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EKCHHEPUMEHTAJIBHE BUBUEHHS ITPOLHECY 3BOPOTHOI'O TPOCOYEHHS ITPHU ITAITHHI
THUCKY B IIOKJIAII

Anomauyin. B mipy 6i0bopy 2a3y 6 x00i po3pobKu noxkiaoie nadde naacmosull MUCK i NOYUHAEMbCA NIOUOM 800U,
mobmo 8i00y8aemMvbcs NPOCOYEHHs KOAEKMOpd NiOOUWOBHOK 800010. AKwio npoyec 8umicHeHHs 800U 3 KOJEKMOpY
sugueHull docums 000pe, Mo npoyec NOSIUHAHHS 600U aDO 8yelle800He8020 Poidy KOIEKMOPOM GUEHEHULI 00CUMb
cnabo. Cnabo pospobrena i memoouuna 6aza Oisi MAKUX O00CHIONCeHb. 3HAUHOIO MIPOI0 ye 0OYMOBNIECHO BENUKOI0
Mpueanicmio HeoOXIOHUX eKCNePUMEHMIE, W0 CMAHOBUNA 6 HAWOMY 6Uunaoxky 0o 6 micsayie. Y Oaniti pobomi
PO3poOaANACT MEMOOUKA OOHACUUEHHS 3DA3KA BY2NIeB00HESUM (PII0IOOM NPU ZHUICEHHI NAACMOBO20 MUCKY 3 MEMOIO
MOOeNo8anHs npoyecis, Ki 6i00yearomvcs 6 nokiadi, wo po3podrwms. B pesynomami pobomu, na ocHosi memoody
HANiBNPOHUKHOI MeMOPanu, wo 3acmoco8yeEmuvcs 8 pedicumi "'openyganusa-npocouenns’, Ha 3pazKax nopio-KoieKmopie
npooykmuerozo 2opusoumy [-7-10 Birbcvkoeo podosuwa 0ogedeno (axmuute iCHY8AHHA 360POMHO20 NPOCOYEHHS
3pa3Ka 8Yene8OOHAMU 3 NAOIHHAM MUCKY SUMICHEHHS, BUPIUEH] MemOoOUYHi NUMAHHA, NO8'A3aHI 3 0COOIUBOCNAMU
NPOCOUEHHs. came 8YeNeB00He8UM (hoidoM, 6uUsGIeHI OCHOBHI 0COOIUBOCMI npoyecy i 8CMAHOGIEHI U020 OCHOBHI
3AKOHOMIPHOCTI. 3 Memor 3MeHueHHs MPUBAIOCHi 4acy 00CAIOHCeHHs PEKOMEHO08AHA 3AMIHA HA emani OpeHY8anHs,
Memooy HANniBNPOHUKHOL Memopanu Ha memoo yenmpugyzysanus. Hagedeno suxioni meopemuuti ysaeients, KOpOmMKO
ONUCAHA MemOOUKA OOCHIONCeHb MA GUKOPUCMAHULL KEePHOBULl Mamepian, HA8eleHo 2epagixu, wo Liocmpyloms
npomiKanusa npoyecie OpeHy8aHHs i NPOCOYEHHA 8 Yaci, 36'A30K NOMOYHOI B00OHACUYEHOCMI 3PA3KA 3 MUCKOM
BUMICHEHHSI I NOPOBOIO XAPAKMEPUCMUKOIO 3DPA3KA, KOPOMKO COOPMYIb08ani eucHoeku. Pezynvmamu nposedenoi
pobomu  3HAUOYMb 3aCMOCYBAHHA NPU GUBYEHHI NPOYeCci6 BUMICHEHHS 2a3y HAQMOI0 3 HaAmMOGUx O0OIAMIBOK,
BUMICHEHHSI HAGMU YU 2a3y 600010, GUMICHEHHS HAMMO2a30601 CyMIWI NPU CAUKIIHZ-NPOYeci ma iH.

