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Enhanced oil recovery from active fields is equivalent to the discovery of new fields, making
this issue critical to all oil-producing countries around the world.

Of course, among all modern methods of increasing oil recovery from reservoirs, thermal
methods are the most technically and technologically prepared. They make it possible to extract oil
with a viscosity of up to 100 MPa and at the same time increase the final oil recovery by 30-50%. In
particular, the thermal steam method is widely used both in fields in the CIS countries and abroad.

The main factors that determine the growth of oil production using thermal methods include:

Availability of significant resources of high-viscosity oil.

Application of highly effective technologies for influencing oil deposits.

Availability of necessary heat and power equipment.

Use of heat-resistant equipment for wells and on the surface.

Effective control and regulation of processes inside wells.

The widespread development of methods for thermal oil production is associated with the
solution of a complex set of scientific and technical problems. Among these tasks, special attention
is paid to:

The study of oil recovery mechanisms in various geological and physical conditions.

The determination of opportunities for effective use of the features of the geological structure
of specific fields.

The development of combined methods for increasing oil recovery, including thermal methods
and others, in order to improve technological processes and achieve high oil recovery rates at the
level of 50-60%.

The aim of this article is to analyze and justify the choice of a specific thermal oil production
technology, namely the method of steam-cyclic well treatment, which is especially relevant for the
production of high-viscosity oils.

KEY WORDS: steam treatment, well, enhanced oil recovery, production, object, deposit.
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BenceHdi ueepinin xxamkaH keH opbiHOapbiHOa MyHali 6epydiH apmybl aHa KeH opbIHOapbi-
HbIH awhblnybiHa meH, by bykin anem bolbiHwa MyHali eHOIpyMeH aliHanbicambiH 6apribiK endep
ywiH 6y npobnemaHsi aca MaHbi30bl emeoi.

OpuHe, kabammapOdaH myHaul anydbl apmmblpyObiH 6apriblK 3amaHayu 80icmepiHiH iwiHOe
mepmusinbiK 8dicmep eH MexHUKallbIK XOHe MexXHOI02usbIK myprbidaH dalibiHOanFaH. Onap
mymkbipnbirsl 100 MlMNa-rFa dediHei MyHalob! anyra MyMKiHOIK 6epedi XoHe COHbIMEH bip2e COHfbl
myHau weirapydbi 30-50%-ra apmmeipadbl. Aman atimkaHda, 6y-Xbiiy acep emy adici TM en-
OepiHOe Oe, odaH mbic xepriepde Oe KeH mapariFaH.

Tepmusinblk 8dicmepdi KorndaHy ke3iHOe MyHal eHOIpydiH ecyiH aHbikmalmbiH Heaisai ghak-
mopnapfa MbiHanap xamaosbl:

-MYMKbIPIIbIFbl XOFapbl MyHaloObliH MaHbI30bl pecypcmapbiHbiH 605ybI;

-MyHal KeH opbiHOapbIHa acep emyOdiH Xofapbl muiMOi mexHomoausnapbiH KOmoaHy;

-Kaxkemmi Xblry HepaemukarbiK Xab0bikmbiH 6051ybI;

-YHFbIManap ywiH xxeHe 6emiHde bicmbikKka me3imOoi )xab0biKkmbi natidanaHy;

-yHFbIManap iwiHdeai npouecmepdi muimOi 6akbiiay xoHe pemmey.

MyHatiobI mepmusinibik eHOipy adicmepiHiH KeH 0amybl FbIfbIMU XXOHe MexXHUKarblK MiHOemmepoiH
KypOerni keweHiH wewymeH balnaHbicmbl. Ockbl MiHOemmepOiH iwiHOe epekwe Ha3ap aydapbinadbl:

-ap mypri 2eonoausinbIK-ghu3uKarsik Xardalnapda kabammapObiH MyHal bepy MexaHu3MOepiH
3epmmey;

-HaKmbl KeH OpbIHOaPbIHbIH 2€0/102USIbIK KYPbIIbIMbIHBIH epeKwernnikmepiH muimoi natda-
naHy MyMKiHOIKmMepiH aHbikmay;

