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It has been established that the fluid reserves, which are at the final stage of development, are difficult to extractable and
watered. The methods of intensification are analyzed and it is established that it will be rational in this case to pump carbon
dioxide into the reservoir. Its influence on a bundle of oil and water is determined. The results of the statistical processing
of the change of the debit before and after injection of carbon dioxide, the influence of the volume of gas injected into the
well from the seperate permeability of the reservoir, as well as the expected rate of wellbore after injection, are presented.
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3BLIBIIEHHS BUIOBYTKY ®JIIOIY, IO 3HAXOUTHCS
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YIOCKOHAJEHHS OBJAIHAHHS IHTEHCU®IKALITT
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YcTaHOBIIEHO, 110 3anacH (Iroiny poIoBHIIA, SIKE 3HAXOJATHCS HA 3aBEPILAIBHIN cTamii po3poOKH, € BaKKO BUIOOYBHUMH
it o6BoHeHnMI. [IpoananizoBano MeToau iHTeHCH]IKaLii 1 3’ICOBaHO, IO PALIOHAIFHO B TAKOMY BHNAAKY Oy/e 3aKadyaTH
B IJIACT BYIJIEKUCIHUH ra3. BuzHaueHo Horo BB Ha B’s3Ky HadTy Ta Ha Bogy. HaBeneHo pe3ysbTaTH CTaTHCTHYHOL
00po0Oku 3MiHK Ae0iTy A0 1 micns i1 ekuii Tiokcuay KapOoHy, BIUIUBY 00’ €My Ta3y, IO 3aKauyeThCs Y CBEPIJIOBUHY, Bifg
cepeHbOi MIPOHUKHOCTI IIJIACTa, a TAaKOX BiJ OYiKyBaHOTO NeOiTy CBEpAJIOBHHU Iiciisi IpoBeieHHs iH’ekuii. IIpo-
aHaTi30BaHO, 10 PO3poOKa ra30KOHACHCATHHX POJOBHII Oe3 MiATPUMKH IUIACTOBOTO THCKY (TaK 3BaHHMH «PEXUM BHC-
Ha)XCHHS») MPU3BOAUTH JIO BTPAT, YaCTO 3HAUHHX, BYIJICBOJHEBOrO KOHJECHCATY. [yl 3MEHIICHHS IJIACTOBUX BTPAT KOH-
JIEHCAaTy BUKOPHCTOBYIOTECS Pi3HI CHOCOOM BIUIMBY Ha ITIACT, IO Nepe0adaroTh HarHiTaHHs ra3iB ab0 BOJY 3a3BHYAl IIPU
MOYaTKOBHX IUIACTOBUX THCKAaX. BUKOPHCTAHHS IIMX METOJIB BUMAarae BEJIMKUX IHBECTHLii, 110 HE 3aBXAU €KOHOMIUHO
BHUIpaBJaHo. HoBa TexXHOJOTis 3acHOBaHA Ha e(eKTaX BUTICHEHHs IUIACTOBOTO JKMPHOTO a3y CyXHM, BHIIAPOBYBAHHS
PIAKHUX peTporpagHuX BYIJIEBOAHIB, MIATPUMKH IUIACTOBOTO 1 3a0iHOTO THCKiB, OJI0KyBaHHs aKTUBHOI IiIOLIOBHOI Ta 3a-
KOHTYpHOI Boxu. TexHosoris 3a0e3neuye 30epexeHHs] GOHIY AIFOYMX CBEPAJIOBHH, 3017IBLICHHS iX MPOAYKTHBHOCTI Ta
ne6iTiB, MiJBHUIEHHS BYTJI€BOJOBIAAYi IUIacTa, MiATPUMAHHS CUPOBHHHOI 0a3u ra3ornepepoOHOro 3aBOy, IPOJOBKEHHS
nepiogy akTHBHOTO (DYHKIIOHYBAaHHS BCi€l CTBOPEHOI IPOMHCIOBO-3aBOJCHKOI iH(pacTpykTypu. st peamizamii TexHo-
JI0Tii Ta JOCATHEHHS 11 IPOEKTHOT e(heKTUBHOCTI HEOOXIJHO CTBOPUTH 1 BIIPOBAJUTH HOBY HAJIHHY CHCTEMY KOHTPOJIIO 3a
po3pobkoro. Ls crcTemMa MOBHHHA BPaxOBYBAaTH T'€0JIOT0-TEXHOJOTIUHI 0COOIMBOCTI 00’ €KTa BHIOOYTKY BYIJIEBOJHIB 1
TEXHOJIOT1] HOoro po3poOKH, MarouH Ha yBa3i reoJIoridyHy Oyl0BY KOJIEKTOPa, e()eKTUBHI Ta30HACHUCHI TOBIMHH, TEpMOOa-
puuHi ymoBH Ta iH. BoHa Mae 3a0e3neuyBaTu Oe3nepepBHUN KOHTPOJIb IHTEPBaAIiB NPUIMAaIbHOCTI IPU 3aKauyBaHHI ra3zy
Ta iHTEpBAJIB APEHYBAaHHS IPHU BiZOOP1 BYIJIEBOAHEBOI CyMilli, ONEPaTUBHE BU3HAUYEHHS KOMIIOHEHTHOTO CKJIQAy IPO-
JyK1ii Ha OCHOBI 3aCTOCYBaHHS BUCOKOTOYHOI reo¢i3n4Hoi Ta XxpoMarorpadiqaoi anapatypu.

