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GENERAL DESCRIPTION OF WORK
The topicality and development degree of the subject.

Seeking for new Solutions which ale applied in an effort to
Inost completely recover hydiocarbons is one of the major tasks of
the sectoral Science of oil and gas complex. In lilie with reliable
estimates, uiider the cutient conditions for the development of oil
fields (about 4 billion tons annually), the hydiocarbon 1eselves,
which make it possible to recover more than 40% of the wolid's
geological resouices on average, will be depleted by the end of the
21st century. At the saine time, the modern development of
fundamental and applied Science allows piedicting an inciease in the
oil recovery factor (ORF) by an average of 8%. For fields in
Azerbaijan that are in long-term development, the effect of an
inicrease in oil recovery factor by 1% is compaiable to the
connnissiotiing of a new large field. Theiefoie, the giowth of oil
production at fields uinder long-term developiiet, by ilicreasilig the
effectiveness due to stimulation of pioductive foimatiolis, is one of
the priority aieas on the way of ilmovative development cliosell by
State Oil Compally of Azerbaijall Republic (SOCAR).

The mechanism of devisilig an iimovative appioacl to the
development of oil and gas complex (O&GC) is based on the wealtl
of expelielice accumulated in the field of oil and gas pioductioll.
However, at this stage of the development of the oil industry, the
possibilities of enliaiicing oil recovery (EOR) are siguificautly
limited by the lack of infoimation about the dyiiamics of the culient
State of 1eselvoir processes.

An oil field at a mature stage of development at the culient
level of its informatization is a pooliy managed system. Data on
physical and Chemical processes occurring in the layer system are not
reliable enouglh and are fiagmentary in nature. Multilevel
coimections of 1eselvoir system objects - wells and 1eselvoirs,
combitiing into a single complex oiganism, lead to the appearaiice of
new properties and i1egularities. Chaligiilg the niode of operatioll ofa
limited set of mutually interactiing pioduction and iinjection wells
affects the work of all otliels. The abselice of an orgatically built-in
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complex information system in the oil industry, which includes
computerized collectiol and comprehensive analysis of information
on the oil layer, does not allow to increase the efficiency of the oil
production process to a modern level. The methodology of
Processing qualitative and qualititative information about extracted
production, core material, the effectiveness of technological
measules used for the intensification of oil pioduction, allowing to
optimize the chlioice of technique and technological impact on
pioductive layers, could become the basis of this system. Usilig the
pioposed appiloach wlien collecting and systematiziiig industrial
information allows you to fomi a unified vision of the field
developmelit process.

The lack of desigi and management Solutions witli dynamic
information about the actual State of the researched piocesses
colitradicts the interests of the ratiotial solution of developmeiit tasks.
The creationl of a methodology for diagnosing the 1eservoir system
based on the processiiig of industrial and laboratory-experimeital
information in order to increase the reliability and completeness of
the data about the State of the pioductive layers of the field acquires
special relevaiice. The research directionn developed lias special
relevaiice for offsliore fields. Accordilig to experts, the estimated
geological oil reserves located in the sedimeiitary rocks of the seas
reacli 70% of the total world volume and can aniount to hundieds of
billionis of tons. Cuirently, about 20 offsliore fields are beilig
developed in Azerbaijai, a quarter of thiem are deep-water. Oil
production is carried out on sucl deposits, as a rule, at a depth of 50
meters or 1ore. Oil pioduction in offsliore areas is associated witli
liigh costs and teclinical difficulties, as well as witl a nuniber of
external adveise factois. The costs of ieseaiching the State of the
layer system in the developmelit of offsliore fields are significantly
liigher than thiose onsliore. Obstacles to conducting diagiiostic
studies, which allow identifyitlg the necessary conditions for
effective results of offsliore oil pioduction, are often a higl indicator
of natural factois and large well depthlis, as well as the lack of
sufficiernt reserves for placiiig equipmeint and coiducting researcli in
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the conditions of mailine hydiostructures, as costs increase in
pioportion to the depth and area used for placilg the necessary
equipment. The level of operational expelises increases as the
recovery depth, haidness and thickness of the rock increases, as well
as the distalice of the industiy ffom the coast and the complexity of
the relief ofthe bottom between the pioduction zoiie and the sliore.

Fioni the above, it follows that in the culient conditions of
Azerbaijall, the innovative transformation of the oil and gas complex
cainiot be instantaiieous and widespread, and therefore it shiould be
based on the creation of so-called oil pioduction giowtli zolles at
various fields. Zonal 1eseivoir stimulation, carried out in order to
increase oil pioduction in certaill areas, can beconie the startiig poiiit
in solving the general issue of boostilig oil pioduction at fields,
allowing this process to niove fioll a quailtitative level to a
qualitative stage over time. The advailitage of zonal stimulatioll on
productive foimatiolis is the availability of wide opportutiities for the
use of teclinological Solutions and metliodology for analyzilg the
effectiveness of oiigoilg activities, witliout attractitig significant
investmelits and expeltisive Software systems.

To puiposefully increase oil recovery factor by stimulatilig
the foimatioi, a preliminaiy analysis ofthe cuirent State of the object
of study, trends in the development of the treatmelit process,
potelitial resources ofthe 1eselvoir systeni and the expected timing of
acliieving the goal is necessary. Thiis itifoimatiol niakes it possible to
evaluate the expected effect and possible colisequelices of the
measules to enhance oil recovery.

This paper pioposes a metliodology for diagiiosiiig the cuiient
State of the field and its individual zoiles in order to select effective
leselvoir stimulation. The use ofthe pioposed metliodology niakes it
possible to increase the efficielicy of the oil pioduction process by
piovidilig coutrol over the teclinological processes for the inipact on
the 1eseirvoir used in oil production and optimiziig the operatiiig
niode of pioduction wells and the operation of injection wells. I
accordalice with the pioposed metliodology, the adoption of
teclinological decisiotis is catlied out with the involvement of an
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express aralysis of field data and visualization of the infoimation
received, canied out usilig specially developed Software tools. This
allows to 1educe tlie level of uiicertainty of kiiowledge about tlie
current state oftlie object of iifluence.

The above coiifinus that tlie scientific directions studied in
thie dissertationr work are ariong the actual issues in tlie 1iore
efficient developinent of the oilfields. Pioviding Solutions to tliese
scientific issues is of vital importance in workiig out tlie rational
Processing metliods of deposits and enhiancing hydiocarbon
recovery. Cousideration of tlie above issues is very relevaiit and lias
important scientific and practical siguificaiice.

The object and subject of the research - tecliniques for
diagliosing tlie current state of tlie subject of diagiiosis, tretids in its
developiient in the piocess of artificial conditiois and evaluatiol of
poteltial resouices. The subject of diagiiosis can be botli the field as
a whole - a complex, higlily orgaiiized dynamic systeni, and its
individual compoiients - zones of tlie pioductive horizon around a
block, a group of wells or individual wells. individual elemeits of
the systeni, for example, rocks, fluids, processes of ilteractioil
between tlen, production ftiictions, resouices and orgatizational
stiuctule of oil and gas produciilg -enteiprises, the cost of
teclinological operationis, etc.,, can be consideied as diagiiostic
objects.

Purpose and objectives of research.

The major purpose of tlie research in the dissertationn work is
to develop a 1iew nietliodology for analyziig the state of the field and
well productivity, whicli allows you to quickly identify current
chaiiges in the operationl of the 1eservoir systeni. Decisiolis on
leservoir stimulatioll 11ade on the basis of diagiiostics of the current
state of pioductive liorizons are used to forii zones of pioductioil
growth i1 oil and gas fields. To this end, the followilig tasks were
solved in the work:

1. Studying the possibilities of boosting oil pioductioll in the
offshoie and oiisliore fields of Azerbaijail. Detemiiniation of a set of
problems associated witli the geillesis of the zonal approacli to the
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problem of iiicreasiiig oil pioductioln at fields during their loing-teni
development;

2. Diagnosis of a productive 1eselvoir based on the
development of new and improvemelit of existiiig metliods for
assessilig and visualiziiig chaiiges in the curnent filtration State of the
leselvoir system in a selected area of the field, intended for canying
out measures to iiicrease oil recovery;

3. Piospective assessmeiit of the effectiveliess of the plaimed
stimulation on the 1eselvoir based on the dynamics of Standard field
infoimatioit,

4. Makilig decisiotis on the clioice of a strategy for influencing
productive strata in order to ilicrease oil recovery accoidillg to the
data of normal opelatiol of wells in oil and gas fields orsliore and
offsliore.

5. Analyzing the relationisliip between CO? coiitent in dissolved
gas and well pioductivity, assessiiig the inipact of this factor 011 the
State of the 1eselvoir system in the vicinity of produciig wells and 011
development indicatois. Study of the possibilities of usilig this factor
for the puipose of the curnient diagiiostics of productive liorizons and
enhanced oil recovery.

Research methods. The tasks were set off by applyiig the
metliods of matliematical modelilig and mathiematical pliysics,
infoimation  theory, progrannniiig, piobabilistic-statistical and
laboratory-experimelital data atialysis and field researcli.

Provisions for defence

1. A method for assessillg the cunent State of the ieselvoir
system accoldiilg to well pioductivity data in the coiisideled sectioll
of the field, which is at a mature stage of development, usiiig the
methods of fiinction theory ofa complex variable;

2. A metliod for assessiiig the State of oil field development and
determining the spatio-temporal bouiidaries of the oil-water colitact
screell in the 1eselvoir usilig the methods of fractal and multifractal
allalysis and the theory of wavelet trailisfomis.

3. Combined methods of scientific substantiationn of measures
takell to enhance oil recovery.



4. Methods for using data describiiig the dynamics of the CO?
content in the composition of the gas dissolved in the recoveled
product to assess and interpret the State ofthe reservoir.

5. A niethod for extracting respolises to tiansient piocesses
occulling in a reservoir in the dynamics of normal well operatioil
data based on the calculation of information and fractal itidicators.

Scientific noveltv of the reseaich

1. A scielce-based methodology for diagnosing a reservoir
system is pioposed when choosing methods for stimulating the
reservoir in order to boost oil recovery.

2. A Software package is pioposed that is used for operational
and long-term assessmelit of botli the zonal and the general State of
the reservoir system, in order to conduct and pieliminary evaluate the
effectiveness of planned measuies to enhance oil recovery of
productive reseivoils and select a strategy for artificial conditions 011
a reservoir;

3. Express methods for assessiiig the curient distribution of the
filtration characteristics of the movement of reseivoir fluids I11 the
productive reservoir of a zonal area are pioposed, takiilg ilito accoulit
the iuterferetice of wells. The tecliniques are also applicable for
Processing laboratory and experimeiital results of studyiig the oil
displacemeiit process 011 a multi-point reseivoir model;

4. Methods liave beell developed for analyzilig the process of
developing oil reserves fioni a reselvoir using a spectrum of
getieralized fractal dimensions of diained reserves, Fishier and
Shannon information indicators, wavelet tlieory, and diagiostics of
the space-time bourdalies of the oil-water contact fiont il the
reseIvoir.

