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ANNOTATION

In the current context of the energy industry, effective management of residual reserves of fields
at late stages of development is becoming a matter of critical importance. Residual oil reserves
play a key role not only in ensuring energy security but also in the formation of economic
sustainability of regions and countries. One of the main aspects of residual reserves management
is forecasting their involvement in development at the later stages of the field life cycle. The
presence of old fields, for which the construction of a GHDM is inappropriate, determines the use
of various analytical and mathematical models in the analysis and design of development. The
variety of such models is great, which allows them to be applied to various fields and at various
stages of development. Of the many numerical models, we can highlight those that are
distinguished by: ease of use; absence of complex physical and technological formulas; wide
applicability for various categories of deposits; as well as the absence of the need for a detailed
study of the geological and physical characteristics of the deposit. In our case, we are talking about
displacement characteristics (hereinafter referred to as DC), which are a powerful data analysis
tool that makes it possible to identify patterns and trends in changes in residual reserves. The use
of statistical models allows us not only to assess the current state of residual reserves but also to
predict their behavior in the future, which is a key element of effective production management.
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Introduction

analysis of the geological structure of the field, the
properties of the reservoir, the hydrodynamic

Forecasting the involved oil reserves is based on  conditions, and the technological possibilities of
the assessment of the available oil resources in the  production. Knowledge of oil reserves is a key

field and their potential production. This includes the  element for making decisions on field development
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planning, choosing the optimal technologies and
production methods, and assessing the economic
efficiency of the project. Thus, the determination of
oil reserves is closely related to the forecast of the
reserves involved and plays an important role in the
management of production and development of oil
fields. Qil reserves are the volume of oil that can be
extracted from a field using current technologies and
production methods, subject to economically
favorable conditions. This concept includes an
assessment of the amount of oil that is physically
present in the geological structure (deposit) and also
takes into account the technical and economic
feasibility of its extraction. The determination of oil
reserves includes a comprehensive assessment of
geological, hydrodynamic, engineering and
economic factors.

The topic of forecasting the involvement of
residual reserves in the development of a late-stage
field using displacement characteristics is relevant
for oil-producing companies, as it allows
for increasing the efficiency of oil production. In this
review, we will consider some of the studies and
publications devoted to this topic.

The research "Predicting the Residual Reserve
Involvement of Late-Stage Fields Using Displacement
Characteristics discusses various methods for
predicting the residual reserves of late-stage fields
using displacement characteristics. The authors
propose using hydrodynamic modeling and machine
learning methods to estimate the residual reserve
involvement. The study was conducted based on
field data in China and showed high accuracy in
predicting the residual reserve involvement [[1], [2],
(311

The research "Determination of Residual
Reserves of Fields at Late Stages of Development
Using Displacement Characteristics". Methods for
determining residual reserves of fields at late stages
of development using displacement characteristics.
The authors propose to use the modeling of the
displacement of the injected fluid and the
assessment of pressure changes in the late stages of
development to predict the remaining reserves. The
study was conducted based on the data of the field
in Azerbaijan and showed good accuracy in
predicting the remaining reserves [4].

The book is a valuable resource for studying the
features of the involvement of residual oil reserves.
Residual oil reserves are a significant portion of oil
reserves that cannot be extracted by standard
production methods. Lysenko's book analyzes in

detail various methods and technologies for the
involvement of residual oil reserves, such as hot
crushing technology, hydrothermal decomposition,
steam injection, explosive methods, and many
others [5].

The book is an important source of information
on the involvement of residual oil reserves in the
production process. The authors examine various
methods of designing oil field development taking
into account the involvement of residual reserves.
The book describes in detail the features of the
geological structures of oil fields and methods for
determining their parameters [6].

Thus, the use of displacement characteristics to
predict the involvement of residual reserves in the
development of a late-stage field is a promising
direction and can lead to increased efficiency of oil
production.

Research methods

In the article, for the analysis of the reserves
involved in development under the development
system that has developed over a long period, some
of the most common displacement characteristics
presented in Table 1 were used. The indicated
displacement characteristics show the closest to the
actual result when developing a field in an active
water drive mode [7].

The displacement characteristic method based
on the dependence of the cumulative production
(Qcum) 0N the natural logarithm of the water-oil ratio
(WOR) is one of the methods for analyzing and
evaluating the efficiency of production in oil fields.
This method is based on the fact that WOR is one of
the key parameters that determine the amount of oil
that can be extracted from the reservoir. The natural
logarithm (Ln) of WOR is used to create a linear
dependence, which simplifies the analysis and
interpretation of the results. The basic steps of the
Ln(WOR) displacement characterization method
include Data collection: Oil production data are
collected at various stages of field development,
including oil and water production volumes;
Ln(WOR) calculation: For each time interval or
production stage, the natural logarithm of the WOR
is calculated based on the oil and water production
[8]; Plotting a graph: A graph is plotted with Ln(WOR)
on the {x} axis and total oil production on the {y} axis.
This allows us to visualize the relationship between
these parameters.
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Table 1 - Displacement characteristics used

Name of the displacement characteristic

Equation

Method of Nazarov S.N. and Sipachev N.V.
[11]

Vo.ext(fw.exp.)zg 1- %E}l_fw)

Dependence of total production on
Ln(WOR)

Qinv:(W-b)/G

Dependence of specific production on total

Qinv=(Qmin‘b)/a

Method of Sazonov B.F. [12]

1 1
Vo.ext (fW.exp.) = E In <W)

Method of Maximov M.I. [10]

1 fw
Voert (Fep.) =210 (W)

Method of Kambarov G.S. [13]

Vo.ext (fw_exp_) =af,

Analysis and interpretation: The resulting graph
is analyzed to identify trends and patterns. In
particular, the shape of the graph, the slope of the
line, and other characteristics that may indicate
production  characteristics and development
efficiency are analyzed.

