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Based on the generalization of the experience in the development of multilayer fields in the Fergana
oil and gas region, the influence of the use of water flooding at a late stage on the coefficients of
washing and oil recovery from productive formations was studied. By using statistical methods of data
processing, the dependences of the oil recovery factor on the reservoir flushing coefficient and the
reservoir flushing coefficient on the compensation of fluid withdrawal by water injection were
obtained, with sufficiently high correlation coefficients. The obtained dependencies confirm the
theoretical foundations of oil recovery from productive formations developed with the use of water
flooding and can be used in the design of the process at similar facilities.
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In many "old" oil-producing regions of the
world, including the Fergana oil and gas region
(FOGR) of the Republic of Uzbekistan, there is
a tendency for the quality state of the resource
base to
replenishment of oil production with an
increase in their reserves due to the discovery
of new fields. At the same time, the costs of
prospecting and exploration are growing, the
geological and physical conditions and specific

deteriorate and incomplete

reserves attributable to each discovered field
are deteriorating. Due to their small size, they
are prepared for industrial development with a
limited number of exploration wells. Naturally,
there are problems associated with the lack of
initial geological and field data for reliable
calculation of reserves and solving the issues of
a rational and profitable development of these
fields. Some of which are currently being
developed by single exploration wells and
some are mothballed and are awaiting
commercial development.

The study aims to establish generalized
regularities of the oil recovery factor from the
to adopt
development strategies for new, small in terms

degree of reservoir flushing,

of oil reserves, the productive formations of

which are represented by carbonate

reservoirs.

The geological structure of the FOGR deposits
and the features of their development are
A detailed
description of the parameters of the geological

considered in many works.

and physical conditions and the implemented
development systems are given in the works [1-

71
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However, we considered it necessary to give a
brief description of the geological and physical
conditions and the implemented systems for
the development of fields in the FOGR, which is
as follows. The structure of the Fergana region
includes Neogene, Paleogene, Mesozoic
(Cretaceous, Jurassic) and Paleozoic deposits.
The total thickness of the sedimentary cover in
the central parts of the depression is more than
(10.0-12.0)*103 m, in the near-bank - (2.5-
4.0)*103 m and more [4-9].

A characteristic feature of the distribution of
hydrocarbon deposits is a significant increase
in gas content down the section. If the
sediments of the Neogene and Paleogene are
mainly oil-bearing, and the accumulations of
free gas are associated with gas caps and single
gas deposits, then in the Cretaceous and
deposits and gas
condensate deposits are developed [5].

Jurassic mainly  gas

In the Paleogene section, up to eight
productive strata are distinguished, of which
strata V, VI, VII, VIII, IX are represented by
carbonate rocks (limestones and dolomites)

[6-11]].

Oils of Paleogene sediments are mainly light
(826-884 kg/m3), (0.05-0.75%),
paraffinic (1.4-10.1%), highly resinous (silica gel
resins 5.29-30.2). The viscosity of reservoir oils

low-sulfur

is low - 0.7-0.6 mPa*s, the initial gas saturation
is from 2-5 to 100-150 m3/t. Oil deposits are
confined to narrow asymmetric folds, the
length of which is (10-15) * 103 m, the width
does not exceed (2-3) * 103 m, the dip angles of
the layers are 20-300 and more. Known oil and
gas deposits are mainly of the formation-
vaulted type. However, as a result of intense
tectonic activity in terms of the degree of
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complication by disturbances, tectonically
screened deposits are also observed among
them (Palvantash, Andijan, Khodzhaabad and
other deposits). Shielded lithological deposits
in the region are sparsely distributed.
Productive deposits of the objects under
consideration are heterogeneous, they are
characterized by layered, zonal heterogeneity
and uneven fracturing. Almost all deposits are
multilayer. The largest number of deposits has
been discovered in the section of the Severo-
Sokhskoye, Yuzhno-Alamyshikskoye, Andijan
and Palvantashskoye fields. Oil deposits are
characterized by insignificant height, the small
difference between the initial reservoir
pressure and the pressure of oil saturation with
gas. During the development of the studied oil
deposits, regardless of the type of reservoirs,
due to their shallow depth, comparable sizes
(oil reserves), almost the same development
systems were implemented. The following
features of the implemented systems are
highlighted [12-17]:

e Drilling of deposits with a relatively dense
grid of wells, placed in a triangular pattern;

e Joint exploitation of deposits of horizons V
+ VI, VIl and VIl of some fields;

e Development of deposits in the initial
period in a natural mode, followed by the
use of various water flooding systems
(deposits with relatively small reserves are
developed without maintaining reservoir
pressure).