Knrouosi cnoea: 06600nenHs c6epOonosun; RIOUOM 2A308000KOHMAKMY; 30HA 2A308000KOHMAKMY, NepexioHa
30Ha NOKAAOy; nabopamopua nempoqizuxa; O0CHIONCEHHs KepHd, NopoOa-KOJIeKmop, HANIGNPOHUKHA MeMOpaua,
Kaninspumemp, 360poniHe NPOCcoYeHHs; OOHACUYEHHS.
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3KCIEPUMEHTAJIbHOE U3YUYEHUE IMPOLIECCA OBPATHOM MPOIMUTKMU MPU MAJIEHUM
JABJIEHMSA B 3AJIEXKHU

Annomayusn. B xode paspabomku 3anedxicu, no mepe ombopa 2aza, naoaem niacmosoe 0asieHue U Ha4uHaemcs
no0véM 600bl, MO eCmb NPOUCXOOUm 00pamHaAs NPONUMKA KOMIeKmopa nodowenHou 6oodou. Ecnu npoyecc
BbIMECHEHUsL 800blL U3 KOLIEKMOPA U3V4eH O0B0IbHO XOPOUWIO, MO NPOYecc NO2IOWEeHUs 800bl UL Y2le6000POOHO20
¢rouda rornekmopom usyuen cpasuumenvio cirabo. Cnabo npopabomana u memoouveckas 6asa Ons MaAKUx
uccne0o8anull. B snauumenvHol cmenenu 5mo 00ycio8ieHo OONbUOU OTUMENbHOCIBIO HE0OXOOUMbBIX IKCHEPUMEHTNOS,
cocmasassuleli 8 nauiem ciyyae 00 6 mecayes. B dannotl pabome pazpabamuléanacs Memoouxa 00pamuol nponumKuy
obpasya yenego00pOOHbIM (PIIOUOOM NPU NOHUNCEHUU OAGIEHUs BbIMECHEHUs C Yelbio MOOeIUPOBAHUS NPOUECCO8,
npoucxoosuux 6 paspabamvieaemol 3anedxcu. B pesyibmame pabomovi, Ha ocHose memooa NOLYRPOHUYAEMOU
MeMOPAHbL, NPUMEHAEMO20 8 pedcume «OPeHUPOBAHUe-NPONUMKAY, HA 00pa3yax nopoo-KoleKmopos NPoOyKMUEHO20
eopusonma [-7-10 Benvckozo mecmopodicOenust OOKA3AHO (paxmuueckoe cyuecmeosanue 0OpamHol nponumKu
obpasya yeneeo0opodamu ¢ nadenuem OaeNIeHUs. 6bIMECHEeHUs, PEUleHbl MemoOUYecKUue GONPOCH, CEA3AHHbIE C
0COOEHHOCMAMU NPONUMKU UMEHHO YeNe8000POOHbIM (QIIOUOOM, GbISAELEHbI OCHOGHLIE O0COOEHHOCMU npoyeccd U
KAYeCmEeHHO YCMAHOBIeHbL €20 0CHO8Hble 3aKkoHoMepHocmu. C yenvio yMenbuenus npooosiCUmenbHOCmy 8pemMeHy
uccne008aHus PeKOMEHO08AHA 3AMeHA HA dmane OPeHUpOBanUs mMemooa NOJYNPOHUYAEMOU MeMOpansbl HA Memoo
yenmpugyeuposanus. Ilpusedenvi ucxoouvie meopemuyeckue npeOCmMasienus, Kpamko ORUCAHA MemOOUKd
uccne0o8aHull U UCNOIb306AHHLIL KEPHOBLINL Mamepuan, npusedensvl 2papuku, uimocmpupyiowue npomexkaHue
npoyeccos OpeHuposanusi U NPORUMKU 60 6DEeMEHU, C653b MeKVWel B000HACHIUWEHHOCMU 00pasya ¢ OdeieHuem
BbIMECHEHUSL U NOPOBOT XAPAKMEPUCMUKOU 00pa3ya, KPAMKO CHOPMYIUPOSansl 6bi600bl. Pe3yibmamul npoeedeHHol
pabomuvl HAUOYM NPUMEHEHUe NpPU UYYEHUU NPOYECCO8 6bIMECHEeHUs. 2434 He(dmblo U3 HepmMAHbIX OMOPOUEK,
6bIMECHeHUs. Hehmu uiU 2a3a 60001, 8bLIMECHEHUs. HeMe2a306801 cMecU NPU CAKAUHS-Npoyecce u op.