KurouoBi cioBa: OyhepHi eMHOCTI I BYTJIEKUCIIOTO Ta3y, BYIJIEKUCIINI I'a3, piinHa, ra30Bi CBepUIOBUHH, HaTHITa-
JIbHI CBEPJIOBUHH, TIPOIYKTUBHHH TLIIACT, HACOCHA CTaHIIisl, B’ SI3KICTh, MiCOK, BMICT BOJIH.
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Introduction

The industrial problem of the oil industry is due to the
fact that, due to the more intensive development of eas-
ily recovered oil fields, the share of hard — to — recov-
ered reserves is constantly increasing, requiring the ap-
plication of new methods of increasing oil production.

One of such complex methods is the injection of CO,
into the formation. The physical essence of the method
is the good solubility of CO, in formation fluids, which
provides a volume expansion of oil in 1.5 — 1.7 times,
the ability to mix it with oil, reducing the viscosity of
oil (from tens percent to several times) and, as a conse-
quence, an increase in the crowding rate.

However, the application of this gas, as well as any
other low — viscosity agent, is accompanied by a de-
crease in the coverage factor.

Review of the research sources and publications

Gas condensate deposits in their initial state are char-
acterized by high reservoir pressures, usually reaching
several tens of MPa. There are deposits with relatively
low (8 — 10 MPa) and very high (up to 150 — 180 MPa)
initial reservoir pressures. The main reserves of hydro-
carbons in deposits of gas — condensate type are con-
fined to objects with initial reservoir pressures of 30 —
60 MPa. In the domestic gas industry, the development
of gas condensate deposits was carried out until re-
cently in the mode of using only the natural energy of
the reservoir. Such a mode ("exhaustion") requires for
its implementation of the minimum capital investment
and relatively moderate current material and financial
costs. In contrast to the development of a purely gas
reservoir, in this case it is necessary to deal with the
product, the composition of which is constantly chang-
ing. This is due to the phenomena of retrograde conden-
sation of the formation hydrocarbon mixture, which oc-
cur when the formation pressure is reduced. The high
molecular weight hydrocarbon components of the mix-
ture, after lowering the pressure in the reservoirs below
the pressure of the condensation start, are transferred
to the liquid phase, which remains immobile practically
throughout the development of the deposit due to low
phase saturation (no more than 12 — 15%), much lower
threshold of hydrodynamic mobility (about 40 — 50%).

GS Stepanova and VN Shustef studied in detail the
peculiarities of the process of differential condensation
of the reservoir mixture, performing simultaneously for
comparison of calculations by contact condensation.
According to these researchers, the marginal pressure,
below which the calculated composition of the gas
phase for differential and contact processes is not the
same, is approximately 20 MPa [4, 10, 12].

