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Abstract.The present article is devoted to the results of the information analysis about the
operation of the deep-well pumps and the study of the relationship between factors that impact the
efficiency of the operation and performance indicators (inter-repair period, the pump delivery rate)
using the fuzzy cluster analysis algorithm. A preliminary review of the researches that were
collected to date has been performed. As a result of the analysis, the factors that impact the
efficiency of the pump in the concerned fields were identified. Attempts to establish a relationship
between the input and output variables have not yielded any results due to the presence of various
kinds of the uncertainties. In this regard, the data was the subject for the fuzzy cluster analysis,
with the help of which an attempt was made to gain the idea of the impact of the noted factors on
the performance indicators under the conditions of the uncertainty. As a result the relationship
between input and output variables was received, which can be expressed by the fuzzy rules “IF
..., THEN...”
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Introduction. One of the main tasks of the oil field practice is the evaluation of the impact
of the various factors on the performance indicators of the field operations and the acceptance of
the right technological decisions. The reliability of the evaluations and accepted decisions is
determined by how reliably selected input and output variables, and their values. There often
situations when in the presence of the same data, the essentially different results are obtained. To
find the specific formulations of these dependencies and parameters that describe them, in
particular, the methods of the statistical data processing are used and, finally, the real experimental
materials or the results of the field observations are replaced with the obtained dependencies. In
accordance with the adopted technology, the law obtained further in terms of the equation of
constraints between the influential factors and the performance indicators is transferred to the
studied facility. This path is often the source of the false conclusions, since in the most cases the
purpose and limitations statement when making the decision due to the multifactorial nature,
multicriteriality is fuzzy, in one word, all this requires the use of an corresponding instrument.

Review of the researches for the last few years. In the recent years, the attention of the
researches has been attracted by the problems connected with the operation of the deep-well pumps
in the complicated conditions, the causes of the failures and the associated decrease in the
productivity. The work [1] mainly considers the operation of the sucker-rod pump in the
complicated conditions, in particular, discusses the methods to increase the productivity of these
pumps. One of the factors complicating the operation of the pumps is the presence of the basic
sediments contained in the pumped liquid, which leads to the abrasive wear of the pumping
equipment elements, and, ultimately, to the complex accident events, failures. In the reviewed
work, an analysis of the data of the number and nature of the pump failures was carried out
depending on the category of wells. The main causes of the failures are established; in particular,
wear of the plunger pair, the poor manufacturing quality, and the influence of the operational
factors. The reliability characteristics were obtained in the form of the dependence of the failure



rate of a plunger-cylinder pair on its operation time and the probability of the failure-free operation,
and also the factors that determines the time of the first failure were identified (water content, the
presence of the sand and the elements causing corrosion, the pumping speed, suspension depth)
[1]. The dependence of the technical resource of the pump on the conditions of the oil production
region is obtained: for the low water-producing wells (it is up to 50%), the resource is determined
by the wear of the plunger-cylinder pair, which depends on viscosity, resin content, etc., with a
high water content — the formation water salinity.

As the result of the analysis, depending on the operating conditions, it was found that the
maximum rate of the pump failure is observed in the high rate wells at 5 ... 7 pumping, and in the
marginal wells - 5.5 ... 8. If the number of the pumping is more than 6, with its increase, the failure
density decreases at any well flow rates. In the marginal wells with a number of pumping of 6 ...
9, the failure density increases. It was also concluded that the operation of the sucker-rod pumps
is unreasonable when the viscosity of the produced fluid is less than 100 mm?/sec. In addition, it
was found that the pump-setting depth affects the density of the failures distribution. The failure
density increases with the increasing setting depth up to 1100 m of the inserted pumps and up to
650 m of the tubing pumps [1]. The results of these researches under the additions and
generalizations can allow the construction of the multi factor models of the reliability
characteristics using them in the decision making.

