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Kruouesvle crosa:

KapOOHaTHbIe KOJUIEKTOPHI,
pa3paboTKa MeCTOPOXJEHUH,
TEeKTOHHUKO-CcTpaTurpaduyeckas
TIPUYPOYEHHOCTb OOBEKTOB,
TeoJIOro-TeXHUYecKHe
MepONpPHUATHUS, TE0JIOro-
CTaTUCTUYECKOe MOJe/IMPOBaHMe,
MeTOJ| aHaJIN3a uepapxuu,
JUCKPIMUHAHTHBII aHAJIU3, METOJ
TJIaBHBIX KOMIIOHEHT, KOHTPOJIb U
PperyJImpoBaHKe IPOIIeCCOB
HedTensIBeYeHNsl, MOHUTOPHHT
OCTaTOYHBIX 3aMacoB HepTH,
PaHXHPOBaHUeE NePCIeKTUBHBIX JJIA
Pa3paboOTKU 30H CKOTUIEHUS XKHUIAKHUX
YTJIEBOJIOPOMIOB.

The relevance of the topic chosen for the study is due to the widespread need to solve development tasks within the framework of
the implementation by the subsurface user of high-level monitoring and control of oil recovery processes in fields with a complex
geological structure in order to make timely and effective management decisions. Using the complex results of differentiation and
grouping of deposits in the Volga-Ural oil and gas province, confined to the carbonate reservoirs of the Lower Carboniferous system,
the relevance of the parameters characterizing the key geological and physical characteristics of productive formations and saturating
fluids was assessed. Using the hierarchy analysis method in the nonlinear system under study, formed after calculating the
percentage of correctly grouped objects and the values of the main components, a rating of potential N field parts containing residual
oil reserves promising for involvement in the drainage and development process was formed. By calculating the priority vector for
both one of the parameters and for their combination with each other, qualitative results were obtained that make it possible to
effectively build a strategy to increase the oil recovery coefficient by taking into account the hierarchy level of the six main indicators
when planning or modeling the design of geological and technical measures, including in specialized software. This, in turn, leads to
the formation of an alternative view on the study of the degree of mutual influence of the main geological and physical
characteristics of productive formations with each other under various boundary conditions formed as a result of continuous
processes in the borehole-formation system. The objectivity of the revealed patterns has been successfully confirmed within the
framework of point comparison and comparison with the available results of geophysical and hydrodynamic studies of wells,
screening and analysis of key technological parameters for the development of liquid hydrocarbon deposits, which significantly
increases the scope of the results in solving the problems of developing mature fields.