5. For the first time, it was ploposed to use data 011 the cortent
of CO2 in the recoveled pioduction as ail indicator of the State of the
productive fomiation and the diained zolle aiound the wellbole.

6. The use of the pioposed methodology niakes it possible to
solve a number of field problems of practical importaiice. Amolig
thent:



— Obtainmg information on the distribution of filtration flows
in the 1eselvoir system by calculation, without conducting tracer
studies in field conditions;

- Detennining the optimal amount of the agent requiied for
treating water injected into the ieservoir, takiig into accoult the
coverage of the pioductive 1eselvoir by tlie impact on the selected
area;

— Calculation of 1eselvoir piessure redistribution caused by
start-up, shutdowii, or chaige in fluid pioduction fioi wells, under
the influence of measules taken to influence the i1eseivoir uiider
artificial conditions.

— Calculation and visualizationn of the distributionn of pliase
permeabilities for liquid and gas in the studied zoiie of the pioductive
foiulation accordilig to well productivity data;

— Detennining the localization of stagnant and active filtration
zoties duting oil displacement fiotnn the foiulation and associated
complicatiolis in the 1iear-wellbore and drailiage zotie of wells;

— Calculation and visualizationn of the distribution of the
cuirent values of the streani functions, potential functions, tlheir
gradients and filtration 1ate, cliaracteriziing the filtration State of the
productive foiulation wlien oil is displaced in a selected area witli a
group of operatiiig wells;

— Qualtitative assessmelit of the correspoiidelice between the
voluliie of injected water and the volullie of recoveled pioductioi for
a group of wells, between wlhicl there is interfeience, in order to
localize tlie water-cut.

— A 1iew appioacli hias beell piroposed for conductilig detailed
screeltitig whel clioosilig 1eseivoir stimulationn metliods in order to
licrease oil recovery 1l accordaiice with the current state of the
productive 1eselvoir in the selected area.

— All of the above tasks were settled off with the help of the
pioposed Software package on the example of field data of
Azerbaijan fields, botli onisliore and offsliore.



Theoretical and practical significance of the reseai ch.

The theoretical and practical value of the pei formed research lies in
the development of scientific and methodological foundatiolis for
diagiosing the cunient state of oil and gas field development.
Qualitative and qualititative aralysis, based on the results of the
implementation of the calculationn schemes pioposed in tlis paper,
can improve the teclinological level of decisiol-making to improve
the efficielicy of the oil and gas pioduction process, botli in the field
as a whole and in limited zones of 1eselvoir stimulatioln. A
leasollable clioice of methods for artificial conditions on a 1eselvoir
and the depiessionn zone of wells is pilovided by qualtitative
assessment of the filtration cliaracteristics of the movement of
leseivoir fluids in the pioductive 1eseivoir of tlie zonal area, takiig
into account the interfererice of wells and visualization of tlieir
cutient distributioi. The 1eselvoir stimulation stiategy, cliosell based
on the amnalysis of tinie series of development liistory data usiiig
ffactal analysis methods, wavelet tlieory and information pilocessilig
tlieory, niakes it possible to operate tle field not oily on the
principles of ieselvoir pressure maintenaiice, but also take into
accoulit the process of systeni self-orgatiizatioil.

I this sense, the results piovided in the dissertation are of
liight  importance. The methods and results pioposed in the
dissertation have beeinl successfully used in the scientific-research
works carried out at SOCAR "OilGasScieltificResearcliProject"
Institute, and the results liave beeli applied in pioduction.

The outcomes of calculations and analysis carried out in
accoldalice with the pioposed metliodology liave beell 1epeatedly
used to study the dynamics of clialiges in the cuiient state of the
leselvoir before and after the inteivention to stimulate the ieseivoir
in order to enhaiice oil recovery in the fields of Azerbaijail onsliore
and offsliore and in Kazaklistaii. Ariong tlhiem: onsliore - Balakhaiy-
Sabunchiu-Ramana, Piiallalii, Zlietebay (Kazaklistain) fields, offsliore
- the Gunashli, Neft Daslilari, West Abslieron fields. Based on the
results of the generalization of the expeiieiice gailed, the
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methodology for piocessiiig the results, diagnosing and piedictiig
the pirocesses under study was impioved.

Applobation and application of work.
The maiil piovisiolis oil the coutent of the dissertatioll were discussed
at the followilig intemational scientific cotifererices and forums:

- intemational  conferelices  “Klhazarheftgazyatag”,
2002, 2004, 2006, 2008, Baku, Azerbaijali;

- “Natural cataclysms and global problems of the
modern civilization” Special edition of Transactions of the
International Academy of Science H&E 2007, Baku-Iniisbnick,

- |Oth International Coiigress on "Energy, Ecology,
Ecoliomy”, 2009, Baku, Azerbaijaii;

- Russiall oil and gas techiical couiferelice and
exhibition, 2010, Moscow, Russia;

Il intemational scientific-practical coinferelice “New
teclinologies in oil production”, 2012, Baku;

- International scientific coiiferelice "Non-Newtonian
systems in oil and gas industry", 2013, Baku;

- Scientific worksliops: subdivisions of oil and gas
production of NDPI "Neftegaz", Research histitute "Geotechiiological
Problems of Oil, Gas and Chemistry", AGNA, Research histitute of
Applied Matliematics of Baku State Univeisity Baku, Azerbaijali;

- SPE Aunual Caspian Techuical Conference and
Exhibition, 2015,2017, 2021, Baku, Azerbaijalii;

- X Azerbaijan intemational geopliysical coiiferelice
"Assessmelit of the hydrocaibon poteiitial of the South Caspiain and
similar depressiolis by geopliysical research™, Baku, Azerbaijali;

- 6-8th International Coiiferetice on Coutrol and
Optimization with Industiial Applications (COIA-2018, COIA-2020,
COIA-2022). 2018,2020,2022 i Baku, Azerbaijali;

- "Bulatov Readiigs" Pioceediligs of the International
Scientific and Piactical Corference, 2018, 2020, 2022, Krasnodar,
Russia;
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- International Cornference Dedicated to the 90th
Anniveisaly of Academiciall Azad Mirzajartzadeli December 13-14,
2018, Baku, Azerbaijan.

- International scientific and piactical coliference
"Teclinological hinovatioiis in modern woiid", November 28, 2019,
Ufa.

63 scientific papers have been publislied on tlie topic of tlie
dissertation, inchiding 36 articles in jounials recommeiided by tlie
Higlier Attestation Commissioll of Azerbaijan, 27 reports in
collections of intemational and domestic scientific colifereiices.

The oiganization where the dissertation work was
performed. “OilGasScientificResearchProject” Institute, SOCAR.

The total volume of the dissertation with a sign, indicating
the volume of the structural units of the dissertation separatelv.

The dissertation work coiisists of an introductiol, six cliapters,
31 paragiaplis, 11 couchisionls and 1ecommendations, a list of
refereiices preseiited by 339 titles and appernidices. The amount of
work, irichidinig 111 grapliics and figures and 19 tables, is 367 pages
of printed text. The voluie of the dissertation work: introduction
11112 symbols, Chiapter | 111932 symbols, Chapter 1l 58979
symbols, Chapter Il 450557 symbols, Chapter IV 72346 symbols,
Chapter V 56147 symbols, Chiapter VI 30467 symbols. The total
volulie of the dissertation is 791540 charactels.

Personal contribution of the author. The author directly
participated in the plaiining of the scientific researcli preseiited in the
dissertation, in defmiig the questions, clioosiilg the research
metliods, creatiilg the experimental appalatus and conductiiig the
laboratory researcli. He led the selectionn of topics of all publislied
scientific works and reports on the subject of the dissertation, the
justification, the creationn of the researcli metliodology, the
summaries of scientific literature and the arnialysis of the results.

The author was also the 1espoiisible executor of the scientific
researcli works carried out at the SOCAR Institute "Oil and Gas
Research Pioject”, whicli foniied the content ofthe dissertation.
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The author iemembers witli deep giatitude the late academiciall
A.Kli.Miizajanzadel, who supported and guided him at all stages of
the work.

The author is grateful to Professor B.A.Suleimanov, his scieltific
adviser, coillesponding meniber of ANAS, who lielped a lot in the
completion ofthe work.

At the sanie tinie the author thanks the correspondiiig tiember of
ANAS G.I. Jalalov for his lielp and advice. The author expiesses his
giatitude to all those who piovided support and assistalice in the
implemelitation of the dissertatiol work.

MAIN CONTENT OF THE DISSERTATION
The introduction gives I1easons for the relevaiice of the
coliducted researcli, outlities the puipose and inaii tasks, the methods
of solving the issues, tlie 1nainn piovisioils defended, sliows the
scientific novelty and piactical significaiice of the results obtailled,
appioval and applicatioll, the stnictuie and scope of the work are
leflected.

The fust chiapter covers the classification and system aralysis of
modern methods and tools for diagtiosiiig the State of oil reservoirs.
A scientific and piactical substaiitiationn of the cliosen aieas of
researcli and piospects for tlieir developmelnit was carried out. The
cliapter cotisists of sevell palagraphs.

The first paragraph defines the goals and tasks faciig the
diagnosis of pioductive formationis wlen clioosiilg methods of
stimulation to enhaiice oil recovery and the requiremeits for the
innitial information. It is cousideled liow the general piinciples of
allocation of objects of diagiostics coirelate witli the tasks of
diagnostics. All assessmelit was 11iade of general modern 1deas about
methods for diagiiosiiig the structural and finictional State of the
system in the light of the clioice of parameters for maiiaging oil
recovery of a pioductive fomiation diuing the development and
operatioll of oil and gas fields.

li1 the secouid paragrapli, based on tlie history of the fomiatiol of
diagliostics, as an integral part of oilfield scielice, the 1iain stages in
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the development of methods for diagliosing a 1eselvoir system were
identified, the piiniciples for chlioosiig EOR and assessiilg the
boutidar ies of their applicability were colisideied. The place of zonal
Impact on the foimationn m the general theory of the foimation of an
Iimovative appioacli to the development of oil and gas complex is
determitiedl
It is ploposed to coiisider the zonal inipact on the ieseivoir as a
systemic factor, the puipose of which is to maiitain and boost oll
recovery, ilespective of the metlhiod chosen for application. The
result of the inipact, which detemiiines the success of the measures
takei, as well as a sign indicatiiig the 1eed and expedielicy of
applyiig the inipact, can be coiisideied compelisatory reactioils of
the 1eselvoir system. Based on the assessmelit of the State of the
leselvoir in different aieas of the fields, it is pioposed to identify
zolles that have sufficient potential for additional development and
lleed to be stimulated. All effective inipact is selected in case of
undesirable chaiiges in the 1eseivoir cliaracteristics, in accordalice
witli the criteria compiled on the basis of scientific and practical
kilowledge and the pioposed metliodological appioacli. Motiitoring
of the 1espolises of the 1eseivoir system to the inteivention niade it
possible to classify the impacts on the 1eselvoir not by type, but by
timeliliess, 1ecessity, expedielicy and sufficiency. Usilg the
ploposed diagiiostic appioacl and existililg methods to impiove the
efficieticy of oil pioductiol, it is possible to influelice productive
fonnations in local aieas of the field, thereby transfoiming zoiies
witli a low oil recovery factor into zoies of oil pioduction ramp-up.
This allows you to save and erihalice the oil recovery of
productive layers, to pievelit prematuie transition of the field to the
llext stage of development.

