Perm Journal of Petroleum and Mining Engineering. 2025. Vol.25, no.2. P.86-94. DOI: 10.15593/2712-8008/2025.2.4

ISSN 27 12-8008

Volume /| Tom 25 Ne2 2025
Journal Hermepage: httpi//vestnikpsturu/geo/

——

Perm Journal of Pgtr:oleum —
-~ and Mining Engineering

UDC 622 +550.832.542
Article / Ctatps

© PNRPU / ITHUITY, 2025

Assessment of the saturation nature of productive formations based on the analysis of geological parameters

Pavel Yu. Chudinov!?, Vladislav I. Galkin!, Inna N. Ponomareva'!

'Perm National Research Polytechnic University (29 Komsomolskiy av., Perm, 614990, Russian Federation)
2LUKOIL-PERM LLC (62 Lenina st., Perm, 614068, Russian Federation)

OueHka xapakTepa HacblLWweHus NPOAYKTUBHbLIX NJlacTOB HAa OCHOBEe aHarin3a reosfiormn4eckmx napameTpoB

I1.10. Yynuuos'?, B.W. Tankun', U.H. llonomapéaa’

'Tepmckuii HaLI!IOHaJIbeIﬁ HcCIIeIoBaTesIbCKUI OITeXHIYecknii yHuBepcuTeT (Poccuiickas @enepars, 614990, r. Ilepms, KomcoMosbekuii 1mp., 29)
2000 «JIYKOUJI-TIEPMb» (Poccuiickas ®enepauus, 614068, r. Ilepmbp, yi. JleHuHa, 62)

Received / NMony4eHa: 22.11.2024. Accepted / MpuHaTa: 05.12.2024. Published / Ony6nukoeaHa: 01.04.2025

Keywords:

saturation nature of productive
formation, oil saturation, flooding,
geophysical well logging, pulsed
neutron-neutron logging, thermal
neutron lifetime, neutron count
ratio, indirect method,
mathematical statistics, statistical
analysis, individual probability,
complex probability model, step-by-
step regression analysis, geological
and technological parameters,
informative parameters.

Kimiouegvle ciiosa:

XapakTep HaChILeHUA
TIPOAYKTUBHOTO ILIACTA,
HedTeHaCHIeHHOCTh, 0OBOAHEHHE,
reodusIYeCcKUe UCCIIeJOBAHUA
CKBaXXUH, IMITYJIbCHBII HEHTPOH-
HEUTPOHHBIH KapoTax, BpeMsA
JKU3HU TEIJIOBBIX HEHITPOHOB,
OTHOIIIEHUe cYeTa HEHITPOHOB,
KOCBEHHAsl METOJMKa,
MaTeMaTH4ecKas CTaTUCTHKA,
CTATUCTUYECKUIT aHAJIU3,
MHAUBUAYaIbHAsA BEPOATHOCTH,
KOMILJIEKCHAs BEPOATHOCTHAA
MoO/ieJIb, MOMAroBhIiT
PperpeccHOHHBII aHAJIU3, Te0JIOro-
TEXHOJIOTHYeCKHe IapaMeTpBhl,
nHpOpPMaTHBHBIE ITAPAMETPHIL.

Monitoring the saturation nature of productive formations is one of the key tasks of oil field geology and monitoring the
development of oil and gas fields. The availability of this information allows for prompt decision-making on the effective
management of asset development and planning geological and technological activities. In practice, monitoring the saturation
nature is carried out during geophysical well surveys. At the same time, the presence of a casing in the well structure, which is
typical for almost all operating production facilities in the Perm Krai, reduces the information content of most well geophysical
survey methods and minimizes the number of effective tools for solving the problem. Currently, the most reliable assessment of
the saturation nature is obtained by pulsed neutron-neutron logging, but this method also has some limitations in practical
application.