One of the serious problems in this case is the classification and clustering of a large
amount of the information. To solve such problems in the fields’ development and making the
decisions, the fuzzy sets theory has been successfully applied recently. The fuzziness [2] is
considered as the situation that occurred due to the physical and linguistic uncertainty. As the
author notes, the information on the geological and technical system is limited and does not
completely cover the entire system. In addition, the inaccuracy of the measurements and their
subsequent interpretation “contribute” to the physical uncertainty of the quantitative evaluations.
The linguistic uncertainty of the qualitative parameters is due to the multiplicity and ambiguity of
the meanings and relationships in the languages of the specialists and experts [2]. In the noted
work, it is believed that the quantitative and qualitative characteristics of the complex geological
and technical system are fuzzy. In this regard, the author explores lift methods of the virtual field.
According to the work [3], a fuzzy situation can be of three types. In a fuzzy situation of the first
type, alternatives from the set Q are fuzzily described, that is, the properties of the alternatives can
only be evaluated at the qualitative level, linguistically, in words. Such evaluation may include the
words “good”, “bad”, “fast”, etc. The task of the making the decision in this situation is to choose
from the set Q the best alternative [3, 4].

In the recent years, the serious attention is paid the modeling, which was added to the
standard decision analysis approach [5]. The risk analysis based on the Monte Carlo simulation
method is a method by which risk and uncertainty are described using the probability distributions.
Avrbitrary selection in the distributions performed perhaps thousands or more times, allows creating
the consistent scenarios. The researches’ results of the decision making under the fuzzy conditions
in the oil field practice are shown in the works [6-8]. In the work [8], the selection of the
operational facilities based on the theory of fuzzy sets is considered. It should be noted that the oil
deposit is not a clear and well defined facility, and the screening criteria are a logical generalization
of the expert evaluation. The first step is an approximate description of the parameters using the
linguistic variables (for example, the collector is evaluated as “poor-porous”, “mesoporous” and
“highly porous”). At the second step, on the basis of the expert knowledge, the function of
belonging to the fuzzy set “operational facility” (“faulty”, “very poor”, “poor”, “satisfactory”,
“good”, “very good”, “excellent”) is built. In the third step, the rules (R) for the identifying the
production facility (PF) are formulated, for example: R1 = "If the difference in the formation depth
is insignificant, then the formation will represent a good PF", R2 = "If the geological factors (GF)
are good and technological factors (TF) are good, then PF is good, "etc. The advantages of using
the theory of fuzzy sets in solving the problems of the control and monitoring of the processes of
the exploitation of the oil and gas fields under the conditions of the uncertainty are shown in the



work. The calculation algorithms are given, and the results, obtained under the working with fuzzy
values, are shown on the real and hypothetical data. The fuzzy logic and its potential use in solving
the problems associated with the petroleum engineering are shown in the works [7,8]. The most
successful use of the intelligent systems, especially when solving the technical tasks, was achieved
through the use of the various intelligent tools. As shown in the work [8], the expert systems are
the artificial intelligence tools that store and implement the expert opinions, methods and rules to
achieve the accurate system results. Fuzzy Petroleum Prediction (FPP) was developed as an expert
system using the expert knowledge, analysis of the oil wells data and redistribution of the oil fields.
The data necessary for its use were selected from the various sources. Five factors were used to
predict the oil quality: temperature, pressure, raw oil density, gravity, and gas composition. FPP
was used for thirty wells in the Daging oil field (China).

As noted in the work [9], according to the survey conducted among the oil and gas
companies in Ghana, the most managers use the maximax, minimal losses, and the expected value
when making the decision under the conditions of the risk and uncertainty. But the quantitative
evaluation of the uncertainty is not the goal in itself; eliminating or even reducing uncertainty is
also not the goal. It is wrong to assume that the uncertainty is reduced by simply modeling it, and
more information is simply required to make the right decision [10]. Rather, the goal is to make
the right decision, which in many cases requires the evaluation of the corresponding uncertainties.
The oil and gas industry has long lost the sight of this goal, aiming to provide the persons who
make the decisions a deeper understanding of the possible results arising from the important
decisions [11]. In the woks [12], the methods used to evaluate the underground risks and
extensional uncertainty within the life cycle of the exploration and production operations are
considered. Although probabilistic methods are necessary for the making the decision, it has been
shown that they have limitations that should be understood.