Problem statement

To create and implement a scientifically — based mon-
itoring system for the development of a gas — conden-
sate deposit in conditions of low reservoir pressure with

the effect on the reservoir by gas injection, which in-
cludes methods and means of control over the imple-
mentation of technology, methods for their forecasting.

Basic material and results

The injection of CO; into the reservoir is one of the
most effective ways to increase oil recovery. Dioxide
of carbon, as well as hydrocarbon solvents, provides a
very high percentage of extraction and deprived of their
basic disadvantages — the price of the juice.

Carbon dioxide or carbon dioxide forms a liquid
phase at temperatures below 310 °C. At a temperature
above 31 °C, carbon dioxide is in a gaseous state, with
a pressure of less than 7.2 MPa — from the liquid passes
into a vaporous.

The principle of application [4] CO; is based on the
dependence of the viscosity of fluids in reservoir con-
ditions on the amount of CO» dissolved in them. For
example, the dissolution of CO; in oil reduces its vis-
cosity within 10 — 50%. At the same time, the volume
ratio of oil with dissolved gas increases to 50%.An in-
crease in the volume of oil contributes to the growth of
the volume of pores occupied by oil, creates favorable
conditions for its movement. Reducing the viscosity of
the oil leads to an increase in its mobility. In this regard,
in order to achieve a given coefficient of oil consump-
tion, a smaller amount of displacing agent is spent.

Due to the solubility of CO, in reservoir water, the
initial viscosity of water is noticeably increased, as a
result of the ratio of the movement of oil and water in-
creases. Dioxide of carbon in the system also leads to a
decrease in the surface tension at the boundary of oil —
water.

Efficiency of displacement of oil by carbon dioxide is
determined both by increasing the coefficient of cover-
age by the effect and displacement. The increase in the
coverage factor by area and volume is due to improved
capillary absorption and equalization of the mobility of
water and oil.

The ability of carbon dioxide to be readily dissolved
in oil and water is a key property that determines the
high efficiency of oil displacement with the use of car-
bon dioxide.

This property also contributes to the separation and
washing of the oil film from the top of the rock, in-
creases the wettability of the porous medium with water
and thus contributes to capillary water collection in a
porous medium saturated with oil, resulting in an in-
crease in the amount of oil displaced. Depending on the
composition of oil, pressure, temperature, the solubility
of CO; in it may be either limited, or close to unlimited.
The solubility of carbon dioxide in real oil can reach
hundreds of volumes of CO; per one volume of oil. So,
in other equal conditions, carbon dioxide is better solu-
ble in petroleum with a high content of hydrocarbons in
the C3 — C7 series. The high content of resins and as-
phaltenes in oil, on the contrary, greatly complicates its
dissolution. For this reason, unlimited solubility of car-
bon dioxide in oil is practically impossible. Dioxide of
carbon, depending on the thermodynamic conditions
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(pressure, temperature) can be in solid, liquid and gas-
eous state (Fig. 1).
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Figure 1 — Carbon dioxide phase diagram

In the chart below, we can judge what kind of oil dis-
placement using carbon dioxide will occur at specific
reservoir temperatures and pressures. So, if [5] the for-
mation temperature is < 319°C. and pressure > 7.5 MPa,
then the oil will be replaced by liquid carbon dioxide.
If the formation temperature is > 31°C, the most likely
is the displacement of oil by carbon dioxide.

The gaseous carbon dioxide is colorless, has a slightly
sour smell and taste. The molecular weight of the com-
pound is 44.010. The density of CO, at normal pressure
and temperature 0 0C is 1.98 kg/m°.

With increasing temperature under constant pressure
and oil composition, the efficiency of CO, in it de-
creases. With constant oil composition and temperature
increase of pressure causes increase of solubility of car-
bon dioxide. Dioxide of carbon dissolves sufficiently
well in water. However, this process is limited in na-
ture. It is influenced by pressure, temperature and de-
gree of mineralization. So, with increasing pressure at
constant mineralization and temperature, the solubility
of carbon dioxide in water rises. With constant miner-
alization of water and pressure with increasing temper-
ature the process is ambiguous. When [4] constant pres-
sure and temperature with an increase in mineraliza-
tion, the solubility of CO; in water decreases. Depend-
ing on the specific conditions, the solubility of carbon
dioxide in water can reach 20%.

