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ABSTRACT

The article describes the essence of unsteady waterflooding, which is one of the most effective
methods of increasing the oil recovery factor, used to change the direction of filtration flows,
which makes it possible to engage in the development of undeveloped oil reserves and reduce the
rate of watering of the deposit in productive reservoirs. A common technological method of
unsteady water flooding is the use of cyclic modes of operation of injection wells. The essence of
this method is that at an unsteady state in the oil deposit, there are conditions for the continuous
manifestation of elastic forces of the reservoir system. In a heterogeneous reservoir between
different zones, channels, and fluid flows there are gradients of hydrodynamic pressures, due to
which there can be fluid flows from one layer to another, from fractures to blocks, as well as
changes in flow directions. During unsteady flooding of heterogeneous formations, a part of oil
reserves in low-permeability layers or zones remains uncovered by injected water. The
waterflooded reservoir appears as an unsystematic alternation of watered and oil-saturated
microflows. While creating in such reservoirs alternately changing in value and direction of
pressure gradients, conditions for injection water penetration into stagnant oil-saturated low-
permeable zones and channels appear in the oil reservoir and oil movement from them to active
drainage zones. As a result of the analysis, the positive effect of the implementation of unsteady
waterflooding technology was revealed, and recommendations for improving its application at
other operational facilities of oil fields were given.

Keywords: non-stationary flooding, injection well, cyclic injection, oil recovery, filtration,
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Introduction

Non-stationary flooding (NC) is applicable both
at an early and late stage of development. It is also
possible to use it in highly watered fields developed
by the method of conventional stationary flooding,
even after reaching the maximum cost-effective flow
rate of producing wells. Methods of non-stationary
flooding are widely used in oil fields, however, they
are not always effective due to insufficient strict
compliance with the recommendations [1].

Since there is a high water content in them,
scientific and technical solutions for blocking
permeable areas of the reservoir become crucial. In
this regard, ways to use effective water insulation
compositions are being investigated [[2], [3]]. A
considerable number of compositions are known
and great experience of their application in various
geological and physical conditions has been
accumulated. However, their technological
efficiency is low and does not exceed 40-50 % [4].
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The effectiveness of this method is influenced by
the geological structure of the deposit, the current
state of development (the flooding system, the
working stock of wells, the level of waterlogging, the
proportion and nature of the production of
geological reserves), heterogeneity in permeability,
etc [5]. Therefore, the need to predict the
effectiveness of the cyclic impact process is an
urgent task. The problem of water inflows has always
remained at the center of attention, and in recent
years, especially more often began to attract the
attention of researchers [[6], [7]]. Theoretical and
experimental studies aimed at studying on
mechanism of origin of water inflows, reasons for
their origin, and also search for methods of struggle
against this phenomenon, were carried out.

The purpose of this work was to increase the
elastic reserve of the reservoir system by periodically
changing the water injection pressure. The analysis
of geological field data carried out by the author
showed that the traditionally considered geological
factors and the filtration capacity properties of rocks
do not exhaust all the factors affecting the flow rate
of the well. The complex nature of the distribution of
reservoirs and the high heterogeneity of the section
were also taken into account, which resulted in a
wide variety of deposits by types of natural
reservoirs and the nature of saturation. The use of
non-stationary flooding made it possible to reduce
unproductive injection and reduce possible losses of
mobile oil reserves [8].
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The main part. Selection of a potential site for
non-stationary flooding It is carried out taking into
account the following circumstances, depending on
the systems of development and organization of the
cyclic process of injection and selection of liquid.
When choosing options, it is necessary to take into
account the location of injection and production
wells by area, to prevent language water
breakthroughs by changing the operating modes of
wells, to pump water through nearby wells in
opposite modes.

The stronger the heterogeneity of the formation,
the higher the amplitude of pressure fluctuations
should be, since with its growth the amount of
pulsating energy introduced into the formation to
overcome filtration resistances to the oscillatory in
the fluid flow increases [9].