AKTyasIbHOCTh BBIOPAHHOU [JIA HCCJIEOBAHMA TeMBl 00yCJIOB/IeHa IOBCEMECTHON HeOOXOAMMOCTBI0 pelleHHs 3aJad pa3paboTKu B
paMKax peayM3aldy HEAPOIOJIb30BATENIEM BHICOKOYPOBHEBOTO MOHHUTOPHHTA M KOHTPOJIA MpoleccoB HebTeW3BJeYeHHsA Ha
MECTOPOXKIAEHUAX CO CJIOKHBIM T'eOJIOTMYECKUM CTPOEHHeM JUIA NMPUHATUA CBOEBPEMEHHBIX U 3(@EeKTHBHBIX yNpaBIeHYeCKHX
pemennii. Ilpy noMOmM KOMIUIEKCHBIX —pe3yJsibTaToB JuddepeHnyanuy M TIpyNnMpoBaHusA 3ajiexell  Bosro-Ypasbckoit
HedTera3oHOCHON MNPOBUHLMM, IPUYPOYEHHBIX K KapOOHATHBIM KOJUIEKTOPAM HIDKHEKAMEHHOYTOJIbHOM CHCTEMSBI, IpOBefieHa
OLleHKa PeJIeBAaHTHOCTH NapaMeTPOB, XapaKTEPHU3YIOIINX KJII0UEBbIe Te0sIoro-pu3nieckre XapaKTepUCTUKU TPOJYKTHUBHBIX ILIACTOB
U Hachmaomux ux ¢onaos. C UCMoJib30BaHUEM MeTOoJa aHajli3a hepapXyu B HccilefyeMoli HeJIMHeHHOH cucTeMe, o6pasyeMoit
mocjie pacueTa MpOLeHTa MPaBUJIbHO CrPYNIMPOBAHHBIX OOBEKTOB M 3HAYEHUIl IJIABHBIX KOMIIOHEHT, C(HOPMHPOBAH PeHTHUHT
MOTEHIMAJIBbHBIX JIJIA pa3paboTKKU y4acTKOB 3aJjiexell MecTopoxaeHua N, copepxamux B cefe NepcreKTUBHBIE JUIA BOBJICYEHUA B
Tpoliecc APEHUPOBAHUsA M OCBOEHHS OCTaTOYHbIE 3arachkl HedTu. [Ipy HOMOIIY pacyeToB BEKTOpa IPHUOPUTETOB KakK Ui OAHOTO U3
nmapamMeTpoB, TaK M JUIA UX COBOKYIIHOCTH MeXy co0OIl IoJyIydeHbl KadeCTBeHHBIE pe3yJIbTaThl, Ho3BoJLsomue 3(pQeKTHBHO
BBICTPOUTh CTPATErHi0 MOBBINIEHNA Kod(hbuieHTa HedTeU3BIeYeHNsA 3a CYeT y4yeTa YPOBHA HepapXU{ IIECTH OCHOBHBIX
nokasarejiedl IpU IUIAHUPOBAHUM WM MOJAEIMPOBAaHUM AM3aiiHA TIeosIoro-TeXHUYECKUX MEepONpHATHH, B TOM YuCJie B
CrelaJIi31pOBaHHbIX IPOrpaMMHEIX obecreyeHusAX. JTo, B CBOI0 0Yepe/ib, IPUBOJUT K (POPMUPOBAHUIO aJIbTEPHATUBHOIO B3rjIAa
Ha U3yYeHHe CTeleHN B3aUMOBJIHSAHS OCHOBHBIX Ie0JIoro-pu3nyeckux XapaKTepHCTHUK MPOAYKTHBHBIX [UIACTOB MeXQy o060 mpu
Pas/IMYHBIX IPAHUYHBIX YCJIOBUAX, 00pa3yeMsbIX B pe3yJibTaTe MPOTeKaHKA HEMPEPHIBHBIX MPOLIECCOB B CUCTEME «CKBAXHHA — ILIACT».
OGBEKTUBHOCTh BBIABJIEHHBIX 3aKOHOMEPHOCTEHl YCIENIHO MOATBEpXKAeHa B paMKaxX TOYEYHOrO CPAaBHEHMA U COMOCTABJIEHUA C
HMMEIOIUMUCA pe3ysibTaTaMi reopr3nyeckux M TUAPOJVHAMUYECKUX HCCJIEOBAHHI CKBAXHH, CKPUHMHIA M aHAIM3a KITIOYEBBIX
TEXHOJIOTMYECKUX MapaMeTpoB pa3paboTKU 3ajiexell XUAKUX yIrJIeBOAOPOJOB, YTO CYIECTBEHHO MOBBINIAET 00JIaCTh NMPUMEHEHUA
Pe3yJIbTaTOB B paMKax pelleHrs 3a/1a4 pa3paboTKY 3PEJIBIX MECTOPOXAEHHUIL.

© Ruslan A. Gilyazetdinov (Author ID in Sconus: 57321933200) — Senior Researcher at the Department of Exploration and Development of Oil and Gas Fields (tel.: +007 (347) 676 64 04,
e-mail: gilyazetdinov_2023@mail.ru). The contact person for correspondence.