In the work [13], the fuzzy logic is used in the problems of analytical modeling of the
enhanced oil recovery methods. Planning the use of the enhanced oil recovery methods is a
complex task requiring an integrated approach to its decision. Without optimizing the conditions
for choosing the technologies for the implementation at a particular site, it is impossible to fully
realize the capabilities of the enhanced oil recovery methods (EORM). To overcome the problems
that arise when using the strict limits of the methods applications, it is proposed to use the fuzzy
logic and classify the formation facilities as the type of the fuzzy environment, and solving the
problem of choosing EORM to the decision making in the fuzzy environment. Using the theory of
the fuzzy sets, such the categorical definitions as “very good” or “very bad” can be quantitatively
evaluated, which is especially important in choosing the method of the impact [8]. One of the
reasons of the degradation factor is the presence of the basic sediments. To choose the most effective
method of the protection against the basic sediments, it is necessary to have an idea of the structure
and origin of the precipitation, the quantitative composition and the size of their constituent particles.
In this regard, the analysis of the basic sediments taken from the wells of the Karakuduk, Karazhanbas
and Kumkol fields was performed. The solid inclusions extracted from the samples were studied by
the X-ray diffraction method using a general-purpose X-ray diffractometer Rigaku Miniflex-600 [14].
The comprehensive analysis of the chemical composition and the particle size of the basic
sediments from the production of the development wells, allows establishing the presence of
deposits of different nature and particle sizes. This information can be useful in the development
of the appropriate measures to fight the wear of the working units of the pumps [14].

In general, the analysis of the collected researches showed the possibility of solving the
problems, in particular, the problems of modeling, decision making, classification of the facilities,
etc. using the fuzzy set theory.

Analysis of the various factors impact on the performance indicators of the down hole
pumping equipment.

As it is known the main problem under the well performance in the complicated conditions
is the degradation factor of the reliability indicators, which in turn influences the technical and
economic indicators in general. The number of factors, both geological and technical and



technological, influences the operation of the pumps. Geological factors (the gas, water, deposits
of salts, paraffin, basic sediments, etc.) describes first of all the reservoir conditions. Another group
of factors are associated with the design of the well or pump (the diameters of the production
casing, curvature of the well, units and parts of the pump, etc.). Naturally all the factors can be
divided into the factors with the positive and negative impact on the well performance. The water
impact on the pump starts almost from the beginning of the well. The appearance of the formation
water in oil is one of the main reasons that worsen well performance. The appearance of the
formation water leads to the number of complications during operation. The composition of the
oil also affects the operation of the pump. Because of the active emulsifiers-asphaltene, as well as
resins in the oil content, it is emulsive, which is also contributed by the clay and sand falling from
the surface or from the formation. The impact of all the factors that take place is in an ambivalent
manner, and therefore, establishing it by the statistical means is difficult, often impossible. In such
cases, the use of the theory of fuzzy sets allows establishing the sought-for relationship. To
establish the relationship between the pump performance indicators and the relevant factors that
describe the well operating conditions, the operating conditions are classified according to the
several criteria using a fuzzy cluster analysis program. The characteristics used for the clustering
were the water content, fluid rate, content of the basic sediments and productivity factors (the input
variables) for the Karazhanbas field was selected, the inter-repair period and the delivery
coefficient were taken as the output variables.

The tasks in this simulation attract the interest of the specialists involved in the oil field
practice. One of the most important results when studying the operation of the pumps during the
field operation is the determination of the delivery coefficient and the inter-repair period. By the
implementing of the fuzzy cluster analysis program, homogeneous groups of data clusters were
obtained, the results of the noted clustering are given in [4,14].