I rycefiHOBa H.II. O npenMymecTBax 30Ha.itHoro nojxola npn
Mcvie.mpoBaHini nupojiiHaMiriecKiix npoijeccoB b nnacTax HecjjTSHbix
wecTopoauleHiin Ha no3jHen CTajini pa3padoTKii. CipoineibCTBO HecJjmHbix n
ra30Bbix CKBajKiiH Ha cyrne n Ha Mope. ISSN 0130-3872, 2017, N°8, ¢.37-39
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The first chapter also back up witli facts the acculacy of the
pioposed methods for 1nodelilng 1eseivoir piocesses with zonal
stimulation of the i1eseivoir, usiiig whicli it is possible to puiposefiilly
group aleas accordiiig to a selected attribute aid develop strategies
for converting various types of limited inipact zoties iinto aleas of oil
production growdl.

The thiid and fourtl paiagraphs discuss modern methods and
tools for obtainiig and storing information anays used to diagiiose
the state of pioductive foimatioiis in the development of oil fields, as
well as the use of matliematical 1iodelillg methods, Software
calculationn and visualization tools for diagiiostic pilocessiilg and
interpretationn of field data. One of the nieans to justify the
effectiveliess of oligoillg measuies to erihatice oil recovery is the use
of digitalizatioin of the piocesses occuning in the 1eseivoir.

The fifth paragrapl is devoted to methods for diagiiosing the
leselvoir systent usillg 1ew approaclies to 1nodeling field
development and inteipretation of field data in order to enlhiance oil
recovery. All assessmelit was 111ade of the tnerits and demerits of
diagliosing the cutient state of the field based on the globalized and
zonal approach wlien chioosilig a development stiategy. hisufficient
interest i the nietliodology of zonal ieseivoir stimulationi, techiical
and socio-ecoliomic difficulties associated with the collection and
storage of field data, the use of a globalized approach in
hydrodytiamic 1iodelinng of 1eselvoir piocesses, covelillg the eiitire
field as a wliole, hLinder the development and use of zonal
digitalization in an oil field. Development of a metliodology for
zonal stimulation of the 1eseivoir based on the creation of new and
improvement of already kiown methods for assessilig and
visualizing changes in the filtration state of the 1eseivoir systeni in a
selected area of the field, the creatioll of coipoilate data baiiks on the
effectiveliess of methods of zonal stimulation of the ieseivoir, aloig
witli a general systeni for collecting and systematiziiig reliable field
infomiationl solves the above problems.

The possibilities of moritoring and detailed statistics of the
field development process in order to identify critical States of the
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leselvoir system are consideled. Regular visualized analysis of
changes in hydrodyniamic and geomechanical characteristics
colitributes to the coiitrol and management of the development of oil
and gas fields. To solve the tasks set, 1t is proposed to use the
methods of fiactal and multifractal data anialysis usitig the thieory of
wavelets, elemeiits of the tlieoty of signal piocessiiig, etc. The
implementation of computatiotial methods based on advaliced
scientific research is proposed to be carried out by usiiilg Software
modules presented in the forni of additional Software patclies
(program patch), and the clioice of parameters for coitrolling the
state of the 1eselvoir systeni duritig field developiiient is proposed
from the standpoiint of stnictuial, ftinctional and model diagiiostics.
The sixth and seventh paragraplis of the first chiapter are
devoted to this questioll.
Thus, in the first chapter, it is proposed to coiisider the development
of new methods for diagiositig tlie 1eseivoir system as an itegral
part of solvilg the general problems of iiicreasiiig oil production in
the fields. This piovides a real way out to tlie management of
leseivoir processes, which allows to acliieve the advaiiced
development of the entire industiy, whicli is the ceiitral stiategic task
facing SOCAR.
011 the basis of the coinducted research, the followillg coiichisiolis
were diawn:

- 011 the way of scientifically substaltiated clioice of the niost
effective techiiologies for influenciig reservoirs in order to enhance
oil recovery, tliere is a 11eed to solve problems to impiove diagliostic
methods and criteria for assessilig the state of the 1eservoir system
and the timeliliess of 1eseivoir stimulation. At the sanie tinie, botli
theoletical and piactical aspects oftliis task are equally important.

— It is necessary to searcli for altemative ways to iliciease the
efficieticy of diagiiostic methods that allow making decisiolis on
optimizing the operatioll of the well system, which is different fioni
the traditional optimizationn of the operatioinn niode of eacli well
separately.
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- New diagliostic methods should orgatically fit into the
system of digitalization of technological piocesses, automated
collection, processilig and ailalysis of data and take i1to accoulit the
fact of mutual influence of well operationn amoiig tliemselves. This
will niake it possible to analyze the syiergistic interaction of
reseivoir piocesses that ensure the beliavior of liydio- and gas-
dynamic filtration flows, botli in the diained zoiie of the wells and in
the cilosshole space of the pioductive reseivoir.

— Theie is a demand for methods of diagiiostic atialysis of the
cuirent State of developmeiit and its compliaiice witli the laws of self-
orgallizatioll of reseivoir piocesses wliell plantiitig a general stiategy
for field development. The availability of methods thiat niake it
possible to discard 1ioise distortiolis in the infoimation flow and to
identify pattems of internal order in the general deteimitistic cliaos
of reselvoir piocesses niake it possible to countiol it, while the 1ioise
chiaos becomes uiicotitrollable.

- Reducing the level of uncertainty wlien clioosiiig a metliod of
stimulation of the fomiatioll piovides an opportunity to refrain froi
the use of expelisive and eneigy-intensive tecliniologies and use the
natural ellergy capacity of the pioductive fomiatiot. liicreasiiig the
flexibility of maiiaging the developmelit process creates coiiditiolis
for the fomiationn of a well-thought-out tactics and stiategy for the
developmelit of the field.

— Silice the reseivoir is a hetelophase metastable self-
orgailizinng system, the combiied use of diagiiostic methods of
analysis lias a high potential, wlien tlie results of oile study are the
object of study of otlier methods. This approacli allows you to niole
leasoliably allocate the parameteis of the developmernt process
management?2

The second chapter piovides justification of and scietific
background for the developmeiit of a metliod for carryilig out express

2 CyjleUMaHOB E.A., TyceimoBa H.Il. llporHO3npoBaHile HetljTeaoobrar ot

rniajnipyeMoro Meponpiialua, ¢ yneroM I1iHTepcljepeHmni cKBaacliH. // Proceediligs
2014, N°I, c. 31-38.
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motiitoring of the cutient hydrodynamic State of the pioductive stiata
of oil fields, takiiig ilito account the interfeience of wells unider zonal
stimulation i1 order to iiciease oil recovely3. It sliould be r1oted that
the developed appioacli for assessiiig the state of the 1eseivoir system
lias great prospects for applicatiol in offsliore fields, sitice it is based
on matlieinatical processilig of Standard measuied data fioni normal
well operatioll and does not require special equipmelit or additional
measuiements of aily indicatols. The niethod for diagiiosing the
hydrodynamic State of the 1eselvoir system in the studied area of the
pioductive liorizon was developed on the basis of the application of
metliods of the tlieory of complex poteiitial functions. The cliapter
colsists of tliree paragraplis. The first palagraph piovides the
lecessary infonnation fioni subsuiface hydiodynamics, tlie theory of
complex-variable furiction, outlities the piinciples and algolithms
urnderlying the hydrodynamic express moititoring of zonal inipact on
productive strata of oil fields, takilig iito account well interfelence,
and the feasibility of the outcomes obtailled are validated by
matlieinatical calculatioiis. The results of tlie researcli are foimulas
thiat allow calculatitig for each cell of the giid supelimposed on the
studied zoiie of the field, the values of the stieani functions and
potentials Fi1 and 7*2, the characteristic fuiiction of the flow or the
complex potential F, the modulus of the filtration rate W, the gradient
of the furnction F(x, y).

Injecting wells are taken as sources (debit < 0), and pioductioll
wells are taken as siliks (debit > 0). The task is solved in the
Caitesiarl (,n, vk) and polar coordinate (r,cp) systems::

~k = xk+i-yk=rk e’ (1)
Complex poteintial:

F=Fi+i- F2 2)

3 TyceimoBa H.Il. riupomiHaMiriecKiin aKcnpecc-MOHirropliHr 30HanbHoro

BO3ueiicTBils Ha npoayKTUBHBIe nnacTBi HecljTSHbix MecTopoacaerarii ¢ yneTOM

HHTep4)epeHuini CKBaaaiH. // Hec{)Tera30Boe aejio, Y4>a, 2017, t.15, N°3, c. 41-47.
18



Accoldilig to the piiticiple of supeiposition applied to the souice aid
flow points operatiiig at the sarne titie in the layer:

(3)
Modulus of filtratior rate:
dF
dz
(4)
The gradient of the function Ffcyk
grad(F)= (dF(x,y)/dx)- iv+(dF(x,y)/dy) jv (5)

Wiliere: zk, xk, jtt-the coordinates of well number k expressed in
complex and real numbels, 1espectively;
rk, <K - the distance and polar angle from well number k to the
startinig point of the coordinate system, 1espectively; k =1, ...n - the
number of wells in the field of applicatioll, i — imaginaiy unit, g, Fi,
Fz - flow rate of the kth well, the potential of the filtration rate and
the liquid flow per unit (i.e. per | metr of filter), 1espectively;

The above hydiodynamic chiaracteristics are deteimined in
accoldarice with the piiticiple of supeipositioln to the souices and
sillks simultatieously operatilig in the 1eseivoir. As iiitial data for
calculatioiis, the values of the cunent flow rate of pioductioin wells
and the wrells injectivity, the coordinates (xz, yz) of eacli ofthe n wells
operatitig in this area from the coiisideled horizon are requiled. The
well coordinates are 1iecessary to detemiitie the distaiice betweeli aiy
giid cell with index k, J to the i well and the polar angle that
determines the positionl of the radius vector in relation to the unit
basis vectols v, jv.

Based on the existelice of iiterfereiice between wells, which
are takell as souices and siiiks, a system of methods for diagiiosiiig
the cunent filtration State of a productive formatioii in the area wliere
the wells are located lias been developed. Digital visualization of
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streamlines and equipotelitials, 1eseivoir flow 1ate and their gradient
vectols, piessuie change aileas and otlier chiaracteristics of the
leselvoir systeni ale carried out, usilig the color scale.