© Vyacheslav V. Mukhametshin (Author ID in Scopus: 58868028800, ORCID: 0000-0003-3283-1047) — Doctor of Engineering, Professor of the Department of Geology
and Exploration of Oil and Gas Fields (tel.: +007 (347) 241 61 89, e-mail: vv@of.ugntu.ru).

© Lyubov S. Kuleshova - (Author ID in Scopus: 49963947200, ORCID: 0000-0003-2975-3666) — PhD in Engineering, Associate Professor of the Department of
Exploration and Development of Oil and Gas Fields, Deputy Director for Academic Affairs (tel.: +007 (347) 676 75 60, e-mail: markl212@mail.ru).

© TI'miaseTauHOB PyciiaH AJIbGepPTOBUY — HAy4HbI COTPYJHUK Kadenpsl «Pa3Beika U pa3paboTka He(TAHBIX M ra30BbIX MeCTOPOXAeHUil» (Tes.: +007 (347) 676 64 04,
e-mail: gilyazetdinov_2023@mail.ru). KoHTaKTHOE JIMIIO [JI51 IEPETNCKU.

© MyxamermuH BsgecsiaB BsageciaBoBud — (ORCID: 0000-0003-3283-1047) — OOKTOp TeXHHYECKHX Hayk, mpodeccop kadenps «['eosorus u pasBeka HePTAHBIX U
Ta30BBIX MECTOPOXAeHui» (Tesr.: +007 (347) 241 61 89, e-mail: vv@of.ugntu.ru).

© Kyusemosa Jlio608p CepreeBHa — (ORCID: 0000-0003-2975-3666) — KaHAUAAT TEXHUYECKUX HayK, JOLeHT Kadenpsl «Passejka 1 paspaboTka HEPTAHBIX U Ta30BBIX
MeCTOPOX/AeHU», 3aMeCTUTEJb AUPEKTOPa o yyeGHOU paboTe (Test.: +007 (347) 676 75 60, e-mail: markl212@mail.ru).

Please cite this article in English as:

Gilyazetdinov R.A., Mukhametshin V.V., Kuleshova L.S. Using the results of differentiation and grouping of deposits to solve the problems of developing carbonate reservoirs in the
Volga-Ural oil and gas province. Perm Journal of Petroleum and Mining Engineering, 2023, vol.23, no.4, pp.152-158. DOIL: 10.15593/2712-8008/2023.4.1

Tpock6a cChIAThCA Ha 3Ty CTAThI0 B PYCCKOA3BIYHBIX MCTOYHHKAX CJIEAYIOIUM 06pa3oM:
TwiaserauHoB P.A., MyxamermuH B.B., Kysemosa JI.C. Hcnonp3oBaHue pe3ysibTaToB AvddepeHIpanyy 1 rpyIUPOBAHIA 3aJIeXel I pellleHys 3aa4 pa3paboTKy KapOGOHATHBIX
KOJUIEKTOPOB Bosro-Ypasbckoii HererasoHoCHO# npouHImy // Henponosb3osanue. — 2023. — T.23, Ne4. — C.152-158. DOIL: 10.15593/2712-8008/2023.4.1

Heppononb3osaHue. 2023. T.23, Ne 4. C,152-158. DOI: 10.15593/2712-8008/2023.4.1



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

Introduction

The instability of nonlinear processes in the study of
complex technological systems of the oil and gas industry
imposes a number of difficulties in their analysis by various
approaches [1-7]. This leads to the formation of unfounded
and unrepresentative conclusions regarding the current state
of facilities development and possible prospects for
increasing well productivity improving and regulating
waterflooding processes. In the context of a significant
expansion of the recoverable resource base of the Russian
Federation due to the exploration of reserves confined to
low-permeability and heterogeneous reservoirs it arises a list
of issues the solution of which is associated with various
types of risks which affect the efficiency of managerial
decision-making. Formation of the necessary strategy for the
development and commissioning of hard-to-recover reserves
should be carried out, first of all, with the use of integrated
scientific and methodological foundations making it possible
to successfully select the necessary list of tools for modeling
various production processes within the framework of
proactive resource management [8-13].