Knrwouesvie cnosa: 06600HeHUe CKBANCUH; NOOBEM 2A308000KOHMAKMA; 30HA 2A308000KOHMAKMA; NEPexoOHAs
30HA 3071€HCU; UCCTeO08AHUS KEPHA, 1A00PAMOPHAsL NEMPOPUIUKA,; NOPOOA-KOJNEKMOP, NOLYNPOHUYAEeMAs MeMOpana;
KAnuispumemp,; oopamuas nponumxd, 0OHacviyeHue.
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EXPERIMENTAL STUDY OF THE REVERSE IMPREGNATION PROCESS WHEN THE PRESSURE
DROPS IN THE DEPOSIT

Annotation. During the development of the deposit, as the gas is extracted, the reservoir pressure drops and water
rise begins, that is, the reservoir is impregnated in reverse with bottom water .If the process of water displacing from
the reservoir is well understood, then the process of water or hydrocarbon fluid absorbing by the reservoir is relatively
poorly studied. The methodological basis for such studiesis also e laborated poorly. This is largely caused by the long
duration of the necessary experiments, which in our case amounted to 6 months. In this work, a methodology of sample
reverse impregnation with a hydrocarbon fluid was developed at a displacement pressured drop in order to simulate
the processes occurring in the developed deposit. As a result of the work, on the basis of the semi-permeable membrane
method used in the "drainage-impregnation™ mode, the actual existence of the reverse impregnation of a sample by
hydrocarbons at a displacement pressured drop is proved on rock collectors samples of the Belsky field productive
horizon G-7-10, methodological issues related to the specifics of impregnation with specifically hydrocarbon fluid have
been solved, main features of the process have been recognized and its main regularities have been determinate
qualitatively. In order to reduce the duration of the study, it is recommended to substitute the semi-permeable
membrane method with the centrifugation method at the stage of drainage. The parent theoretical ideas are given, the
method of research and the used core material are described briefly, graphs illustrating the conduct of drainage and
impregnation processes over time are given, the correlation of the current sample water saturation with the
displacement pressure and pore characteristic of the sample, the inferences are enunciated briefly. The results of the
carried out work will be used in the study of the processes of gas displacement by oil from oil rims, oil or gas
displacement by water, oil and gas mixture displacement during the cycling process, etc.

Descriptors: drowning; gas-water contact rise; gas-water contact zone; reservoir transition zone; laboratoria
petrophysics; core examination; reservoir rock; semi-permeable membrane; capillarimeter; reverse impregnation;
resaturation.

Introduction. During the development of deposits, as a measure of gas extraction, the formation pressure drops
and the water rise begins, that is, the reservoir reverse impregnation with bottom water occurs. If the process of
displacing water from the reservoir is studied fairly well, then the process of re-absorption of water or hydrocarbon fluid
by the reservoir is studied poorly. In the complex of laboratory works on the physics of oil and gas reservoirs, capillary
displacement of the reservoir water model by air is usually carried out in order to model the conditions for the formation
of gas and oil deposits. Concurrently, a capillary pressure curve (CPC) is plotted and important for counting reserves
and designing the development of deposits parameters are determined. These are the residual water saturation, the
structure of the pore space, the distribution of water saturation in the transition zone near the gas-water contact (GWC)
or gas-oil contact (GOC). This information is important primarily at the search and exploration stages, although it is
also used at the development stage. However, the conditions and results of these works show the state of the deposit at
the maximum at the beginning of development. During development, the formation pressure drops gradually and
instead of displacing the formation water from the reservoir, it is absorbed. Approximately the same happens on GOC.
The previously published work [1] was devoted to the development of a semi-permeable membrane method for use in
the "drainage - impregnation” mode of the water-gas system, that is, regarding the conditions of the gas field. The
procedure of investigation with hydrocarbon (HC) resaturation has its own specificity, and this work is devoted to its
development.