-mexHornoeausnsik npouyecmepdi xakcapmy xoHe 50-60% deHeeliiHOe myHal 6epydiH xofa-
Ppbl KO3ghchuyueHmmepiHe Kor xXemkidy MakcamblHOa Xblrly 8dicmepiH xoaHe backanapbiH Koca
anraHOa, myHal 6epydi apmmbipyObiH apanac adicmepiH a3ipney.

byn makanaHbiH MaKkcambsl — mepmMusisibiK MyHal eHOIpyOiH HaKmbl MEXHOI02UsICbIH, amarl
atimkaHOa, acipece mymKbIpribiFbl XOfFapbl MyHal eHOipy2e KambiCmbl YHFbiManapobl 6y-yukmnoik
eHOey a0iciH maHdayObl manday xaHe Hezizoey.

TYWIH CO3LEP: 6ymeH eHOey, yHrbiManap, MyHall 6epydi apmmbipy, 6HOIpY, OBLEKM, KeH OPHbI.
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lNosbiweHue HegpmeomOayu Ha akmugHo paspabambigaeMbiX MECMOPOXOEHUSIX IKeU8a-

JIEHMHO OMKPbIMUK HOBbIX MeCMOpPOXOeHuUl, Ymo denaem smy npobriemMy Kpumu4ecku 8axHou
0r1s ecex cmpaH, 3aHuUMarouuxcsi 00bbl4el Heghmu o 8cemy Mupy.
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Be3sycrosHo, cpedu 8cex co8peMEHHbIX Memodo8 yeernu4yeHUs u3erevyeHus Hechmu U3 rniacmos
Hauboriee MexHUYECKU U MEeXHOMo2U4YecKU nod2omoereHHbIMU SI8MISHMCS mepMuYyeckue mMemoos.
OHu noseonstom u3snekamps Heghms ¢ 8ss3kocmbto 0o 100 MlMa u 8 mo xe spems ysenu4usame
KOHe4YHyto Hegpmeomdayy Ha 30-50%. B yacmHocmu, Memod napomeriogo2o eo3delicmaus Wwu-
POKO pacrnpocmpaHeH Kak Ha MecmopoxoeHusix 8 cmpaHax CHI, mak u 3a ee npedenamu.

OcHosHble thakmopbl, Komopble onpedensiom pocm obbema 006b14U Heghbmu rpu UCMOSb-
308aHUU MEPMUYECKUX Memo008, 8KTHYam:

- Hanu4yue 3Ha4yumesibHbIX PECYPCO8 8bICOKOBA3KOU Heghmu;

- IPUMEHEeHUE 8bICOKO3hPEKMUBHBIX MexHoo2uli 8030elicmeusi Ha HegbmsHbIe 3aMexu;

- Hanu4yue HeobxoduMo20 mernnosHepaemu4eckKko2o obopydosaHus;

- ucronb308aHue mepmMmocmotikoeo obopydosaHusi Ofisl CKaXUH U Ha 108epxXHOCMU;

- 3¢hheKmuBHbIl KOHMPOIb U peayrnuposaHue rnpoyecco8 8HYMpU CKEAXUH.

Llupokoe passumue mMemodo8 mepmMuyHeckol 00bbIHU Heghmu C8sI3aHO C PEUEHUEM CII0KHO-
20 KOMII/IeKca Hay4YHbIX U mexHuyeckux 3adady. Cpedu amux 3aday ocoboe eHUMaHuUe yOernsiemcsi:

- uccnedosaHu MexaHU3Mo8 Heghmeomadadyu rniacmos 8 pazHoobpasHbix 2e01020-¢hu3u-
YeCKUX yCriosusix;

-onpedenieHur 803MoxXHocmel 3¢hghekmuBHO20 UCroIb308aHUsI 0cobeHHocmell 2eonoauye-
CKOU cmpyKmypbl KOHKPEMHbIX MECMOPOXOeHUU;

- pa3pabomke KOMb6UHUPOBaHHbIX MemoA08 Mo8bILeHUsT Hechmeomaoa4u, 8KIYast Mernsoeble
MemoOdbi u Opyaue, C Uesbio ynyHWweHUs MeXHOI02UYEeCKUX MPoyeccos U 00CMUXeHUS 8bICOKUX
KoaghpuyueHmos Hegpmeomadayu Ha yposHe 50-60%.

