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ABSTRACT

When comparing the condition of a production facility at various stages of development, it is
important to pay attention to differences related to their organization and regulation levels. Such an
approach allows for reliably identifying critical time intervals of production indicators, which forms
the basis for conducting dynamic analyses during these intervals and implementing procedures that
enable the refinement of recoverable reserves. Efficient development of oil and gas fields requires
timely and well-founded decisions for regulating technological processes aimed at intensifying oil
and gas production during the transition period.

Decisions regarding the selection of enhanced oil recovery strategies mainly depend on determining
the characteristic phase of the field’s development. Most existing analysis methods do not consider
the evolutionary mechanism of the reservoir system during field development, and various factors
affecting oil production complicate the analysis process and make well-founded decision-making
more difficult.
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Introduction

During the exploitation of oil fields, reliable forecasting of well productivity and maintaining the
profitability of oil production are important tasks. Traditional methods for predicting the liquid and
oil flow rates of wells in various fields, including geological-hydrodynamic modeling and
displacement characteristics, do not always yield high-quality results. Due to the complex geological
structure of the fields and the uniqueness of each productive reservoir, the direct application of
evaluation methods used in one production facility to other facilities is challenging. Therefore, the
development of a methodology that enables reliable forecasts regardless of the geological and
technical conditions of oil and gas fields is a pressing task.

Objective

Currently, a large number of oil and gas fields are in the final stage of development and are
characterized by a significant stock of idle wells, despite having relatively high residual recoverable
hydrocarbon reserves. For instance, in Azerbaijan’s onshore fields, the share of idle wells exceeds
33% of the total number of production wells.

In such fields, intensification of the oil and gas production process requires additional capital
investment related to drilling new wells and applying secondary and tertiary recovery methods.
However, under conditions of limited financial and technical resources, this is not always feasible.
Field development experience shows that due to a number of technical and geological factors,
prolonged suspension of oil and gas production in certain reservoirs can lead to the restoration of
reservoir productivity characteristics when they are later brought back into production. This may
be associated with the redistribution of hydrodynamic flows, reservoir pressure, and other factors.
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In this regard, the rational use of the existing stock of idle wells is of great importance. This can be
achieved through restoration activities that enable the intensification of oil and gas production
processes with minimal material and technical costs.

Methods

The management of oil and gas field development processes requires timely and well-grounded
decisions for regulating a complex of technological measures. For this, it is necessary to conduct
both individual analysis of specific facilities and a joint consideration of these facilities within a
functionally unified system.

To this end, under the guidance of Academician A.Kh.Mirzajanzade, a fundamentally new approach
was developed for the management and control of field development. Methods, methodological
approaches, and principles based on a cybernetic approach to the analysis and interpretation of
geological and production data were created.

The dynamic analysis of the oil production process is based on the following principle: the system’s
heterogeneity, nonlinearity, and nonequilibrium lead to self-organization.

The heterogeneity and nonlinearity of the reservoir system are determined by geological factors,
the properties of the reservoirs and formation fluids, and particularly by the uneven dynamics of
the active well stock and the interaction between wells, which all affect the characteristics of the
oil production process.

In nonequilibrium systems, the rate of equilibrium recovery in response to changes in external
parameters is slower than the rate of change of those external parameters. Nonequilibrium behavior
may result from the system’s inherent characteristics (gas-liquid flows, water-oil emulsions,
interactions between formation fluids and porous media, etc.) and depends not only on the current
values of the parameters but also on their dynamics - that is, on the historical development of the
production process.

The process of self-organization (coordinated interaction of the system’s components) occurs in
heterogeneous, nonlinear, and nonequilibrium systems and is influenced by external factors —
through inflows and outflows of matter and energy (fluid production, reservoir exposure to various
impacts, etc.).

The degree of self-organization of the system (level of orderliness) can be assessed through changes
in entropy, fractal characteristics, and other indicators. This approach enables the identification of
development trends and supports timely decision-making for the management of the oil production
process. A distinctive feature of the proposed approach is that it allows for the improvement of the
system based on the identification of characteristic development features during reservoir
exploitation.

Entropy Analysis of the Oil Production Process

To diagnose the current state of the oil production process and evaluate the influence of various
factors on this process, entropy change analysis can be used; entropy is considered a measure of
uncertainty.

It should be noted that the course and development of natural processes in closed systems occur in
the direction of increasing entropy.

In information theory, entropy is regarded as a measure of uncertainty of a random variable. If the
set of possible values of a random variable is {Xi, X2, ..., X} and the probability distribution is given
by (p1, p2, ..., Pn), then the entropy of this probability distribution is defined as:

S=-Xpilog pi 1)

As seen from equation (1), it follows that the increase in entropy is functionally related to the
increase in the probability of the system’s state. This means that in an irreversible process, the
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increase in entropy is accompanied by an increase in the probability of the state — that is, a
disordered (more chaotic) state is more probable than an ordered one.