The choice of the optimal injection pressure
should be carried out by taking into account the
geological and physical characteristics of the
formations, the analysis of field development data,
the results of well research, and data on hydraulic
fracturing. In nonlinear filtration, when the reservoir
pressure increases, the permeability of the reservoir
increases, and when it decreases, the periodic
(cyclic) pressure change will lead to an additional
increase in the average reservoir pick—up during the
cycle, depending on the nonlinearity parameter and
the amplitude of the oscillations [10].

Figure 1 - Selected Yu-2+3 for experimental work
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Figure 2 - Schedule of field development for the Yu-2+3 facility

The distribution of the average pressures over
the cycle along the length of the formation will differ
more strongly from the linear one, the higher the
amplitude of the oscillations. Thus, the cyclical effect
on an inhomogeneous reservoir in the presence of a
dependence of permeability on pressure will give
additional intensification and additional coverage of
flooding due to the interaction of the nonlinearity of
the process with its periodicity. Based on the review
and practical application, the following conditions
were formed [[11], [12]]:

e an existing development system with an
organized PPD system;

* production of reserves significantly lags behind
waterlogging;

* presence of significant residual recoverable oil
reserves;

¢ significant heterogeneity of the interlayers
within the layers, in terms of permeability;

e maximum full opening of the effective oil-
saturated thickness in production and injection
wells;

¢ Reservoir pressure at the initial level;

e technical serviceability of wells;

e hydrodynamic connection of wells (tracer

studies). According to the above criteria, a site was
selected at the Yu-2+3 facility in the field Figure 1.

Experimental studies of non-stationary
flooding

The geological structure, reservoir permeability
heterogeneities, and their relationship to each other
have been studied for this site. Maps of losses (liquid,
oil, Keksp), sedimentary microfacies, RMS attributes,
electrofacies, lithotypes, total thicknesses, and
isobars were constructed, and reports of JSC
"NIPIneftegaz" and LLP "ALSTRON" on tracer studies
(wells) were analyzed NeNe4309, 4366) [[13], [14]].
As of 01.01.2022, geological reserves for the Yu-2+3
facility amount to 36,360 thousand tons, initial
recoverable reserves — 9,332 thousand tons, OIZ —
3,493 thousand tons, production from the bottom —
63%, accumulated oil production — 5839 thousand
tons. 147 producing and 67 injection wells are
located at this facility. The accumulated water
injection is 27,413 thousand m3, and the current
compensation for the selection by injection is 107%
(Figure 2).

According to geological and physical criteria, the
most suitable is site No. 1. Plot No. 1. 4 injection
wells No.4382, 4919, 4366, 4907 are operating in the
selected area in the area of BCNS 1.

The intake capacity of injection wells averages
188 m3/day, the average annual water content of
the site is 90%, the current compensation is 165%.
Maintenance of reservoir pressure at the site is
carried out by pumping Alb Cenomanian water [15].
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Figure 3 - Indicator output from reacting wells

To determine the direction of filtration flows,
carbamide (2020) and disodium phosphate (2014)
were injected in 2014 and 2020.

In 2020, a tracer study was conducted in the
injection well No. 4907 (injection of carbamide).
According to the results of laboratory studies, the
output of the indicator was recorded for 14 wells
(NeNe875, 975, 1489, 1506, 2517, 4404, 4421, 4423,
4435, 4702, 4704, 4764, 4824, 4881). In 4 wells
(NeNe2213, 3213, 4307, 4965) no samples were
taken because the wells were in conservation.

Disodium phosphate was injected into well No.
4366 in order to determine the distribution of
hydrodynamic flows in the formation. The output of
the indicator is fixed for all 16 wells (NeN2775, 974,
975, 1489, 1502, 1506, 1508, 1513, 1515, 2521,
4307, 4308, 4404, 4421, 4423, 4435). It can be noted
that the indicator was traced in reacting production
wells No. 4907 and No. 4366 (Figure. 3), which was
the rationale for choosing this site.

Further, the time of operation and shutdown of
wells during cyclic injection is determined, which is
determined by the formula of M.L.