L{enb daHHOU cmambu — npogecmu aHanu3 u 060cHogaHuUe 8bibopa KOHKPEemHOU mMexHos10-
2uu mepmuyeckoli 0obbiHu Heghmu, a UMeHHO Memoda napoyuKIu4eckoli 0bpabomku CK8aXuH,
0cobeHHO akmyarnbHO20 01 006bI4U 8bICOKOBA3KUX Heghmel.

KITKOYEBBIE CJIOBA: naposasi obpabomka, ckeaxkuHa, rnosbilweHue Heghmeomadayu, 00-
bb1ya, 06bEKM, MeCcmopoXxOeHue.

ntroduction. During the exploitation of fields with heavy paraffinic oils at
I reservoir temperatures close to the beginning of paraffin crystallization or below
it, the oil permeability of bottomhole zones within a radius of up to 1.5 m, and
sometimes up to 3 m, deteriorates. This is caused by the formation of paraffin deposits
and polymolecular colloidal adsorption-solvation layers from the active components of oil
(resins, asphaltenes, organic acids) on the surface of the pore channels. The near-wellbore
zone may also contain sludge deposits and water barriers remaining after drilling and
completion of the well, which impair oil permeability [1].

To reduce the filtration resistance of the bottomhole zone, thermal effects are successfully
used. Heat can be introduced into the collector by two methods: 1) heat transfer through
the rock skeleton and saturating fluid from a heat source located in the well (by conductive
heating method) and 2) forced heat and mass transfer through the reservoir due to the
injection of coolants into the formation (saturated or superheated steam, hot water, etc.).

The mechanism of influence on the reservoir of each method has some differences.
The choice of method is determined by the specific geological conditions of the area of
application. The method of conductive heating of the bottomhole zone can be carried out
periodically in a shut-in well (periodic well heating method) or stationary during operation
(stationary well heating method). The main advantages of this method are the simplicity
of the technology and, as a rule, low cost.

Unlike other treatment methods, no foreign substances are introduced into the
bottomhole zone, which can cause irreversible negative consequences. The disadvantages
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of the method include the impossibility of introducing large amounts of heat into the
formation in a short period of time. This is due to the low values of effective thermal
conductivity of rocks [2,3]. In this regard, during conductive heating, the radius of the
heated zone, as a rule, does not exceed 1 m.

The mechanism of action in the periodic method of heating a well is reduced to
the melting of paraffin and asphalt-resin deposits in the bottom-hole zone, which are
removed from the formation during subsequent operation. Moreover, with the resumption
of operation, intensive cooling of the formation occurs and re-processing of the face is
required to restore the permeability of the rocks.

The mechanism of action during stationary heating boils down to the fact that during
operation, a ring zone with a radius of up to 1 m is created around the well in the formation,
where a sufficiently high temperature is stationarily maintained. In this zone, the high oil
permeability of the reservoir does not decrease during operation, and the viscosity of the
oil is significantly reduced.

Heating of the near-wellbore zone of the formation by introducing coolant into the
formation can be carried out a considerable distance deep into the formation (up to 20
m). However, this method, as a rule, leads to a significant water cut in the product. In
addition, it can cause minor consequences in the near-wellbore zone, for example, the
formation of persistent emulsions and water cones inside the formation, the destruction
of a loose reservoir, as well as the swelling of lyophilic clays in the formation, if any [4].