Before the development of the reservoir and the impact on the formation, oil and water exist in a
state of equilibrium - that is, an ordered state. The process of fluid production and water injection
into the formation disrupts this equilibrium and leads to an increase in entropy.

During oil field development, technological processes must be designed in such a way that the
system maintains a condition in which entropy does not increase and remains within a certain limit.
This can only be achieved through the regulation of development processes.

A distinctive feature of the presented analysis method is as follows: In traditional approaches, the
transition of the system from one state to another is determined based on the moment the change
has already occurred. However, the entropy-based approach allows for the earlier detection of the
onset of the transition from one state to another and enables proactive diagnostics.

The increase in entropy during the field development process may be associated with the
nonequilibrium state of the reservoir system. This, in turn, can be explained by heterogeneous water
breakthrough in the oil zone, instability of the displacement front, the formation of stagnant zones
of oil isolated from the drainage system by water, and similar phenomena.

This type of analysis of the dynamic changes in technological parameters allows for the real-time
diagnosis of the “reservoir-well” system and the identification of optimal time points for
implementing various impact techniques on the formation.

Prior to the development of the reservoir and exposure to external influence, oil and water are in
equilibrium — in other words, in an ordered state. The production and interaction of oil and water
disturb this equilibrium and cause an increase in entropy.

During oil field development, technological processes related to oil production should ensure that
system entropy does not increase and remains at a stable level. This can be achieved through proper
regulation of production processes.

The analysis of the oil production process at the Kiirsongi field is based on a data set of monthly
oil and water production values over a 360-month period for wells No. 2, 4, 6, and 8.

As can be seen from the relevant figure, this dependency exhibits a fluctuating nature, which makes
interpretation using traditional methods quite difficult.

In this case, the entropy-based approach allows for a sufficiently accurate interpretation of the
system's condition and enables the diagnosis of transitions between different states of the system.
From the fragments of the entropy change graphs (Figures 1.1-1.4) for various time intervals, it
can be observed that the minimum entropy value in terms of oil and water production corresponds
to the development period during which inter-well interactions are intensified.

In the subsequent stage of reservoir exploitation, the behavior of the oil and gas field system
becomes unstable. This is due to an uneven state between the reservoir and the well system (entropy
for oil production increases, while it decreases for water).

The results of the analysis make it possible to determine the optimal timing for implementing
various Geological and Technical Measures aimed at regulating production.

A distinctive feature of the presented analysis method is that, unlike traditional methods—which
identify the transition of a system from one state to another only after the system reaches a steady
state—the entropy approach enables early diagnosis of the initial moment of the transition.

When applied to the dynamic analysis of technological indicators of oil production, the
aforementioned approach facilitates real-time diagnostics of the reservoir condition and supports
decision-making regarding changes in development tactics.

This approach, when applied to the dynamic analysis of oil production technological parameters,
enables the operational diagnosis of the reservoir's state and supports decisions on modifying
development strategies.
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Figure 1. Change in the entropy of the production process of well No. 2

Figure 2. Change in the entropy of the production process of well No. 4

Figure 3. Change in the entropy of the production process of well No. 6

PAHTEI
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS

l




ISSN: 1609-1620
]
VOLUME 27 ISSUE 06 2025

Figure 4. Change in the entropy of the production process of well No. 8

Conclusion

1. It has been demonstrated that during the selection of well operation modes, the dynamic interaction
between oil and water production should be considered not only for individual wells but also across
wells.

2. Based on the obtained results, the use of the conflict model-specifically the "predator-prey"”
system—as a tool to analyze the current state of oil production has been proposed. By considering
the dynamics of this system, recommendations are made for selecting rational operation modes

3. Within the framework of a dynamic approach to oil production, the degree of disequilibrium in the
reservoir system is assessed through changes in entropy, fractal characteristics, and other indicators.
This approach helps to identify development trends in the production process and enables timely
decisions regarding the adjustment of well operation regimes, taking into account their mutual
interactions.

A key advantage of this analysis method is that, unlike traditional approaches where the transition
time between system states is determined after the fact, the entropy-based method allows for earlier
detection of the onset of such transitions.

As a result of analyzing the dynamic changes in technological parameters, it becomes possible to
rapidly assess reservoir conditions and determine the optimal timing for applying different types of
impact to the bottom-hole zone.