Use of results: The results can be used to
forecast production based on current WOR data, as
well as to optimize production strategies and make
decisions about further field development.

This method allows us to evaluate the influence
of the water-oil factor on the production process and
to determine the optimal production methods for oil
recovery.

The reserves involved in development according
to this method are determined by the following
formula:

Qin=(w-b)/a (1)

where w is the maximum water cut at the end of
development (98%);

a b are empirical coefficients that are
determined by the linear section of the development
history;

a is the dependence of Ln(WOR) on Qcum;

b is (Ln(WOR)- Qcum)*a, Ln(WOR) and Qum are
average values for the selected period..

The next method of displacement
characterization is an engineering method of
analyzing oil production data, which is based on the
assumption that the production rate decreases over
time according to some law. This method is widely
used in the oil and gas industry to predict future
production, estimate remaining reserves, and
optimize field development strategies [9].

The dependence of specific production (gspec) ONn
total production is one form of displacement
characteristic that describes the change in the rate
of production (specific production) of oil over time as
a function of total production. This is expressed in an
equation of the following form:

Qinv=(qmin'b)/a (2)

where gmin is the minimum flow rate (0.5 t/day);

a, b are empirical coefficients that are
determined by the linear section of the development
history;

a is the dependence of gspec ON Qeum;

b is (qspec-Qcum)*a, Qspec and Qum are average
values for the selected period.

This equation describes the exponential decline
in specific production with increasing total
production. The coefficient b is often called the
decline factor and is a measure of the rate of decline
in production.

This displacement characterization method
allows the parameters of this equation to be
estimated from historical production data and used
to predict future production. It is a useful tool for
field development planning and determining optimal
production strategies.

Method of Maximov M.!. (1959)

A study of the process of oil substitution by
water on a reservoir model, which was presented as
a pipe filled with sand. As a result of this study, an
empirical relationship was found between the
volume of total water production and the volume of
total oil production. Based on the analysis, a method
based on the close relationship between the volume

— 17 ==
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of total oil and water production is especially evident
at the final stage of oil deposit development [[10],
[11]].

According to this method, the relationship
between the volume of total water production (Vy)
and the volume of total oil production (Vo) is
described by the exponential function equation:

V,,=ba’e (3)

where V,, is the total water production under
reservoir conditions;

V, is the total oil production under reservoir
conditions;

a, b are empirical coefficients.

This equation of dependence V. = f(V,) when
moving to a linear form is represented by the
dependence

InVw,=aVo+b (4)

where a = In a, andb = In 8 are empirical
coefficients.

According to this method, the dependence is
constructed using semi-logarithmic coordinates Y =
In Vu, X = V,,. The resulting dependence on the final
section is a straight line with an angular coefficient a
= Ina and a segment plotted on the ordinate axis {y}
— b =In 6. A linear segment is selected from the
constructed dependence, according to which it is
necessary to determine the empirical coefficients a
and b. It should be taken into account that this
dependence approaches a linear form on the final
section of the curve. Therefore, for the most
complete reflection of this dependence Vw = f(Vo),
the values corresponding to this final section are
selected. For the given data, the coefficients of linear
approximation a and b are found using the least
squares method. Maksimov M.I. asserts that forcing
liquid extraction and pumping displacement agents
into the formation (specifically when pumping
water) do not have a significant effect on the
straightness of the final section of this DC method.
From this, it follows that this method can be used to
predict the involved reserves in deposits with a
reservoir pressure maintenance system by pumping
water [12].

Let's take a closer look at the capabilities of the
method and its potential.

Let's reduce the equation to the form:
Vi=V,+ baVo (5)

Differentiating for time, we obtain:

dv; _do + d(ba") aVv,
dt dt dv, dt

(6)

av; av,
E=(1+ba‘/° Ina)—2 (7)

Since the change in oil volume relative to the
change in liquid volume is determined by the
function f,, the remaining oil reserves under
reservoir conditions can be calculated by setting the
limiting value of the oil content f,

1=f_+f,a"b Ina (8)

In (/%) =In(a") 9)

1 1f,
Vo Ina In (/o bin a)

Therefore, the involved oil reserves for the
established value of fo will be determined by the
formula:

(10)

1 1-f
Vo.ext (fW.exp) T In (Io)azb) (1)

Thus, the involved oil reserves for a certain
limiting value of water cut f, will be calculated
according to the following expression:

1 fw
Vo.ext (fw.exp) T In ((1-fw)aeb) (12)

where a and b are the linear approximation
coefficients, which are determined using the least
squares method.