The purpose of the work is to develop a method of a semi-permeable membrane in the "drainage-impregnation”
mode for the gas-water-HC system using it in modeling the processes that take place in the HC deposits at the
development stage, in conditions of decreasing formation pressure. Conducting test studies of reverse impregnation
with liquid HCs, finding of the general nature of the process.

Theoretical ideas. What does the process look if you proceed from the model of ideal pores (Fig. 1), on the basis
of which practical porometry works? During preparation, the sample was primarily saturated with water. In the process
of achieving residual water saturation, under the influence of a growing displacement pressure, water is removed first
from large and then from massively smaller pores. Samples used for the experiment have hydrophilic or mainly
hydrophilic properties: index "M" [2] with a coefficient of 0.77 - 0.96. A thin water film remains along the walls of the
capillaries when the water recedes. According to modern views, this film is not continuous, interrupted, sections of
hydrophilic surface are covered with it, and sections of hydrophobic surface are free from water [3]. This does not
conflict with the values of the indicator "M". As the displacement pressure decreases, the moment comes when this
pressure becomes less than the lifting force that influences the water in the capillary, and the water begins to rise in
reverse order - first in thinner, then in larger capillaries. A water film that remains on the walls of the pores is promotive
of it.



As previously carried out experiments [1] showed, water rise is slower than its displacement, and water saturation
under experimental conditions does not reach initial values by 5-8% with a total duration of experiment up to 4 months.
The reason for this is structural complications in the form of variable intersection pores and the presence of sorbed and
clamped air in large pores cleaned of water. Whether air can penetrate through a film of water is a debatable issue.
However, there are water-free hydrophobic centers at which air is sorbed.
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Fig. 1 - Draining stage experiment diagram

In the case of a reverse impregnation experiment with a hydrocarbon fluid modelled on kerosene, after the residual
water saturation has been achieved and the drainage has been completed, the cylinder is placed into a prepared cup
filled with kerosene and the displacement pressure is set to match the displacement pressure of kerosene from the
smallest pores previously purified from water. During the experience, we gradually reduce this pressure. In large pores
released from water, the surface is covered with a thin water film. For resaturation of the sample with kerosene, this
film serves as an obstacle, since capillary lifting requires contact of kerosene with a solid surface. Two options are
possible: displacement of water by kerosene from hydrophilic surfaces and the use of kerosene for capillary lifting of
hydrophobic areas. Long experience in determining wettability according to the method of M. Yu. Nesterenko [4, 5]
shows that in the typical case, our rocks are equally well wetted with water and kerosene, but with water a little better.
In this case, most likely, spontaneous displacement of water by kerosene is difficult. Indeed, in the course of
experiments, the water displacement with kerosene was not noticed and, therefore, the process is not carried out as
displacement, but as resaturation. Kerosene performs capillary lifting using hydrophobic areas not wetted with water.
Following the theory of bunch-like adsorption [3], the molecules of the outer layers of the clusters, distant from the
surface of the pores, merge, forming an "arched ceiling" over the hydrophilic areas, and a central pore space free of
water is filled with kerosene completely. In this case, the filling of the pore space free of residual water also does not
happen completely, taking into account the actions of the same factors: variable-section pores and clamped and sorbed
air.