An urgent task is to develop an indirect method for prompt assessment of the saturation nature of formations based on statistical
processing of accumulated well geophysical survey data and a set of geological and technological parameters that determine the
current saturation of formations. To develop the methodology in this article, an approach was used consisting in constructing a
complex probabilistic model based on taking into account the combined influence of each of the used geological and
technological parameters on the process under study. The initial stage of the study allowed to assess the degree of influence of
each of the indicators, as well as to identify the most informative ones that had a significant impact on the current saturation of
the formations. The complex model constructed further is proposed to be used as the basis for the developed methodology, the
advantage of which is the ease of use. The developed methodology is not an alternative to pulsed neutron-neutron logging and is
recommended for use in the absence of materials or the possibility of conducting geophysical studies of wells.

KOHTpOJ’Ib 3a XapakKTepOM HAaCBIIEHWA IPOAYKTUBHBIX IIJIACTOB SABJIAETCA OﬂHOﬁ M3 KJIIOYEBBIX 3ajga4d HE(I)TGHPDMHCJ'IOBOI/UI
reoJIOTMA ¥ MOHHUTOPUHTA Pa3paboTKU MecTOpOXAeHWH HedTH u raza. Hajmmuue gaHHON MHGOPMANUU MO3BOJIAET ONEPATUBHO
NPUHAMATh pemeHusA M0 3((eKTUBHOMY yIpaBjieHHI0 pa3pabOTKOH aKTHUBOB, IUIAHUPOBATh IIPOBeJEHHEe TIe0JIoro-
TE€XHOJIOTUYE€CKNX MepDHPI/IHTHﬁ. Ha IIpaKTUKE KOHTPOJIb 3a XapaKTe€pOM HAaCBIIEHNA OCYIECTBJIAIT IIPpU IPOBEAEHHUN
I‘EO(IJHSI/I‘IECK]/IX HCCJ’IeHDBaHI/Iﬁ CKBaXXHH. HpI/I 3TOM HaJInuMe B KOHCTPYKIUN CKBa’XHMHBI o6ca,1:[H0131 KOJIOHHBI, CBOKICTBEHHOE
MPaKTHYeCcKd BceMy JAeHcTBylomeMy fgoObBamomeMy ¢oHAy IlepMckoro kpas, CHIKAaeT HMHGOPMATHBHOCTb OOJIBIIMHCTBA
METO0B reoxbnsu!{ecxmx I/ICCJ'ISI[OBaHl/Iﬁ CKBaXWH W MHWHUMU3HPYET KOJIMYECTBO E)IP(IJGKTP[BHI:IX HUHCTPYMEHTOB peElIeHUuA
MOCTaBJIEHHOMI 3agavyu. B HacToAIee BpeMsa HauboJsiee AOCTOBEPHYIO OLIEHKY XapaKTe€pa HacChIIEeHN I1I0JIyJalT IIpU IPOBEAEHUN
UIMITYJIbCHOI'O HeﬁTpOH-HeﬁTpOHHOI‘O KapoTraxa, OJHaKo u I[aHHblﬁ MeToa 06na}1aeT HEKOTOPBIMU OrpaHUYEHUsMH B
IIPaKTU4Y€CKOM IIPpUMEHEHUNH.