The predicted total volume of water production,
corresponding to the value Vo. (fo.exp) OF Vo.(fw.exp), can
be calculated as

VW: aVy+b (13)

The predicted total liquid production volume
corresponding to the value Vo.(fo.exp) OF Vo.(fw.exp), can
be calculated as

V=V, +eVo?b (14)
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Method of Sazonov B.F. (1973)

The method assumes that there is a relationship
between the total oil and liquid production, which is
especially clear at the final stage of oil reservoir
development. This method assumes that the
relationship between the volume of liquid
production (V.,) and the volume of oil production (V,)
is described by an exponential function equation
[13].

V,=ba"° (15)
where Vs the total liquid production under
reservoir conditions;

Vs, is the total oil production under reservoir
conditions;

o, B are empirical coefficients.

This equation of dependence V,, = f (V,) when
moving to a linear form is represented by the
dependence

InVi=aV, + b (16)
where a=Ina, and b=Inf are empirical
coefficients.
The dependence is constructed in semi-

logarithmic coordinates Y =InV|, X=V,. The obtained
dependence reveals the range on which it is
necessary to determine the empirical coefficients a
and b. The obtained dependence approaches a linear
form on the final section, and the values from this
section are used to determine the coefficients. For
the given data, the coefficients of linear
approximation a and b are found using the least
squares method [14].

Differentiating the equation concerning time, we
obtain

dVv; _d(ba"e) _d(ba"?)dv, (17)
dt ~ dt  dv, adt

av v,
E=baV0 Ina=—¢ (18)

Since the ratio of the change in oil volume to the
change in liquid volume is a function of the oil
content, it is possible to determine the oil reserves
at reservoir conditions by setting a limiting value of
the oil content f,.

1=f a"bIna
T\ Vs
In (/oblna)—ln(a )

(19)
(20)

1 1
V,=—In
% Ina ', blna

In this case, the oil reserves in reservoir
conditions for a given value of oil content f, will be
calculated using the following expression

1 1
=2in(—=
a aae

Then the oil reserves for the established
maximum water cut value fw will be determined by
the following expression.

(21)

Voext (Fuexp) (22)

1 1
Vo.ext (fw.exp.) =E In (W) (23)

where a and b are the linear approximation
coefficients, which are determined using the least
squares method.

As a result, it is possible to determine the
predicted total liquid production corresponding to
the values at the given expected water cut

Vo.(fo.exp) OF VO.(fu.exp), as:

V)= eaVo™ (24)

The methods of Maksimov M.I. (1959) and
Sazonov B.F. (1972) have similarities in approach and
therefore are often used in the same areas.
However, the method of Sazonov B.F. (1972) in some
cases shows more resistance to changes in the
system of development of objects than the method
of Maksimov M.I. (1959) [[15], [16], [17]].

Method of Kambarov G.S. (1974)

This method, developed by G.S. Kambarov, is
similar to the method of Pirverdyan A.M. (1970), but
it is based not on the inverse-square, but on a
simpler inverse relationship between V, and V.
Research conducted by the author of this method
revealed a relationship between the total production
of oil and the following type of liquid [[16], [17]].

b
Vo=a+—
v

(25)

where V; is the total liquid production under
reservoir conditions;

V, is the total oil production under reservoir
conditions;

a, b are empirical coefficients.

The equation V, = f (V)) can be applied in two
variants: the first is the original equation proposed
by the author, and the second is the equation
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transformed into a linear form. When transformed
into a linear form, the following dependence can be
presented:

VoVi=aVi+b (26)
Calculations according to this method are
performed as follows. The dependence s
constructed in coordinates Y= V,, X = 1/V, for the
basic method, and in coordinates Y=V, V|, X=V, for
the modified method. The obtained dependence
reveals the range on which it is necessary to
determine the empirical coefficients a and b. For the
given data, the coefficients of linear approximation a
and b are found using the least squares method [16].
Let's study the DC model of Kambarov G.S. in
more detail. Let's reduce the equation to the form:

Vl=a+ Vo—a (27)
Differentiating concerning time, we obtain:
_d (L) 4 (e
dt ~ dt \V,-a/ ~ av, \V,-a/ dt (28)
where u =V, -a.
It follows from this,
ﬂ— - -2 %:- - -2%
G =Cbu?) T2 =b(Vera) e (29)
dv__-b_dv, (30)

dt  (V,-af dt

Since the change in oil volume relative to liquid
volume is a function of oil content, it is possible to
determine the oil reserves in reservoir conditions by
setting a limiting value for oil content.

_ -bfa
" (Voa)?

(31)

Therefore, the volume of oil reserves for a given
oil content value will be determined by this formula:

Vo=a-/-bf,

Thus, the oil reserves for a given water content
limit will be calculated according to this expression

V,=a- \Jbf,b

(32)

(33)

where a and b are the linear approximation
coefficients, which are determined using the least
squares method.