The aqueous solution of carbon dioxide reacts with
carbonates in kind, dissolves them, while increasing the
permeability of the collector and absorbing the ability
of the injection wells. When dissolved in carbon diox-
ide in oil and water, the viscosity of the latter varies.

So, with the increase in the content of dissolved CO;
depending on the composition of oil, pressure, the de-
gree of pressure and temperature, there is a decrease in
the viscosity in 2 — 15 times compared with the initial
at zero content of carbon dioxide, while for more vis-
cous oil in much higher degree than for less viscous.

With increasing pressure at constant values of the in-
itial composition of oil and temperature, its viscosity
with CO; dissolved in it takes ever lesser significance.
This is due to the increase in the content of dissolved
carbon dioxide in oil.
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Figure 2 — The scheme of transition
of carbon dioxide into a liquid state

With the constant composition of oil and pressure
with increasing temperature, the viscose oil when dis-
solved in it, CO; is reduced to a lesser extent, as
the solubility of carbon dioxide also decreases.
Knowledge of the mechanism of reducing the viscosity
of oil when dissolved in it, CO> is necessary in the pre-
diction of technological indicators of processes of dis-
placement of oil using carbon dioxide.

At constant saturation pressure with increasing con-
centration of carbon dioxide the density of oil increases.
Increasing the pressure above saturation pressure also
contributes to increasing its density. As the temperature
rises, it decreases. The pressure, the composition of oil,
the ratio of volumes of gas and oil and temperature af-
fect the change in the density of oil with dissolved CO,
to the same extent as these factors affect the very solu-
bility of carbon dioxide in oil. When carbon dioxide is
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dissolved, carbon dioxide is formed in water, which, in-
teracting with carbonate rocks — dolomite, sandstone
with carbon — tinny cement, leads to an increase in po-
rosity, permeability, degree of heterogeneity of these
rocks.

The mechanisms discussed above for reducing the
viscosity and increasing the volume of oil when dis-
solved in it, carbon dioxide leads to an increase in the
mobile — state of the oil phase, which facilitates the dis-
placement of oil. In addition, there is an increase in
phase permeabilities for oil and water when they are in
contact with CO,.

Thus, carbon dioxide [9] when interacting with oil,
water and the rhizome phase causes a change in the
physical and chemical properties of the latter.

Carbon dioxide or carbon dioxide forms a liquid
phase at temperatures below 31 °C. At a temperature
above 31 °C, carbon dioxide is in a gaseous state, with
a pressure of less than 7.2 MPa — from the liquid passes
into a vaporous.

The technological scheme of injection of CO; is
based on the existing general scheme of industrial ar-
rangement of the deposit and, in particular, on the use
of objects of the existing flood system. At the same time
it is possible to supply CO; to well, using the injection
pipelines of the existing production system, to build
new pipelines or to deliver tanks.

4
L o0
|
' 5
6 7 & g @ﬁ
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Figure 3 — Technological scheme of injection of COz:
1 — injection wells; 2 — point of distribution CO»; 3 — pumping station; 4 — buffer tanks for CO»;
5 — CO; tanks; 6 — pressure head of the flood system; 7 — block bush pumping station; 8 — buffer tanks;
9 — the main pumping station and water treatment station; 10 — station of the first lifting; 11 — water well

The CO; is pumped into the reservoir on the column
of the pump — compressor pipes. For maintenance of
the operating column from corrosion and high injection
pressures, created when the CO; is injected into the for-
mation, into the injection wells, injecting the packer de-
vices. Wells are equipped with a standard fitting with
the necessary devices to control the process of pumping
CO; into the formation.

To pump COs, special acid — proof pumps with re-
mote control and automatic protection are used. For a
continuous supply of CO; in the pumping station, re-
serve pumps are provided. All technological pipelines
of a pumping station should be calculated on a pressure
with a 1: 4 stock ratio.

The hydrocarbonic acid of H,CO; formed during the
dissolution of CO; in water dissolves cement in the for-
mation of the formation and thus increases the permea-
bility. Dioxide of carbon in water contributes to the
breakdown and "laundering" of film oil that covers the
grain of the breed and reduces the possibility of break-
ing the water film.

