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Keywords: The paper presents a geological and field analysis of the effectiveness of stationary and non-stationary operating modes of the
highly-viscous oil, advance reservoir pressure maintenance system, during which hot water was pumped during the development of one of the carbonate
watering, matrix, fractures, thermal deposits of the Timan-Pechora oil and gas province. The determining factors for the complexity of the development of the studied
methods, hot water, produced object are the ultra-high viscosity of oil and significant geological heterogeneity. Due to these factors, advanced watering complicates
water, displacement characteristics, the development of the deposit. The current oil-water factor is 7.9. Increasing the efficiency of development of the facility is possible,
geological and technological model, among other things, by improving the technology of hot water injection, organized at the pilot site of the deposit in 2020.

stationary injection, cyclic injection, Based on the negative experience of implementing the technology associated with water breakthroughs to production wells
piezo'conductivit}{, _half»cycle,' during stationary injection, a complex injection technology was developed. It based on a combination of cyclic hot water
chemical composition, unprofitable injection, chemical composition use in injection wells to equalize the displacement front and prevent water breakthroughs in
wells, hydraulic transport. producing wells, and limiting the produced water volume to reduce unproductive injection and reduce the water-oil factor by

shutting down unprofitable high-rate wells.

Non-stationary flooding improves the efficiency of reserves recovery due to the initiation of fluid exchange between pore blocks
and fractures due to the created variable pressure gradient, while stationary injection allows only the most permeable intervals
to be involved in oil reserves. In conditions of high water cut, optimization of the injection technology will increase the recovery
rate of residual oil reserves and reduce produced water volume, as well as ensure greater economic efficiency of reservoir
development by reducing operating costs.

KotiogeBkre ci1oBa: TpejcraBjieH reoJIOro-NPOMbIC/IOBBIN aHAMN3 3PPEKTUBHOCTH CTALMOHAPHOTO U HECTALMIOHAPHOTO PEXUMOB PabOTBI CHCTEMBI
cBepxBsA3Kas HedTh, onepexarolee MOAJiep)XaHNA IUIACTOBOTO JaBJIEHHs, INPU KOTOPBIX MNPOBOAMJIACH 3aKayka ropsyeil BOJABI NpU pa3paboTke OJHOH U3
00BOJHEHVE, MATPUL{A, TPELIVHEI, KapOOHATHBIX 3aJiexxeil MecTopoxaeHUs TumaHo-Tleyopckoil HedTerasoHOCHON NPOBUHIMHK. OIpeAesAnIIUMU  CJIOXKHOCTD
TEIJIOBEIE METO/IbI, TOpsYas BOAA, pa3paboTKu HccyIelyeMoro o0beKTa ABJIAITCA CBEPXBBICOKAA BA3KOCTh HepTH U 3HAUYMTEJIbHAA reosIornyeckas HeOAHOPOAHOCTb.
oMY THO o0bIBaeMast BOAA, BesiefcTBUe ykasaHHBIX (DAaKTOpOB pa3paboTKa 3aJIeXy OCJIOKHEHa olepexaniuM ob6BogHeHHeM. Tekyumuil BogoHedTsIHOM
XapaKTEepUCTHUKN BLITECHEHUS, dakrop cocrasiset 7,9. [ToBbimenue 3¢dekTUBHOCTA pa3paboTKU 06beKTa BO3MOXHO B TOM YHCJIE 33 CYET COBEPIIEHCTBOBAHUA
T€0JIOro-TeXHOJIOrn4ecKkas MoJieJib, TEXHOJIOTHH 3aKa4yKK ropsiueil BoAbl, OpraHN30BaHHO Ha ONBITHOM y4acTKe 3aJiexu B 2020 r.

CranqroHapHas 3aKkayka, ABTOpaMM CTaThbM Ha OCHOBE HEraTUBHOIO OMNBITA peaju3ally TEeXHOJIOTHH, CBSA3aHHOTO C IPOPhIBAaMHU BOJBI K JOOBIBAIOIIUM
MKIMYeCKas 3aKatka, CKBaXMHAM B TEpPHMOJ| CTAlMOHAPHON 3aKauku, pa3paboTaHa KOMILJIEKCHAsA TEXHOJIOTUA 3aKauyKd, KOTOpas OCHOBaHa Ha
Hbe30TPOBOJIHOCTD, MOJIyepUOA, COYeTaHNM IUKIMYECKOH 3aKauKu Topsdeil BOJbl, MPUMEHEHUs XMMMYeCKOH KOMIIO3UIMY B HaTHETATebHBIX CKBaXUHAX IJIS
XUMHYECKas KOMIO3ULMA, BHIPABHUBAHUA (POHTA BBITECHEHHUs M MpPeJyTpPeX/eHNs NPOPHIBOB BOJBI B JOOBIBAION[ME CKBAXUHBI, U OTPAHUYEHUs 06eMOB