Method of operation. The test is carried out on a capillarimeter, the membranes of which are designed for a
maximum pressure of 1.5 kgf/cm?. In general, the experiment consists of four stages: 1) preparatory, during which the
samples are saturated with a model of produced water (NaCl solution); 2) displacement of water by gas (which is air)
until residual water saturation is obtained; 3) reverse impregnation of the sample with oil (the role of which is
kerosene), which occurs until the maximum possible saturation is obtained, against the background of a gradual
decrease in displacement pressure; 4) exposure on the saturated kerosene membrane outside the cup of the device. The
latter is done just to release the device, the exposure conditions are the same [1]. The preparation and saturation of the
samples with the produced water model were carried out according to [6.7], the displacement of water by air, and the
construction of the CPC - according to conventional methods of working on a capillarimeter, which, unfortunately, were
never standardized. At this (1.5 kgf/cm?) pressure, water is displaced from the pores with a radius of 1 um and more,
that is, almost all capillary water is removed. Water that remains in the sample is characterized as physically strong- and
friable-linked [8]. Reverse impregnation was carried out according to the original methodology developed during these
researches. The maximum pressure that can be applied to kerosene at the beginning of the experiment was calculated
using the Laplace formula with the substitution of the kerosene surface tension value. If for water it is 1103.4 mm Hg,
then for kerosene it is 363.7 mmHg. If the same pressure is applied to membranes designed for a breakthrough pressure
of 1.5 kgficm? (for water), but saturated with kerosene, the membrane will be broken because the surface tension of



kerosene is three times less. After exposure at the maximum pressure, which in time is twice as much against as the
interval exposure during drainage [1], the pressure was decreased gradually, in stages, to atmospheric, with the
determination of the sample mass at each stage. At zero pressure, the sample exposed in the cup of the device for
several more hourly intervals, after which it was moved to the membrane in hermetic dishes outside the cup and
exposed for several more hourly intervals, with weighing at the end of each.

Used core material. In our work, we used samples from the wells No. 171 and No. 403 of the Bilske field, taken
from the horizon I'-7-10 gas-productive deposits of the araucarite formation of the Upper Carbonic at intervals of 2317-
2324 and 2286-2294 m. Prepared samples [6] were preliminary used to carry out an expanded set of researches [9],
which includes determination of carbonate content, density, porosity, permeability [7,10,11], residual water saturation
[12] and porometry (capillarimeter). After that, the samples were saturated with a model of produced water, and the
actual experience was carried out on them, which includes the displacement of water with air and further reverse
impregnation with kerosene. Please note that the experiments conducted are quite long: up to 5 months (taking into
account preparatory operations). With such duration, experiments cannot be any mass either in the sense of the number
of experiments, or in the sense of the number of experimenters who can afford it. This circumstance forces attention to
the results for each sample. The basic input data for the samples are shown in Table 1. As can be seen from this table,
the samples are class 1V and 111 collectors according to [13]. The lithological feature of these collectors is the significant
content of finely-spotted carbonate cement, which nevertheless allows to maintain the sufficiently good collector
properties of the samples that ensure their productivity.

Table 1. Main characteristics of used samples

SampleNo. | Grain g)a;g%qagg Cper, MD Cror, % Me (um) | Mo (um) Cou, %
28172 o 10,6 63,42 18.1 42 5 323
28169 Kcl3 16,6 60,25 17.2 2.4 4 35.0
27820 oI/ 23.0 12,23 14,5 2.7 5 39.4
27830 o/ 225 16,5 2.04 5.3 10 23.0
28181 o3 9.4 190.9 18,8 5.1 5. 21 26,8

Note: Me - median diameter of the sample pores, Mo - modal diameter, both are measured by porometry diagrams.