Surguchev using the reservoir parameters:

w=2p/L2

T= L2/2 p where p =K/ pe is the average piezo

conductivity of low-permeable interlayers; K-
permeability p -viscosity € is the compressibility
coefficient of the rock Calculated, the average
duration of cycles (stop/work) was 7 days, further
durations up to 14 days.

This made it possible, by increasing the period of
cyclic exposure, to shift the area of maximum
intensity of fluid exchange between layers of
different permeability into the inter-well space in the
direction of the selection area. The cycle begins with
the shutdown of the injection wells of the western
group No. 4382 and 4919.

Wells of the eastern group No.4366, 4907 have
been operating for 7 days. After 7 days, the wells of
the western group are working and the wells of the
eastern part of the group are shut down. At the end
of 7 days, wells in the southern part No. 4919, 4907
are working, and wells No. 4366, 4382 are shut down
inthe northern part [[16], [17], [18]]. Wells No. 4366,
and 4382 in the northern part are operating for 7
days, and wells No. 4919, and 4907 in the southern
part are shut down. At the end of 7 days, wells No.
4919, and 4382 in the western part are turned off for
14 days, and wells No. 4366, and 4907 in the eastern
part work for 14 days. Then the cycle repeats. Non-
stationary flooding in 2022 at this site of the first
operational facility began in March. Symmetrical
cycles with the duration of the work period
(downtime) of 7 and 14 days were used. Prior to the
start of the experimental work, an audit and
verification of the tightness and serviceability of the
shut-off valves were carried out, the current state of
the faces of injection wells involved in the process
was determined, and a hydrodynamic study was
carried out by the efficiency method for injection
wells. It is recommended to conduct a GDIS to
determine dynamic levels and to take control
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samples to determine water availability in all 9
reacting wells [[19], [20]].

The effect of cyclic injection was monitored for 9
wells. Production well No. 4702 did not participate in
the analysis due to high water availability.
Accumulated oil production is shown in Figure 4. that
before the cyclical flooding in February, oil
production was 438.3 tons, after the completion of

At the start date of the application of non-
stationary flooding, the water content of the wells of
the site was 88%, with an average monthly oil flow
rate of 5.4 t/day. In the first cycle of application of
the NC, the water content decreases by (1%) with a
significant increase in the oil flow rate to 7.3 t/day
(Figure 5) [21]. A month after the start of non-
stationary flooding, the water content decreases to

the «cycle, oil production was 895.5 tons, 77% withanincrease inthe average monthly oil flow
respectively. rate to 12.8 t/day.
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Figure 5 - Dynamics of average daily oil production and water availability
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Results and discussion

Thus, the non-stationary flooding program was
implemented in full and confirmed its technological
effectiveness. The duration of the OPI for non-
stationary flooding was 84 days, during this period 8
cycles were carried out. Due to the impact of non-
stationary flooding, an increase of 457.2 tons of
additional oil production was obtained.

The water content of reacting wells has
decreased NeNe4764, 875, 1489, 4764, 4704, 4423,
and in the whole area from 88% to 78%. During the
analyzed period, 50% less water was pumped into
the reservoir than before the event, and
compensation for selection by injection decreased
by 65%. At the same time, the reservoir pressure
rose from 193 to 234 kg/cm?.

The results of experimental studies allowed
obtaining the dependence of the resistance factor
on the permeability of the medium and the
concentration of the solution, which will make it
possible to create conditions for the isolation of
water inflows using a non-stationary flooding
program in the considered medium. The application
of the methodology of rational planning of
experiments allows one to get maximum
information during the realization of the experiment
plan. Reduction in water mobility can be achieved
even at minimum concentrations. In this regard, the
expression for determining the necessary
concentration depending on the permeability of the
medium is obtained. The application of appropriate
methods of data processing and information

analysis makes it possible to justify the choice of
polymer solution.

Conclusion

In most fields, after almost complete
production, the residual oil is in a capillary-pinched
form or in the form of separate oil columns. To
increase the completeness of its extraction, the
method of non-standard flooding is widely used, the
effectiveness of which has been proven during pilot
work at the Yu-2+3 field facility.