For the models we are considering, the value a
characterizes the maximum possible recoverable oil
reserves with infinite formation flushing. This follows
from the equation: as the oil content tends to zero
fo—=>0, the value V,ext = a, then

Vo.ext.max=0 (34)
The predicted  total liquid recovery
corresponding to the volume V,. can be defined as:
b
Vi=i = (35)
The  predicted total water recovery
corresponding to the volume V,. can be defined as:
b
V=7 5"Vo (36)

The method of Nazarov S.N. and Sipachev N.V.
(1972) describes a direct dependence of the growth
of the water-oil ratio (WOR) on the increase in water
production with an increase in the percentage of
water in the extracted product [[10], [11], [12], [13]].
The higher the total water-oil ratio and the more
stable and uniform the development of the studied
object is, the more appropriate it is to use the
specified methods [[18] [19]].

The equation for this method is written

aS:Vo,ext(fw.maf-):§ (1-\/@> (37)

where a and b are the linear approximation
coefficients, which are determined using the least
squares method.

To find the coefficients a and b, the last points
are used in all cases, allowing the methods to be
reduced to a single approximation period. The
number of points is chosen arbitrarily (at least 5),
mainly from the condition that the dependence
section could be linearly approximated with a high
degree of reliability (R?), i.e. determine the equation
of the linear dependence between {x} and {y}.

In order to track the migration of fluids in the
reservoir, experimental studies are conducted on
physical models of the productive formation to
determine the coefficient of oil displacement by
water, relative phase permeability, capillary
pressure and wettability of rocks in the X field.

This subsection analyzes special well studies. The
following is an analysis of the experimental results.
Table 2 presents the set of special studies and the
number of samples used.
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Table 2 - Types of special studies conducted

Type of Research Quantity
Capillary pressure curves. sample 4
Relative phase permeability in the oil-water system. model/sample 3/9
Oil displacement coefficient by water. model/sample 4/11

Table 3 - Relative permeability in the water-oil system

Core data Results of the experiment
c o o 3 9
o 3 3 29 5 £
9] 1S © c Z c “ o >
o ~ S il = 9 = 5 5 o
= g X £ B2 & 23 = £ £ 2
g S = 5 = S o 0 £ 4 ® 5 g 2
< = 2 = o > B2 e E % = o -~ ©
(9] ) 7] ] = nw S = € = = =
i) a o £ o .= — > Y o 5 3 o O
S S 5 22 5 P g & 3 E
= o a © © =2 v ® =3
© i) 5 &g 2 Sl
U] ] G U © © ©
& & = 3 3 8
855.38;
1 856.17; 37.99 1946.67 0.246 0.169 0.219 1 0.78
856.87
887.54;
2 887.79; 37.97 1846.67 0.297 0.23 0.219 1 0.67
888.59
850.42;
3 850.74; 36.05 1586.67 0.287 0.228 0.151 1 0.68
851.58
processing . 011701016J02H; processing”  011701022J02H;; processing  11701011J02H;
011701017J01H; 011701017J03H 011701022J03H; 011701023J02H | -011701011J03H: 0117010123021
1
08 4 p——— 08 p—— %m 0.8
06 — 06 — 06 |
04 04 1 044
02 02 02
0 T T T r 0 T r T T 0 u T T
0 ?,2 04 06 08 1 0 wa&)r,;’ 04 06 0.8 1 0 W‘E‘LL: n4 06 08 1
Figure 1 — Relative permeability curves for oil and water
Determination of relative phase permeabilities The intersection of the relative phase

in the oil-water system. The experiment was
conducted on 3 models of 9 core samples. The final
results of the experiment are presented in Table 3.
[17].

Based on the results of determining the relative
permeabilities, the residual water saturation varies
within the range of 0.246-0.297 units, averaging
0.277 units. The relative permeability curves are
shown in Figure 1.

permeability curves on the samples characterizes
the rocks as hydrophilic.

Determination of the displacement coefficient in
the oil-water system. The oil displacement
coefficient was determined for 11 samples, from
which 4 reservoir models were assembled. The oil
displacement coefficient varies in the range of
0.60+0.80 fractions of a unit, averaging 0.73
fractions of a unit (Table 4) [[20] [21]].
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Table 4 - Results of determination of the coefficient of oil displacement by water

8 i
A - 4+
(] < c c
E s S S
= £ 5 £
ol X h= o 5 2 @
= & = 3 2. B 5 S £
[ el = © o X " - C
5 ..6_ 8 O wn c =1 w‘ cC S
e 3 s £ g > o £ o
2 e & g © gwu ]
o 3 pe ks
© © $ [+%
© 3 o a
4]
o
851.07; 852.44;
4 250 o 35.49 1626.67 0.263 0.147 0.801
5 853.73; 854.06; 33.89 1449 0.282 0.209 0.709
856.6
889.88; 890.38;
8 ool oa 36.24 1176.33 0.251 0.154 0.79
6 850.05; 852.18 31.69 1185 0.27 0.294 0.597

Table 5 - Characteristics of oil displacement by water in productive formation zones

Name of quantities
Permeability, 103 um?
Bound water content, units
Initial oil saturation, units.

Relative permeability values,
units.