On the basis of the obtained empirical and theoretical
results it is not always possible to give an objective and
highly qualified assessment of oil and gas facilities under
consideration, which leads to:

- additional costs of resources for the refinement of
existing models through a series of field tests and
experiments;

— the use of facilities without sufficient by the quantitative
and qualitative ratio of the evidence and argumentation base
[14-16];

— obtaining various errors in modeling processes and
systems located at a lower level of the hierarchy;

— development of scale invariance of spatial and temporal
characteristics of facilities [17-19];

— low level of information content of data from the point
of view of practical value and the possibility of using them in
solving key problems of field development.

In this regard, at the present stage of liquid hydrocarbon
production, a significant role is given to the search,
refinement and expansion of the scope of application of
models obtained in the framework of applied research, which
is caused by the need to implement high-quality support and
regulation of fluid movement processes to the bottoms of
producing wells [20-23].

Materials and methods

One of the most commonly used tools for reducing
the dimensionality of the problem and establishing
certain correspondences between input and output
signals is the integrated analysis of field data using
geological and statistical modeling [24-27]. For example,
methods based on pattern recognition theory are of
considerable interest, which make it possible to
successfully classify facilities in conditions of poorly
defined processes, fuzzy constraints, and low information
density using representations of parameters in the form
of n-dimensional vectors, each of which affects the final
result. At the same time, taking into account the specifics
of the oil industry and the implementation of its
technological processes, a significant number of them
form systems of complex inequalities, the solution of
which is not always possible to realize based only on the
relevant information obtained [28-31].

The insufficient level of reliability of estimates of
geological and physical parameters based on the results
of field or laboratory tests contributes to reduction in the
managerial decision-making effectiveness, which directly

influence the results of measures aimed at improving
well productivity, optimizing downhole pumping
equipment and, in general, successfully implementing oil
production processes [32]. To solve the current problem
within the framework of -clarifying the results of
geological and statistical modeling, an important aspect
is to determine the parameters which have a significant
impact on the level of distribution of facilities in the axes
of canonical discriminant functions, the distance between
the centroids of the groups and the density of each of
them relative to each other.

The above mentioned confirms the necessity to search
for an optimal approach to the problem of maximum use
of information on the degree of belonging facilities to a
particular group to solve the problems of developing
complex geological structures [33-35]. In particular, the
most promising for development at the present stage of
oil production are carbonate reservoirs of the Volga-Ural
oil and gas province (VUOGP) which have the following
characteristics:

— complex and heterogeneous structural architecture
in symbiosis with a nonlinear sedimentation cycle [36];

— branched micro- and macrofractures of rocks;

- significant heterogeneity of changes in filtration and
capacitive characteristics under the constant or variable
influence of reservoir conditions;

— a high degree of rock deformation, which
contributes to a change in the direction of fluid
movement in fractured media and, as a result, the
formation of uncertainty zones during numerical or
hydrodynamic modeling [37-40].

Results

In the course of discriminant analysis on data of 18
groups of deposits confined to carbonate reservoirs of
VUOGTP it is constructed a diagram of the distribution of
each of the parameters under consideration contribution
to the percentage of correctly grouped objects (Fig. 1).

As it can be seen, the selected parameters determine up
to 80 % of identifiability, and the contribution of the
parameter m, is numerically equal to the sum of the
contributions of the parameters: m,, r,, Rnas, G, Rpl. A
different situation is observed, for example, in the study of
the Lower Carboniferous and Upper Devonian systems of
VUOGP [41-43]. The discriminant analysis carried out for
6 groups and 16 parameters determined that 9 parameters
provide 80 % of identifiability, moreover their order
differs significantly from the previous case (Fig. 2).