HepeHTabeJIbHble CKBAXUHBI,

HOMYTHO N0GBIBA€MOI BOJBI AJIA COKpAIeHNA HEelPOU3BOANUTENIBHOM 3aKauKi M CHIDKEHHA BOJOHe(DTAHOro (aktopa 3a cyeT
TUAPOTPAHCIIOPT.

OCTaHOBKU HepeHTabeJIbHBIX BHICOKOAEOUTHBIX CKBAXKKH.

HecranioHapHoe 3aBOJHEHHe MO3BOJIAET YJIyulUTh 3(GQEeKTHBHOCTh M3BJIEYEHHUA 3amacoB 6yarofaps HMHULUALUK oOMeHa
durongaMu Mexay HOpoBBIMU GJIOKAMHU U TPEIMHAMM 3a CYeT CO3[]aBaeMOro NepeMeHHOro IpajueHTa JaBjieHHs, TOrja Kak
CTalMIOHApHAasA 3aKayKa M03BOJIAET BOBJIeYb 3anachl HeQTH TOJIbKO HauboJsiee NMPOHUIIAEMBIX MHTEPBAJIOB. B yCI0BUAX BBICOKOM
06BOAHEHHOCTH MPOAYKIIMY ONTUMM3ALUA TEXHOJIOTUU 3aKayKK IO3BOJIUT MOBBICUTh TE€MIT OTGOPA OCTATOYHBIX 3arnacos HedTH
Y CHU3UTh OOBEMEBI NOIYTHO AOOBIBAEMON BOJBI, a Takxke 00ecrnevyuTh GOJIBLIYI0 SKOHOMHYECKYI0 3G (GEKTUBHOCTh pa3paboTKu
3aJIeKU 33 CYET CHIDKEHHs ONepPalOHHBIX PACXOM0B.
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Introduction

The modern trend of changes in the structure of current
oil reserves determines the increasing relevance of the search
for the most effective technologies for the development of
deposits with ultrahigh fluid viscosity.

In the article it is considered the experience of
implementing stationary and non-stationary modes of
hot water injection during the development of one of
the carbonate deposits in the Timan-Pechora oil and gas
province. This province is characterised by ultra-viscous
oil and significant geological heterogeneity, therefore
the development of the deposit is complicated by the
need to extract a large volume of associated water.
Effectivization of field producrion could be possible,
among other things, by improving the technology of hot
water injection, which was organised at the pilot
section of the deposit in 2020.

In conditions of high water cut, optimisation of the
injection technology will increase the rate of extraction of
residual oil reserves, reduce the volume of produced water
and operating costs.

Brief Geological and Physical Characteristics
of the Productive Formation

The carbonate deposit of the reservoir-massive type
with an oil-bearing floor of up to 300 m is characterised
by a complex geological structure. Productive sediments
lie at an average depth of -1200 metres. The fracture-
pore-cavernous type reservoir has high dissection of
51.1 units, permeability on average of 0.857 um?, and is
saturated with oil with viscosity of 710 mPas under
reservoir conditions.

Experience in the Application of Reservoir
Development Technologies

Over the history of the development of the facility,
significant experience has been accumulated in the
implementation of various technologies for oil production
and injection of coolants.

There are no ready-made technologies for the deposit
under consideration. Testing various approaches to
development made it possible to identify the most effective
of them. The search is carried out mainly in the classical
direction - these are thermal methods [1-4]. It is the
heating of reservoir oil that gives the greatest
technological effect by reducing viscosity (Fig. 1) and
increasing the mobility of oil in reservoir conditions [5, 6].

It is advisable to assess the efficiency of the use of
various coolants in the conditions of filtration
heterogeneity of the reservoir based on the data of
implementation in  field conditions.  Laboratory
experiments on the core are not able to cover the entire
variety of forms of void space, especially the fracture
component. The role of the latter largely depends on the
value of reservoir pressure. As the difference between
reservoir and lateral rock pressure decreases, the fracture
coverage ratio drops and the fracture compression
deformation becomes higher. A decrease in the degree of
fracture opening has an impact on well flow rates [7-25].
The impact of these processes in laboratory conditions is
problematic to assess.

