cutting tn/day tn/day*MPA % time, days rate
high low low
low low low - -
low medium medium
medium low low high high
high ) high high high high
high - X )
low medium high high

Conclusion. The performed cluster analysis allows to give a qualitative assessment of the influence
of marked factors on the pump efficiency indicators. For example, according to the data in Table 1, if the
water cutting, flow rate and productivity factor are low, the mechanical impurity level is high, then the
turnaround time and delivery rate will be low. Thus, the results of the analysis allow us to formulate fuzzy
rules on the principle "if ... then ...", namely:

IF the water cutting is low and the fluid flow rate is low and the productivity factor is low and the
mechanical impurity level is high, THEN the turmaround time is low and the delivery rate is low.

IF the water cutting is low and the fluid flow rate is low and the productivity factor is low and the
mechanical impurity level is low, THEN the turnaround time is medium and the delivery rate is medium.

IF the water cutting is high and the fluid flow rate is medium and the productivity factor is low and
the mechanical impurity level is low, THEN the turnaround time is high and the delivery rate is high.

IF the water cutting is high and the fluid flow rate is medium and the productivity factor is high and
the mechanical impurity level is high, THEN the turnaround time is high and the delivery rate is high.

IF the water cutting is high and the fluid flow rate is high and the productivity factor is low and the
mechanical impurity level is medium, THEN the turnaround time is high and the delivery rate is high.

As a result of analyzing the causes of failures of subsurface pumps, factors that influence the pump
efficiency at the considered fields have been established, which have been subjected to a fuzzy cluster
analysis, that allowed to get an idea of the influence of these factors on the performance indicators under
uncertainty conditions.
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M. K. Kapa:xanosa', H. A. llupusepaues’, I, A. Axmeron'

'[I. EcenoB aTsumare! Kacmmii MEMICKETTiK TEXHOTOTHATAP JKOHE HEKHHUDPHHT YHHBEPCHTETI, AkTay, Kasakcran,
*O3epbaiikaHHBIH Y ITTHIK FRUTHIM AKICMHACHIHBIH MYHAH 5KOHE Ta3 HHCTHTYTHI, Baky, O3epbaiixan

AHBIK EMEC KJIACTEP-TAJIIAY/IbI KOJJAHA OTBIPBIII,
YHFBLIAPJEI HAWJTAJTAHY THIMALTITTHIH KOPCETKIIITEPTH BOJIKAY

AnHoTammsi. Magkana aHbIK €MEC KIIACTEP-TANAAy ANTOPUTMIH KOJIAHA OTBHIPBIN AKMAPATThl Tajddy HOTH-
JKCIICPIHE HKOHC MAWAANAHY THIMILIITT MCH THIMALTIK KOPCCTKIIITEPIHE 9CCP CTCTiH (DaKTOPIAp apachIHAAFHI 63apa
OalTAHBIC OPHATYFA apHAIFAH (PKOHACY apajbIK MEp3iM, copanteiH Ocpy kod(h(uumeHTi). MyHail kocimmmimiri
TIPAKTHKACBIHBIH 0ACTBI MIHACTTEPiHIH Oipi KCH OPBIHAAPAb! MaJanaHy THIMAUITIHIH KOPCETKIIITEPIHE dp TYpil
(haxTOpIApIBIH OCCPiH Oaraiay HKOHCS AYPHIC TCXHOJIOTHAIBIK MCmiMAcp Ka0suimay Ooureim Tadblnaasl. baramay McH
KaOBUITAHFAH MICTHIMACPAIH AYPBICTHIFBI KipiC >KOHC INBIFBIC AWHBIMATBUIAPBIHBIH KAHIIANBIKTH JIYPHIC TaHIA-
JIyBIMCH, OJAPABIH MOHACPIMEH aHBIKTATaAbl. bip aepekrep OOnFaH »Kargaiia, HOTIKECIHAC SPTYPII HOTIDKEIEp
aNbIHFAH >Karaanmap »kui TybsIHZAHAsL OCBHI TOYENIUNIKTEP MEH OJApAbl CHIIATTAWTBHIH MAPAMETPICPIIH HAKTHI
OpHCKTCPIH Ta0y VINiH, aTam aHTKAHOa, ACPCKTEPAl CTATHCTHKANBIK OHICY TOCImACpi maiimanaHeltanel. TepeHaik
COpaNTApIbIH ICTCH HIBIFY CEOCNTEPIH TANAAy HOTIKCCIHAE KAPACTBHIPHUIBII OTHIPFAH KCH OPBIHAAPBIHIA COPAIl-
TapAbIH THIMALUITIHE 3Cep €TEeTiH (PAKTOPIAp AHBIKTANABL, OJIAPFA KACATFAH AHBIK €MEC KIIACTEP-TANAay aTayFaH
(hakTOpIapasH OEITiCi3AiK *KaFraaiaa THIMAITIK KOPCETKIMITEPIHE dCEpl Typasibl TYCIHIK alyFa MYMKIHZIK Oepi.
Anpik emec EI'EP — OHJIA epeskenepiMeH KOPCETIMyl MYMKIH Kipic ’KOHE INBIFBIC AHHBIMAIBLIAPHI APACHIHAAFHI
OalIaHbIC ATBIHIBL.