Residual oil saturation during
agent, units.
residual oil saturation

for the working agent at
for oil at saturation with bound
water

Number of definitions 5 5 5

Average value 1558.8 0.269

0.731

'g u1| displacement of oil by the working
;:‘. u1| Oil displacement coefficient, units.

o
O
o

3 0.185

Table 5 shows the characteristics of oil
displacement by water in the zones of the productive
formation.

This table uses data on the oil displacement
coefficient by water and relative phase permeability.

According to the results of the experiment, the
Swir values vary from 0.246 to 0.287 fractions of
units, the average value is 0.269 fractions of units,
Sor — from 0.147 to 0.294 fractions of units and is
characterized by an average value of 0.209 fractions
of units. The values of the oil displacement
coefficient by water vary from 0.597 to 0.800
fractions of units, averaging 0.713 fractions of units.

Based on the acquired knowledge of constructing
displacement characteristics and analyzing the
current state of development for assessing the
recoverable oil reserves involved in development,
displacement characteristics were constructed using
the methods of Nazarov S.N. and Sipachev N.V., the
dependence of total production on Ln(WOR), the
dependence of specific production on total,
Maksimova M.l., Sazonova B.F., Kambarova G.S.
[[10], [11], [12], [13]] The calculation results for the
objects are presented in Table 6 and Figures 2-4.
These methods assume the determination of the
reserves involved by the final stage of development
under the existing system.
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Table 6 - Estimated involved oil reserves and recovery factors by sites

Sites
Indicators | " i Total
Approved OGR, thousand tons 24471 5677 1627 31775
Approved LWR, thousand tons 12317 3323 1032 16672
Approved ORF, units 0.503 0.585 0.634 0.525
Cumulative production, thousand tons 11842 3152.7 765.7 15761.3
Current ORF, units 0.484 0.555 0.471 0.496
Selection from LWR, % 96.2 94.9 74.2 94.5
Estimate of recoverable oil reserves, thousand tons 475 170.3 263 911
Involved reserves, thousands of tons 13446.1 3610.6 1202 18259
Potential ORF, units 0.549 0.636 0.739 0.575
Potential estimate of recoverable oil reserves, thousands of 1604.1 4579 433 2495
tons
reserves 13350 3291 1495 18136
Dependence of total production on Ln(WOR) ORF 0.546 0.580 0.919 0.571
reserves 12942 3910 977 17829
Dependence of specific production on total ORF 0.529 0.689 0.600 0.561
. reserves 13640 3662 1249 18552
Methodology of Maximov M.I. ORF 0.557 0.645 0.768 0.584
reserves 13796 3670 1248 18714
Methodology of Sazonov B.F. ORF 0.564 0.647 0.767 0.589
reserves 13502.4 3574 1044 3555
Methodology of Kambarova G.S. ORE 0.552 0.630 0.641 0.570

Site | of the X deposit

The main object at the field is Site I, which
contains 74% of the initial recoverable oil reserves of
the entire field. The total drilled stock of Object | is
177 wells. As of 01.01.2024, the current operating
stock for the object is 89 wells, of which 74 are
producing and 15 are injection wells. The cumulative
oil production is 11,842.9 thousand tons, the
production from LWR is 96.1%, and the water cut of
the production has reached 90.8%. The current oil
recovery factor is 0.484 shares of units, with the
approved one being 0.503 shares of units.

Site | is at the final IV stage of development, and
the staging of this object, as well as the deposit as a
whole, differs in some way from the accepted
classical schemes: a very short period of stage Il
development and a long period of development at
the final stage, which has already lasted almost 30
years, while, despite the long time, less than 20% of
the accumulated production for the object as a
whole has been extracted during the period of stage
V.

A significant period of stable development of the
field is also accompanied by the stabilization of
the water cut of the extracted products, which
creates prerequisites for constructing very reliable

characteristics of displacement and more accurate
determination of reserves involved in development.
Reserves involved in development today are
determined based on the average result of
construction for various characteristics. The use of
the arithmetic mean value for determining the
involved reserves is because similar values were
obtained by all methods.

The calculations were complicated by the last
few years of development, during which there has
been a decrease in water cuts and an increase in
annual oil production. Such changes are explained by
an increase in the stock of production wells: in the
period from 2017 to 2023, 20 new wells were put
into operation at the 1st facility (from drilling,
conservation, and transfer from other facilities).

The results of constructing displacement
characteristics show that the involved reserves
amount to 13.5 million tons, which is approximately
10% higher than the approved recoverable reserves.
Looking ahead, it can be said that some excess of the
projected accumulated oil production over the
approved recoverable reserves is also confirmed by
the results of calculations of the predicted
technological indicators of development.