Due to the close values of the initial reservoir
pressure of oil deposits and the saturation
pressure of oil with gas, as well as the late
application of water flooding, the low activity
of circuit waters, which most often did not
significantly affect the development process,
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the overwhelming part of the oil deposits were
drained at the initial stage of development in
the dissolved gas.

At present, all the objects under consideration
are at the fourth stage of development, which
is characterized by low rates of oil production -
less than 2.0% of the initial recoverable
reserves, high water cut of the produced
products and a significant drop in reservoir
pressure, despite the implementation of
measures to maintain it, and relatively low
values of the oil recovery factor (ORF). The
achieved oil recovery factors due to the objects
being at the final stage of development (in
some of them, development has already been
suspended due to the complete watering of
the produced wells) are also close to their final
values. Therefore, the achieved oil recovery
rates are considered by us as a result of the
effectiveness of the implemented

development system, in particular, the

effectiveness of the water flooding method.

With the introduction of a new generation of

software for multidimensional computer

modelling in recent years,

development of methods for the geological

qualitative

and hydrodynamic study of oil fields has taken
place.

As the experience of using these software

tools shows, the results obtained are
determined by the completeness and quality of

the initial geological field information.

The solution of the problems of geology and
development based on the use of literature
and reference data or objects of analogues in
geological and
hydrodynamic models of oil fields can lead to

the  construction of
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distortion and decrease in the reliability of the
data obtained.

In this regard, if the necessary high-quality
initial geological and field information is
insufficient, the use of models based on
integral  indicators and  obtained by
summarizing the experience of long-term
exploited deposits [16, 17] for solving various
problems of oil field development is also
relevant in the current level of knowledge of
the theory and practice of developing oil fields.

Based on the above arguments, we used the
least-squares method, which is the basic
method of regression analysis, to solve this
goal.

We would like to conclude the rationale for the
choice of the research method with the words
of the scientist-geologist .M. Gubkin "The
weakness of scientific work lies in the
insufficient comprehension of the

accumulated rich experience."

The coefficient of oil recovery from productive
formations depends on many geological,
technological and economic factors. At the
same time, in the opinion of many scientists,
the reservoir operation mode is decisive [18-

24].

The greatest value of the oil recovery factor is
achieved under conditions of manifestation of
a water-driven operation of oil deposits, that is
when oil is displaced by water. This is largely
due to the energy resources of edge or bottom
waters, which can sometimes be unlimited in
comparison with the energy reserves of free
gas compressed in a gas cap (gas cap mode)
and dissolved in oil (dissolved gas mode). Also,
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relatively higher efficiency of flushing oil-
saturated pores with water is noted, since the
ratio of the viscosity of oil and water is more
favourable when oil is displaced by water than
by gas.

Due to these positive factors, waterflooding of
productive formations to increase oil recovery
factor is widely used in the practice of
developing oil fields. According to scientists,
the artificial flooding method is currently used
in more than 90% of developed fields [25-29].

Based on the results of theoretical studies, it
was predicted that oil recovery under a water-
driven regime and its artificial analogue -
waterflooding - should be at least 50%, and
under favourable geological and physical
conditions, it should reach up to 80%. However,
the results of the development of many oil
fields in the world using water flooding do not
confirm the expected results. So, development
with a continuous displacement of oil by water,
according to the research of prof. V.N.
Shchelkacheva provides an average of 41% oil
recovery, and according to Academician. A.T.
Gorbunov - 38% [30-34].