Tyiiin ce3aep: CylaHy, CYHBIKTBIK IUBIFBIHBL JKOHICYAPAIBIK MEP3IM, THICTIMIK (PYHKIMACHI, aHBIK EMEC
KJIACTEP-TaNAay.

M. K. Kapa:xanosa', H. A. llupusepaues’, . A. Axveron'

"Kacnuitckuit TOCY IAPCTBEHHBIN YHHBEPCHTET TEXHOIOTHN M HEsKHHUpHETa uM. 111, Ecenosa, Axtay, Kazaxcran,
*WUucTutyT He(yTH M Ta3a HanmonamsHOM akateMun Hayk Asepbaiinxana, baky, Asepbaiimkan

MPOTHO3UPOBAHME MOKA3ATEJEN Y®GEKTUBHOCTH YKCILTYATAIIAA CKBAKHAH
C IPUMEHEHHUEM HEYETKOT'O KJIACTEP-AHAJIM3A

Annoranmusa, CTaThs MOCBAMCHA PE3YIbTATAM AHATH3Aa HHQ)OPMALMH W YCTAHOBICHHIO B3aHMOCBI3H MCKIY
(haxTopaMu, BIHAIOIUMH HA 3(PPCKTHBHOCTD SKCIUTyaTAlMH H MOKA3aTeicH 3()()CKTHBHOCTH (MCKPCMOHTHBIH Tic-
puox, ko3 dumeHT moKauM Hacoca) C UCIOIb30BAHUEM ANTOPUTMA HEUETKOH Kiactepu3aruy. OTHON W3 TIIABHBIX
3a71a4 He(PTCIIPOMBICTIOBON MPAKTHKH SIBJLIETCS OLCHKA BIMSHHA PA3MUIHBIX (DPAKTOPOB HA mMOKazatenu 3(dexTus-
HOCTH 3KCIUTyaTallii MECTOPOKICHUH U MPUHATHE MPABUIIBHBIX TEXHOJIOTHYECKUX penieHuH. Jl0CTOBEPHOCTH OIe-
HOK W IPHHATHIX PEHICHUH OMPENEIIETCA TeM, HACKOIBKO JTOCTOBEPHO BBIOPAHBI BXOJHBIC M BBIXOTHBIC IIEPEMCH-
HBIC, UX 3HAYCHIL. YacTO BO3HUKAIOT CHUTYANMH, KOT/IA IIPH HAJTMYHNHU OJHUX M TEX KC JAHHBIX, B HTOTE TOIYYA0TCS
TMPUHIMIMATIGHO PA3IHYHbIC PE3yNbTarTsl. JIMd HAXOXICHHS KOHKPETHBIX BBIPDOKCHHM 3THX 3aBUCHMOCTCH H
TAPAMETPOB, XaPAKTEPHU3YIOMMX HX, HCIIOIB3YIOTCS, B YACTHOCTH, IIPHEMBI CTATUCTHYCCKOH 00pab0OTKH JTaHHBEIX. B
Pe3yIbTaTe aHAIN3A MIPHINH OTKA30B IIyOHHHBIX HACOCOB OBLIH YCTAHOBJICHBI (DAKTOPBI, OKA3BIBAFOIIIC BIMIHHC HA
3((EeKTUBHOCTH HACOCA HA PACCMATPHBACMBIX MECTOPOKICHHSIX, KOTOPBIC OBLIH ITOJBEPTHYTHI HEUETKOMY KJIAcTep-
aHAM3Y, TMO3BOJMBIIEMY IOJIYUYHTh MPEICTABICHHE O BIMSHHM OTMCUCHHBIX (DAaKTOPOB HA mMOKazareid 3(dexTus-
HOCTH B YCIIOBHAX HEOIIPESICICHHOCTH. BbIIa MONMyuYeHA CBsI3b MEXKIAY BXOAHBIMH M BBIXOJHBIMH TICPEMCHHBIMH,
KOTOPBIC MOTYT OBITh BhIpaskeHbI HeueTkuMH mpasunavmu ECJIN-TO.

Kimo1ueBbie cioBa: 00BOTHEHHOCTD, PACXO KHIKOCTH, MEKPEMOHTHBIH MEPHOA, (PYHKIHS IPHHAAICKHOCTH,
HEYCTKHUH KJIaCTEP-aHAIHU3.
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