At reservoir pressure above [8], the pressure of com-
plete mixing of carbon monoxide from carbon monox-
ide will suppress oil as an ordinary solvent (mixing dis-
placement).

In a layer three zones are formed:

1) the zone of primitive reservoir oil;

2) transition zone;

3) a zone of clean CO,.

If CO; is injected into a flooded deposit, then a CO;
shaft is formed in front of the CO;, zone, which dis-
places the formation water.

Dioxide of carbon has oil — retaining properties, due
to its abilities:

1) readily dissolve in oil and in sewage water, and
vice versa, dissolve in itself oil and water;

2) reduce the viscosity of oil, and increase the viscos-
ity of water when dissolved in them, reducing the mo-
bility of water relative to oil;

3) to increase the volume of oil when dissolved in it
CO; and to increase the efficiency of displacement of
oil [10];

4) to reduce the interfacial tension on the edge of oil
and water, to improve the moisture of the rock with wa-
ter when dissolved in oil and water and to ensure the
transfer of oil from the film state to the drip;

5) increase the permeability of individual types of
collectors as a result of chemical interaction of coal and
rock skeletons;

With the displacement of CO; oil, depending on the
specific conditions, different schemes may apply (Ta-
ble 1).
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Displacement with mixing. The displacement scheme
is carried out by feeding both gaseous and liquid carbon
dioxide into the formation. Prerequisite is Pp >Ry
(mixing), the pressure at which the total mutual disso-
lution of the displacing agent and the extruded medium
occurs. The mixing pressure depends on the tempera-
ture and composition of the formation oil, which is gen-
erally characterized by the molecular weight.The dis-
placing agent zone in which carbon dioxide is located,
as a rule, in a gaseous (7,1 = T¢»), or in a liquid state
(Tp)1 £ Ter; Pp1 2 Pg). When Py > P, the zone of com-
plete mutual solubility is absent and it turns out that dis-
placement occurs without mixing [7].

Oil displacement with gaseous carbon dioxide.
At subcritical temperatures in shallow oil horizons and
at limited pumping rates provided — P, (reservoir pres-
sure) < P, (condensation pressure CO;). At supercritical

temperature (7,1 < T¢r, where T}, is the formation tem-
perature, 7 = 31.04 °C is the critical temperature of
COy), the displacement process is not thermodynami-
cally limited and proceeds at any pressure values in the
formation. Elimination of liquefied CO,. Realized with
Tp1 < Ter, Pp1 > Py, Component and phase characteris-
tics of this scheme: repressing agent — liquid CO», dis-
placed environment — liquid hydrocarbons and for-
mation water.

The displacement is carbonated with water. Less [8]
depends on pressure and temperature, with two — phase
(liquid — liquid) filtration taking place, and CO, is pre-
sent in both phases, more in water and less in displaced
oil — in the zone adjoining the boundary of the phase
separation. Pressure with more pressure of the power of
CO; in water — Pyoture.

Table 1 — Mechanism and schemes of influence

Scheme of Mechanism of | Thermodynamic constraints | Characteristics of the fluid: components,
influence displacement, [y tempera- | by pressure | Phases
acting under ture
this scheme
Exhaust gas- | Displacement T<T, P< P Gas phase: CO2.
eous CO, with mixing. T>T., Liquid phase or gas — liquid mixture: hydro-
Change in vis- carbons (petroleum)
cosity
Exhaust gas- | Displacement T>T, P<P; Carbon dioxide, oil
eous CO, with mixing
Displacement | Displacement T<T, P>Pu 1. Liquid hydrocarbon phase.
with mixing | with mixing. T>T., 2. A gas — liquid zone: a mixture of explo-
Bulk effect sives and carbon dioxide.
3. Zone of complete mutual solubility: gase-
ous mixture of hydrocarbons and CO; (with-
out boundaries of phases).
4. Propagation zone: gaseous (predomi-
nantly) or liquid (sometimes) CO,.
5. The zone of complete mutual solubility is
absent.
Displacement | Change of vis- | T<T,, P <Py Oil phase: hydrocarbons and CO; (insignifi-
with car- | cosity ofinter- | 7> T, P>P, cant quantity).
bonated wa- | phase tension Water phase: water and CO; (high content).
ter Gas phase: hydrocarbons and COs.