011 the figure 1 1t is sliowed the results of the visualization of
the hydrodynainic pioperties distribution ofthe KSv pioductive layer
filtration state in the pilot area of the Pirallali oilfield.

The positioll of these geometric objects relative to eacli otlier,
botli on the plaie and in space, niakes it possible to identify the inai
directions of fluid movemelit in the ieseivoir, to identify active and
passive filtration aieas due to well operation in iuterfererice
conditions and the geological and pliysical pioperties of the 1eseivoir
systeni. At the saiile tinie, visualizatiol is carried out directly for the
plaiied inipact zotie, witliout involving a simulationn hydrodyniainic
model of the entire field as a wliole.

Figurel. The visualization of the of the hydiodynamic
ploperties distribution of the KSv pioductive layer fllitiation
state in the pilot area of the Pii allahi oilfield.
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The peiformed calculatiolls are accompaitied by an explanatioti
of the ways of interpieting the results obtamed. The secoiid and third
palagraphs piovide information on the piogress of research work to
identify the reliability of the results obtaiiled. The proposed method
was previously tested in labolatory and expelimental counditions
duting the analysis of data obtaitied in the course of research work on
oil displacemelit fioni a five-spot i1eseivoir model. The appiobatioil
results are compaied with the results of pieliminary calculations. The
reliability of the results obtailied durinng the diagnostics of the
leselvoir system usilig the proposed appioacli is coiifinned by the
outcomes of tracer studies carried out at Oil Rocks field4. The
research outcomes are piovided in the third paragrapli. Appiobatioil
of the proposed method in the course of zonal inipact on pioductive
fomiations in order to iliciease oil recovery in such fields osliore
and offshole as Balakhani-Sabunchu-Ramana, Piiallahi, Oil Rocks,
Gunashli (Azerbaijail), Zhietybai (Kazaklistai) niade it possible to
develop the piiticiples and the procedule for interpieting the obtailied
calculated and visualizatioll informationb,

— The use ofthe developed method of data analysis, takiig into
accoult well iuterferenice, ratiotializes the zonal inipact on tlhe
leselvoils, visualizillg the respoiise of the 1eservoir system to the
plamied event. Regular analysis of the dynamics of cliaiiges in the
above filtration chiaracteristics, visualized usillg the proposed
method, coutributes to the coutrol and management of the

4 W .
HopariiMOB X.M., TyceimoBa HIL, Ta™aleB A.A. Pa3pa6oTKa hobbix

MeTOfIOB KOHTpOIM HaU B037eOCTBlieM Ha npoayKTIIBHbie 1UiaCThl Ha
npi1iMepe MecTopoagueHiDi "Hetjyr /Janrjiapi>1"//«Scientific Petroleuni» , 2021,
c. 37- 42.

5 Suleimanov Baghir, Hiiseynova N.i. , Rzayeva Sabina & Tulesheva Gulnar
Results of Acidizing Injection Wells on the Zhetybai Field (Kazaklistair)
/lJournal: Petroleum Science and Technology Petroleum Science and
Technology,VVolume 36, 2018 - Issue 3 Pages 193-199.
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developmelit of oil and gas fields. The researcli 1esults led to the
following coiichisious:

— The developed aiid tested technique for express-niotiitoriiig
of the reservoir system, takiiig itito account well interfereiice, cail be
used to diagiiose the liydrodynamic State of pioductive ieservoirs of
oil fields that are at a mature and late stage of developmeint, witli
zonal stimulatiol of the reseivoir in order to increase oil recovery.

— Thie technique is based on the applicatioi of methods of the
tlieory of complex poteiitials. Botli before and after the inipact on the
fonnation, the calculation and visualization of tlie distribution of the
hydiodynamic characteristics of fluid movemeiit in the rocks of the
productive fonnation is carried out - the fuictions of the curient and
poterntials, and their gradients, filtration 1ate. The filtration situatiol
in the reseivoir is estimated and compared with a system of
interacting wells operatitig fiom a giver liorizoii.

— The methiod includes the piocedure for automating the
calculationn and visualization of the nain characteristics of the
distributionn of the soakaway, implemeinited in the interactive
envirolinient of the "Matlab" piogram. The eitire analysis process
fiom collecting infonnation about the site to gerierating a report witl
the interpretationn of analytical 1esults lasts | to 3 days. The
calculatioll procedure takes about 30 mitiutes.

— The obtained 1esults are confmiled by the data obtailed
dutiing laboiatory and experimeiital studies of oil displacemeiit on the
physical reservoir model and field conditions with tracer studies,
which are confmiied by the test 1eport6. Oile-time cost saviligs for
obtaiiing 1esults that i1eplace tracer studies amouilited to 62.9
tlhiousand maiiats.

— The possibility of piomptly corniductilig a diagiiostic study of
the current filtration State of the reseivoir, based on the piocessiiig of

6 racbiwibi A.M., rycenHOBa H.Il., MycaeBa LII.C. AHajim pacnpeagjiemM
4)iiJibTpamioHHoro noToxa, co3flaHHoro b ({nrariecKon Moje.in ruiacTa. /
YneHbie 3aimcKii HIIII «TeoTexHononrtiecKile npod.ievbi Hecjmi n ra3a n
xiimim», 2012, XIIl tom, c. 100-113.
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systematically measuied indicatois of the productivity of injection
and pioduction wells in a selected area of the field, has beell
confiimed by many yeais of practice usitig this metliod in the oil
fields of Azerbaijan witli zonal inipact on productive fomiatioiis in
order to increase oil recovery.

The method niakes it possible to use nilole acculate
information to select the best sclieme for influencing tlie 1eselvoir
and to improve the methods used for stimulatiiig the pioductive
foimation in order to increase tlieir oil recovery.

The third chapter gives iusiglit into the development of a
metliod for estimatiiig the pressule gradielit iequilted to stimulate the
leselvoir in order to colutrol its leak-off capacity. The cliaiige in the
stiess-strain state (SSS) of the 1eseivoir, due to the redistribution of
its filtration characteristics, is estimated takilig into account the
interference of wells in the area selected for the stimulation7. The
defoimation of the near-wellbore zoine of operated wells, in tum,
leads to a non-urifoim redistribution of ieseivoir pioperties in certaill
aleas of the field. Accoidingly, the quality and qualitity of pioducts
produced at the wells aie changing. Therefore, the paper pioposes,
wlien carrying out measules ainied at iicreasiiig oil recovery, to
assess the inipact on the 1eservoir, takiig into accouint not only
filtration, but also its geomechliatiical pioperties thiat change duriig
the operatioll of the field. The chapter coiisists of six palagraphs. The
flist two sectioiis preseiit the problem statement, infoimation from
the thieory of contilluums necessary for its solutiorl, and matliematical
calculatiotis.

The third chapter is devoted to the problem of detemiitiing
the stress and 1eseivoir pressule during fluid filtration in a disturbed
zolle aloutid a cylindrical woikilig in a medium wliose beliavior has
an elastic and viscoelastic cliaracter. The pioposed estimatioil

7 TyceimoBa H.Il. OueHKa rpamiema jaB.aeHiM npn B03jencTBiniI Ha nnacT c
yneTOM  bhmhim nHTep()epeHunn ckb3®khh Ha fle®opMaljHOHHbie 11
4>HJibTpaiinoHHbie npoueccbi Ha BbijjejleHHOM ynacTKe MecTopo”cieHiM.//
SOCAR Pioceedings No.l (2017) 070-82.
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metliod is based on detemiitiiiig the pressuie giadient, the value of
which depeiids on the chaiige in the componeints of the average
normal stress of the 1eseivoir rocks, which chailige over tinie under
the influence of filtratioll processes Ii1 the 1eseirvoir envirolimelit:

G=G +G (6)

Wiliere: a", a', - average normal stiesses aiouiid the well at the
initial and current tinie.

As a lesult of the studies, an analytical expression was
obtailed that 1eflects the chaiige in stress values alouiid the wellbore
in the horizon dominated by saids, sandstolies, basalts, thiat is, rocks
wliose beliavior is described usilig an elastic 1iodel. The values of
physical-mechaiiical and lileopliysical indicatols cliaracterizilig the
"well-fomiation” system are used as iuitial data wlen calculating
stiesses. Ift=0, Ap = 0 then </ = 0. alis detemiiiled at a fixed pressuie
Ap = const, Ap - chaiicilig of pressuie between the foimatioi and the

well, Pa.
At the sanie tinie, the value of the initial stress cr" at the iiner

boundaly of the stiess-strain State chalige zoiie balaiices witli the
hydiostatic pressuie in the wellbore, and at the outer boundary witli
the sidewall pressuie of the foimatioii:
-1’ r=1
_ (7)
=/
Wiliere:

jm, js - density of liquid and rocks, 1espectively, kg/ni3,
h =1i2 - hi - layer thickiiess;
hi 1i2 - upper and lower coltacts of the productive liorizoll,
lespectively, 1,
H - vertical deptli ofthe well;
Ph - hydiostatic pressuie in the well, Pa;
Py —side moulitain pressuie, Pa;
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The radial component of the cuirent stress uiider tlie
influence of constant extemal forces ot becomes zero at the
bourlidaries of the disturbed zolie:

_ 0, r=r0
agr =
°, r=r, (8)

I the disturbed zonie of the iuitial stress-strain State of the
layer, the rocks are defomied and the radius r of the disturbed zole
inicreases u (u > 0). The strail compolients s,r and are explessed
by w as follows:

du E M

= <Ppp —
LA ©)
Wlere:

£- defornatiolnn;
Syy - compoltielit of the straii tenisor
u - displacemeiit vector, iiicrease of the radius r during the
deformnation of the medium in the disturbed zore, 1;
Fioni the inveise fomi of the generalized Hooke's law, it is kilown
that the initial stress State corresponding to the solutionn of the
axisymmetric problem and the condition ezz=0 is described as
follows:

2G Vi \8u U
<m 1-p —+p-
1-2p. dr r
o 26 [ du u
W i=_2p o
H 2G du u
. :1_:“2|| dr r
(10)
Wliere:

G - sliear modulus in the rock niatrix, Pa:
p - Poisson’s ratio.
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For the deformatioiis caused by cieep processes, the general fonris of
the relationship between stresses cr and strailils s detemiined for a
two-phase medium are used:

(H)
Whele:

coefficient of defomiation caused by filtratioil

processes in rocks,, s'l;

ks — coefficient of filtrasio, 1/s;

as, am - volume compiessive modulus of the rock and the fluid
saturatitig it, respectively;

Ap - piessiue differeiice between the layer and the well, Pa.