— 23



Complex Use of Mineral Resources. 2026; 336(1):15-29

ISSN-L 2616-6445, ISSN 2224-5243

dependence of accumulated production Ln(BH®)
4
3 y = 0,000399x - 1,439089
R'= 0887114
P
1
0
§ 1 0 2000 4 000 6000 8000 10000 12 000 14000
2 g
i, T
3 o’
a3ed
s ~\

~

1 - ¢ o
*e % b
i Ve
1 5% f.‘ o~ *
OF Y ¥ X
AR b Y
. } > V\ . ¥ © -0,000039x+ 0,510403
R -, R? =0,730472
0 .
0
‘
0
0 2000 4000 6000 8000 10000 12000 14000

12
—
10
- y=0,000346x + 7,136163
R? = 0,998761
< 6
§ a
.
2 *
0
o 2000 4000 6000 8000 10000 12000 14 000

2the entire development period + the adaptable period

900 000
800000
700000
= 600000

g 500 000
=

; 400 000

£ 200000 R = 0,9982
200 000
100000
0
0 10000 20000 30 000 40000 S0 000 60 000 70000
she entire development period + the adaptable period

Figure 2- Characteristics of displacement by Site |

To begin with, in order to understand whether it
is possible to achieve the obtained involved reserves
based on the calculation results for all three objects,
a calculation of the base production was performed,
i.e. continuation of the development of the field with
the existing fund while maintaining the current
decline in oil production to the maximum water cut
of 98%.

To find the rate of decline for operational sites |
and Il (for site Il it is given above as an example), oil
flow rate graphs were constructed and the rate of
decline for the last years was determined by the
exponential trend. Figures 2 and 3 show the graphs
for determining the rate of decline for the historical
flow rate for | and Il objects.
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Figure 4 - Determination of the decline rate based on the
historical oil flow rate of Site Il

The rates of decline in oil production determined
from the charts were incorporated into the
calculations of the predicted technological
indicators. A specially developed template in the

program «Microsoft Office Excel» was used to
calculate the technological indicators.

I site of the deposit X

According to the results of constructing the
displacement characteristics, the involved reserves
are higher than the recoverable reserves by 9.2%,
which indicates that with the current development
system, it is possible to achieve the approved values
of the recovery factor for the object. From the
presented Table 6 it is also clear that the predicted
cumulative production upon reaching the maximum
water content (98%) will exceed the recoverable
reserves by 5.9% and will amount to 13,043
thousand tons with the approved 12,317 thousand
tons, the difference in the calculations is only 3.3%,
which, taking into account the long period of
development and no less long forecast period, can
be considered an error.

Table 7 - Example of determining the initial flow rate of horizontal well Ne 303

Initial data for calculating the flow rate of the HW
c 0.05 coefficient when using commercial units
u 2.25 liquid viscosity, cP
reh 200.0 power circuit radius, m
re 0.10 wellbore radius, m
Bo 1.12 volumetric coefficient
L 450.00 horizontal wellbore length, m
S 0.00 skin factor
Calculation
Kh Kv h Preservoir Pbotf:mho a b Qliquid
24 0.241 15 109.3 82 269.53 3.16 19.1
Total
Predicted initial water cut, % 15.0
Estimated initial oil flow rate, t/day 11.8

Table 8 - Well commissioning schedule for object |

Years Site Activity Well Ne Initial oil flow rate, t/day
2026 " Input from'v'ertlcal 300 95
well drilling
5027 " Input from.v.ertlcal 301 9.0
well drilling
2028 1 Input from horizontal 302 11.4
well drilling
2028 " Input from l?o.rlzontal 303 11.8
well drilling
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To calculate the initial flow rate, the Joshi
formula was used:

K,hAP

a+_JaZ-<L/2>2]+BL_hln Bh +1}

Q:

HB,{In | ——7> B+,

(38)

0,5
L 21\
a=>[0.5+ f0,25+( Lh) g Ko
K,
where:

W — fluid viscosity, cP;

ren — feed contour radius, m;

r. —wellbore radius, m;

B — volumetric coefficient;

L — horizontal wellbore length, m;

S — skin factor;

Kh — horizontal permeability, mD;

Ky — vertical permeability, mD;

h — effective oil-saturated thickness, m;
AP — depression.

For example, below is an example of determining
the oil flow rate of the project horizontal well Ne 303
using the Joshi formula, presented in Table 7.

Table 8 shows the well drilling schedule according to
the recommended option for object IlI.

As a result of drilling horizontal and vertical wells
at the | object and subsequent calculations of
technological development indicators, we observe
an increase in annual oil production volumes and oil
recovery factor (ORF). In particular, ORF increased
from 0.580 to 0.720 with a maximum water cut of
98%. These calculations indicate the technological
efficiency of the well drilling activities at the | object.

Conclusion

In today's energy sector, effective management
of residual reserves in the late stages of
development is becoming critical. Residual oil
reserves not only ensure energy security but also
contribute to the economic sustainability of regions
and countries.

A key aspect of managing these reserves is to
predict their involvement in development at later
stages of the field life cycle. For older fields, where
the creation of hydrodynamic models is impractical,
various analytical and mathematical models are used

to analyze and design development. These models
are diverse and can be applied to different fields and
stages of development.

In this case, the emphasis is on displacement
characteristics (DC), which are a powerful tool for
analyzing data and identifying patterns in changes in
residual reserves. The use of statistical models allows
us to assess the current state of residual reserves
and predict their behavior in the future, which is a
key element for effective production management.