In this regard, considerable attention has been
and is being paid to the study of the features of
artificial flooding of deposits in various
geological and physical conditions and to
finding ways to improve it. Such studies, as is
known, on the one hand, make it possible to
use the accumulated experience of reservoir
exploitation during artificial waterflooding in
the process of designing the development of
new fields: on the other hand, they contribute
to the effective additional development of
depleted objects, in which huge material and
resources have

technical already been

invested. This is evidenced by numerous works
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devoted to various issues of the development
of oil fields in Bashkortostan, Tatarstan,
Kuibyshev, Orenburg and Perm regions,
Ukraine and Azerbaijan using waterflooding.

To assess the effectiveness of the
implemented development systems, many
researchers recommend using the dependence
of the oil recovery factor on the degree of

formation washing [35-37].

At the same time, the achievable oil recovery
factor is taken as a criterion for assessing the
technological efficiency of the development
systems implemented at the field, with the
same degree of flushing of the volume of pores
occupied by all

ORF = f (T) (1)

Where 7=-2% . flushing rate, >Qu« -
IGOR ’ ”‘

accumulated fluid extraction under reservoir

conditions; IGOR - initial geological oil

reserves.

In contrast to the numerous forms and types of
displacement characteristics that have long
been used in practice, this technique is
convenient because it allows you to use
primary, and therefore to a lesser extent
distorted, initial data, such as fluid selection,
which is taken into account fairly reliably in
field conditions, geological oil reserves at the
late and final stages of development,
conversion coefficients of physical parameters
of fluids in reservoir conditions, etc. The
multiplicity of reservoir washing, being a
relative value, is convenient for comparison,

since it is equally applicable in the analysis of
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both small deposits and large deposits [38-40].
Based on the use of the dependence t on ORF,
we estimate the effect of flooding on the
degree of recovery of geological oil reserves
and the value of the reservoir flushing
coefficient.

Earlier, in [8], for the oil deposits of the FOGR,
represented by
straight-line dependence of the oil recovery
factor on t was proposed:

carbonate reservoirs, a

- for all development objects

ORF =0,1405+0,1661* (2)
r =0,7765;

- for objects developed in natural modes

ORF =0,0105+0,2211*¢ (3)
r = 0,8284.

- for facilities developed using waterflooding
ORF =0,0733+0,2*¢ (4)
r=0,7784.

Analysis of these dependencies shows that
they do not have a clear physical meaning,
since The recovery factor cannot be more than
1 (at t> 5.2), and its growth is the same for all
growth intervals of t. The mechanism of oil
recovery from productive formations involves
during
development, therefore, at each subsequent

a decrease in oil saturation
interval of increase in T, the corresponding
increase in oil recovery factor should decrease,
and after reaching a certain limit, the injected

21
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water practically does not participate in the given in [8] and obtained the following
displacement of residual oil. To describe these exponential dependences of the recovery
processes, we re-processed the initial data factor on T (Fig. 1- 3):
KWH, 0.6
JOOIIH 1.
0.5 N ® ° @
e o .
0.4
A
0.3 ® > ® o Py
0.2 A id
A
0.1 A ®
A
A
0
0 0.5 1 1.5 2 2.5
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Fig. 1. Dependence of the oil recovery factor on the reservoir flushing factor for all objects of the
FOGR, represented by carbonate reservoirs:

A - objects developed using waterflooding;

. - objects developed without the use of waterflooding.

- for all 23 development objects (r = 0.808);
ORF =0,4775*(1-¢ ") (5)
- for 13 objects developed with flooding (r = 0.813);
ORF =0,6259*¢ %" (6)
- for 9 objects developed without flooding (r = 0.793);

ORF =0,3441*(1-¢ %7 )
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The obtained dependences (5) - (7) are
distinguished by higher values of the
correlation  coefficients (t) than those
proposed in [8] and provide answers to the
disadvantages noted above. For example, after
reaching the flushing rate Tt more than 1.5, the
growth rate of the oil recovery factor
decreases. In this case, the values of T equal to
0.5; 1.0; 1.5; and 2.0 correspond to the oil

KIH, 0.6

OOIH €.
0,5
0.4
0.3
0,2

0,1

0
0 0,5
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recovery factor at the facilities developed with
the use of water flooding - 0.186; 0.298; 0.411
and 0.524, and at facilities developed without
water flooding - 0.121; 0.232; 0.346 and 0.453.
The obtained dependencies (5) - (7) make it
possible to compare the efficiency of
development of objects with and without the
use of waterflooding on deposits with similar
geological and physical conditions and
development systems.