Results of test researches. Limited space of this article does not allow us to give results for all the studied
samples, that is why we will choose one, the most indicative sample and, using this example, we will show how the
process of reverse impregnation or resaturation of the sample proceeds. As the most representative, we will choose the
sample No. 27830. The main characteristics of the sample are given above in Table 1, hereunder, for completeness of
the pattern, its CPC (Fig. 2) and porometry diagram (Fig. 3) are given.
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Fig. 2 - Capillary pressure curve of the sample No. 27830
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Fig. 3 — Porometry diagram of the sample No. 27830

The CPC of the sample is taken at 8 points, has a typical shape, an inlet pressure of about 20 mm Hg (max
diameter - 109 pm), residual water saturation - 23.0%. The porometry diagram consists of three curves: red - a
cumulative curve with which Me is determined, blue - a differential curve that shows the content of pore groups of
different diameters and with which Mo is determined, green dotted - a curve that shows the percentage contribution of
each pore group to the permeability of the sample. For this sample, Me = 5.9 um, Mo = 10 pm. The Trask homogeneity
coefficient is 2.138, that is, the homogeneity of the pore space is between medium and little [14]. The maximum
contribution to permeability is made by pores of the prevailing diameter in this sample - 10 um, less - pores of about 30
um and even less - pores of about 80 um. The small contribution of the largest pores, which usually determine
permeability, is due to their little amount.

Now let's look at the progress of the process over time. The directly measured value that characterizes the process
over time is the mass of the water and kerosene saturated cylinder. Let's see how the mass of the cylinder changes over
time during the experiment (Fig. 4).
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Fig. 4 - Change in mass of sample No. 27830 over time, impregnation with kerosene

In Fig. 4, we see a blue drainage curve that corresponds to the CPC, an orange resaturation curve inside the cup,
first under pressure that slowly decreases, then without excessive pressure and, at the end, a gray curve that corresponds
to exposition in a hermetic vessel outside the cup. The capillary impregnation curve (CIC) is not uniform completely,
saturation breaks and jerks (the transition to zero pressure) are noted in the resaturation, most likely due to the poor
capillary contact of the sample with the membrane, but perhaps the features of the structure of the pore space also play a
role. On the CPC of this sample, these defects are small, on others they can be expressed much more strongly (No.
28169). The maximum mass of the sample (45.5 g) was reached on the sample, which was in the cup under zero
pressure, then there is a gradual decrease in mass, which is explained by losses during periodic weighing, but, possibly,



there is a slow displacement of water with kerosene. Compare the change in mass during the water reverse impregnation
test with sample No. 28185 taken from the same horizon (Fig. 5).
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Fig. 5 - Change in mass of sample No. 28185 over time, impregnation with water

From the comparison of Fig. 4 to Fig. 5, it can be concluded that the process proceeds approximately the same,
approximately for the same time. The difference is that during water impregnation, after transfer to the membrane
outside the cup, water saturation continues to increase. In this case, it reaches 93.8%, occurs up to 94.4%, however,
there is a suspicion that, if you continue the experience, over time it can reach 100%, which can hardly be expected for
kerosene. A possible reason is the hydrophilicity of the samples.

Now let's see how saturation with both phases depends on displacement pressure and capillary pressure (Fig. 6).
The blue curve is the CPC of the water drainage stage, the red — kerosene one. We see that at first, when the
displacement pressure decreases, impregnation does not occur, but after the displacement pressure drops below 200 mm
Hg the process of reverse impregnation begins. It is especially accelerated in the last section, when the displacement
pressure drops below 50 mm Hg. The process continues at zero displacement pressure, concurrently the maximum
saturation with kerosene reaches 89.7% (we have in mind the saturation of the pore space, free from residual water,
with kerosene).
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Fig. 6 - Saturation of sample No. 27830 with water and kerosene depending on displacement pressure

Let’s compare to how the reverse impregnation with water takes place using the example of the same sample No.
28185 (Fig. 7).
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Fig. 7 - Drainage and reverse impregnation with water of sample No. 28185

The general pattern of curves is the same. The main difference is in the pressure at which we begin reverse
impregnation. For water it equals the maximum drainage pressure, for kerosene it is much less - about 400 mm Hg. The
reason is explained above. A characteristic feature of the "water" diagrams is the delay in the start of reverse
impregnation by the time the pressure drops to about 400-300 mm Hg. Only after this impregnation is more or less
intensive, reaching a maximum at a pressure of less than 50 mm Hg. The same delay is observed on the "kerosene"
diagram, but the pressure of the impregnation start is even lower - 200 mm. Hg. Considering the “kerosene” diagram, it
can be assumed that if we could create an initial kerosene impregnation pressure equal to that for water, the
impregnation would also start at 200 mm Hg, that is, reverse impregnation with kerosene begins at lower displacement
pressures or, to start it a greater pressure drop in the deposit is needed.