The mechanism of influence on the reservoir during injection of coolants also comes
down to the effect on the viscosity of oil and the oil permeability of the reservoir. However,
in this case, the decrease in oil viscosity is caused not only by the temperature factor, but
also by the effect of oil dilution by hot condensate. In addition, this method of treating the
bottomhole zone promotes the active dissolution of paraffin-resinous deposits, loosening of
sludge deposits and the elimination of water barriers. As a result, the oil permeability of the
reservoir is not only restored, but often becomes higher than at the beginning of the well’s
operation [5]. After treatment, the surface of the pore channels is lyophobized (covered
with a film of hot condensate), which, combined with long-term preservation of elevated
temperature in the reservoir, greatly slows down the mechanism of re-accumulation of
paraffin-resinous deposits.

Assessing the prospects for oil production in the world, we can state that the era of cheap
and easily produced oil is over. Heavy oils and gas hydrates, in the context of depletion of
traditional energy resources, are becoming increasingly important in the global economy.
They are of particular importance in Kazakhstan, where light oil deposits are more than half
depleted, and at the same time, existing and potential refiners in most cases do not have direct
access to resources. Operating costs for the production of heavy oil and natural bitumen are
3-4 times higher than the costs for the production of light oil, which is associated not only
with the higher density and viscosity of heavy oils, but also with the insufficient development
of the technology for its production and processing in our country.

The presence of high-viscosity oil (HVO) deposits in Kazakhstan with large concentrations
of associated elements has not contributed to the increase in production of this type of petroleum
feedstock for a long time due to its high cost. Moreover, chemical compounds of high-viscosity
oil have a negative impact on oil refining processes, reduce the performance of petroleum
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products, and corrode equipment [6]. In this regard, reduction of the HVO cost necessitates
the introduction of new innovative technologies and methods for its extraction.

The Moldabek Vostochny section of the Kenbai deposit began development in
1999. There are 10 productive formations under development, 3 of which are confined
to Cretaceous deposits, 7 to Jurassic ones. All layers are combined into 7 development
objects. The main production at the field is provided by facilities in Jurassic deposits
(Figure 1.1). At the beginning of this year, production from purely chalk deposits is ~16%
of total production, while the current stock of producing wells in chalk (objects I and II) is
~44%. The development of Cretaceous horizons is complicated due to the high viscosity
of oil: its average value over the horizons exceeds 200 cP [7,8].

Theoretical justification.

The average fluid flow rate as a result of processing is determined by the formula

ke, T T
(RetnTz+n7e)q,
P Wy, 1y, ke T T

H_S lnﬁ +k—: lnﬁ+ lnr—:

Here p., W, are the dynamic viscosities of oil under reservoir conditions and at the
average temperature in the heated zone in mPa-s.

The main indicators when designing steam-thermal treatment are: injection rate,
injection duration, rate of increase in flow rate and duration of well operation at increased
flow rate.

The duration of injection and the radius of the heated zone are determined by the
nomogram (Figure 1), if the linear flow rate of dry steam per meter of productive strata
and the coefficient characterizing the specific enthalpy of the formation (¢) are known.
The rules for using the nomogram are explained by the diagram shown in the same figure.
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Figure 1— Nomogram for determining the parameters of periodic electrothermal treatment of wells

66 HE®Tb U TA3 &5 2024 1 (139)



AOBbIHA

m

Th 7 Tt icn
30 41570 15 - 495
25 12 4001
22 4 1260- o1 3001
15 1s 200

9441 g-
=10 785 = 5] 1007
GE) 7 - g 4 -
> 6279 |@ S 50
o) [
S 5 - 2 lg542
= S e
Z 572- ]
@© @®© 24 20
314 -
5 263 14 1,4
=
s
>
5]
s
7]
o
[4v]

Figure 2 — Nomogram for determining the duration of steam injection.

Here a¢y = qcn is the linear flow rate of dry steam in kg/(h-m); gcp; - dry steam
consumption in kg/h h - reservoir thickness;

p=m [m(l Se)punxn + (1 — m)cypy
_ 1
Pan = 1—xy
. . pcn pB . . .
where Sgis the water saturation of the formation in tractions of a unit; pyr - density of wet

and saturated steam at the bottom in kg/m?*; m - formation porosity in fractions of a unit;
X;- steam dryness at the bottom in fractions of a unit; ¢y, py— heat capacity and density
of the formation rock mineral in kJ/(kg-°C) and kg/m?; i;; - latent heat of vaporization in
kJ/kg; cg, pg— specific heat capacity and density of condensate at the bottom in kJ/(kg-°C)
and kg/m?; ¢ - steam temperature at the bottom is °C; f;;— reservoir temperature at °C.