AKTyaﬂLHOﬁ 3a1:[a!{e171 ABJIACTCA pa3pa60T1<a KOCBEHHOM MeTOANKH OHepaTHBHOﬁ OLI€HKN XapakTepa HacChIIEeHUA IJIacTOB,
OCHOBAaHHOU Ha CTaTUCTHUYECKOM 06p360TK€ HaKOIIJIEHHBIX AJaHHBIX FeO(bPBI/I‘IeCKI/IX nccne;{oaa]—mﬁ CKBaXV'H U KOMILJIEKCa
T€0JIOro-TEXHOJIOTMYECKUX IMapaMeTpOB, ONpEeAesIAIINX TEKYIIyl0 HaCBIIEHHOCTh IIJIaCTOB. I[J'IH pa3pa60T1<M METOAUKH B
Hac’roameﬁ CTaThe€ HCII0JIb30BaH IMOAXOM, 3a1<J110!{a101um71c;{ B IIOCTPOEHUHN KOMILIEKCHOM BepOHTHOCTHOﬁ Moaesnu, OCHOBaHHOU
Ha y4yeTe COBMECTHOI'O BJIMAHHA KaXJOro UX HCIIOJIb3YEMBIX I'€0JIOr0-T€XHOJIOTMYECKUX MMapaMeTpOB Ha MsyqaeMmﬁ mnponecc.
HauasibHblil Tan UCCJIeOBaHUA MO3BOJINJI OLIEHUTh CTEMNEHb BJIMAHUA KaX0ro mu3 noxaaaTeHeﬁ, a TakXXe BbIAEJINTh HauboJiee
MHQOPMAaTUBHBIE, OKA3BIBAOIME 3HAUYMMOE BJIMAHNE Ha TEKYIIyl0 HACBHIIEHHOCTh MJIACTOB. [IOCTpOEHHYI0 Aajiee KOMILJIEKCHYIO
Mo/JieJIb ITIpejijlaraeTcs HCIOJIb30BaTh B KauecTBe OCHOBHI pa3pabaThiBaeMOll MeTOAMKH, NPEeHMYILIeCTBOM KOTOPOH ABJIAETCA
IIpOCTOTa NPUMEHEHU. Paspa60TaHHaﬂ MeTOAuKa He ABJIAETCA aJ'ILTepHaTPIBOl?I HUMITyJIbCHOMY HeﬁTpOH—HeﬁTpOHHOMy
KapoTaxy ¥ p€KOMEHAYyeTCA K HCIIOJIb30BaHUI0 IPY OTCYTCTBUU MaTepHaJIOB WJIM BO3MOXHOCTHU IIPOBEAEHUA reo(lmanecxnx
WCCJIeJOBAaHUI CKBAXKHH.
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Introduction

In the conditions of significant development of
geological reserves, typical for most oil fields in the Perm
Territory and other regions, the most important task of
industrial geology is the reliable identification of residual
oil localization zones, which will allow developing a
program for its effective extraction. According to [1],
uneven development of reserves leads to the formation of
pillars, the search for which should be carried out using
various tools. The relevance of the problem of searching
for residual oil pillars is also indicated by the authors of
[2]. In turn, in [3], the authors indicate that the search
for residual oil concentration zones will allow, among
other things, to increase hydrocarbon reserves. The
authors of [4, 5] draw a conclusion about the importance
of reliably determining residual oil concentration zones,
for which they propose using a specially developed
complex method. In turn, the availability of correct data
on the localization of residual oil zones allows making
informed decisions on the use of expensive methods for
enhancing oil recovery. For example, the authors of [6]
consider it advisable to use the technology of displacing
residual oil by injecting carbon dioxide. In the conditions
of a complex carbonate reservoir, according to [7],
displacement of residual oil by foam systems is effective.
The article [8] indicates the success of using anionic
surfactants (SAS) in extracting residual oil.

The problem of searching for residual oil is divided
into identifying zones of high density of residual reserves
(RR) by the area of the deposit and by the section.

Currently, the distribution of RR by area is estimated
mainly when constructing the corresponding maps based
on the use of geological and hydrodynamic models. In
turn, the problem of identifying oil-saturated interlayers
is solved during geophysical well logging (GWL), while
pulsed neutron-neutron logging (PNNL) is considered an
effective method, which distinctive feature is the
possibility of its application at any period of the fund
operation.

Features of the using pulsed neutron logging as a
method for assessing the nature of saturation are
described in publications of Russian and foreign
researchers. The authors of [9] present the results of a
comparative analysis of various neutron logging
technologies, highlighting the conditions for their effective
application.