Table 1 shows the mutual correspondence of the input and output variables.

Table 1. The mutual correspondence of the input and output variables (the inter-repair
period, the delivery rate).

: . Basic Inter-repair
Water content Fluid rate, | Productivity factor, sediments, period, Delivery rate
MPa t/day, MPa
% days.
low low low high low low
low middle middle
middle low high high high
high hiah high high high high
g low middle high high

Conclusion. The analysis of the research results has shown that the number of factors
impact the performance indicators of the wells; many of them negatively affect the operation of
the well equipment and overall performance indicators, and therefore attract the attention of the
researchers. As the result of the analysis of the deep well pump failures causes, the factors were
established that impact the pump efficiency in the considered fields, which were subjected to the
fuzzy cluster analysis, allowed to get an idea of the impact of the noted factors on the performance
indicators under the conditions of the uncertainty. As the brief review above shows, the tasks in such
formulation attract the interest of the specialists involved in the oil field theory and practice.

The performed cluster analysis allows providing the qualitative evaluation of the impact of
the mentioned factors on the delivery rate and the inter-repair period. For example, according to
the table 1, if the water content, rate and productivity factor are low, the content of the basic
sediments is high, then the inter-repair period and the delivery rate will be low [4,14]. Thus, the
results of the analysis allow formulating the fuzzy rules on the principle of "if ... then ..."
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FUZZY CLUSTER ANALYISIS AJITOPUMMIH MMAUJTATTAHYFA KOJJAHBLIFAH
O3 1K O3IHAIH 631K OCIMAIKTEPIHIH ’KOHE O3JIIK ®AKTOPJIAPIbIH
O3IIK KOPCETKIIITEPIH TAJIIAY

KapaxxanoBa M.K. - III.EcenoB arpinmarsl Kacmuii MeMIIEKETTIK TEXHOJIOTHSIIAD YKOHE
WH)XUHUPUHT YHUBEpcUTeTi, AKTay, Kazakcran.

Edenaue I'M. - OsipOaitkan ¥nTThlK FhulbiM AkaneMuscbiHbIH ['eonorust xoHe
['eodusuka Muctutytsl, baky, O3ipbaiikan.

AnjaTna. Makasna YHFBIMAJIBIK TEPEH COPANTap.IbIH )KYMBICHI Typajibl aKIIapaTThl Tangay
HOTIKEJIEPiHE JKOHE Maiiianany THIMILIIT MEeH )KYMBIC KOPCETKIIITepiHe acep eTeTiH (pakropiap
(>keHJEy apasibIK KEe3€H, COpPaIThIH OHIMIIUIIT) apachlHIaFbl OalIaHBICTHI aHBIK €MeC KJIacTepi
TaJgay alroOpUTMiH KOJIaHy apKbUIbI 3epTTeyre apHanFaH. ByTiHri KyHI )KUHAIIFaH 3epTTeyiepre
aJIBIH-aJIa I0JTy JKacaibl. Taymay HOTHIKECIHJE THICTI ydacKelepie COpPanThiH THIMIUIITIHE
ocep eteTiH (akrtopiap aHbIKTaNAbl. Kipic oHE WIBIFBIC alHBIMANBLIAPBIHBIH apachbIHIAFbI
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OaliJTaHbICTBl OpHATYyFa THIPBICY Op Typil OendricizaikrepliH OoiyblHA OalIaHBICTBI HOTHXKE
O0epmeni. OcpiraH OailTaHBICTBI, AHBIK €MeC KJIACTEpIK TalJay TaKbIPhIObl alIbIH/BI, OHBIH
KOMeTiMeH OeNrici3iK KargalblHIa KepceTUIreH (GakTopiapIblH THIMIUTIK KOpPCETKIIITepiHe
acepi Typaibl TYCIHIK ayFa TaJIbIHBIC Jkacalibl. HoTHKeciHIe Kipic )KOHE IIBIFBIC alfHbIMAJIBLIAP
apaceinaarsl Oainaneic aneiHabl, oHBl «ET'EP ..., OHJIA ...» nereH aHbIK emec epexenepMeH
Oinmipyre 6oyasbl.