In different periods of time, several types of coolant
were used at the facility in different areas of the deposit.
For three technologies of thermal areal impact, the
predicted oil recovery factor (ORF) was estimated: steam
injection at temperature 300 °C, injection of hot water of
210 °C, injection of heated up to 90 °C water. The value of
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Fig. 1. Dependence of reservoir oil viscosity on temperature

the predicted oil recovery factor is obtained by averaging
the results of calculations by displacement characteristics
of B.F. Sazonov, G.S. Kambarov, N.V. Sipachev, L.G. Pasevich
and S.N. Nazarov.

The highest predicted oil recovery factor of 0.42 decimal
units was obtained using steam injection technology with a
temperature of 300 °C. Steam, in comparison with hot
water, has an increased enthalpy, contributes to capillary
impregnation of the rock matrix, and a larger volume of
the formation is treated, which makes steam injection
preferable. However, the use of area steam injection
technology is energetically and financially expensive, so its
application is limited.

In the case of using the technology of injecting heated
water with the temperature of the working agent on the
surface of 90 °C the predicted oil recovery factor is 0.22
decimal units. Relatively low temperature of the coolant
according to the data of fibre optic system does not exceed
65 °C in the perforation intervals of injection wells and,
accordingly, a small area of reservoir heating does not
allow achieving a significant oil recovery factor.

The technology of hot water injection with the
temperature of 210 °C makes possible to achieve a higher
oil recovery factor (0.27 decimal units) in comparison with
water heated up to 90 °C and requires less cost in
comparison with steam injection; for these reasons it is
promising.

Injection of Hot Water with a Temperature of 210 °C

The application of the 210 °C hot water injection
technology was based on the results of laboratory core
tests in 2012-2015. The displacement coefficient
obtained with 210 °C hot water injection was
0.51 decimal wunits and corresponded to the
displacement coefficient obtained with steam injection
at 300 °C. Thus, according to the results of filtration
experiments for the considered deposit it is proved that
it is not necessary to spend energy to bring the agent
temperature up to 300 °C, when heating at 90 °C lower
provides the the same effect (see Fig. 1). The results of
these studies served as an impetus for testing the
technology in the deposit.

In order to assess the efficiency of the 210 °C hot water
injection technology in the steady-state mode, pilot
operations were carried out at the pilot site in the period
2020-2021. The technology consisted of thermal and
hydrodynamic impact on the reservoir by area injection of
210 °C hot water.

The application of the new technology was aimed at
providing compensation of withdrawals in the area
previously developed in the natural operating mode to
restore reservoir energy and increase the displacement
ratio by changing oil mobility. To increase the
coefficient of flooding coverage a chemical composition
was used to reduce the the receiving capacity of highly
permeable channels.
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In fact, the technology was implemented in three
modes: stationary injection in the period 2020-2021 and
cyclic injection with sequential application of the modes
"30 for 30 days" and "15 for 45 days" (2022).

The dynamics of cumulative production from
stationary hot water injection shows that the
technology does not confirm its efficiency (Fig. 2).
Water breakthrough was obtained due to high filtration
heterogeneity of the reservoir. The additional
production volume achieved in the initial period was
then completely levelled off due to higher water cut
rates in the subsequent period.

After the completion of the pilot development hot
water injection was continued, but in a cyclic mode. It
should be noted that the cumulative additional oil
production from cyclic injection is comparable to the
maximum cumulative production from stationary
injection (see Fig. 2).

The technology of non-stationary injection has
shown greater efficiency due to involving in the
development matrix reserves which were not drained
under the stationary injection mode. Two cyclic
injection modes were tested — "30 for 30 days" and
"15 for 45 days". The "30 by 30 days" regime has great
potential, as it is characterized by a high growth rate of
additional oil production compared to the "15 by
45 days" regime (Fig. 3).

Thermal methods of enhanced oil recovery are
promising in conditions of highly-viscous oil production.
The technology of hot water injection at the deposit under
consideration is in general the right direction of
development. The rational solution in this case is to take
into account the negative experience of the technology and
its adaptation to the conditions of realization.

Review of domestic and foreign scientific papers
[2, 27, 28] showed a small volume of publications on the
issue of hot water injection in cyclic mode in carbonate
reservoirs saturated with highly-viscous oil. Most
publications are limited to the calculation of cyclic mode
on the hydrodynamic model, and there is no description of
non-stationary mode realisation in field conditions.