The duration of well operation at increased flow rate as a result of treatment is
determined by the formula

e mSBchB tm]

_'n:r?hCnl tn
B~ ¢, 160

cp

where r,is the radius of the heated zone; Cp, Cy— the volumetric heat capacity of the
formation and liquid, respectively, in kJ/(m?*-°C). The value gcpis determined from fig. 2.

Study. The current production of chalk reserves is very low; recovery under the
current development scheme will most likely not exceed 5% of the initial recoverable
reserves, while it is the chalk deposits that have the maximum geological and recoverable
reserves. The approved design oil recovery factor (hereinafter referred to as the ORF) of
object I is 38% and assumes the full-scale use of thermal development methods (Figure 3).
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Figure 3 - Oil production and operating stock of production wells by facility [1]

Thermal development technologies are one of the most effective methods of
influencing the formation in order to intensify oil production and increase oil recovery.
Currently, various methods of thermal influence based on the injection of hot water, steam
or the creation of an in-situ combustion center have found widespread use [9,10]. The
best coolant from among those technically possible for use is water vapor. In this regard,
improving the efficiency of using this technology is of direct practical importance.

In recent years, certain progress has been achieved in the development of oil fields with
high-viscosity oils in the Republic of Kazakhstan and abroad [11]. One of the achievements
for Kazakhstan is the use of thermal methods technology, namely the injection of water
vapor at the Kenkiyak and Karazhanbas fields. For these fields, the experience of using
thermal effects on the formation was reviewed.

The first SHT section includes eight injection wells NeNe 6001, 6002, 6003, 6006,
6008, 6009, T-1249, T-1251, all wells are located in block III. Thermal impact measures at
this site have been ongoing since 2003. As of the reporting date, a total of 2,284 thousand
tons of steam were pumped into the site. When pumping steam into productive formations,
the following conditions were observed:

* injection capacity of one injection well is 65 t/day. * pressure at the mouth — 2.1
MPa; ¢ temperature at the mouth — 213.3 °C;

* steam dryness — 78%.

To determine the effectiveness of the ongoing constant steam injection at eight steam
injection wells, an analysis of the operation of nearby reacting wells was carried out.
Figure 1 shows a map of the location of reacting wells (Figure 4).

Cumulative oil production at the site amounted to 757.2 thousand tons, liquid
production — 2490.7 thousand tons. A total of 50 wells were in production. Additional oil
production is estimated at 135.2 thousand tons. After five years, the radius of the heating
zone increases, but the oil saturation decreases and becomes close to residual. Accordingly,
reacting wells that fall into the zone of oil saturation close to residual are characterized
as low-yield and high-water-cut. The steam-oil ratio is 8.9 t/t.

The first group of wells (sections) is characterized by the presence of a direct
connection between liquid withdrawals and steam injection, which manifests itself in a
decrease in liquid levels immediately after the cessation of steam injection, a decrease in
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T-1281, 1251

Figure 4 — Map of reacting wells of SHT section Ne1* [1]

water cut, and, accordingly, an increase in the share of produced oil. After steam injection
is resumed, liquid levels begin to rise along with water cut. Thus, the above-described
dynamics of indicators takes the form of harmonic oscillations, presented in Figure 2,
using the example of the reacting environment of well 2724, where the injection period
corresponds to an increase in liquid and water cut, respectively, the idle period corresponds
to a decrease in liquid levels and water cut [12-14].

* The second group of wells (areas) is characterized by the absence of dependence
between steam injection and liquid extraction. All wells in this group are located in the
southern marginal part of reservoir 3, where the active influence of peripheral injection is
observed. Figure 3 shows the characteristic dynamics of indicators for wells of the second
group using the example of the reacting environment of well 4415.