Consider how water and kerosene saturation relate to pore size (Fig. 8).
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Fig. 8 - Change in saturation with water and kerosene of the sample No. 27830 depending on pore size

The blue line refers to drainage, the red line refers to reverse impregnation. At the drainage stage, when cleaning
pores with a diameter of up to 12-13 um, water saturation practically does not decrease, that is, there are almost no (see
sample porometry diagram). Most rapidly, water saturation drops when cleaning pores with a diameter of 3.5-12 pm,
which corresponds to the most widespread pores. Then, with the pore less than 3.5 pm number decreasing, the amount
of displaced water also drops. In the impregnation stage, before filling the pores with a diameter of 2.5 pm, reverse
impregnation does not occur, it occurs quite vigorously when filling the pores with a diameter of 3.5-10 pm, then it
slows down until filling the pores with a diameter of 40 pm, after which its speed again increases. Interestingly,
impregnation of the largest pores causes a significant change in kerosene saturation, which contradicts the small number
of these large pores. Probably, filling the pore space does not happen as linearly as the ideal pore model provides.



Compare how water saturation during drainage (blue curve) and impregnation (red dotted curve) is related to the
pore size of sample No. 28185 (Fig. 9).
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Fig. 9 - Change in water saturation of the sample No. 28185 depending on pore sizes during drainage (blue curve) and
impregnation (red dotted curve)

This sample is characterized by a fairly steady decrease in water saturation during drainage, which is explained by
its porometry diagram (Fig. 10). A relatively large number of large pores causes a sharp drop in water saturation during
their cleaning, further displacement occurs evenly, until residual water is obtained. Approximately the same pattern
with reverse impregnation: a slow steady increase in water saturation from residual to that corresponding to filling pores
with a diameter of about 60 um, and if you look at the porometry diagram, then it seems corresponding to filling pores
with a diameter of about 80 um, after which the process is sharply accelerated at large pores.
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Fig. 10 — Porometry diagram of the sample No. 28185.

Thus, as a result of the carried out work, the main methodological features of the experimental work on reverse
impregnation modelling with both water and hydrocarbon fluid become clear. The test researches afford the opportunity
to qualitatively evaluate the main characteristics of the reverse impregnation process with hydrocarbons under
conditions of displacement pressure decreasing. It should be noted that the work was carried out using hydrophilic
samples. It can be assumed that on hydrophobic samples, or even on samples with neutral wettability, the process will
proceed differently. In addition, on test experiments, it is not possible to define a more or less stable relationship
between the characteristics of reverse impregnation and the capacitive filtration properties of rocks. There is reason to
believe that the most significant influence on the process has the nature of the pore space surface wetting. This means
that while the process of research it is necessary to determine, at a minimum, the integral wettability of the samples, by
which these researches are carried out, according to the methods [2] or [4].



It has been noted above that the duration of the time experiments is very long, so the possibility of reducing the
research time by substitute the semipermeable membrane method with a centrifugation method in the drainage stage is
theoretically considered. The process of water displacement during centrifugation differs slightly from the process of
capillary displacement on the capillarimeter and, therefore, centrifugation is not recommended by some authors for the
plotting of a CPC [15]. However, laboratory practice shows that CPC, plotted on the base of the centrifugation method
results and CPC, plotted on the base of the semipermeable membrane method ones, are quite close to each other. In
addition, two options for the use of centrifugation are possible: both with and without the plotting of CPC. In both
cases, centrifugation should be carried out until residual water saturation is obtained, but if there is a goal to plot a CPC,
we work according to [12], and if there isn’t this goal, we work according to [16]. Centrifugation with the plotting of
the CPC will take 1 day, without the plotting of the CPC - 1 hour. In any case, the use of centrifugation will reduce the
test time by about 4-6 weeks, depending on the characteristics of the sample. Thus, centrifugation can be recommended
to substitute the semipermeable membrane method in the drainage stage.