An aqueous solution of carbon dioxide reacts with
carbonate in — kind, dissolves them, while increasing
permeability. We calculate how the well flow changes
after the injection into the carbon dioxide layer and how
the permeability changes with the following output data

(Table 2).
The radius of the carbon dioxide penetration zone:
r, =05D =0.73 m; (D
v
Reo, = [—COZ J+ R 2)
: m-h-m

The permeability of the bottomhole zone of the reser-
voir after injection of CO; is equal (according to indus-
trial data):

¢ = 0.12 — coefficient of carbonaceous rock;
_ 0.25¢,) .
k,=18-¢ ks 3)
k= 2.15 — growth rate of permeability;
ke =kp -k - 4)

Average (reduced) reservoir permeability after injec-
tion of carbon dioxide

k-kyp - log[Rk]
k — r]/V

m . 5
R
kg -1og[ €0 j+ k -log Ry
Iy rCOz
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Expected effect after injection of carbon dioxide
(CO»)

E=k,/k. (6)
Determine the expected well flow after loading CO
@=q F, (7

where ¢ — the discharge of the well to the injection of
carbon dioxide.

Determine the expected oil well after the injection of
carbon dioxide, with known water content of the prod-
uct.

g =q2 (1 —n). ®)

This calculation will be carried out 15 times.
The obtained results will be analyzed using statistical
analysis, and for this we will use the STATISTIKA 10
program.

Having statically processed the results got:

— the dependence of the volume of CO, injection from
the average reservoir permeability after injection of
CO,, where the correlation coefficient was » = 0.995,
and Fisher's criterion is equal 7 =107.02 at a critical
point Feiticq = 161.45

Veo, =14.2+0.85%4k,, ; 9)

— the dependence of the volume of pumping of CO»
from the expected debit of the well after the injection

of CO,, where the correlation coefficient » = 0.98, and
Fisher's criterion F' = 42.56 at a Fepisies = 161.45

g, =7.8928 +1.0629V . ; (10)

— dependence of the well flow to the injection of carbon
dioxide from the expected value of the well bore at the
known watering of the products where the correlation
coefficient » = 0.998, and Fisher's criterion F = 37.824
at a Feriticas = 161.45

g, = 4.4664 +0.9578¢, ; (11)

— dependence of the well flow rate on the injection of
dioxide from the expected well flow at the known wa-
tering of the products carbon where the correlation co-
efficient » = 0.999, and Fisher's criterion F = 33.110 at
a Fcritical =161.45

q, =0,5751+0.9934¢, . (12)

Since F), > Feriiicar, the obtained regression equation is
assumed to be statistically significant.
(The hypothesis of model adequacy was confirmed in
all cases).

The results indicate that an important role in the in-
jection of carbon dioxide is played by indicators such
as reservoir permeability and water content of products.
We have received that the rate will increase almost
twice, if the production of wells will not be watered,
and if the well products are significantly watered, then
we will get equal oil extraction after the injection CO,.

Table 2 — Output data for the design of the process of injection of carbon dioxide into the formation

Nt & B E 0 o g S > E 2 5L
S | Ss | fE2|s | 2E |22 |ES |Es |33
S ek |22=|% Se.lst |25 E@ £8
S |2:8|zs8|2  |EE%|2: |Es |zz |3%
= S8 | ESsE| & S§e |58 S E s = &