1.5 2 2,5

T, TOJH €.

Fig. 2. Dependence of the oil recovery factor on the reservoir flushing factor for the FOGR objects,
represented by carbonate reservoirs and developed using water flooding:

1- Andijan deposit, horizons V + VI;

2 - Andijan deposit, horizons VII + VIII;
3 - Khodjaabad deposit, horizon VII;

4 - Khodjaabad field, VIII horizon;

5 - Palvantash deposit, V + VI horizons;

6 - Palvantash deposit, horizons VII + VIlI;

The USA Journals Volume 03 Issue 05-2021
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7 - Western Palvantash deposit, horizon VlI;
8 - Western Palvantash deposit, horizons VIII + IX;
9 - Severny Sokh deposit, horizon VIlI;
10 - Khankyz deposit, horizon Vli;
11 - Avval deposit, horizons V + VI,
12 - Khodjaabad field, V + VI horizons;
13 - Western Palvantash deposit, V + VI horizons.
We also considered the .effect .Of flooding on _ V.. *100 % ©)
the frequency of reservoir flushing. As a result V *¢+V,
of processing the indicators of the
development of objects, an exponential
dependence of the following form is obtained
(t=0.798): Where K - current compensation, %;
r=1 704(1_ e_o,ozw«) (8) Vsak — the volume of injected water, m3;

V. — the volume of oil produced, m3;
Where K - compensation of liquid extraction

by water injection. B — the volume coefficient of oil,

fractions of units.;
The compensation of the liquid intake by the

injected water is calculated according to the Vi — the volume of extracted water, m3.
formula [15]:

The USA Journals Volume 03 Issue 05-2021
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Fig. 3. Dependence of the oil recovery factor on the reservoir flushing factor for the FOGR facilities,
represented by carbonate reservoirs and developed without waterflooding:

1- Khartum field, VI horizon;

2 - East Khartoum deposit, VI horizon;
3 - Khankyz deposit, V horizon;

4 - East Avval field, horizons V + VI,

5 - Chimion deposit, V horizon;

.

T 2
,H.OJII-I €. 1,8
1.6

14 *

1.2

1

0.8

0.6

0.4

6 - Varyk deposit, horizon VII;
7 - Varyk deposit, horizon IX;
8 - Tergachi field, V horizon;

9 - Namangan deposit, V horizon.

150 200
K. %
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T, 2.5

OO €.

K. %

b)

Fig. 4. Dependence of the frequency of formation flushing on the compensation of fluid
withdrawal by water injection:

a) - for facilities with compensation for fluid withdrawal by water injection of less than
150%;

b) - for all objects.

Analysis of dependence (8) shows that after
reaching 100% for  fluid
withdrawal by the injected water, the rate of

compensation
Based on the factual materials of long-term

increase in the rate of flushing of the formation
decreases (Fig. 4).

Therefore,  during
compensation for fluid withdrawal by water
injection of more than 100%, geological and

technological measures to optimize the

waterflooding  with

volumes of injected water and their
distribution among injection wells become
especially relevant, which is noted by the

results of numerous studies [12, 13, 14, 15, 16].

The USA Journals Volume 03 Issue 05-2021

developed oil deposits of the FNGO, the
effectiveness of waterflooding is shown at the
later stages of their operation.

The obtained generalized dependences show a
decrease in the increase in oil recovery factor
as the rate of flushing of the formation
increases by more than 1.5. After achieving
compensation of liquid withdrawal by the
injected water more than 100%, the efficiency

of oil displacement by water decreases, which
implies work to optimize the volumes and
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