The general solution of system (10) is found using the equilibrium
equatiolt:

(12)
Boundary and initial conditions and the priiciple of supeipositioli
allow obtaining the dependelice of stress componelits on the
ploperties of the medium:
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(2]a-1)<S}

Wiliere:
G- is coefficient of horizontal stress;
Aj, A2, As, Cj, Cs, C3 -is coefficierts calculated based on tlie rlieo-
physical parameters ofthe 1eseivoir system, Pa;

All analytical expression was also obtailled to calculate the
stress values in tlie distuibed zoiie alounid the wellbore, the ciust is
dominated by rocks contaitiiig clay, as well as salt-bearilig deposits
and gypsuni, the beliavior of wlicli is desciibed usiiig a viscoelastic
lodel. Using the obtailled expressiolis, the chaiige in the stress
values alouid the wellbore in the depiessioll zoile of the wells is
determined, depeiidilig on the pliysical-niechaitical and liteopliysical
indicatois that chaige over tinie, cliaracterizing the "well-foimation™
system. The calculation takes into account that the defomiatiol
processes ailoulld the well take place fioi the begitning of drilling
and coutitiue mitil the cunient date of the well operation period. To
take into accouit the creep factor of rocks, the Laplace transfomi
was applied. The solutioll for a viscoelastic medium was obtailied as
a result of the inverse transfomiation of the expressioiis obtailied to
determine the values of the stress componelit elements, havilig
previously 1eplaced the elastic coustants witl viscoelasticity
operatois. To detemiinie the dynamics of changes 111 the stress
components in a medium wiliose beliavior lias a viscoelastic nature,
the expansioil tlhieorem was also used. hi accordalice witli the table of
originals and iniages of fiinctions, the tranusition froin iniages to
originals was carried out:
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0;;*(s) = (0,,)/s
“r=<°=p)/s
c “=(a..)/s
Wiliere:
S- variable convelsion;
v.e. - the stress-defonnation State of thie medium is described
witli thie help of a viscoelastic model wliei it is viscoelastic;

The solution of the problem for the viscoelastic medium caii be
obtained by first replacilig the elastic cotstants i the equationis of
the system (13) with the viscoelasticity operatois and tlien applyilig
the inveision of the expiessiols a'e (S),al/g? (S), ave(S).

(14):

As a lesult of the researcli, an analytical expressioil was
obtained that reflects the chaiige in stress values aroutid the wellbore
in the liorizon dominated by sands, salidstolles, basalts, that is, rocks
wliose beliavior is described usitig an elastic 1odel:

g 4l+7"2+ "3 (2h~|) +_ L A,Ek (15)
3 3(1-p) > 3(1-p)

The values of the pliysical-niechianical and lileophysical
indicatois characterizing the "well-1eservoir" system are used as
primaly data during stress calculation.

An aralytical expressioll was also obtaitied for the calculation
of stress values in the disturbed zoiie around tlie wellbore, dominated
by clay-bearing rocks, as well as salille sedimelits and gypsulil,
wliose beliavior is described by a visco-elastic 1iodel:
<<= 1+"2+*3)+Fcid) (c_c c)ey + A Spk <29 I\(e~9,-i)+I

3 3-n) 1 2 3 M’ G(l+ p)
(16)

Also in the paper, dependeiice is derived that reflects the
chialige in 1eseivoir pressure P 11 the depiession zoie of the well over
tinie for the case of fluid filtration i1l a deformable porous medium.
The expressioll used to detemiiiie the cliange ill pressure contailis the
expalisioll coefficients Tmn(t), cylindrical Bessel functions of the
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Imaginaly aigument, zeros of the Bessel fiinction Ko(pr) pm, the value
of which, in tum, is determilied using the data characterizing the
system "well-formation”. Among them, the pressure in the reservoir
that exists before the application of defomiatiol loads on the rock po,
the currelit reselvoir piessiue at the inner and outer boutidalies of the
distuibed zoiie p1, p2, the pore pressure coefficient p, the coefficient
characterizing the volumetric pioperties of the rock saturated witli
fluid B, the porosity of the rock m, the volume water weight an,
coordilates ofthe well in a cylindrical system (r, <p,  total number of
pioduction and iujection wells (z=2,..n) in the area under
colisideratioll, coiistaits characterizing the cieep of the medium z, a.
Also, wlien calculatiiig the componelits of the average normal stress
aroluid the well, data characterizing the profile and trajectory of the
well are takell i1ito account, sucli as the deviatiol of the well froi the
vertical /, the angle of deviationn of the well fioni the vertical a,
coefficients dependilig on the values of the zeuith aigle, azimuth and
algle of rotation of the well radius ai, a2, as, a4, as, well filter length
d, wellbore and vertical deptl.

A formula is also pioposed for detemiiniiig the rock ffacture
gradient, the value of which depends botli on the values of the riieai
normal stress componelits and the terisile stiength of the rocks in the
vicillity ofthe coiisidered well Tj and the nnumber of itijection wells 5
and pioduction wells ti1-s i1l the area under consideratio:

‘cos(a) +°J=-sin(a)+ Tj +Pj (17)

Wliere:

Tj - tensile strength of the rock, Pa;

Pj- fomiatioll piessiue, Pa;

a - the angle of deviation ofthe well fioni the vertical,degrees;
-Methods for assessiiig the distributioin of the stress zoile in the

study area, takiig into account the interferenice of wells and

detemiinitig the piessiue gradient liecessary to pilovide effective

inipact 011 the fomiation, are pioposed il the fourth and fiftl

palagraphs.
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-1 the sixth palagraph, the results of the numerical
implementation of the developed methods are presetited on the
example of thiese Gunashli fields. Using the metliodology for
calculating the cliarige in stress aind 1eservoir pressuie diop for oiie of
the blocks of the field, wliere water lias 1iever beeil injected into the
leselvoir, a preliminaly quartitative assessmelit of the expected oil
production for the petiod of the plaiined future injection was Iade.
All assessmelit was Illade of the pressuie gradient iiecessaly to
influence the 1eseirvoir in order to coitrol its througlput. Diagiiosis
of the current state of the 1eselvoir systeni based on the redistribution
of the characteristics of the soakaway, due to clialiges in the stress-
strain state of the 1eservoir, taking into accoult the interfereiice of
wells operatiig in the area allocated for the stimulatiol, niakes it
possible to justify the inteiventions on tlie 1eselvoir ainied at
inicreasitig oil recovery. The followillg results were obtailied duriiig
the research:

— It is proposed to colitrol the leak-off capacity of the ieselvoir
based on the method of assessiiig the pressuie gradient requiied to
influence the 1eservoir.

— All algorithm and a Software niodule for calculating the
stress and pressuie in the ieselvoir systeni were developed, takilig
I11to accoutit the interfererice ofwells operatitig in the selected area of
the field, iniplemeirited in the iliteractive environiment ofthe "Matlab"
prograni.

— The change in the stiess-stiain state in the "well-fomiation"
systeni is estimated by calculating the average normal stresses, botli
for elastic and viscous-elastic 1edia.

Diagiiosis of the current state of the 1eseivoir systeni based on
the redistribution of the chliaracteristics of the soakaway, due to
charges in the stiess-stiain state of the 1eseivoir, takitig into accouiit
the interferenice of wells operatiiig in the area allocated for the
stimulation, niakes it possible to justify the interventions on the
leselvoir ainied at inicreasiiig oil recovery.

The fourth chapter carries on an investigation to study the
developiient of tecliiology for usiiig data on the content of i1eseivoir
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calbon dioxide in the gas dissolved in the pioduced gas to diagnose
the state of the i1eseivoir systeni and solve problems related to
enhanced oil recovery, implemented in the ilteractive ervirontient
of the "Matlab" piogram. The chapter coiisists of six paragraplis. The
lecessity of a comnion systeni for analyziig development indicatois
for monitoritig and controlling the fomiation of CO? in the i1eselvoir
Is substantiated. 011 the example of development indicatols at
Gunashli field, the pattems of fomiation and chaiiges in the
concelitration of CO2 in the ieselvoir, the relationsliip between the
salinity of fomiation water and development indicatols wele
revealed.

To diagiiose the state of piloductive foimatiolnis and arlalyze
development indicatois in a limited area of an oil field, various
methods are developed and applied based 011 detemiining the
parameteis of the "well-fomiation" systeni usiig fixed input and
output signals. I the conditions of elastic 111ode, after startinng and
stoppitig the well, in the vicinity ofthe bottomliole of the wells of the
studied area, the pilocesses of pressule redistributioll proceed for
sollle time. Chianges in bottomliole and 1eseivoir pressuie lead to a
shift in chiemical equilibiia in the 1eseivoir fluid, which cause pliase
transitionis between liquid and gas. This chaiiges the quaititative and
qualitative composition of the fomiation fluid and the gas dissolved
in it, whicli also depeinds 011 the lithological composition of the rocks
tliey saturate.

The chaiige in the physical and mechanical parameteis of the
leseivoir systeni dilectly deperids 011 the piocesses occurring in the
leselvoir. Armioig them are cliemical reactions that react almost
instantly to charges in 1eseivoir equilibrium. The tiine it takes to
change the physical and mechanical parameteis of the 1eseivoir
systeni is oftenr niuch longer than the tiime of cliemical reactiolis
between the elements that make up 1eseivoir rocks and fluids.
Tlierefore, the results of measuling the conceiritration of aiy products
of cliemical reactions occurring both i1l the niear-wellbore zore of the
leseivoir and 11 the wellbore, for example, caibon dioxide (CO2),
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make it possible to assess the State of the ieselvoir zoile usiig the
colistructed coticelitratioll chaiige cuives.

Measuiements of the colicentration of CO2 i the coniposition of the
dissolved gas aid the coricentrationn of caiboriiic acid 1ons Ul the
foimation water at the wellliead can be used as a kind of indicator
that reacts botli to pressuie cliainiges at the bottomliole and in the
wellbottoiil zoie of the foimation, and to the State of pernieability in
the well diainage zoie (skin factor).

This couichision was 1ade 011 the basis of the identified pattems
between the foimation and chaiige in the concentration of CO2 i1l the
leseivoir and clianiges in the parameters cliaracterizing the "well-
leselvoil™ system, the preselice of sigiiificant conelations between
them§,

— A high concentration of carbon dioxide is characteristic of
lany fields in Azerbaijail. hi the productive lorizolis of the Guneshli
field, a gradual iiicrease in the colicentration of caiboii dioxide in the
dissolved gas is obseived. At Oil Rocks field, the aniount of caiboitic
acid iouns in the pioduced water las iiicreased at soiiie lorizois. For
all fields of Abslieron, a patteni of chaiges in the Chemical
collpositiol of pioduced water was tioted, natiiely, an iicrease in the
colicelitration of caibotiic acid ions HCO3.

— Liniits of chaiige of CO2 coiicelitratioll in the cotnposition of
the dissolved gas are different for different productive liorizoins. The
aniount of caiboitic acid ions in foimatioil water also iticieases witli
titnle.

-~ Chemical processes, as a lesult of interaction of which tliere
Is a chatige in the coinposition of fluids in the foimatiot, ichiding
the foimationn of CO2, occur over a peliod of about several days.
Therefore, the content of CO2 111 well pioductioll can be used as a
diaguiostic indicator of chaiiges in the State of the 1eselvoir system.