A review of the development and directions of
improvement of neutron logging is presented in the work
[10], and in [11] the authors point out the key role of
neutron logging methods in the general methodology of
well studies. In the article [12] the reliability of the
results of formation saturation identification by the

INNK method is confirmed by means of the performed
modeling. In [13] the capabilities of the method are
illustrated as applied to an oil and gas deposit at the final
stage of operation, and the authors of [14] used pulsed
neutron logging to assess not only the saturation nature,
but also the displacement coefficient as applied to real
formation conditions of the drainage zone of one of the
wells of the Romashkinskoye field. In the work [15] it is
indicated that the application of the method allows
identifying productive areas of depleted deposits and
designing the placement of new wells in them. In the
article [16] the authors provide a conclusion on the
advantageous features of pulsed modifications of neutron
logging. The authors of [17] use pulsed neutron logging
data to confirm the reliability of the developed technology
for determining the nature of saturation of productive
formations, based on the use of nuclear-physical methods.

In works [18, 19] the pulsed neutron logging method is
effectively used to solve problems of increasing the
efficiency of field development. It should be noted that
pulsed neutron logging should not be considered a
universal method effective in all geological and physical
conditions. Thus, in work [20] the problematic nature of
the quantitative interpretation of neutron logging data is
indicated.

While conducting well logging using the neutron
logging method, the main measured parameter is t, the
lifetime of thermal neutrons after periodic irradiation of
the rock with fast neutron bursts, which allows us to
estimate the concentrations of elements with a high level
of thermal neutron absorption (e.g. chlorine) in the
productive formation. The problem of differentiating a
reservoir into hydrocarbon- and water-saturated is solved
based on the assumption of their different chlorine
content, which leads to an important limitation of the
applicability of the neutron logging method - its
information content decreases with low mineralization of
the saturating water and high clay content of the reservoir.
An additional factor reducing the reliability of the method
is the low porosity of the reservoir which is confirmed by
the authors of the article [21]. Researchers [22, 23] also
note the insufficient accuracy of measuring devices used in
neutron logging under certain conditions which poses the
task of studying and improving the instrument base.
Currently, the standard algorithm for interpreting pulsed
neutron-neutron logging data allows for the stable
identification of intervals containing hydrocarbons and
mineralized water associated with highly porous reservoirs
with minimal clay content.

In the conditions of using fresh water in the reservoir
pressure maintenance system and probable oil degassing
in the productive formation, an urgent task is to increase
the degree of detail in assessing the saturation nature of
productive formations. Thus, identifying intervals
saturated with fresh water, oil with gas and gas would
allow for a significant refinement of the -current
geological structure of oil deposits in the dynamics of
their development. In addition, the involvement in the
development of assets associated with complex low-
permeability reservoirs also determines the advisability
of adapting the interpretation technique to the specified
conditions.

A description of the main problems associated with
neutron logging is given in [24]. At the same time, the
authors point out the probable negative impact of drilling
mud filtrate on the reliability of the interpretation. The
authors of [25] point out the need to adjust the neutron
logging methodology to take into account the specific
features of the field development technology being
implemented. The need to fine-tune the methodology for
interpreting pulsed neutron logging to take into account
the individual features of individual formations is
indicated by the authors of [26]. In [27], the authors
describe the petrophysical fine-tuning of pulsed neutron
logging which allows for an increase in the efficiency of
forecasting the oil saturation of formations. The results of
studies aimed at increasing the reliability of identifying
the type of saturating fluid while using pulsed neutron
logging are presented in [28]. To increase the reliability of
the results of interpreting neutron logging while studying
the nature of saturation of a gas formation, the authors of
[29] propose using a new parameter — the total cross-
section of fast neutron scattering. In addition to the
technological limitations of the PNNL method, the
problems of prompt and reliable identification of oil-
saturated layers during well operation are also aggravated
by economic reasons - the costs of conducting well
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logging, which together determines the feasibility of
developing a method for promptly assessing the nature of
saturating productive layers without conducting research.
Taking into account the significant accumulated
experience of conducting pulsed neutron-neutron logging,
an effective tool for solving the problem can be a
statistical approach that involves studying the correlation
links between the saturation parameters of reservoirs,
actually determined by PNL, and the geological and
technological indicators characterizing the current state of
well operation.