The second SHT section includes nine injection wells NoNe 61028, 61040, 61051,
61062, 61026, 61024, 61038, 61050, 61060, (Figure 5-6) which are located in block I-2.
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Figure 5 — Dynamics of technological indicators
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Figure 6 — Dynamics of technological indicators in the reacting environment of well 4415 [1]

Continuous injection of steam in this area has been carried out since June 2010; before
that, SCTW and hot water injection were carried out at these wells.

When analyzing development in areas with periodic operation, it was possible to
identify the following patterns, identifying two groups of injection wells with characteristic
behavior of liquid production in reacting wells 4415:
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Figure 7 — Dependence of QI/Qo on QI for the reacting environment of well 2724 [1]

To assess technological efficiency, the dependence of the liquid-oil factor (Ql/Qo(Ql))
on the accumulated liquid production was analyzed. As the dependence for group 1 of wells
shows, this development method makes it possible to increase the involved reserves of
the reacting environment. This follows from the behavior of the QI/Qo curves in Figure 7,
where during periods of downtime there is a decrease in the angle of inclination of the
curve relative to the X axis, which is not observed in Figure 8, which characterizes the
operation of group 2 of wells.
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Figure 8 — Dependence of Ql/Qo on QI for the reacting environment of well 5116 [1]

At the initial stage of applying steam injection technology (2-5 years) in the eastern
section of the facilities, an increase in oil flow rate per well was observed, then its decrease
and stabilization in the east of object 1, a constant decrease in the east of object 2, initially
a sharp, then less intense drop in the east of object 3 is recorded. In the northern block, with
the introduction of the SHT system, the previous rate of decline in flow rate is reduced.

With the beginning of the use of steam injection technology in all areas, the growth
rate of water cut was reduced; over the past three years, the water cut rate has stabilized
at around 75-80%.

The volume of steam required to extract 1 ton of oil (steam-oil factor) in SHT areas
over the last five years of development has increased from 2.1 to 4.5 t/t, therefore, the
volume of oil per ton of injected steam has decreased.

Low steam dryness at the bottom of most steam injection wells and low
temperatures in production wells indicate a decrease in the quality of the agent
used in the field conditions, which leads to a violation of the thermodynamic state
of the interwell space and a decrease in the efficiency of the technology itself. The
wellhead temperatures of the main number of injection wells do not correspond to
the required parameters, which also indicates non-compliance with the technology
and, accordingly, low steam quality;

In steam injection areas, oil production levels have been stable in recent years - in the
northern block and growing in the eastern section of the 1st facility, which is supported
by the commissioning of new project wells. In the eastern sections of objects 2 and 3,
oil production decreases annually due to a drop in average flow rates with insignificant
drilling volumes. With the beginning of the use of steam injection technology, the rate of
increase in water cut was reduced in all areas;

The temperature front in the steam injection areas is distributed unevenly; in individual
production wells located in the steam injection zone, according to deep measurements,
the temperature does not exceed (+30°C);

The volume of steam required to extract 1 ton of oil (steam-oil factor) in SHT areas
over the past five years of development has increased from 2.1 to 4.5 t/t;
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The use of the technology of alternating steam and water injection in 6 cells of the

western section since April 2016 shows positive technological efficiency over 1.5 years,
expressed by an additional total increase in oil in the amount of 28,376 tons.

Conclusion. When analyzing the dynamics of technological indicators of the sites,

it was found that in most cases the periods of downtime and steam injection had different
durations (from 1 to 6 months), which obviously affected the drop in liquid production
levels. In order to fully replenish the decreased fluid levels and reservoir pressure during
the downtime period, it is necessary to maintain an equal level of compensation for
injection extraction during each injection cycle, as well as equal duration of the downtime
and injection cycles.

Thus, this method of regulating development with proper control over development

makes it possible to maintain the level of oil production at a constant level, reducing the
rate of watering and the likelihood of steam breakthrough, which is typical for areas with
constant steam injection, while reducing the cost of steam production. €
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