— There is an inverse correlatioll between the coiiceltrationt of
CO2 and the coitent of methane (CH4) and its homologues in the

8 TyceimoBa H.Il. AHa.nis bo3mo’khoctii ynpaB.lemM KOHijeHTpamien
yr.ieKiicjloro ra3a b rulacTe. // AHX, 2007, N°2, c. 26-30.
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compositioll of the dissolved gas at Gunashli and Oil Rocks fields.
The foiuiation of CO? in the 1eseivoir is facilitated by the oxidatioil
of naphthenic acids. The concelitration of CO2 i1 the compositioll of
the dissolved gas is not a coristant value for a given well and varies
over a wide raiige.

— The periodicity of the conelation between the chiange in the
values of CO2 conceiitration and the tinie between measuremelits was
revealed. lii the bottomliole zoie of the well, a gradual accumulation
of caibon dioxide occuis, whicli reaclies a certain critical value over
a certain period of tinie (floni 1.5 to 3 months). The value of the
critical concelitration deperids 011 the physical-mechanical, Chemical,
defoimationn and theimal pioperties of the foimation il the
bottomliole zoiie of the well. Due to the fact that tliese pioperties
chaiige over tinie and are different for several wells, the value of the
critical conceritration of CO2 i1l different periods oftinie will also be
different.

- CO2 migrates thirough the 1eservoir with different advaiice
lates. The outflow rate of caibon dioxide witli a specific gravity of
1.52 is almost 8 tinies less thaii the outflow rate of the hydiocaibon
part of the gas with a specific gravity of 0.580. Colisequelitly, the
content of CO2 i1l the 1eselvoir gas ilicieases.

- The increase i1l the concentration of CO2 il the compositioll
of the dissolved gas is associated witli a decrease il 1eselvoir
pressure 11 the productive liorizoi.

- A conelation has been establislied between the CO2
concelitration and the locatiol of the oil-water coiitact.

— There is a significant conelation between water flow 1ates
and CO2 concelitration.

- At nany fields 111 Azerbaijan, the temperature and pressure 111
leselvoir conditions are above the critical values for CO2. Therefore,
11 the 1eselvoir it is 11 supercritical conditions. To this end, it is
almost completely soluble in water. CO2 can be present ill foimatior
water i1l various fonus: ill the foini of free caibon dioxide H2CO3 and
|11 the fonu of HCO3- CO32 iols.

33



— Concentiation of iolis in formation water depeiids on salitlity
(ionic strength) and alkaliiity of water (pH).

- Between the content of the first caiboiiic acid ion HCOZ3', a
direct relationship was found with the ionic strength of water, the
content of CO32 ions, salts of naphtheriic acids, Na-, K-. From the
characteristics of Palnier, a direct relationship is obseived with
primaiy alkalinity. All inverse relationship is obselved between the
contelnit of the first caiboiiic acid ion HCO3' and the conteiit of Ca+t2
and Mg+2 ions and otlier Palnier characteristics - primaly and
secolidaly salinity, secoridary alkalinity.

— Between tlie contenit of the secornid ion of caiboitic acid CO32,
a direct relationship was founid with the content of HCO3' iouis, salts
of naplithenic acids. Fioni the chiaracteristics of Palnier, a direct
relationship is obseived with primaly alkalinity. All inverse
relationship is obseived with the content of Cat+2 and Mg+2 iols and
otlier Palnier chiaracteristics - primaly and secolidaly salinity,
secolidary alkalinity. The preselice of tliese relationships can be used
|11 the developinent of ieseivoir stimulation methods.

- Based 011 the applicatiol of the Debye-Hiickel tlieoty ofionic
equilibrium to the results of Chemical aralysis of formation water, a
calculationn procedure lias beeil developed for detemiining the
peicelitage of various fomis of CO2 both 11 i1eseivoir and under
Standard couditiolis.

- Methodological bases for calculating the pH of formation
water, both 11 foimation and under Standard conditions, have beel
developed based 011 the results of studyiiig the relationship between
the concentiation of CO2 i1l dissolved gas and the pH of formation
water, its ionic strength and the content of bicaibonate ious i1l it.

Thie content of caiboi dioxide 11 formation water is
intercoiinected with the concentiation of Ca+2 ionis. Based 011 the
results of calculating the amount of free caiboinl dioxide and the
concentiation of calcium ions i1l the foimation water, the value of the
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calbon dioxide concentiation at which the dissolution of carboliate
rocks occuis is determined.

The fifth chapter cousists of tliree paiagraphs and looks ilito
the development of a metliod for detennmmg the state of the
reseivoir system of a pioductive reseivoir, based o the calculation
of Fisher, Shiaimon entropies and otlier information indicators for
tinie series compiled by volumes of pioduced and iijected products.
Based on tlieir dynamics, early diagiiostics of the tinie bouridaries of
the stage evolutioil of the field and its individual zoiies is carried out,
as well as an assessmelit of the complialice of the state of oil
production with the plaimed inipact on the reseivoir The problem is
solved on the example of field data of tlie oil field Fortis (Fortis) for
27 yeais (t1=324).

The first two palagraphs preseiit the foimulatioll of the problem, as
well as the mnecessaly background from information theory and
matliematical calculationis. I the secoid paragrapli, the developmeiit
of an algorithni for solvilig the problem is carried out using real data
as an example. The Standard verification piocedure detennines the
distribution of given tinie series. The values in the pieselited series
are a disciete represeiitationl of a signal of a coutinuous nature and
liave diffeient piobability of occurrence, which significantly affects
the entropy estimatel(. Tlierefore, fonnulas witli a piobability delisity
distribution furnction are used for calculatioiis. For eacli of the tinie
series, the following calculatiolis are peiformed:

After nnonnalization, as a result of which the distribution fiinction F
is obtailned for eacli tinie series, a polynomial approximatioi of the
distributionn in tinie is carried out. For eacli tinie series, the
matliematical expectationn and varialice are calculated. Furtlier,
accolding to the conesponding foimulas, for each tinie series

9 ryceilHOBa H.Il. IbMeHemie KOHilempamni CO2 b He~Tecoflepacanjnx
n.iacTax n B.iiMHile aloro #4aKTOPa Ha noKa3aTe.nl pa3paooTKil
MecTopoacaeHiis. // AHX, 2006, K»12

10 CyjefiMaHOB E.A. TyceimoBa H.Il. AHa.nrs coctoshim pa3paooTKil
MecTopoacaeHils Ha ocHOBe 1iHcJiopMamioHHbix noKasaTe.len Oilimepa n
EUeHHOHa.//«kABTOMaTnKa n TejieMexajniKaw, 2019, No. 5, pp. 118-185.
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infomiation cliaracteristics are detennined accordilig to Fislier FIM
and Shannon H, entropy power N and the amount of infonnatioil
accordillg to Fislier 7f and Shannon ISh, Entropy cliaiige 1ate,
lespectively, accordilig to Fislier and Shannon DIf, DISh. To obtai
the correspoidiig results, preliminary calculation of sucli indicatois
as the sainple contribution ftinction Ut, the log-likeliliood furniction L,
respectively, is carried out in the cases of a coutiliuous general

population with a distributior density ftuiction and a
discrete general populatioin with a piobability distribution P(x,0)

For each distribution F, a distribution paraieter

Is detennined - a random real vahie X. Any
llumerical chiaracteristic of this random variable (matliematical
expectatioll a, varialice er, etc.) or aiy constant explicitly included in
the distributiol expressioll can be coiisidelied as a paraiiieter 0. The
defuntion of the above functions is carried out takillg into accouiit
tilne. To take into accoult the tiine factor, it is pioposed to use a
polyniomial depeiiderice. The degree of the polytiomial 111 is clioseil
so that the dependerice is described with the least error. The rate of
entropy chialige, respectively, accordiiig to Fislier and Shannon DIf,
Dlsh is used to analyze the lieterogelieity of the distribution of tiie
series infonnatioil and is defiied as the 1atio of the entropy incremeit
to the titiie increment. Based on the data obtaiiled, a Fishel-Shannon
plan is being built. Based on the followiiig piiticiples, whicli are valid
for any titne series, the results obtailled are inteipieted:

a. If, H=0 and FIM=0, then the state of the 1eseivoir systeni of the
field does not chaige. The fewer uticertainties in the systeni under
colisideratioil, the fewer States it is able to realize (H decreases). The
l11ore uncertainty in the systeni, the 1iore States it is able to realize (H
increases). Entropy takes on the maximuii possible value wlien all
possible states are equally piobable.

b. FIM characterizes the chaige in the ftiiction variaiice of the
contributionn of the saiple of the tiine series; therefore, it is
inteipieted as a nieasure of the deviatioll uncertainty of the values of
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the series from the average at each new stage of the development of
the field. The preselice of extrema of the fiinction of different
amplitudes (jumps), successively followiiig one after another, 111akes
It possible to recogiiize the conditionis for a possible traisition of the
leselvoir system to the 11ext stage of development.

c. The Fishei-Shannon plan sliows liow a chaiige in the internial State
of the system, maiifested in a qualtitative change in indicatois,
cliaracterizes the conditionis for the transition ofthe system from one
stage of development to another. This relationship has a stepwise
character. Each stage correspoiids to the petiod of action of the
system development stage.

d. The preselice of extrema in the If (I1Sh) deperiderice is inteipreted as
the onset of a pie-transitional State leadilig to a chaiige in the field
development stage. Moieover, the begiiming of tliis petiod coilicides
in tinle with the change in Dif. Of great importance is the sign,
magnitude and natuie of the chaiige in Dif and DISh, which can be
used to judge the rate, pliase and directionn of evolution of the
leselvoir system at the cutient moment. If the values taken by tlese
functions increase with tinie, tlien the system tends to its niost
probable State with an inicrease in entropy - relaxatioll processes
occur in the 1eselvoir. If the values of Dif and DISh decrease, tlien the
system enteis the pliase of self-oiganization, and sonie new order
alises and develops in it. If Difand DIS$h do not chalige in tinie, ther
the system is in the staguiation plase.

e. A niole detailed analysis of the pre-tiansition petiod of the
development stage allows the use of semi-logaritlimic coordinates.
With suclh a graphiical representatioll of the tinie series, the sliglitest
changes in the niode of information receipt are highlighted and
patteriis are revealed thiat the Caitesiail cooidiliate system does not
allow to detect. Thus, the dynamics of If(T), presented in semi-
logaritlimic coordinates, allows not olily to recogiiize the traiisitioli to
a new stage directly from the development data, but also to identify
ple-tiansition periods. The dynamics of ISh(T) in semi-logaritlimic
coordinates sliows that all values are divided ilito 4 groups, each of
which cliaracterizes the State of the system and las its owil regular
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occulience frequency. The 1iost common ale values of the upper
amplitude. This niakes it possible to piedict the dynamics of the
system's ulticertainty and identify what States it is capable of
realiziiig. Giapliic depeiiderices 1j(T) on ISh(T) m semi-logarithmic
coorditiates sliow how the state of the system corresponds to olle
stage or another. The niass accumulatioi ofpoiiits highlights the tinie
intervals wlern the state of the i1eselvoir systeni cliaiiges witliin ore
stage. Based on the results of the calculatioll canied out on the basis
of the accumulated liistory of the developiiient of the field, the tinie
bouridalies of the past stages of the developiiient of the field are
distinguislied. By cliangitig the ftinctioi, a tinie petiod is selected for
a liore detailed analysis of the state of field developiient. This
niakes it possible to clarify the situatioll in the 1eservoir in order to
lake decisions for influencitig the 1eseivoir, which is relevait
specifically for the cousideled tinie peliod and the state of the
leselvoir systeni. The eitire tinie period is divided into local tinie
sections, for which the calculatioils of the above information
cliaracteristics are 1epeated.