1 |0.245 12 11 0.12 5.11 SE-1 850 4.56 55

2 ]0.089 14 15 0.16 5.96 SE-1 800 3.74 63

3 0.095 17 17 0.16 7.24 SE-" 750 2.23 78

4 10219 11 10 0.12 4.68 SE-M 700 3.74 63

5 0.273 12 13 0.12 5.11 5E- 1 650 3.32 65

6 |0.219 15 14 0.16 6.39 SE-1 600 2.88 75

7 |0.245 18 18 0.22 7.66 SE-" 550 2.23 78

8 |0.273 18 20 0.22 7.66 SE-M 500 1.38 87

9 10299 12 12 0.14 5.11 5E- 1 450 4.56 55

10 |0.325 15 16 0.16 6.39 SE-1 400 1.38 63

11 ]0.351 15 15 0.16 6.39 SE-" 350 1.38 87

12 |0377 11 10 0.12 4.68 SE-M 300 2.23 78

13 | 0.426 17 17 0.22 7.24 5E- 1 250 2.88 75

14 |0.457 15 15 0.16 6.39 SE-1 200 1.98 80

15 |0.508 11 11 0.12 4.68 SE-" 250 2.51 76
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Table 3 — Results of designing the process of carbon dioxide injection

Ne . & - Cy
;8 ! g 5 ! qa o LS 5 —
SE | o2 58 g 5% | g8 §
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g © = © © o w 2 5 3 o = o5 2 2
% s & = 2L = g g 8 L= a8 3
2 o 2 = =R % g3 o % TBsos T
S g o 2 S o C o 2 9 Sl S T X0 2 3
2 g2 3. 523 HEO C8m |83 .| EB2CE
= S0 | 8% gee g50 85 | 82| 8=»° =3
> TE S ég égé 25 g 200 e o= =258
z gis | &5 £eé <EES | HEC | D=0 |d2E88 8
1 0.1225 1.705931 | 6.456173 | 3.22809E-'3 | 1.22989E!* | 2.459781 | 11.2166 | 5.047471
2 0.0445 1.363719 | 7.98777 | 3.99389E"3 | 1.16063E!* | 2.321259 | 8.68151 | 3.212159
3 0.0475 1.411631 | 10.99262 | 5.49631E" | 1.21978E!® | 2.439561 | 5.440221 | 1.196849
4 0.1095 1.712107 | 5.804301 | 2.90215E°3 | 1.15741E"® | 2.314818 | 8.657418 | 3.203245
5 0.1365 1.571118 | 6.456173 | 3.22809E-'3 | 1.25403E"* | 2.50807 | 8.326792 | 2.914377
6 0.1095 1.464449 | 8.884864 | 4.44243E"3 | 1.31618E"® | 2.632363 | 7.581206 | 1.895301
7 0.1225 1.209381 | 12.22718 | 6.11359E"3 | 1.50695E!* | 3.013897 | 6.720991 | 1.478618
8 0.1365 1.149552 | 12.22718 | 6.11359E"3 | 1.56147E"* | 3.122938 | 4.309655 | 0.560255
9 0.1495 1.515634 | 6.456173 | 3.22809E"13 | 1.25224E"® | 2.504482 | 11.42044 | 5.139198
10 | 0.1625 1.375663 | 8.884864 | 4.44243E"3 | 1.40722E"® | 2.814435 | 3.88392 | 1.43705
11 | 0.1755 1.421705 | 8.884864 | 4.44243E"3 | 1.40098E!® | 2.801964 | 3.86671 | 0.502672
12 | 0.1885 1.718969 | 5.804301 | 2.90215E-3 | 1.18921E"* | 2.378412 | 5.303858 | 1.166849
13 | 0.213 1.22187 | 10.99262 | 5.49631E-'3 | 1.58409E"* | 3.168187 | 9.12438 | 2.281095
14 | 0.2285 1.429216 | 8.884864 | 4.44243E" | 1.41757E"® | 2.83515 | 5.613597 | 1.122719
15 | 0.254 1.64877 | 5.804301 | 2.90215E"3 | 1.25968E"® | 2.519356 | 6.323583 | 1.51766
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Figure 4 — Graphic dependences of the statistical processing results
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Conclusions

It is known that it is very difficult to extract residual
oil reserves of especially viscous and saturated water,
and when the carbon dioxide is pumped out, which dis-
solves well into the oil, increases its volume and re-
duces the viscosity, on the other hand, dissolves in wa-
ter, increases its viscosity.

Thus, the distillation of carbon dioxide in oil and wa-
ter leads to equalization of the mobility of oil and water,
which creates opportunities for obtaining higher oil
yields, both by increasing the displacement ratio and
the coefficient of coverage of the oil deposit.
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