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Identification of the regularity of pressure in the oil reservoir, considering the regularity of
improving the method of control and reservoir development. The study used theoretical and
experimental analyzes of the results with the use of software.

The results of the study will improve the accuracy of the design and development of oil and
gas fields and can be used to improve the production technology of oil fields at their later stages of
development. Taking into account the angle, the pressure distributions in the reservoir are changed
in a circle, a new model is proposed in which the pressure dynamics is changed, it is solved by a
two-dimensional problem taking known solutions. According to the known distribution of pressure
in the reservoir, obtained experimentally, the characteristics of this parameter along the axis of the
segment of the oil reservoir are fixed under changing boundary conditions. A mathematical model
is proposed that considers the distribution of pressure along the angle of inclination of wells, will
improve the prediction of pressure distribution in producing wells, which leads to the improvement
of methods for monitoring and regulating development in oil fields.

KEY WORDS: field, deposit, reservoir, regime, fluid, field development, control and regulation.
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Makana myHali KabambiHOaFbl KbICbIMHbIH ©32epy 3aHObIbIFbIH 6aKbinay 80iCiH xemindipy
XeHe kKabammbl Oamblimy 3aHObIIIbIFbIH ECKepe OMbIPbIN aHbIKMayfa apHalsiFaH.

3epmmey bardapnamarbik xxacakmamaHbl KoridaHa ombIpbIr, HOMUXernepae meopusinbIK
JKOHe akcriepumMeHmmik mandayobl KoridaHObI.

KbicbiMHBIH mapary bypbiwbiH eckepe ombipbir, Kabam weHbep 6olibiMeH 632epedi, KbiCbIM
OuHamukachl e32epemiH xaHa MoOesb yCbiHblaobl, on benaini wewimdepdi KorndaHa ombipbir,
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eki enwemoi MmacenemeH wewinedi. dkcriepumeHmandbl mypde anbiHFaH Kabammarbl KbICbIMHbIH
beneini maparnybiHa calikec, MyHal Kabambi ceameHmiHiH oci 60lbIHOarbl OCbl napamempoiH cu-
nammamarnapbl 632epemiH wekaparsbiK xardalnapda 6ekiminedi.

¥HfeiManapObiH kenbey 6ypbiuibl 60lbiHUWa KbICbIMHBIH maparsybiH ecKepemiH Mamema-
mukaribiK MoOesib YCbIHbINObI, by eHOIpywi yHFbIManapoarbl KbiCbIMHbIH maparybiH 6omkayobl
JKakcapmyra MyMKiHOiK 6epedi, 6yn myHal keH opbiHOapbIH u2epydi bakbinay xeHe pemmey 80i-
cmepiH xxemindipyze akenedi.

Bepmmey Hamuxxenepi 6olibIHwa anbiHFaH depekmep MyHal XoHe 2a3 KeH OpbIHOapbIH X0-
banay meH uzepydiH dandieiH apmmabipadbl xoHe onapobi uzepydiH KeliHai ke3eHOepiHOe MyHal
©6HOipy mexHooausChkiH xemindipy ywiH natdanaHbeliybl MyMKIH.

TYUIH CO3[EP: ket OpHbI,KEH OPHAbI, KOMIIEKMOP, PEeXUM, CyUbIKMbIK, KeH OPHBLIH U2epy,
bakbliay xeHe pemmey
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Cmambsi nocesiujeHa 8bIsieNIeHUr0 3aKOHOMEePHOCMU U3MeHeHUSs 0asreHuUsi 8 HeQbMSIHOM rria-
cme ¢ y4emom 3aKOHOMEPHOCMU COBEPLIEHCMB08aHUs1 Memoda KOHMPOIIs U pa3pabomku nnacma.

B uccnedosaHuu ucnonb308ascs meopemuyeckull U 9KcriepuMeHmarbHbil aHanu3 pesyrisb-
mamoe ¢ ucrnonb308aHUeM npPoepaMmMHO20 0becredeHus.