The analysis of the obtailied results sliowed tliat the depletion of the
field without takilg into account the dynamics of information
indicatois leads to a decrease in oil production, an iicrease in the
water cut of the pioduct, and an irrational niode of stimulatiol of the
foimation. The following results were obtailied duiitig the research:

- A method for analyzing the state of field developient is
proposed, based on the calculationn ofthe Fislier and Shatinon entropy
and otlier infoimation indicatois for tinie series compiled froii data
on the volulnes of pioduced and injected fluids.

— A joint analysis of the dynamics of infoimation indicatois
calculated fioni the data of tinie series of oil and water production
lates and the voluiiie of injected water allows for early diagtiosis of
the tinle boundaiies of the stage evolution of both the field as a
wliole and its individual zones, to assess the compliaiice of the
inipact onl the 1eseivoir with the state of field developinent. The
analysis does not require infoimation about chaiiges in the pliysical-
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mechanical and lithological pioperties of rocks and fluids saturatiig
them.1l

— Aualysis of the development of the Fortis field usiig the
pioposed infonnation metliod slhiowed tliat the depletion of the field
witliout takiig into account the dynamics of infonnation indicatois
lead to a decrease in oil pioductioll, an inciease in water cut and an
Inational 1eservoir stimulation ode.
The chapter studies the ieseivoir system diagiiostics usiig ffactal
dimension analysis metliods and wavelet tiansfomi tecliiology. A
technique is pioposed for studyiilg the piocess of developiig oil
reseives ffom a deposit by computerized calculation and qualititative
visualization of the ffactal characteristics of the diailled reseives of
the deposit and its individual aieas of oil pioduction giowth. The
cliapter cousists of four palagraphs. The fiist two sectiolis preselit the
problem statement, iiifonnatiot fiotn the theory of fractal dimetisiolis
and waveletsl?, and matheinatical calculations r1iecessaly for its
solution. The second cliapter is devoted to the allocatiol of the
spatio-temporal stnictuie in the dynamics of 1eselvoir processes by
calculating the indicatois of fractal dimeusions that cliaracterize the
development of the field13. The moiuiofiactal Hausdorff-Besikovicli
dimeusiolis were obtailled by the box metliod, and the gerieralized
Renyi fractal dimensionils were obtailied usiiilg the method of

11 Suleimanov Baghir, Huseynova N.i., Rzayeva Sabina & Tulesheva Guliar.
Results of Acidizing lijection Wells on the Zhetybai Field (Kazaklistan)
/lJournal: Petroleum Science and Technology Petroleum Science and
Technology,Volume 36, 2018 - Issue 3 Pages 193-199.

12 TyceilHOBa H.Il. /InartHOCTiiKa nnacTOBon cncTeMbi  MeToaaMil
4>paKTa.nbHoro aHa.ima c¢ ncno.itsoBaHiileM Teopini BefiB.leTOB // CopmiK
CTaTen no MaTepna.lau MeautyHapoliHon HaynHO-npaKTiinecKon KOHcjiepeHmin
«TexHOJioriraecKiie 1iHHOBamni b coBpeMeHHOM Miipe» (28 Hosopa 2019 r., r.
Y4>a). B 3 vuacTax. H.1, Ycpa 113fl. HIIIJ BecTHiiK Hayim, 2019, C.157-164.

13 CyjieiiMaHOB B.A., /lbimiiH O.A., TyceilHOBa H.Il. OnpejeneHiie
4>paKTa.nbHon pa3MepHocm ([ipoHTa BbrrecHeHiM Hecjmi bojoli Ha ocHOBe
aaHHbix HopMajibHoii 3Kcn.lyaTamni cKBaxmH. // «He4>T3Hoe xo3shctbo»,
2011,Xsl2, c.111-114.
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multifiactal fluctuation analysis. To calculate fractal cliaracteristics
i1l order to ideintify the spatial structure of the oil-water coiitact front,
a niew metliod of scalinng the i1eseivoir systeni of the pioductive
liorizon 1s pioposed, wlhich can be applied both to the pioductive
liorizoil asa wliole and to a specific zolie of the pioductive 1eseivoir.
The metliod is developed based on the application of the wavelet
tranisfoim methiod. Wliern identifying the spatial structure of the oil-
water colitact front, a monofractal approach is used. Represelitatioll
of the oil-water colitact front on different scales niakes it possible to
carry out the proceduie for identifying its cliaracteristic features at
the curient tine.

The piloposed sclieme for evaluatiig the development process
colisists ofthe followilig main stages:

Algorithmic calculation of the multifiactal dimension of
the tiine series of oil and water pioduction 1ates and the volunie of
the injected ageiit.

The clharacteristic features of the titie distribution of the
obtainied multifiactal dimensions are higliliglited.

i accordaiice witl the pioposed metliodology, the
obtailled results are inteipieted for the diagiiostic assessmelit of the
state of the 1eseivoir, whicli niakes it possible to 1iake cliaiiges to the
strategy and tactics of the field development based on the culient
diagtiostics of tlie 1eseivoir systeni.

The sohitioil of the problem of couitrol and nianagemeiit
of the advancement of the front of injected water based on the
determiniation of the monofractal dimensioinl of the front of oil
displacemelit by water or otlier agerits cotisists of the followiiig tiain
stages:

Based on the algolithm for calculating and visualizing
hydrodynainic indicatols, a geometric sclieme and an algoritlim for
obtairting a visual ii1age ofthe front of the advaiice of itijected water
are beillg developed in the sectionn of tlie pioductive liorizon
allocated for inipact in order to carry out subsequelit automatioil of
calculations and the visualizatioll process.
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- A schenie for scalilig the studied zolie of the pioductive
fonnation is being developed, which allows visualizinng the
localization of the fiont line in relation to the location of pioduction
and iujection wells operatitig firoin the studied pioductive liorizoil.

Algoritlimic calculation of the moiiofractal diinensioi of
the front ofthe injected fluid at differeiit scales.

Based on the studies canied out to develop the algorithim,
a Software niodule was created for calculating monofractal and
multifractal dimensions of the objects under study and the
cliaracteristics of the reseivoir system of the pioductive liorizon of
the field, preselited in geometric forni, implemeiited in the interactive
envirolinient of the "Matlab" piogram.

i accordaiice witli the pioposed metliod of data
Processing, the characteristic features of the front preseited at
different scales are distitiguislied. The obtailied 1esults are inteipreted
for a diagliostic assessmelit of the state of tlie reservoir, which niakes
it possible to piedict the aleas of tlie origin of lateral coting, control
the unifomiity of the advaiice of the displacement front, identify
reseivoir zoiles that are lieterogelieous in temis of peimeability,
niake the necessary adjustmelits to the piocesses of influencing the
reselvoir and regulatiig the operatioli niode of wells.

— Justification of the reliability of the obtailled 1esults is canied
out on the basis of determiniiig the correlatioin between the calculated
tinie series of the multifractal dimension, the values of the
motiofractal diinension of the displacemeiit front positioll at various
scales and the actual tinie series of oil and water flow 1ates and the
voluilie of the injected agelit using real data as an example.

011 the basis of the coiiducted studies, it was sliown that by
determining the fractal cliaracteristics, 1t is possible to ideitify the
spatio-teliporal positioll of the oil displacemeiit front in relation to
production wells. For this, a 1iew metliod is pioposed for detemiiniiig
the distalice between the displacemelnit front and a group of wells
between which tliere is an interfererice. The metliod is based on the
applicationn of a 1ew distalice nieasure, which is the Hausdorff
nietric. A joiut analysis of the dynamics of the characteristics
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obtailled niakes it possible to coutrol the unifomiity ofthe advaiice of
the displacemeit fiont, as well as to puiposefully correct it wlierl
identifyiing emeiging lateral couiings. Sectioil 4 pieselits the results of
applyiig the above methods ol the example of Guneshli field data.
Accoldilg to the indicatois ofthe tinie series of average daily values
of the oil and water pioductioll rates aid the voluiietric injectiol
late, the moveltient of the fiont of oil displacement by water was
studied.

Based on the analysis of the results of the calculatiolis
peiformed usiiig the methods of applied fractal aiialysis and wavelet
data transfonnation techiiology, the followiiig coiiclusiolls were
diawn:

— Dyunamic analysis of the oil pioduction piocess usiig fractal
analysis methods to data transforiied usiiig wavelet trarisfoim gives a
liore detailed picture of the trausitioiis from order to cliaos aiid, vice
versa, with the Identification of inteimediate stages.

— A 1new appioacli lias beell proposed to deteimitie the distalice
betweell the oil-water colitact fiont and the zoie in which a group of
wells is located, betweeil which there is interfereiice.

— A new appioach lias beel proposed for coiducting iiregular
scalinng of the study zoie of the pioductive 1eselvoir, based ol the
use of the quadtree method. The applicationn of the proposed
apploacli niakes it possible to reveal i 1iore detail the spatial
structure ofthe oil-water coiitact fiolit.

— Accoiding to the values of the gelieralized fractal ditnensioil
i diffelient parts of the tinie series, it is possible to identify the
lature of the displacement and its spatial localizatioil.

— The tmpact onl the 1eseivoir shiould be based 1ot only o the
priticiples of ieselvoir pressule maintenance, but also take ilto
accoulit the piocess of system self-orgaiiizatioti. The 1ost effective
method for cotiectitig this inipact is the dynariic analysis of the
piocess of oil recovery from the 1eseivoir usiilg applied fractal
allalysis and the use of ieta wavelet data tratisfontiatioil.

The six chapter portiays the results of the practical
application of the developed methods and prograiis for diagiiosiig
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the state of the productive horizoiis QA and QD of the Western
Abslieion oilfield, i1 order to 111ake a 1easoiiable clioice of EOR. The
cliapter cousists of tliree paragraplis. The first two palagraplis preseiit
the problem staternent, as well as a brief description of the "Western
Abslieion™ oilfield.