On the basis of the research results we will identify that
the application of discriminant analysis makes possible to
carry out only the upper-level evaluation of parameters
within the considered system, its boundary conditions and
indicators, which does not always give positive results while
forming the algorithm of residual oil reserves involvement
into development. This is associated, for example, with high
correlation between geological and physical characteristics of
objects, which varies significantly within a particular
stratigraphic complex [44-46].

In this case, an objective and correct classification of
the parameters according to a number of different
criteria, necessary for the existing models refinement
and expansion of the scope of their application, can be
carried out by the method of analysis of hierarchy
(MAH). This method allows an objective and relevant
evaluation of the parameters of an unstable system [47].
The advantage of MAH in solving problems of liquid
hydrocarbon field development is the ability to work
with heterogeneous data by decomposing them into
interrelated clusters.
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Fig. 1. Contribution of parameters to the percentage of correctly
grouped VUOGP objects in carbonate reservoirs: m, — average
porosity value (by core), %; u, - relative viscosity of oil; p_ - density
of formation oil, kg/m? P - pressure of oil saturation with gas, MPa;
G - formation gas factor, m*/t; P, — formation pressure, MPa;

t, — formation temperature, °C; K_— oil saturation factor, fractions of
units; p, — viscosity of formation oil, mPas; m,_ — average porosity

value (according to geophysics), %; K - permeability coefficient,
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Fig. 2. Parameter contributions to the percentage of correctly
grouped VUOGP objects in carbonate reservoirs of the Lower
Carboniferous and Upper Devonian systems: E_ — entropy of
porosity; H? — average value of the effective oil saturated
thickness in the drilling zone, m; N, - average value of thickness
of oil-saturated layers, m; K » the share of reservoir rocks in the
total thickness of the reservoir, decimal units; o - standard

deviation of porosity, %; W,

', — variation in the thickness of

oil-saturated layers, %; K - reservoir dissection factor

r

The initial data for calculations stood in:

* criteria:

— ranked series of parameters, providing up to 80 %
identifiability of objects at implementing discriminant
analysis, calculated by the formula (1):

n R

o Zin W
n

where J - informativeness of this or that parameter in
determining the percentage of correctly grouped objects;
R, - parameter rank number in the i-th variant of
grouping the objects; n — the number of grouping options
in which the parameter was included;

» alternatives:

—deposits in carbonate reservoirs of the VUNGP coal
system, including the most promising areas for geological and
technical measures (GTM) based on the results of monitoring,
screening and analysis of geological and field data of the N
field, confined to the Blagoveshchenskaya Depression (BD):

— Verey horizon (Vr), ciphers of experimental plots
(1XV-5XV);

— Bashkirian tier (Bsh), ciphers of experimental plots
(1XVI-4XVD);

—Kashira horizon (Ksh), ciphers of experimental plots
(1XII-6XI1D);

— Podolsk horizon (Pd), ciphers of experimental plots
(1VII-3VID).

To determine the priority level of the criteria under
consideration, we use the matrix of pairwise comparisons
obtained by expert evaluation and analysis of the results
of various geological and engineering operations over the
last year for the object of study. Then, based on the
obtained values, we calculate the indicators of local
priority vectors (Table 1) using formula (2):

o == @

R

where o, — value of the local vector of the i-th criterion;
26(1, o — Sum of intermediate evaluations of criteria;

1‘)(176) — intermediate assessment of the i-th criterion,
calculated according to the formula:

1()(1_6)1 = ?/ﬂli Oy, 0y, 9y, -0y -0, €)

where 9,9, .9, - assessment of the criteria
importance for each of the i-th parameter.

To check the objectivity of expert assessments, a system
(4) is consistently solved, on the basis of which the
consistency of the results and the absence of contradictions

are established:
-
n-1
1 2 3
- =Zw,. 0N +wa ‘w, +Zw,. ORES
i=1 i=2 i=3

4 5 6
+Zmi ‘W, + ZWi ‘o, + Zmi O
i=4 i=5 i=6

_9
T

i

X, >0,1,

where 9 - consistency index; o - the range of expert
assessments; n — dimensionality of the matrix of expert

6
assessments (see columns 2-7 of Table 1); Zmi — sum of

assessments of the i-th column of the matrix; i:l — parameter,
characterizing the consistency ratio of i-criteria; t; - value of
random consistency variable.