C ydyemom yana uameHsiromesi pacripedeneHusi 0asneHus 8 niacme o Kpyay, npednazaemcsi
Hosasi MoOesib, 8 KOMopoU U3MeHsiemcsi OuHaMuKa OasrieHus, OHa pewaemcsi 08ymepHol 3ada-
yeli ¢ ucrnonb308aHUEM U38eCMHbIX peweHul. CoanacHo uzgecmHoMy pacrpedesnieHuro dasre-
HUs1 8 nrracme, Moy4YeHHOMY 3KCrepUMeHmMarsbHO, XxapakmepucmuKu 3mo2o napamempa 8001b
ocu ceaMeHma HeghmsiHO20 nnacma (UKCUPYOMCS puU U3MEHSIIOULUXCST 2paHUYHbIX YCO8USIX.

lNpednoxeHa Mamemamuyeckasi MoOerb, ydumbleatouast pacripedeneHue 0asneHus rno yany
HaKIoHa CKeaXUH, Komopasi Mo3eosium yry4wumse poeHo3uposaHue pacnpedeneHusi 0asneHusi
8 006bI8alOUUX CKBAXUHAX, Ymo npusooum K CO8epUWEHCMB08aHUI0 MEMOO08 MOHUMOPUH2a U
peaynuposaHusi paspabomku Ha HeGhMSIHbIX MECMOPOXKOEHUSIX.

lMonyy4eHHbie 0aHHbIe M0380715IM 108bICUMb MOYHOCMb NPOEKMUPO8aHUsI U pa3pabomku He-
MSAHbIX U 2a308bIX MeCMOpPOoX0eHUl u Moaym bbimb UCrob308aHbl 01 CO8EPUIEHCME808aHUs
mexHoroauu 00bbI4U HeQMSIHBIX Mecmopoxx0eHuUl Ha 6ornee no30HUX cmadusix ux paspabomku.

KJTIOYEBBbIE CJIOBA: mecmopox0eHue, 3anexb, KOIIeKmop, pexxum, ¢houd, paspabomka
MecmopoXXOeHUsl, KOHMPOIb U peayruposaHue.
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ntroduction. To increase oil production at a late stage of operation, waterflooding
technology is widely used, when reservoir pressure is increased with the help

of water deposits. As a result, oil is squeezed out more efficiently from the pore
space to production wells. Thus, the intensity of oil extraction from the reservoir increases.
Such kind of situation often occurs when the injected water, moving through the most
permeable areas, outruns the oil. Then a certain amount of the latter turns out to be closed
in the "pillars", which makes it difficult to extract it. Hence the importance of managing
the waterflooding process. Regulations for changing the injectivity of injection wells and
the extraction of oil from producing wells require information about current changes in
the reservoir. This, in turn, requires the relevance of research and improvement of field
development technology as a solution to the most important and complex problem of
hydrocarbon production in terms of flooding. We have developed a new technique for
identifying patterns of pressure distribution in the reservoir and created new conditions
for production control.

Formulation of the problem. The commissioning of a new field, as a rule, is
complicated by insufficient knowledge of the structure of the deposit, the nature of the
fluids saturating it by area, as well as the distribution of pressure in the reservoir.

Enhanced production of residual oil reserves at the final stages of development requires
the use of other development methods, the economic unjustification of drilling new wells
at this stage of operation. Under these conditions, the improvement of field development
should follow the path of establishing patterns of pressure distribution during waterflooding
based on the generalization of experience and experimental studies. The efficiency of
oil field development during flooding largely depends on the viscosity of the oil that
saturates the productive deposits. Establishing a relationship between oil recovery factor
and oil viscosity has become especially relevant in connection with the production of
large volumes of high-viscosity oil.

Several works are devoted to the management of production operations in order
to increase oil recovery by maximizing the direction of fluids to the bottomholes of
production wells [1, 2], in other works, an increase in oil recovery is solved by controlling
and regulating development [3, 4].

Various development systems are used in accordance with the geological and physical
conditions [5, 6], however, in the late stage of development, the oil reservoir turns out
to be largely occupied by a displacing agent (for example, water or PGS). As is known,
some zones with high oil saturation, close to the initial oil content in the reservoir, the
so-called oil pillars, remain in the reservoir. To extract oil from pillars, the development
system is changed [7, 8] or spot and selective waterflooding is used [9, 10].

Since the methods for maintaining reservoir pressure made it possible to significantly
increase oil recovery compared to oil recovery of facilities developed in a natural regime,
dispersed waterflooding systems, focal and by changing filtration flows, have been developed
[11]. Other methods for maintaining reservoir pressure are also being created [12, 13].