Analysis  of  geological and physical
characteristics of objects and the existing
development system, it can be noted that this
method is applicable almost everywhere. In order to
achieve the greatest efficiency from the introduction
of cyclic impact, it is recommended to use the
criteria proposed in this paper for the selection of
sites and the technology of work.

The results obtained and the workflow
presented in this paper provide a better
understanding of the mechanism of polymer
solutions in waterflooding. In addition, the definition
of optimized workflows to evaluate any solutions in
porous media and changes in permeability is
supported.
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TYRIHAEME

Makanaga ctauMoHapabl emec cy XibepyaiH, maHi kepceTinreH, 6y cy3ri aFbiHAAPbIHbIH, 6aFbITbIH
©3repTy YLWiH KONAaHbINATbIH MyHal eHAIpY KO3GDULMEHTIH apTTbipyablH, TUIMAI aaicTepiHiH bipi
6onbin  Tabbinagbl. byn  a4ic eHAipinmereH MyHal  KOpAapblH - Urepyre »KaHe eHImAi
KONIEKTOPNAPAaFbl KEH OPbIHAAPbIHBIH, CYNaHy KapKblHbIH TOMEHZETyre MyMmKiHAIK 6epegi.
TypakTanmaraH cy »KibepyaiH KeH, TapanfaH TexXHONOrMANbIK aici peTiHge alpay
YHFbIMANapbIHbIH, UMKALIK }KYMbIC peXumaepi KongaHoinagpl. byn aficTiH MaHi MblHaga: MyHal
KEH OPHbIHAA TyPaKTasMaFaH Kafaanaa Kabat XKyMeciHiH cepnimai KyLuTepiHiH, y34ikci3 6onatblH
}afganap TyblHAANAbl. Op TypAi aliMaKTap, apHanap MeH CYMbIKTbIK afblHAAPbI apacblHAabI
bipiHFait emec KabaTTa rMAPOAMHAMUKANbIK KbICbIM TPagMeHTTepi naiga 6onagpl, COHbIH,
apKacblHAA CYMbIKTBIKTbIH, Kelibip KabaTTapaaH ekiHLiciHe, KapblKTapdaH bG/OKTapFa afybl
MYMKiH. COHbIMEH KaTap afblHAApAblH 6afbiTTapbl ©3repesi. TypakTanmaraH cy xibepy KesiHae
bipiHfail emec KabaTTapaplH, TeMeH OTKi3ril KabaTTapaafbl Hemece aliMakTapAafbl MyHal
KOpAnapblHbIH, 6ip 6eniri anganaTblH CyMeH KaMTblIMafaH KylhiHae Kanagbl. Cy 6ackaH KabaT
CyNaHfaH XoHE MyHalMeH KaHbIKKaH MUKpOaf3anapblH KyMeci3 aybickaH TypiHae 6onagpl.
MyHaalh KonnekTopnapfa Kesnemi MeH 6afbiTbl GOMbIHWA Ke3eKTecin ©e3repeTiH  KbiCbiM
rpaAveHTTepiH Kypy KesiHae MyHalt KabaTbiHAa KbICbIMAbI CyAbl MyHaMeEH KaHbIKKaH eTKi3riTiri
TOMEH alilMaKTap MEH apHa/iapfa EeHridy XaHe ofapAaH MyHaiabl 6enceHai ApeHarKAaplK,
aliMaKTapfa aybICTbIpy YLWiH Xafaainap TyblHAAWAbl. Tanaay HITUMKeCIHAE CTaLMOHapbIK emec
cy ibepy TEXHONOrMACBHIH iCKe acblpyAblH, OH, 3Cepi aHbIKTanAbl, COHAAN-aK OHbl MyHal KeH
OpbIHAAPbIHbIH, 6acKa 06beKTINEPIHAE KONAAHYAbI KETINAIPYy 60MbIHWA yCbIHbICTap Bepinai.
TyliiH ce3dep: CTaumoHapAbIK eMEC Cy ailaay, aiaay YHFbIMachl, LMKAAIK aligay, myHai bepy, cy3y,
reTeporeHAiniK.
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AHHOTALMUA