The final stage of the analysis is represented by the
calculation of global priority ki indicators based on the
initial data sample (formula (5)), on the basis of which
the rating of involvement in development of the most
promising areas of the considered deposits of the N field,
confined to the carbonate reservoirs of the VNUGP, is
formed (Table 2):

k, = Zwi ‘€, )

where k; — global priority of the i-th criterion; & — vectors
of priorities of the studied deposit areas.

According to the results of the rating, area 1XV of the
N field, confined to the Blagoveshchenskaya depression
of the Verey horizon, is recommended as the most
promising for involvement in development of residual oil
reserves by means of a number of geological and
technical measures.
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Table 1 In turn, section 4XVI of the Bashkir horizon has less
potential for effective development of liquid hydrocarbon
resources, which is confirmed by the following factors:

— rather high values of priority vectors for permeability

Results of criteria importance assessment in the conditions
of VUOGP deposits confined to carbonate reservoirs

2 3 P! 5 6 7 s parameters and effective oil saturated thickness;

Piﬁ;‘:l]f:r - results of hydrodynamic modeling, geophysical well
W, tests and forecast calculations [48];
Criterion K, K, m Ho K O o, - aqalysis of dynamics of changes in productivity of
i producing wells.
K 1 9 8 6 4 3 41602 0.455 The rest areas of the VUOGP deposits of the N field
! have ratings, the values of which do not exceed 0.05
K 1 1 1 1 1 1 2316 0.0253 units, which, in turn, requires a more detailed and
i 9 8 3 5 6 comprehensive analysis at the microlevel of the
1 1 1 organization of nonlinear oil production systems with the
M s 8 1 3 35 3 0.8908 0.0974 involvement of versatile information on reservoir
processes.
m 1 3 1 1 L1 0416 0.0453
6 3 4 8 Conclusion
H, % 5 2 4 1 % 1.3076 0.143 As a result of using the hierarchy analysis method for
a set of geological and physical parameters
K 1 6 3 3 5 1 21398 0.234 chgracterizing the reservoir properjties of reser.voirs and
: 3 fluids saturating them, the following conclusions were
Sum  1.986 32 14458 223 795 5.125 9.146 1 made for the VUOGP deposits confined to carbonate
reservoirs:
— clarification of the results of discriminant analysis
Table 2 makes it possible to identify a number of parameters that

have a prevailing influence on the success of further
operations related to various aspects of modeling or
operations of planning geological and technical

Rating of the most promising for engagement
in the development of VUOGP deposits of the N field

measures;

E}?ed f_tohf Priority vectors & . - by calculating six priority vector values depending
section of Ra;mg’ on the deposit areas, the most important parameters were
the K, K,. u m H, K, : determined both separately for each of them and in the
deposit aggregate, which made it possible to form a rating of the
. V\%X 0.554° 0323 0.289 0122 0321 0123 0-368 most p}*omlslng zones for involvement of residual
r). (€)) reserves;
4XVI 0.166 —the regularities obtained during the study are
Bw(Bsh) 0-098 0.467 0.109 0.167 0.404 0.147 4) confirmed by the results of the analysis of geological and
3XII 0.233 field data of the N field operation, geophysical and
VI 0243 In order to ensure the' most ratlona! COl’ld.ltIOI'lS foF the
pwpd) 0-321 0454 0067 0119 0039 0321 7o development of the object of the investigation it is
necessary to conduct similar and more detailed studies in
Note: the highest priority values for the various geological and order to search for and assess the opportunities of
physical parameters are indicated in bold. increasing the oil recovery factor.
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