The accumulated world experience in the development
of highly - viscous oil deposits is focused mainly on
terrigenous reservoirs. There are much fewer deposits of
highly-viscous oil in carbonate reservoirs compared to
terrigenous reservoirs. Accordingly, experience in the
development of carbonate deposits is limited.

In particular, the technology of cyclic injection of hot
water in carbonate reservoirs of highly-viscous oil is not
sufficiently studied in the world.

In Udmurtia, thermopolymer and thermocyclic
technologies for injecting hot water into a carbonate
reservoir of highly- viscous oil have been tested and
implemented on the industrial scale. New technologies
make it possible to achieve the oil recovery factor of
40-45 %, while traditional waterflooding technology can
achieve a maximum of 25 %.

Complex Technology of Cyclic hot Water Injection

The authors of the article have developed a new
strategy for applying the technology of hot water injection
to deposits. Proposed complex technology is based on
the following:

1. Cyclic injection mode "30 by 30 days" as the most
effective areal method of influencing a fractured
formation.

2. Application of chemical composition in injection
wells to level the displacement front and prevent water
breakthroughs into production wells.

3. Limitation of the volume of produced water
to reduce unproductive injection and reduce the water-
oil factor.

Hheterogeneous in permeability reservoir, saturated
with high-viscosity oil, is a favorable object for the use of
non-stationary stimulation [28]. In the case where there
is a developed fracture system at the facility, the contact
area of the highly permeable filtration channels with the
low-permeability matrix may be sufficient to obtain
additional oil production [29-33].

One of the key parameters that is controlled in the
implementation of non-stationary flooding is the duration
of the half-life [28].

The justification of the cyclic hot water injection
regime was based on:

— geological and field analysis of the effect of different
duration of injection well shutdowns on the producing
well stock;

— analytical dependence, which allows estimating the
half-period value from the data of piezoconductivity value
and distance between a pair of wells (Fig. 4).

The calculation of the half-period value is performed
by the formula obtained by V.N. Shchelkachev [37]:

[2
t=—,
2X

where / - the distance between productive and injection
wells, m; ¢ — piezoconductivity of the reservoir, m?/s.

The presence of two dependencies in Fig. 4 is explained
by the remoteness of the production well from the
injection well. As you move away from the active well, the
value of the pressure pulse downgrades. In addition, as the
distance becomes larger the influence of reservoir
heterogeneity increases - cohesion, macro inhomogeneity
(including cracks), which creates additional filtration
resistances.

Fig. 5 shows the dependences of the half-cycle on
the distance between the injection and production
wells. The identified groups of wells in Fig. 4 and 5
are identical. It can be seen that group No 1 is
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characterized by relatively low half-cycle values, while
group No 2 has a significant increase in half-life with
increasing distance. When determining the half-period
of the non-stationary injection mode, it is assumed that
the equation of group No 1 is valid at the location of
the production well from the active well up to 350 m,
and at the distance of more than 350 m - the equation
of group No 2.

To determine the half-cycle value for each injection
well centre, a list of reacting wells (approximately 20 %
of the producing wells in the centre), which gave 80 %
of additional oil production from hot water injection
(Pareto principle), was identified. According to the list
of wells which gave the main additional production, the
maximum value of the half-cycle was determined. The
maximum value ensures compliance with the condition
that all the most important wells in the centre will react
to the change in the injection well operation mode.

The result of comparing the half-cycle by both methods
showed high convergence (Fig. 6), which allows us to
speak about the reliability of the obtained results. For all
injection wells of the experimental area a single half-cycle
value of 30 days was determined.

For redistribution of filtration flows under conditions
of heat transfer fluid injection on deposits ‘intelligent’
gel-forming chemical compositions are used. The essence

of chemical compositions development [35] is to create
systems which are able to chemically evolve in
the reservoir with the acquisition of colloidal-
chemical properties optimal from the point of view
of oil displacement. Thermotropic systems under the
influence of thermal energy of the thermal fluid injected
into the reservoir are converted into gels without
thickening agent [36-40].

The choice of chemical composition for the proposed
complex technology is based on the experience of
application of two types of gel-forming compositions at
the deposit. The chemical compositions under
consideration are thermotropic, capable of operating at
temperatures up to 300 °C, which meets the conditions
of application of the proposed integrated technology -
hot water injection at a temperature of 210 °C. For
levelling of injectivity profile it was chosen the
composition with the greatest experience of application
for solving similar problems on the deposit,
characterised by lower cost and at the same time higher
value of specific additional oil production per well. In
addition, the results of field geophysical studies after
injection of the selected chemical composition show the
levelling of injectivity profile and its fixation in time,
which meets the requirements for the chemical
composition.