The third sectioll preselits the solutioll to the problem posed ol
the exalliple of real data. Ol the figure 2 it is sliowed the dynamics
of pioduction of oil, water, dissolved gas aid injected water i
different productive liorizons of the field. First of all, the
deteimination of the stage of the culient development of the
"Western Abslielon" oilfield was carried out by the Fisheil-Shannon
metliod. For each liorizoi, a Fishel-Shannon joint plot for oil, gas,
and water was colistructed, and data clialiging velocity for oil, gas,
and water were calculated. 011 the figure | it is sliowed the curlient
stage of field development by calculating and analyziig the
infoimation indicatois of the Fislier and Shannon methods for the
QA productive liorizon. Later, the visualization of the distribution of
filtration flows in the QA productive liorizol of the "West Abslielon™
oilfield, and the assessmelit of the relative pemieability for liquid and
gas was carried out.

At the next stage of the work, the spectrum of gereralized
ffactal dimensions was obtailied and its dyiiamics was studied usiilg
getieralized Huist indicatois. The palameters cliaracterizing the
dynamics of the water-oil colitact litie in the foimatiol are calculated,
llamely: functions of culient and poteltial, ffactal dimensions for the
tinie series of oil pioductioll, pioduced and ilijected water prices, and
the minimum distalice from the water-oil coitact line in the
foimatioii to pioduction wells. 011 the figure 4 and figure 5 tliere are
sliowed tlie visualization of the fiont linie of the fluid advaiice and the
fhigers fontied during the fluid 1movement, deteiuiined on the basis
of calculation data in the productive QD liorizon of the "West
Abslielon" oilfield as of 05.2016.

The third paragrapli preselits the solutioln of the problem posed
on the exaliple of real data. First of all, the selection of the cuiient
stage of development of the Western Abslieion field was carried out
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usitig the Fislier-Shatinon metliod. By calculating and analyziig tlie
infonnation indicatois of the Fislier and Shannon methods, the
culient stage of field development was identified. Fuither, the
visualization of the distribution of filtration flows and the assessmelit
of the relative permeability for liquid and gas in the pioductive
liorizon QD of the Western Abslieroin oilfield weie caitied out.

JanlO Jan12 Janl4 JanlO Janl8 Jan20

w(T)

I",eclon (T)

J’anIO Jan12 Janl4 JanlO Janl8 Jan20

Figuie 2. Dynamics of pioduction of oil, water, dissolved
gas and injected water in the pi1oductive horizons QA (a) and QD
(b) of the ""Western Absheion™ oilfield.
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Figui e 3. Fisher-Shannon joint plan for oil, gas and water (QA)

At the next stage of the work, the spectrum of generalized
fractal dimensions was obtailied and, usiiig the generalized Huist
expollellts, its dyrnamics was studied. The parameters cliaracteriziiig
the dynamics of the front are calculated, namely: current and
potential functions, fractal dimensions for tinie series of oil
pioductioll 1ates, pioduced and injected water, and the minimum
distaiice from the displacement fiont to pioduction wells. For the
productive liorizon QD, an assessmelit of the distributioi of ieseivoir
pressure and pliase permeability was carried out. The obtailed
diaguiostic infonnatioll niade it possible to niake a 1easotiable clioice
of EOR in accordaiice with the current State of the 1eselvoir
enviroliment. The clioice was niade on the basis of a modeniized
secolidaly screeting analysis. Wlien selecting candidate wells for
stimulation, it is recommended to use a special piocedule for
selecting wells that 1ieed various types of stimulatioil treatmelits in
tlieir bottomliole zoiie in the area under coiisideration in the first
place. This allows to reduce the water cut of well pioduction and
licrease the voluliie of oil pioductiotl.

Thus, on the basis of the coiducted studies, it is sliowi in what
sequelice it is 1ecessary to apply metliods for diagtiosiiig the cunent
State of the 1eselvoir system in order to justify tlhe effectiveness of
the clioselr metliods of influencing the i1eseivoir witli a view to
increasitig oil recovery from the pioductive reseivoirs of the Western
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Absheion oilfield. Thus, the following 1esults were obtailied duting
the studies:

— Diagnostics of the state of pioductive liorizonis QA and QD
was carried out using the methods developed il the previous chiapters
of the work;

— According to the dynamics of oil pioduction using the Fislier-
Shaimon method, it was determiiied that the current state of the
productive horizon QA is at the stage of trausition to the second
stage of developmeiit. The QD pioductive liorizon lias beern in the
secolld stage of developmeiit siiice 2015;

— Based on the well pioductivity data, ai assessmelit was niade
of the distributionn of hydrodyiiamic indicators (potential fulictiolis,
current functions, tlieir gradients, velocity modulus, etc.) takiig into
account well interference. Based on the content of CO2 in the
compositioll of the dissolved gas, the distributionn of reservoir
plessiue and relative permeability for oil, gas and water in the
studied piroductive horizon was estimated, takiig ilito account the
interfererice ofwells;

- The front line of oil-water colitact was deteiniined and its
motiofractal diinension was calculated. The value of the monofractal
ditnension slhiows that the displacemeint front piopagates botli aloiig
the strike and aloig the reservoir thickiiess;

- A 1ilew metliod was used to estimate the critical value of tlie
distaiice between the displacement front and a group of wells,
between which there is interfereiice;

- Using methods for calculatinig multifractal cliaracteristics, it
was revealed to wliat extent the pioductive reseivoir is coveled by
the displacemeirit process and liow the current field developmelit
stiategy coliesponds to the current state ofthe reseivoir system;

- According to the field and diagiiostic data correspoiidilig to
the current state of the reseivoir in accoidalice with the criteria for
the applicability of methods of influencing the pioductive foniiation
in order to maiuntaill the pace of field development, methods of
stimulating the reseivoir were selected, ainied at levelilig the water-
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oil coutact fiout, 1educing the 1ate of water advaiice, mairitaiiiing
leselvoir pressule aiid enliaiiced oil recovely. The clioice of methods
Is based o1l the results of screelliig studies, the results of which are
reflected m tabular data compiled on the basis of a summaly of
research in the field of existilig secondaly aid tertiary ieservoir
stimulatiol methods.

T

Figure 4. The visualization of the front line of the fluid
advance, determined on the basis of calculation data In the

pioductive QD hotizon of the "West Absheion™ oilfield as of
05.2016.

Figure 5. Visualization of fingel s formed during the movement of
fluid determined on the basis of calculation data in the
pioductive QD hotizon of the ""West Absheion™ oilfield as of
05.2016
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CONCLUSION

Provisiolls ale submitted for discussion, the totality of which
piovides a systemic diagiiostic solutionl for the problem of effective
leselvoir stimulation m selected aleas ofthe field:
1. It is proposed to use the “limited zoie of stitnulation o the
reservoir” design for the formation of oil pioductioin lamp-up zoties
i1 an oil and gas field.
2. The pilospects of the zonal appioacli in the foimation of oil
pioductioll giowui aleas are substalitiated.
3. A proceduie lias beell determiiied to promote the transfomiation of
zolies with a low oil recovery factor into zones of growth in oil
pioductioli in oil and gas fields;
4. Theoietical and practical experietice in diagliosilig the cunient State
of the 1eseivoir and metliods for iiicreasitig oil pioduction is
summarized with a special empliasis on the nieclianiisms of zonal
inipact o1 the 1eseivoir. A set of problems of the geliesis of the zonal
apploacli to increasitig oil productioi in the fields of Azerbaijall and
factois coutributilig to the development of this direction have beell
identified;
5. The idea of usiiig the metliod of souices and sitiks to visualize the
filtration of reservoir fluid in the zoies of the reservoir selected for
stitniulation lias beern impioved, and on its basis a system of metliods
for diaguiositig the cunient filtration State of tliese zoiies lias beeil
proposed. A comparative atalysis of the obtailed results witl the
results obtaiied by otlier metliods was carried out. The cotiectiiess of
using the method of complex poteitials for diagiosiig the filtratiol
State of the foimation in a selected area, before and after the
stitniulation, is justified;
6. For a 1ational inipact on the reservoirs in the growth zoiies of oil
pioductioil, methiods for analyziig the dynamics of oil pioductioil
based on digital visualization of the geometry of streamliiies and
potentials, the filtration velocity of the 1eseivoir flow and tleir
gradient vectols, pressule ieductionl and clianges in the positiol of
tliese lines relative to each otlier on the plaiie are proposed.
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7. When carrying out measules aimed at enhancing oil recovery,
along with filtiation parametels, it is pioposed to assess tlie iipact
ol thie 1eservoir, taking into accouliit its geoitiecharical pioperties
thiat chiaige duriig the development aiid operation oftlie field.

8. Methods liave beell developed for assessiiig tlie distribution of tlie
stress field in the area unider study and for determinitig tlie pressuie
gradient of rock fracturiig, whicl is necessary to provide effective
iinpact on tlie reseivoir.

9. The developed systeni of methods allows for preliminialy and
subsequelt data aralysis to improve the efficielicy of ieselvoir
stimulation in oil pioduction growth zoiies. This takes iinto accouiit
the influence of well iiterfererice on the timiiig of the respoiise of the
leselvoir systeni to the plaimed eveiit, whicli is expressed in a cliaige
in the volunie and coritent of the recoveled pioduct.

10. To assess the effectivelless of the iipact on the fomiation and
eally diagiosis of water ingress ilito the well, it is pioposed to use a
monofractal and multifiactal approach and elemeits of the wavelet
tlieory;

11. New methods of scaliiig the stimulatioi area and determiniig the
distaiice between the displacemerit front and wells are pioposed.

12. A piocedure has beein pioposed for selectitig wells that 1ieed
various types of stimulation treatmeiits in thieir bottomliole zoiie in
the area under coiisideration, which allows to 1educe water cut and
increase the volunie of oil pioduced;

13. A metliod is pioposed for identifyinng the staging of oil
production and ieseivoir stimulatioil piocesses and the preselice of a
correspondeiice between tliese piocesses;

14. It is piroposed to use the dyiniamics of data on the percelitage of
COa 11 the dissolved gas, whicl is part of the recoveled pioduct, as
an indicator sigunalitig the 1ieed for zonal stimulatiol measuies;

15. It is pioposed to use the calculation of the dyiiamics of the Fislier,
Shannon entropies and otlier infonnation indicatois for tiiiie series
compiled by the volumes of pioduced and iiijected pioducts for ealiy
diagiosis of the titnie bournidaries of the stage evolution of the field
and its individual zones. Based 011 the Identification of stage
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boundaries, an assessmelit is made of tlie compliaiice of the planned
impact on tlie 1eseivoir witli tlie State of tlie 1eseivoir system.

16. Wlien developiiig metliods and algorithiis for analyzing and
visualizmg tlie state of tlie ieseivoir system, tlie use of wliich allows
to ilicrease the piroductivity and ieliability of tlie planned activities, a
modular appioacli is used, implemeinted in the interactive
eliviroliment oftlie "Matlab™ prograni.

17. On the example of the conducted studies usiiig field data on tlie
productive horizoiis QA and QD oftlie Western Abslieron field, it is
sliown in what sequelice it is 1ecessary to apply tlie metliods for
diagiosing the current state oftlie 1eseivoir system in order to justify
the effectiveliess of tlie cliosel metliods of influencing the ieseivoir
in order to ilcrease oil recovery of pioductive reseivoiis.
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