It was shown in [3, 5] that flooding of high-permeability and water-saturated areas
leads to partial or complete exclusion of medium and low-permeability layers from the
mining process, while the problem of water inflow into wells is relevant not only for wells
in operation, but also for newly created ones [2, 8].
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In practice, the absence of new deposits, enhanced by fluctuations in oil prices,
determines the search for new methods that will bring industrial enterprises into an
economically viable zone. Therefore, various methods for improving the control and
development of hydrocarbon deposits are rapidly developing.

At present, with the improvement of computer technology in the oil industry, a
new applied direction has gradually emerged — geological and hydrodynamic modeling,
which is aimed at obtaining new methods and improving existing ones for enhancing oil
recovery. However, the fact stands out that, along with the noticeable improvements that
the modeling has brought, “it was not possible to solve the main problem — to increase
the accuracy of the results obtained” [1]. After some time, the permanent geological and
hydrodynamic model of field development deviates the actual dynamics of the current
oil production from the design, which is fraught with serious consequences. Therefore,
the creation of a new methodology for managing production processes, excluding the
identified shortcomings, remains very relevant.

Research methodology. To calculate the distribution of pressure at given points, the
contour lines of the formation in the water-driven or elastic regime use known solutions
to problems [8, 9]. Fluid inflow from an unrestricted circular reservoir to a runoff point
or to the circular contour of an enlarged well is calculated using the well-known formulas
of Carslow and Van Everdingen [9, 14].

To formulate the problem, let us take as an example an oil reduced circular deposit,
which has the shape of a circle of radius R. It is surrounded by an infinitely stretching
water-bearing area (Fig. ).

Figure 1— Scheme outline of the oil-bearing circle

At t= 0, the oil deposit began to be developed with a flow rate q (m*/day). All other
reservoir parameters are assumed to be known.

From a technological point of view, it is of interest to determine the change in the
pressure dynamics on the contour of the oil reservoir for AP compared to the initial
reservoir pressure PO after some time intervals, considering it to be a well with an enlarged
radius [1, 5].

In the well-known calculations by Carslow and Yeger, Van Everdingen and Hurst
[1, 2], the following solutions were obtained for the reduced radius of a production well
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qu
AR, KOH m}c (T)

ey

f(1)=0,5[1 — (1 + )81 + 1,121g(1 + 1)

T — Nt/R?
where g- is flow rate m is viscosity of liquid; t -is current time; k is permeability; R- is
reduced well radius. In calculations, it is assumed that the pressure changes only along
the radius vector R.

Since this calculation formula assumes pressure changes only along the radius vector
of the influence of the angle of rotation, the problem here is one-dimensional.

Below we consider the flow diagram on the oil-bearing contour (along the
circumference), the contour pressure is set, and it is possible to derive a calculation
formula when the pressure changes, both along the radius vector and the change in the
angle of rotation (Fig. 2). 2

con

Figure 2 — Scheme of the reduced contour of the oil reservoir

For example, we take a contour, its model is given, where Pc is circuit pressure. Pw
is pressure in the well, all parameters remain inside the circle (since we consider inside
the circle). Move along the radius of the vector, enter R. Pc the highest pressure on the
circuit. The task is set how the pressure to the well will change Pw, Pc — Pw.

We write all the coefficients a2, that is, the same process takes place over a certain
period, the stability in time depends on

a’p , %P _ 2p_
ﬂﬁua—yz—@‘or& P = (2)

solved in cylindrical coordinates
X =T COS @
{y =rsin <p}
Then the equation becomes
9?p 18P  9°P _
a2 T rag Tagr O @
orA’P,=0.
To solve this problem, there are two types of mathematical approach. So, in the
fundamental book by Zheltov, and in all his other works, the following is done: the pressure
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is distributed only along the contour, it does not change in the corners, that is j = const it
is required to find a solution to the Laplace equation

AP (x,y) =0or @+@—0 4)
inside the circle and satisfying the boundary condition P = f = Pc on the boundary (along
the circumference) of the circle, where Pc is the pressure value at the boundary.

This corresponds to the interior Dirichlet problem for a circle, well developed in
mathematical physics [10, 12].