In the course of this article, a comprehensive
analytical study of the current state of field
development was conducted. The results of the
analysis indicate that there is a lag in the
development of reserves at site lll. Also, in the
process of determining the involved reserves, it
became clear that with the current development
system, achieving the approved recoverable
reserves is impossible. In light of the above factors,
specific measures were proposed aimed at achieving
and ensuring recoverable reserves. The results of the
technical and economic assessment showed that
due to the implementation of the proposed
measures, it was possible to extend the profitable
period of field development.

Most of the methods and technologies for
influencing the deposit are already known and are
actively used in various countries. However, the
effective use of these methods depends on the
choice of optimal approaches corresponding to a
specific deposit. To make such a choice, it is
necessary to have sufficient knowledge of the
geological and physical characteristics and correctly
represent the geological and industrial model.
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KeH opblHAApPbIHbIH COHFbI CaTblAaFbl KaNAblIK KOPaapbiH
urepyre KartbiCTbipyAabl 60n3Kay

Monpabaesa I'.}K., CyneiimeHosa P.T., 3Typaues M.®., “3dpenaues .M., *Kosnosckuii AJ1.,
Tysen6aesa LL.P., 26epkanuesa I'.I'., Kakcbiabikosa M. XK.

1 Cam6aes yHusepcumemi, Anmamsi, Kazakcmat
2Cagpu ®mebaes amoiHOarbl Ambipay MyHal #aHe 2a3 yHusepcumemi, Kazakcmax
3CamapkaH memaekemmik yHugepcumemi, ©36ekcmaH
193ipbalincaH ¥nmmeoiK Foinbim akademusceiHbiH MyHall #aHe 2a3 uHcmumymel, baky, d3ipbalixaH

TYAIHAEME

JHepreTMKa CanacbiHblH, Kasipri Kesgeri KafpalblHAA WrepyaiH, COHfFbl KeseHAepiHAeri KeH
OPbIHAAPbIHBIH, KaNAbIK KOpAapbiH TMiMAi 6ackapy e3ekTi macenere aHanbin oTbip. MyHalapiH,
KaNAblK KOpAapbl TEK SHEPreTUKabIK Kayinci3aikTi KamTamachi3 eTyae faHa emec, COHbIMEH KaTtap
aiMaKTap MeH MeM/IeKeTTePAiH S3KOHOMMKANbIK TYPAKTbIIbIFbIH KalbINTacTbipyAa WeLyLi pen
atkapaabl. Kangpik Kopnapabl 6ackapyabiH, Herisri acnekTinepiHiy, 6ipi onapapiH, KEH OPHbIHbIH,

Makana kengi: 21 Koipkyiiek 2024 OMIpAiK UMKANIHIH, KeWiHri Ke3eHaepiHae urepyre KatbiCyblH 60/mkay 60/1bin Tabblnagpl. ToNbIK
CapantamagaH eTTi: 24 KasaH 2024 reonoruAnbIK-ruapoavHaMuKkanbik mogenb (MMAM) Kypy Tmimcis 6onbin TabblnaTbiH ecki KeH
Kabbinganapl: 6 kapawa 2024 OpbIHAAPbIHbIH,  6onybl, Tangay MeH a3ipney 6apbicbiHAa TypAi  aHaNUTUKaNbIK  KaHe

MaTemaTuKanblk MOAeNbAepAi KoNAaHyAbl Tanan eteai. MyHAal caHanyaH Moaenbaep eTe Ken,
6yn onapabl SPTYPAi Cananapaha KoHe AaMyAblH SpTYpi Ke3eHAepiHAe KONAAHYFa MYMKIHAIK
6epeai. KenTereH caHAapblK MogenbAepAiH MblHagaW epekweniktepiH atayfa 6onagbl, onap:
KapanarbiMablnbiFbl GOMbIHWA; KypAeni OU3MKanbIK KaHe TexHONOruAnblk $bopmMynanapabiH,
60nMaybl 6OVbIHLIA; SPTYPAI CaHATTaFbl KEH OPbIHAAPbI YWiH KeHiHEH KOoNAaHblnybl 60oibIHLWA;
JKOHE KeH OpPHbIHbIH, TFeONOrUANbIK-GU3NKALIK CUMNATTAMANAPbIH erken-Terkenni 3eptreyai
KaXKeT eTneyi 6oMbIHWa epekweneHeai. bi3ain, afaanaa 6i3 Kanablk Kopnapaafbl e3repicTepain,
3aHAbIIbIKTapbl MeH TeHAEHUMANAPbIH aHbIKTayFa MYMKiIHAK BepeTiH KyaTTbl AepeKTepai Tanaay
Kypanbl 60/1biN TabblNaTbiH bIFbICTbIPY cMNaTTamanapbl (6yaaH api - bIC) Typanbl aiTbin OTbIPMbI3.
CTaTUCTMKaNbIK MOAENbAEPAl KONAAHY KanAblK KopnapAblH afbimaarbl KyWiH bafanayfa faHa
emec, COHbIMEH KaTap o/apAblH, GonalaKTasbl ic apeKeTiH 6oskayFa MyMKIHAIK 6epepgi, byn
eHAjipicTi TMiMai 6ackapyablH, Heri3ri anemeHTi 60/1bIn Tabbliagbl.