Methods and methodology

The mathematical basis for the developed methodology
for the operational forecast of the saturation nature of
productive formations during the development of the
reserves associated with them is proposed to be the use of
mathematical statistics methods, which are currently
actively used in oil and gas geology. Thus, the authors of
[30] use a set of statistical models for a detailed analysis of
the dynamics of the well productivity coefficient during the
development of oil fields. A detailed statistical analysis
performed by the authors of [31] made it possible to
substantiate the list of geological factors that determine the
natural fracturing of siliceous shales. In [32], the authors
point out the predominant efficiency of statistical analysis in
solving current problems of structural geology. Successful
application of statistical methods made it possible in [33] to
effectively estimate recoverable reserves in the selection
zones of horizontal wells exploiting unconventional
reservoirs. Statistical processing of a large volume of data
allowed the authors of [34] to solve the problem of creating
a correct sample for virtual measurement of well flow rates
using neural network algorithms. The authors of [35]
demonstrate the success of forecasting the rate of
penetration while drilling wells based on statistical
modeling. In [36], geological and statistical modeling
allowed the authors to successfully solve the problem of
removing uncertainties when creating an algorithm for
involving residual oil in development. In [37, 38], the
authors present constructed multivariate statistical models
that allow predicting dynamic reservoir pressure in the
selection zones of oil-producing wells with high reliability.

This article uses an approach that comes down to
constructing a statistical model that allows estimating the
probability of saturation with oil of a particular interlayer
within the exploited deposit.

In order to develop a methodology for the operational
forecast of saturation indicators of productive formations, a
database was collected characterizing the experience of
conducting well studies using the PNNL method at
terrigenous and carbonate development sites of one
representative field in the south of Perm Krai. At the same
time, on the one hand, the indicators determined by the
PNNL method are systematized, and on the other hand, the
geological and technological characteristics of the wells
under study, probably determining the current saturation of
the interlayers. For the quantitative accounting of
qualitative indicators, a ranking system is used, according to
which various qualitative characteristics are assigned
numerical values (indices).

To take into account the properties of the formation,
the following were adopted: lithology index (1 -
carbonate, 2 - terrigenous); clay coefficient kgl, fractions
of units; porosity coefficient m, %; effective formation
thickness h, m.

To take into account the probable sources of flooding,
the following were adopted: density of produced water p,
kg/m? index characterizing the quality of cement stone

(1 - solid, 0 — absent); distance to the water-oil contact, m;
distance to the nearest injection well, m.

Technological indicators of well operation: index
characterizing the type of fluid obtained as a result of well
development; index characterizing the type of fluid
obtained six months after well development; contribution
of the interval to the total well flow rate, %.

The following indicators, actually determined during
well logging using the PNNL method, were adopted as
predicted parameters: thermal neutron lifetime 7, ps; the
ratio of neutron counts on the small (SP) and large (LP)
probes in certain time windows, imp/min; the resulting
parameter is the index characterizing the saturation of the
studied formation (I,).

When compiling the database, 62 complete sets of the
specified indicators were systematized.

The translation of the qualitative characteristic — the
saturation index, is made for the conditions of the
presence of three phases in productive formations in
different combinations. Saturation with the phases "oil +
water" is characterized by indices from O to 1, while the
numerical value of the index corresponds to the share of
oil in the total volume of fluid saturating the formation.
The system "oil + gas" is designated by indices from 1 to
2, while I, = 2 for a fully gas-saturated formation.

During the research, a probabilistic approach was
used, which success has been confirmed by numerous
studies in similar areas [39-43]. Since each of the listed
geological and technological parameters probably
influences the nature of saturation, at the first stage a
series of one-dimensional probability models was built
which allow a preliminary assessment of the nature of
interlayer saturation based on the value of one criterion.
Thus, one-dimensional probability models were built
for each of the listed geological and technological
parameters.