It is possible to substantiate the possibility of applying the technique for solving the
internal Dirichlet problem for the given problem. The value of the contour pressure at the
boundary is constant, that is, the harmonic function reaches its maximum and minimum
values only at the boundary at r = R in the near-wellbore zone, that is r = 0, P — co, which
corresponds to the technological process-liquid selection.

Passing to the system of polar coordinates, we have the equation [14, 15]

_13 9P 1 %P
oo 72 5g2 0 (5)
and boundary conditions
P(r,@) = Pk sing
The solution to this equation is expressed by the Poisson integral [4]

P(r, <;6')——Jr f@) =

where is the integral expression

K(r,o,R,¢) =

—r2

2—2Rr u:os(qo P)+R2 dll) (6)

RZ_.'.Z
r2—2Rr cos(p—)+R?’

called the Poisson kernel.
Note that K (1, @, R, y) > 0 at r <R, because of 2Rr <R?+ 12, if r # 0.
Solution is

P—Y=t

=4 t=g;
p=m t=¢—m
a=R*+ 1%

b = 2Rr;

R? — r?)sin(p — )

—2R rcos(p —¢) + r?

B P.(R?* r?) f" sint gt — P.(R* r?) f" sint dt
‘ —2Rrcost+ r?

o a—bcost

1 Ry(R*—r? tdt _ Py(R?—r? d(z—cost)  p, (R2—r2
il T)J-ﬂsm x( T][" G ) _ Pl T]ln| ——cost| |
b w ——cost b 0 b—cost 7R
Py (R2—2
7"(71 r)[ln” — cos(¢p — n)”
=-In %- cos <p|:
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Lt —cos(¢p—m)
2Rr il
[
2Rr cos¢

_ Py (Rz_fz)l
- wRr

_ P (R?—r 2}1 |R2=2Rr cos(p—m)+ r?
nRr | R2—2Rrcosgp+1r?

>

The Puasson integral is derived under the assumption r < R, r = R representation (5)
loses its meaning. However,

}»EI:%P(T'(p) = f(@o) = P

Substituting boundary conditions into equation (5), we obtain solutions to the first
boundary value problem inside the circle.

The solution is determined by the expression

Pr(R%2—2 RZ—2Rr cos(gp—m)+r?
P(r,p)= { (mRz : I R2—2Rr cos g+r2 E atr < R} (7)
Pk atr=R

This solution shows for any value r <R and -p < ¢ < p it is possible to calculate
the dynamics of the pressure distribution inside the circle and takes a given value at the
boundary of the circle.

Considering the pressure distribution for an injection well, we make the following
physical assumptions. The environment of the bottomhole zone is assumed to be
homogeneous in terms of physical parameters and close enough to the injection well,
and the pressure Pw is assumed to be given and constant. In this case, the problem reduces
to the external Dirichlet problem for the circle of the Laplace equation.

Solution is,

{a =R? +r2}
b=2Rr
t= @1y

Y=¢—t
dyp = —dt;

Yp=-—mt=¢@+m
Yp=mt=¢—m;

¢ t
x=tg=;
93
x
t=tg;
P(r,9)= f F € r2—2Rr cos(@p—P)+ Rz - 21;'( ) J-_ﬂ"l‘z‘—ZRTCOS (p—)+RZ

_Pc 2 _pzy(PrT__4at  _
( )fqo "u—bcost

=2 -R) [,

Ta—b cos(rp— P)

2z
J-ga+1r dt J-<p+1r e dt = @+ dx _
¢—T a—bcost @~ ,_pi-x* @7 atax®—b+bx?
14x2
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ptm 2 retm a+b
=2 T ——— a et x— ar'ct
f Q- (a—b)+(a+b)x2 a+b p—m 5+tz atb g -b \1 g
at

= i arctg —x I =gz atetg [Z—tg tw |

P R+ .
=-—<(@*—R? Rz —atctg [— (tg(p +m) —tg(p — n)]—— atctg [2 —tg tp],
From the Puasson integral we obtain the following solution

P(r,¢) = { arctg(Z—tg(p) at r > R} )
Pc at r =R

This solution continuously adjoins the boundary of the circle with the given values
and remains valid not only for a constant value, but also for continuously or piecewise
continuous variable values on the supply circuit.