In order to solve the problem of reducing the
volume of produced water at the pilot site, the stock of
unprofitable high-watered wells was considered. A list of
25 wells with a total liquid flow rate of 5052 m®/day was
formed, which is about 35 % of the total indicator for the
area. It should be noted that mass shutdown of high-yield
watered wells in the deposit under consideration, as field
experience has shown [41], is accompanied by the
phenomenon of interference [42, 43]. The effect of fluid
redistribution in the reservoir between the inactive wells
and their surroundings was also taken into account
during the research.

The technological feasibility of shutting down selected
unprofitable high-yield wells was assessed. The results of
calculations of the current and forecast conditions of well
operation at the clusters where it is planned to shut down
unprofitable wells confirm the preservation of the
conditions for the hydraulic transportation of products
through field pipelines — the current and expected water
cut of production in well clusters is more than 70 %.

Assessment of Technological Efficiency
of the Complex Technology

The forecast of the technological efficiency of the
complex technology developed by the authors of the
article is carried out using a geological and technological
model (GTM).

The simulated object of development is confined to
the trap of a complex structure. The layers are zonally
heterogeneous, some of them have a discontinuous
character, zones of reservoir replacement with dense
rocks have been identified. The completeness and
quality of the initial data were sufficient to build a
detailed geological model. The distribution of
parameters in the reservoir volume was carried out by
the method of stochastic modeling. In constructing the
structural and tectonic framework, it was taken into
account many discontinuous faults, identified by the
results of interpretation of 3D seismic surveys and
detailed correlation of wells.

The filtration model of the reservoir is three-phase
(oil, water, gas), three-component (oil, water, gas
dissolved in oil), non-isothermal. To set up the model,
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the results of laboratory studies of own core samples
and reservoir oil were used. The results of filtration
studies during the injection of the thermal fluid were
taken into account.

To simulate the integrated technology, the authors of
the article have developed an algorithm for predicting
technological indicators at well interventions, taking into
account the effect of injection of a chemical composition
on the injectivity profile and ensuring a stable energy
state during the cyclic injection mode.

Predictive calculations of technological development
indicators were carried out in the sector of the reservoir
GTM (Fig. 7).

Creation and adaptation of the geological-technological
model were performed in accordance with the
methodological recommendations of the Regulations on
creation of permanent geological-technological models
of oil and gas and oil fields [44]. According to the
results of the sector adjustment, the technological
parameters of operation were within the limits of
permissible deviations.

Modelling of injectivity profile levelling (LIP) of
injection wells due to injection of chemical composition
was performed by changing the ‘well - reservoir’
connectivity in well perforation intervals. The
communicability value was changed so as to satisfy two
conditions: the potential injectivity of the well
decreased by 17 %, and the injectivity profile levelling
was ensured.

Reduction of injectivity by 17 % at modelling complex
technology of hot water injection is based on the results of
injection of the selected chemical composition into wells
located in similar geological and physical conditions
relative to the experimental site. Similar reservoir
characteristics make possible to draw analogies on the
efficiency of chemical composition injection.

The effect of modelling the injectivity profile levelling
due to chemical composition injection was assessed by
instantaneous injectivity of injection wells. An example of
modelling the injectivity profile levelling after chemical
composition injection is shown in Fig. 8.

Modelling of cyclic hot water injection in the ‘30 on
30 days’ mode was performed taking into account annual
shutdown of the working agent preparation unit for
maintenance.

In order to ensure a stable energy state in the forecast
period, injection volumes were calculated in the set
compensation mode. At small gradients of pressure only
water will be mobile, so it is important to ensure an
acceptable reservoir pressure level [29-33].

The experimental area was divided into 11 groups,
each group consisting of an injection well and a list of
surrounding production wells. For each group, the level of
withdrawal compensation required to maintain reservoir
pressure was set. This compensation value was determined
by hot water injection during the period when stable
dynamics of technological indicators (including dynamic
level) was observed, which poined to a steady-state
operation mode and, accordingly, stable reservoir pressure.
The compensation value was determined during steady-
state injection, therefore, for non-steady injection mode
the compensation was doubled.