The construction of one-dimensional models and their
analysis will allow solving a number of important
problems including assessing the nature of the influencing
each indicator on the probability of interlayer oil
saturation as well as identifying informative and non-
informative indicators from their total number. The
methodology for constructing one-dimensional probability
models while solving similar problems is described in
detail in [44].

Isolation of informative indicators from the general
list of analyzed parameters will allow moving on to the
next stage of the statistical study -to the construction of a
complex probability model that characterizes the joint
influence of informative parameters on the nature of
productive formation saturation. The following formula
was used to calculate the complex probability:

Peom ZL' €Y}
P TR G- P)

where P; - individual (one-dimensional) probability of the
predicted event — saturation of the productive formation
with oil.

The procedure for constructing the model is described
in [45]. In practice the use of this model will allow
calculating the probability of interlayer saturation with oil
based on the known values of several geological and
technological indicators.

The constructed complex probabilistic model is
characterized not only by the practical significance
indicated above; its detailed analysis is of scientific
interest based on the results it is possible to study the
features of the saturation nature of productive formations
during the development of reserves confined to them.
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For a detailed studying influence of parameters on
obtaining anhydrous oil inflow, a set of multidimensional
step-by-step regression equations was constructed. The
dependent variable for all equations was the value of P,
the remaining parameters were selected as independent
variables. The formation of this complex occurred
according to the following algorithm:

1) all observations were ranked by the value of P
from maximum to minimum;

2) the first regression model was built on the basis of
the first three observations characterized by the highest
values of P,,;

3) while constructing subsequent regression models,
the number of observations used as the basis for the
models was increased by one observation;

4) formating set of regression equations was completed

when all observations were included in the last model.
The regression equations were developed using stepwise
regression analysis (SRA) which allows forming regression
equations that include only statistically significant
parameters when predicting P,,,,. The methodology and
examples of using stepwise regression analysis to solve
various oil field problems are presented in [44, 45].

comp

Results

One-dimensional probability models for all parameters
are given as equations in the table, graphically shown in
Fig. 1, a—k.

The graphs of probability models show that the
probability of obtaining only oil during well development
depends directly proportionally on the parameters P,
SP/LP, ky, m, h. An inversely proportional dependence
was obtained from the parameters 1, p, [.. Parameters that
are of little informative value for determining the nature
of the inflow were also identified: D, L, L.

The next stage is devoted to the step-by-step
construction and study of statistical equations
characterizing the multidimensional relationship between
the P, indicator and all informative parameters whose
influence on the saturation nature was established earlier.
A total of 48 regression equations were constructed in this
way. Free terms and angular coefficients for the
parameters used depending on the number of observations
underlying the equations are characterized by a complex
distribution pattern. The obtained dependencies are
presented in the graphs of the depending the values of the
angular equation terms on the maximum value of
observation P, which basis helped to form the equations
(Fig. 2, a-1).

According to the graph of the change in the free
terms of the equation (see Fig. 2, a), it was established
that within the correlation field, two trajectories of
change in this parameter are observed, separated by the
value of the complex probability P, = 0.4 fractions of
a unit. At P, < 0.4 fractions of a unit, the values of the
free terms of the equation change insignificantly within
the values from 2.3 to 2.5. Upon reaching P.,,, = 0.4
fractions of a unit, a sharp jump in values from 2.5 to 2.1
occurs.

Subsequently, with an increase in P,, a gradual
decrease in the values of the angular terms to 0.65 occurs.

According to the graph of the change in the angular
coefficient at P, (see Fig. 2, b), two intervals of values
separated from each other were established. The first
interval P, < 0.5 fractions of a unit. is characterized by
the relatively largest range of changes in the angular
coefficients from 0.16 to 0.28. The second interval
P.m, > 0.6 fractions of a unit is characterized by a large

omp

spread of the angular coefficients and the spread increases
with increasing P,

On the graph of the change in angular coefficients for t
(see Fig. 2, ¢), three sections can be distinguished. The first
section (P, < 0.4 fractions of a unit) is characterized by
an increase in the values of the angular coefficients with
an increase in P,,,. The second section (0.4 < P, < 0.8
fractions of a unit) is characterized by an increase in Pxom
with uneven fluctuations in the values of the angular
coefficients from -0.0012 to -0.0008. The third section
(Pomp > 0.8 fractions of a unit) is characterized by an
increase in the values of the angular coefficients with an
increase in P but with less intensity than in the first
section.