Tyiinai ce3aep: CynslH Meiepi, CYHBIKTBIKTBIH IIBIFBIHBI, JKOHICY apalblK KE3€H,
MYIIETiK GYHKIUSICHI, aHBIK €EMEC KJIACTEPIIIK Taaay.

AHAJIN3 OTHOIEHUM MEXIY MOKA3ATEJISIMA D®PEKTUBHOCTH
FJIYBUHHBIX HACOCOB U ®AKTOPOB, BJIUAIOLINX HA UX PABOTY C
HUCIOJIb30BAHUEM AJITOPUTMA AHAJIM3A HEUETKOI'O KJIACTEPA

KapaxxanoBa M.K. - Kacnuiickuii rocynapCTBEHHbIA YHUBEPCUTET TEXHOJIOTUHA U
umwkuHupuara uM. L. Ecenosa, Akray, KazaxcraH.

O¢dennues I'.M. - Hatmonanbnast Akanemusi Hayk AzepOaiimkana, MHCTUTYT reosioruu u
reo¢pusuku, baky, AzepOaiixaH.

AnHoTanus. Hacrosias crtaThsi mocBsieHa pe3yabraTaM HHHOPMAIIMOHHOTO aHAIH3a O
paboTe TIIyOMHHBIX HAacCOCOB M M3YYEHHUIO B3aMMOCBSI3M MEXIy (pakTOpaMu, BIHMAIOIUMH Ha
¢ dexTuBHOCT, pabOThl, U MOKA3aTeNsIMU MPOU3BOAUTEIBHOCTH (MEKPEMOHTHBIM NEpUO,
POM3BOIUTENFHOCT HACOCA) HCHOJB3YSd QJITOPUTM HEYETKOro KJIACTEPHOTO aHAJIN3a.
[IpenBapuTenbHbIi 0030p UCCIIEOBAHUIA, KOTOPbIE OBLITH COOpPaHBI 10 HACTOSILIETO BPEeMEHH, ObLIT
BHINIOJIHEH. B pe3ynpraTte aHamm3a ObUIM OmpeneNeHbl (akTOpbl, KOTOPBIE BIHUSIOT Ha
3¢ pexTUBHOCT, Hacoca B COOTBETCTBYIOIIMX 001acTAX. [IOMBITKM YCTaHOBUTH B3aUMOCBS3b
MEXJTy BXOJHBIMU M BBIXOJHBIMH ITEPEMECHHBIMHU HE JIajl HUKAKUX PE3yIbTaTOB M3-32 HATHYUS
pa3IMYHBIX BHUJIOB HEOIpeaeaeHHOCTel. B cBs3u ¢ 3TUM AaHHBIE ObUIM MPEAMETOM HEYETKOIrO
KJIACTEPHOTO aHajKM3a, C IOMOIIBI0 KOTOPOro OblIa TPEANPUHSITA IOMBITKA TOJXYYUTh
MPEJICTaBICHUE O BIUSHUM OTMEUEHHBIX (PAKTOPOB Ha MoKazaTenu 3(PpPEeKTUBHOCTU B YCIOBHUAX
HEoIpeAeIeHHOCTH. B pe3ynbTare Oblia MONYyYeHA CBS3h MEXKIY BXOJAHBIMH M BBIXOTHBIMU
MEPEMEHHBIMH, KOTOpasi MOKET ObITh BhIpakeHa HeueTkumu npaBuiamu «ECJIN ..., TO ...»

KiroueBble cjioBa: coiepkaHWe BOJBI, PacXoj] KUAKOCTH, MEKPEMOHTHBIM IEPHOI,
(GyHKIUS TPUHAJICKHOCTH, AaHATTN3 HEYETKUX KIJIacTEePOB.