Four expected variants of calculation of technological
indicators from 01.01.2023 to 01.01.2034 were performed:

— variant 1 — operation of the site in the natural elastic-
water-drive regime;

— variant 2 - operation of the site in a permanent hot
water injection mode from 01.01.2024;

- variant 3 — operation of the site in cyclic mode ‘30 on
30 days’ of hot water injection from 01.01.2024;

Oil saturation, decimal units

00 0250 0500 0750

Fig. 7. Appearance and section of the geological and
technological model sector on the example of the field
of the current oil saturation distribution
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levelling after chemical injection

— variant 4 - operation of the site in cyclic mode ‘30 on
30 days’ of hot water injection from 01.01.2024 with
shutdown of unprofitable wells from 01.01.2024.

The calculations were carried out in the mode of
constraints: injectivity/flow rate of well fluid; BHP;
temperature of the heat carrier; specified compensations;
minimum oil flow rate, upon reaching which the well is
transferred to an inactive stock.

The cumulative production indicators for the wells of
the pilot site as of January 1, 2024 in the context of
expected variants are presented in the table. In this article,
the calculations of indicators are demonstrated with the
conditional values of the initial and calculated parameters,
any coincidences with the real values of production
indicators are accidental.

The analysis of the technological indicators of the
development according to the considered options allows
us to conclude that the proposed integrated technology
for cyclic injection of hot water is the most effective
among those considered. The variant is characterized by
the most favorable dynamics of watering, allows to
reduce the volume of associated produced and injected
water. Reduction of the existing stock of producing wells
due to the shutdown of unprofitable high-yield wells will
reduce the cost of servicing the well stock and
maintaining them in working order.

Non-stationary flooding makes it possible to improve
the efficiency of reserves recovery by initiating the
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exchange of fluids between pore blocks and fractures 70

[28] due to the created variable pressure gradient, 65— Welll

while stationary injection allows to involve oil o 80— Well2

reserves only in the most permeable intervals. 5 Well3 i
Cumulative additional oil production for 10 years of %:‘;

implementation of the integrated cyclic injection 8 4

technology will amount to 323 thousand tons, and the £

reduction in fluid production will be 614 thousand 3

tons. Due to cyclic injection of hot water in 2022 25

(one year), additional oil production in the amount of 20 - - = = = = — < =
35.8 thousand tons was obtained. Fig. 13 shows & & g g 8 S g g &
examples of the dynamics of changes in reservoir 5 & 3 § £ 2 B 3 H
temperature in the area of three producing wells at the 5 2 3 § = 2 g

w

expense of effects of cyclic hot water injection. The
trend of reservoir temperature increase in the area of
well No 1 shows a cyclic mode of reservoir heating and
cooling depending on the operation of injection wells
with a frequency of "30 to 30 days".

An increase in the temperature of produced products
will facilitate the transportation of high-viscosity oil
through field pipelines. In general, adaptation of field
facilityt is not required for the implementation of the
proposed technology. The composition of the facilities

Fig. 13. Examples of dynamics
of reservoir temperature change of production wells
due to the effect of cyclic hot water injection

Cumulative production indicators by wells of the pilot
site as of 01.01.2024 by the expected variants

Variants of calculation
Cycle injection
with inactive

Indicators as of
01.01.2024 Stat. Cycle
by the pilot site Natural

and their capacity meet the requirements of the proposed injection injection 114 well
technology. Eﬁ)ﬂﬁﬁfé‘f i‘tl 20539 20863 20930 20 862
Conclusion Cumulative fluidl 5 g8 198184 126 017 119 474

production, kt

Based on the results of geological and field analysis
of the efficiency of stationary and non-stationary modes
of operation of the reservoir pressure maintenance
system under which hot water injection was carried
out during the development of carbonate deposit
of the Timan-Pechora oil and gas bearing province
saturated with super-viscous oil and having significant
geological heterogeneity, a complex technology of hot
water injection is proposed. It is based on the following:

1. Cyclic injection mode ’30 on 30 days’ as the most
effective area method of impact on the fractured reservoir.

2. Application of chemical composition for levelling
the displacement front and prevention of water
breakthrough into production wells.

3. Limitation of the produced water volume to reduce
unproductive injection and increase the water-oil factor.

In conditions of high water cut optimization of the
injection technology will increase the rate of extraction of
residual oil reserves and reduce the volume of produced
water. Also it will give the growth of economic efficiency
of development at the deposit in question by reducing
operating costs.
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