On the graph of the change in the angular coefficients
for SP/LP (see Fig. 2, d), two sections are distinguished. At
values of P, < 0.5 fractions of a unit, there is an uneven
increase in the angular coefficients from 0.027 to 0.057
with an increase in the complex probability. At values of
Pemp > 0.5 fractions of a unit, a decrease in the angular
coefficients from 0.05 to —0.008 is observed. According to
the graph of the change in the angular coefficients for p
(see Fig. 2, d), it was established that within the
correlation field, two different sections of change in this
parameter are observed, separated by the value of the
complex probability P, = 0.4 fractions of a unit. At
Peomp < 0.4 fractions of a unit, the values of the angular
terms of the equation change slightly within the range
of values from -2.2 to -1.96. When P, = 0.4 fractions
of a unit is reached, a sharp jump in values from -2 to —
1.7 occurs. Subsequently, with an increase in P, a
gradual increase in the values of the angular terms to
0.1 occurs.

According to the graph of the change in the angular
coefficients at I, (see Fig. 2, e), it is evident that the
complex probability increases with an increase in the
angular coefficients. It is worth noting that the intensity
of the increase at P, < 0.5 fractions of a unit is higher
than at P,,,,, > 0.5 fractions of a unit.

Three sections can be distinguished on the graph of
changes in angular coefficients at D (see Fig. 2, g). The
first section (P, < 0.3 fractions of a wunit) is
characterized by an increase in the values of angular
coefficients with an increase in P,,,,. The second section
(0.3 < Py, < 0.8 fractions of a unit) is characterized by
an increase in P, with a decrease in the values of
angular coefficients from 0.0014 to 0.0001. The third
section (P, > 0.8 fractions of a unit) is characterized by
multidirectional changes in the values of angular
coefficients in the range from —-0.0006 to 0.0003 with an
increase in P

comp

comp*

One-dimensional probability models

Parameter Equation
P, P (P, = 0.2113 + 0.5268 - P,
T P (1) = 1.2221 - 0.0026 - ©
SP/LP P (SP/LP) = 0.1813 + 0.202 - SP/LP
p P (p) = 3.7889 -2.9452 - p
I P (I) = 0.9826 — 0.5892 - I,
D P (D) = 0.5547 - 0.0001 - D
Lowe P(L,,) = 0.557 - 6.012-107°- L,
in P (L) = 0.455 + 4.973-10° L,
K, P (K, = 0.1847 + 0.1127 - K
P (m) = 0.1148 + 0.026 - m
h P (h) = 0.3164 + 0.0527 - h
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Fig. 1. One-dimensional probabilistic models by parameters. a - y1 (P,
formation); b — y2 (t — - lifetime of thermal neutrons); ¢ — y3 (SP/LP - small to large probe count ratio);

- index characterizing the saturation of the studied
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Two sections can be distinguished on the graph of
changes in angular coefficients at L, (see Fig. 2, h). The
first section at P, < 0.3 fractions of a unit is
characterized by an increase in P, with an increase in
angular coefficients from 0.003 to 0.0056. The second
section is characterized by a decrease in the values of the
angular coefficients to —0.003 with an increase in P,

On the graph of the change in the angular coefficients
for L, (see Fig. 2, i), two clouds of observations are
distinguished. The first cloud is characterized by
P < 0.4 fractions of a unit and positive values of the

comp

kpyj-mk-h

cl>
angular coefficients. The second cloud is characterized by
Pemp > 0.4 fractions of a unit and negative values of the
angular coefficients.