TyliiH ce30ep: KeH OpHbl, YHFbIMA, bIFbICTbIPY CUNATTaManapbl, MOAE/b, OHAIPY, OHAIPYAi Tanaay.
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MporHo3npoBaHue BOBNIEYEHHOCTU B pa3paboTKy OCTaTOUYHbIX 3aNacoB

MeCTOpPOXAEeHUA Ha No3aHel cTaaumn

* Monpabaesa I. XK., 2CyneiimeHosa P.T., Typaves M.®., “ddpenaues .M., *Kosnosckuii A.N.,
Tysenbaesa LU.P., 26epkanuesa I'.I'., Xakcbinbikosa M.XK.

1 Satbayev University, Aamamel, KazaxcmaHx

2Ameipayckuli yHusepcumem Hepmu u 2aza umeHu Cagpu Ymebaesa, Kazaxcmat

3CamapraHAcKuli 2ocydapcmeeHHbil yHusepcumem, Y3bekucmaH

“UHcmumym Hepmu u 2a3a HayuoHansHoli akademuu Hayk AsepbaliorcaHa, baky, AsepbaliorcaH

Moctynuna: 21 ceHmabpa 2024
PeueHsnpoBaHue: 24 okmabpa 2024
MpuHATa B NeyaTb: 6 HOA6PA 2024

AHHOTAUMUA

B coBpeMEHHOM KOHTEKCTE SHEPreTUHECKON MHAYCTPUM, 3GPEKTUBHOE YNIpaBNeHME OCTaTOYHbIMU
3anacamu MeCTOPOXKAEHWUIM Ha NO3AHUX CTaaUAX Pa3paboTKM CTAHOBUTCA BOMPOCOM KPUTUYECKOM
Ba)KHOCTU. OCTaTouHble 3amacbl HepTU WrpaloT KAKOYEBYID PO/Ib HE TOMbKO B obecneyeHun
3HepreTUyeckoii 6€30nacHoCTH, Ho 1 B GOPMUPOBAHNM SIKOHOMUYECKON YCTOMYMBOCTM PETMOHOB
n rocygapcts. OAHUM M3 OCHOBHbIX aCMeKTOB YNpaB/iEHUA OCTaTOYHbIMM 3anacamu ABAAETCA
APOrHo3npoBaHne MX BOB/EYEHHOCTU B paapa60TKy Ha NO34HWUX 3TanaX XW3HEeHHOro UWKNa
MeCTOpOoXKAeHUA. Hannune cTapbiXx MECTOPOXKAEHUIA, NOCTPOEHUE TMAPOANHAMMUYECKOW MOAENM
Nno KOTOpbIM HelenecoobpasHo, 0bycnoBAMBaEeT NPUMEHEHME PA3NUYHbIX AHANUTUYECKUX U
MaTeMaTUUYECKMX MOAEeNeld Npu aHanvM3e W NPOEKTUPOBaHMM pa3paboTku. PasHoobpasue
nofo6HbIX MoAenei BeNMKO, YTO NO3BOAAET MPUMEHATL UX K PasNNYHBIM MECTOPOKAEHMAM U Ha
Pa3NNYHBIX CTAaAMAX PaspaboTKu. M3 MHOMKECTBA UMCNOBbIX MOAENEN MOXHO BbIAENUTb TaKue,
KOTOpble OTAMYAOTCA: MNPOCTOTOM WCMO/Nb30BAHUA; OTCYTCTBMEM C/OXHbIX (U3UMYECKUX U
TEXHONOTMYEeckUX  GOpPMyA;  LUMPOKOW  MPUMEHMMOCTBIO  ANA  Pas/IMYHbIX  KaTeropui
MECTOPOXKAEHUIA; @ TaKkKe OTCYTCTBMEM HE0b6XOAMMOCTU [AeTasbHOM M3y4eHHOCTU reosoro-
$UM3NYECKOM XapaKTEPUCTUKU MECTOPOXKAEHUA. Peub B Halem Caydae MAET O XapaKTepUCTUKax
BbITeCHeHUA (fanee-XB), KOTopble NPeACTaBAAIOT COBOW MOLLHBINA UHCTPYMEHT aHanu3a AaHHbIX,
KOTOpbIK NO3BONAET BbIABAATL 3aKOHOMEPHOCTU WU TEHAEHUMW B WM3MEHEHWAX OCTaTOUHbIX
3anacos. an/IMEHEHVIe CTaTUCTUYECKUX MO,D,Eﬂeﬁ no3BO/IAET He TO/IbKO OUEeHUTb TeKyllee
COCTOfIHME OCTATOMHbIX 3aMacoB, HO U MPOrHO3MPOBATb UX NOBeAEeHME B ByayLLem, YTO ABAAETCA
KNto4eBbIM 31eMeHTOM 3GDEKTUBHOIO yNpaBAeHUs A06bIYeN.

Kntovesbie €108a: MeCTOPOXKAEHME, CKBAXKMHA, XapaKTEPUCTUKN BbITECHEHUA, MOAeNb, A06blva,
aHanu3 fobblun.
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