B cTaTbe M3NM0)KeHa CyLLHOCTb HECTAaLMOHAPHOro 3aBOAHEHMWA, KOTOpoe AB/AETCA OAHWM U3
[OCTaTOYHO  3GPEKTUBHBIX  METOAOB  yBEAUYEHUA KOIPPUUMEHTA wu3BAeYeHUA HedTH,
NPUMEHAEMOrO A1 U3MEHEHUA HAMpaBieHUs QGUAbTPALMOHHbBIX MOTOKOB, YTO MNO3BOAAET
BOB/IeYb B Pa3paboTKy HeBblpaboTaHHbIe 3anacbl HEGTU U CHU3UTL TeMNbl 06BOAHEHWA 3aN1EXKU B
NPOAYKTUBHbIX KONNEKTOPax. PacnpocTpaHeHHbIM TEXHOOMMYECKUM METOL0M HECTaLMOHAPHOTO
3aBOAHEHUA ABMAETCA UCMO/b30BAHUE LIMKINYECKUX PEXKMMOB PabOTbl HAarHETATE/IbHbIX CKBAXKUH.
CyLLLHOCTb TaKOr0 METOA,a 3aK/1H04AETCA B TOM, YTO NPU HEYCTaHOBUBLUEMCA COCTOAHWUM B HEDTAHOM
3a/1€XXM BO3HUKAIOT YCNI0BUA AN HEMPEPLIBHOIO NPOABAEHUA YNPYrUX CUA NAACTOBOM CUCTeMbI. B
HEOAHOPOAHOM NJIacTe MeXAY Pas/IMYHbIMM 30HAMK, KaHafamMu U MOTOKAMW KuAKocTeln
BO3HMKAIOT rPaMeHTbl rMAPOAMHAMUYECKMX [AaB/EeHUM, 3a CYET KOTOPbIX MOTYT MPOUCXOAMUTb
nepetokn oénomaa M3 OQHWX CNOEB B Apyrve, U3 TpewuH B 670KM, a TaKKe M3MeHAlTCA
Hanpas/iieHWa MOTOKoB. MpW HecTauMoOHapHOM 33aBOAHEHWM HEOAHOPOAHbIX MAACTOB YacTb
3anacoB HedTM B HM3KOMPOHMLAEMbIX MPOCAOAX WAM 30HAX OCTAeTCA HEOXBAYeHHOMU
3aKaunBaemol BOAON. 3aBOAHAEMbIN NNacT NpeacTaBaseTca Kak beccuctemHoe yepepoBaHue
06BOAHEHHbIX U HedTeHaCbIWEHHbIXMUKPONOTOKOB. MpW CO34aHMM B TaKWMX KON/IEKTOpax
nonepemeHHO U3MEHAIOLLIUXCA MO BEIMYMHE U HanpaB/IeHWUIO FPagMeHTOB AaBNeHuUs, B HepTAHOM
NNacTe BO3HUKAIOT YCNOBUA 1A BHEAPEHUA HAarHETaemMon BoAbl B 3aCTOVHble HedTeHacbIWeHHble
Ma/IoNPOHULL@EMbIE 30HbI WM KaHa/bl, U MNepemelleHna M3 HUX HedTU B 30Hbl AKTUBHOIO
APeHVpoBaHuA. B pesynbTaTe aHanu3a BbIABAEH MONOKUTENbHbIN 3bPeKT oT peannsaumu
TEXHO/MIOTUM  HEeCTaUMOHApPHOro  3aBOAHEHWA, a TaKKe JaHbl  PeKomMeHgauuu  no
COBEPLUEHCTBOBAHUIO €e MNPMMEHEHMA Ha APYrMX 3SKCMAyaTaLMOHHbIX OBbekTax HedTAHbIX
MECTOPOXKAEHUN.

Kniouyesble cnoea: HecTaLMOHApHOE 3aBOAHEHWE, HarHeTaTeNbHas CKBAaXKMHA, UMKAMYecKas
3aKayka,HedTeoTgaua, dunbTpaums, HEOAHOPOLHOCTb.
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