On the graph of the change in the angular terms for kgl
(see Fig. 2, j), a tendency is established for P, to
increase with a decrease in the values of the angular
coefficients for k over the entire range of P, values.

On the graph of the change in the angular coefficients
for m (see Fig. 2, k), two sections are distinguished.
At values of P, < 0.2 fractions of a unit, the values
of the angular coefficients increase from 0.026 to 0.03
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Fig. 2. Graphs of the dependence of the values of the angular terms of the equation on P
coefficients at the parameters: b - P_,; c— 1, d - SP/LP;d-p;e-D; g-1; h—-L

with an increase in the complex probability. At values
of Pemp, > 0.2 fractions of a unit, the values of the
angular coefficients increase from 0.026 to 0.03 with an
increase in the complex probability. a decrease in the
angular coefficients from 0.03 to -0.001 is observed
with increasing P,

Three sections can be distinguished on the graph of
changes in the angular coefficients for h (see Fig. 2, I). The
first section (P, < 0.2 fractions of a unit) is
characterized by constant values of the angular coefficients
(0.029) with increasing P, The second section
(0.2 < P < 0.8 fractions of a unit) is characterized by

comp

a - free term of the equation; angular
—Lmj;j—kd; k-myl-h

comp?

owes L

an increase in P,,, with uneven multidirectional
fluctuations in the values of the angular coefficients from
0.0015 to 0.029. The third section (P, > 0.8 fractions of
a unit) is characterized by a decrease in the values of the
angular coefficients with increasing P,,.

Thus, on many graphs at P,,, = 0.4 fractions of a
unit, the boundary of the change in the nature of the
dependencies of the complex criterion on the angular
coefficients of the equations is traced. This indicates that
in well groups (P, < 0.4 and P, > 0.4 units) different
processes occur that affect the nature of the inflow during
development.
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Discussion

In the course of this study, a series of statistical
models were constructed and studied in detail, which are
proposed to be used as a mathematical basis for the
developed method for predicting the nature of saturation
of productive strata in the process of developing oil
deposits.

The advantage of the developed method is the use of
field information as initial data — the values of geological
and technological parameters characterizing the current
state of the drainage zone of the productive strata.

The basis of the method is a complex probabilistic
model, the construction of which is reflected in detail
above. In turn, the complex model is based on a
combination of one-dimensional probabilistic models that
consider the individual influence of each geological and
technological indicator on the nature of saturating
productive strata in the process of developing confined
reserves.

Briefly, the algorithm for assessing the nature of
saturation using the technique can be described as
follows:

1) collection of known information on the following
properties of each interlayer: density of produced water,
proportion of water in well production during
development, dimensionless characteristic (index) of the
cement stone quality, distance to the oil-water contact,
distance to a number of injection wells, clay coefficient,

3) constructing a complex probability of oil saturating
the studied interlayer according to equation (1).

It should be noted that the developed technique is
quite simple in practical application; while using it, an
insignificant amount of information is used as initial data.

This technique should not be considered as an
alternative to geophysical well logging; its use is advisable
in cases where conducting well logging is difficult for
technical and economic reasons.

Conclusion

Practical application of geophysical research by the
PNNL method is in some cases complicated by technical,
technological and economic reasons, while the problem
of assessing the saturation nature of productive strata
during the development of reserves associated with them
remains unsolved.

For the operational assessment of the saturation nature,
it is advisable to develop indirect methods based on
statistical processing of geological and technological
indicators and actual GWL materials which is demonstrated
in this article.

The basis of the developed method for the operational
assessment of the saturation nature is a complex
probabilistic model based on the use of a series of one-
dimensional (individual) probabilities.

The sequence of calculations and advantages of the
developed method for the operational assessment of the

saturation nature of productive strata are demonstrated
which is recommended for practical application in the
absence of well geophysical research materials.

porosity coefficient, thickness;
2) construction of individual
probabilities;

(one-dimensional)
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