4. The analysis of variability in technological indicators of oil production allows for the identification
of tendencies in the transition of the reservoir system from stable to unstable states, considering
transitional processes. This ensures the timely and efficient selection of rational operational modes
for wells.

5. A comprehensive approach based on the dynamic analysis of information and timely diagnosis of
reservoir system conditions-taking into account transitional processes and the interaction between
production objects-enables effective evaluation of oil production processes. This, in turn, supports
the development of more well-founded decisions regarding production strategy and tactics.
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XULASO

Istismar obyektinin miixtolif islonma morhalalorinds voziyyati miiqayiso edorkon, onlarmn toskil
olunma doracasing aid farqlars diggst yetirmok vacibdir. Belo yanagma, islonmo gostaricilorinin kritik
zaman intervallarim kifayot qodor etibarli sokildo miioyyon etmoyo imkan verir, bu intervallarda
dinamik analiz aparmaq, ¢ixarila bilon ehtiyatlar1 doaqiglesdirmoays imkan veran prosedurlar1 hoyata
kecirmok iiciin asas yaradir. Neft vo qaz yataglarinin somoarsli iglonmasi, ke¢id dovriinds neft vo qaz
hasilatinin intensivlosdirilmasina yonalmis texnoloji proseslorin tonzimlonmaosi {igiin vaxtinda vo
osaslandirilmis qorarlarin  gobul edilmosini tolob edir. Neft yataglarmin olavo islonmosi
strategiyasinin se¢ilmosi gorarlari osason yatagin inkisaf morhoalosinin xarakterik dovriiniin miioyyan
edilmasi ilo baglidir. ©ksor movcud analiz metodlar1 yatagin islonmasi zamani lay sisteminin tokamiil
mexanizmini nazara almir va neft hasilatina tosir edon miixtalif amillor analiz prosesini ¢atinlagdirir
vo asaslandirilmis qorarin gabulunu miirakkablogdirir.

Acar sozlor: lay sistemi, islonmo morhoalasi, neft-qaz hasilati, ¢ixarila bilon chtiyatlar, kegid
proseslori, sistemli analiz
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[Mpu cpaBHEHMH COCTOSHHSA OOBEKTa JKCIUTyaTallMd Ha Pa3IMYHBIX CTAAMAX pa3pabOTKH Ba)KHO
00paTuTh BHUMAaHHUE Ha pa3INIHs B CTETICHH X OpTaHU3aIHy. Takou MoIX0/1 IO3BOJISET JOCTATOYHO
HaAEKHO ONPEACTUTh KPUTHUIECKHE BPEMEHHbBIE HHTEPBAJIbI AKCIUTyaTaAlIMOHHBIX MOKA3aTeIeH, YTO
C03/1a€T OCHOBY JJIsl IPOBEICHHUS JUHAMUYECKOTO aHAJIN3a U PeasIN3allii POLelyp, HaPaBICHHBIX
Ha yTOYHEHHE M3BJICKAEMBIX 3a1macoB. DPPEeKTHBHAS pa3padOTKa HEPTIHBIX U Ta30BBIX MECTOPOXK-
JeHuil TpeOyeT CBOEBPEMEHHOrO0 W OOOCHOBAHHOTO NPUHATHS PEIICHUHA [UIsl PEryIupOBaHUS
TEXHOJIOTUUECKUX TIPOLIECCOB, HANpaBICHHBIX HAa HWHTEHCH(HKanuio noObYM He)TH W Tasa B
MIEPEXO/IHBIN Teprol. BIOOp cTpaTernu MOMOTHUTENBHOW pa3paboTKU HEPTSIHBIX MECTOPOKIACHUI
B 3HAYMTEIHHOM CTENEHH 3aBUCUT OT OIPENEICHHUSA XapaKTEPHOrO Nepuoja CTAaIUH Pa3BUTHA
MECTOPOKIEHHs. BOJIBIIMHCTBO CYLIECTBYIOLIUX METOJOB aHAIM3a HE YUYUTHIBAIOT MEXaHU3M HBO-
JIOIMU IUTACTOBOM CHUCTEMBI B IpoOLIECCEe Pa3pabOTKU M YCIOXKHAIOTCS Pa3IMYHBIMH (DaKTOpamH,
BIMSIONIMMU Ha T0OBIYY HE(TH, UTO 3aTPyAHSAET NPOBEICHNE aHaIu3a U NMPUHATHE 000CHOBAHHBIX
pelieHui.

KaroueBble ci10Ba: 1uiacToBasi CUCTEMA, CTalus pa3pabOTKH, 100bua HE(PTH U ras3a, U3BJIEKaeMble
3aIachl, IEPEXOIHbIE TPOLECCH], CACTEMHBIN aHAIIN3
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