To establish the pressure distribution in the reservoir, in the laboratory for research
and production of oil and gas of the Atyrau University of Oil and Gas named after Safi
Utebaev, experimental studies were carried out to characterize the pressure distribution
along the axis of the oil-bearing reservoir segment under changing boundary conditions.

The experimental setup provides the ability to change the sequence of connection of
reservoir models: serial, parallel and mixed connection.

o Py S

R3

R1 —Jpss

R2
Opss

EE? &ﬁ Oesa

—Ops2 ity

|

—{Ps1

DS1 Ds2 Ds3

c1 c2 ¥ 4]

<

Figure 3 — Hydraulic scheme of the installation for the experiment on segment No. 1-3
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Figure 4 — Pressure distribution in reservoir Nos. 1, 2, 3 P,; average, kPa
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Figure 5 — Pressure distributions in reservoir No. 3 P,.; medium, kPa

The core is pre-washed and cleaned of oil residues. The core was taken from the
depths of 830-871.8 m from the Neokomsky II layer. Core samples are 1.0 m high (100
%), samples from the Neokom-I formation are 0.4-0.5 m high. The core is uniformly
saturated with oil 0.0, 0.20, 0.40, 0.65, 1.0 m. Blu- ish-gray, silty-like, argillite-like, layered,
thin-lamellar, uneven, roughly fractured, calcareous clays. On all spans, the seams are
separated by coal residues within 1-2 mm.

Pressure sensors have been placed below. 3 sensors are placed along section F of the
area. The sensor readings are presented in 7able 3, according to which the graph is built,
1. e., the purpose of the experiment is to determine the change in pressure by the angle of
rotation of the radius vector. The experiment showed that the pressure changes to three
different values at three points. This confirms the theoretical conclusion about the patterns
of pressure distribution.

As an example, the parameters of the field were taken, and the deflection angle of
120° was calculated (Fig. 7).

Calculation of pressure distribution parameters in the injection well tained research
results and calculated values confirm the established regularities of pressure distribution
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Figure 6 — Hydraulic scheme of the experiment reservoir No. 3

C|

PEN
R3
iy
Capacity
c7
[ i
c5
v
A
|
c8

T
L
c9

Figure 7 — Scheme of the location of the sensors on the area of the reservoir

in reservoir conditions, show the correspondence of the model to the field development
processes, thereby allowing one to improve the field development methods.

Comparing the theoretical data and the results of experimental work, it was found that
in addition to the physical properties of the reservoir, in which the regularity of pressure
distribution in an inhomogeneous medium was revealed, the rate of its distribution also
depends on the angle of change.

The results of experimental studies aimed at studying the pressure distribution in the
reservoir make it possible to measure the pressure distribution parameters along the axis
of the oilbearing reservoir segment under changing boundary conditions.
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Thus, as a result of experimental work, the regularity of pressure distribution with

the growth of a layer filled with quartz sand was established, and the experiment gave a
positive result.

Conclusions. The critical analysis of literary sources and studies on the application

of the tertiary method of enhanced oil recovery for the conditions of the fields of Western
Kazakhstan shows the effectiveness of the polymer flooding technology, which is determined
by the properties of the reagents used, the choice of which is carried out taking into account
the individual characteristics of the physical and capacitive properties of productive
formations and the state of development and operation of a particular Place of Birth.

A two-dimensional mathematical model of the dynamics of pressure distribution

in a circular deposit has been built. Considering circular deposits as a source and sink,
the calculation of the dynamics of pressure distribution inside the circle and outside the
circle, taking a given value at the boundary of the circle, reduces to solving the internal
and external Dirichlet problem and is shown for any value r <R and -p < ¢<p.

The conducted experimental studies aimed at studying the pressure distribution in the

reservoir made it possible to measure the pressure distribution parameters along the axis
of the oil-bearing reservoir segment under changing boundary conditions. To carry out the
necessary studies, an experimental setup was designed, consisting of three reservoirs with
different physical characteristics. The main formation was equipped with special pressure
sensors, which made it possible to record pressures along the segment axis. In general,
by selecting the necessary porous formation media, close parameters of the pressure
distribution in the formation were obtained under changing boundary conditions. €
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