Conclusions.

1. Reverse impregnation of the sample drained to residual water with both water and kerosene actually takes place,
which confirms the existence of this process and in conditions of the deposit with decreasing pressure and selective
watering.

2. Reverse impregnation with water and kerosene is fundamentally the same, with slight differences.

3. Both cases are characterized by a delay in the start of impregnation until the displacement pressure is below the
capillary pressure. The delay is due to surface tension and more during impregnation with kerosene (under experimental
conditions, impregnation with water begins when the displacement pressure drops to 300-450 mm Hg, and
impregnation with kerosene - to 200 mm Hg). Under the conditions of the deposit, oil lifting will require a greater drop
in formation pressure than water lifting.

4. Experiments show that the reverse impregnation in the time limits of the experiment is precisely as
impregnation, and not as displacement. But, at large hourly intervals, the possibility of displacing water from
hydrophilic areas or those that have neutral wettability is not excluded.

5. As a minimum, the integral mean wettability must be determined on the samples on which the researches are
carried out.

6. Since all processes are associated with surface phenomena, with wettability, in experiments it is better to use not
models, but combinations of specific, coexisting formation fluids, that is, formation gas, water and oil of this particular
deposit.

7. The method of operation by the semipermeable membrane method in the "drainage-impregnation” mode is
sufficiently developed for both reverse impregnation with water and for impregnation with kerosene, it opens up the
possibility of switching from test studies to main researches.

Cnucok jgireparypu.

1. TloBepennsiii C.®. Meron TMONYNPOHUIIAEMOW MEMOpaHBI B pPEXUME JPCHUPOBAHHE-TIPOMUTKA TpHU
uccaeaoBaHuu HedrerazoBbix kKosuiekTopoB [Tekcr] / C.®. INosepennsiii, U.M. ®sik, E.Il. Bapasuna, E.A. Sikesuu.
Bicuuk HanionansHoro texHiuHoro yHiBepcutery «XI1I». Cepisi: Ximisi, XiMi4Ha TeXHOJIOTIs Ta exosoris, Ne 2(4) 2020.
C.80-85.

2. OCT 39-180-85. Hedts. MeTon ompemesicHHs] CMadyMBaeMOCTH YIJIEBOAOpOACoAepKamux mopoa. [Tekcr].
Bgenén 01.07.1985. Munnedrenpom CCCP, 1985, 13 c.

3. Hecrepenko M.IO. Ilerporpadiuni ocHOBH OOTpyHTYyBaHHs (uroinoHacudyeHHs nopin-konekropis [Teker] /
mororpad/ M.YO. Hectepernko/ K.: YkpIT'PI, 2010. 224 c.

4. TCTY 41-32-2002. BuzHaueHHST 3MOYYBAHOCTI MOPiJ KOJEKTOPIB METOJOM LEeHTpUu(YyryBaHHS 3pa3KiB
[Texkcr]. — K.: MinekopecypciB Ykpainu, 2002.

5. Hecrepenko H.JO. CmaunBaemMocTs nopoj-koiuiekTopoB rractoBeivMu Qurronnamu Texcr]/ H.}O. Hecrepenko
/TeonorustuedTr U rasa, Ne5, 1995, C.26-35.

6. 'OCT 26450.0-85 Ilopoasr ropasie. Obume TpeOOBaHUS K OTOOPY W HMOATOTOBKE MPOO AJS ONpeaeieHUs
KOJIIEKTOpCKuX cBoiicTB [Tekcr]. — M.: M3a-Bo cTtanmapTos, 1985. —4 c.

7. TOCT 26450.1-85. Tlopomer ropHble. Meron ompeneneHust Kod(hGUIMEHTa OTKPHITOH IMOPUCTOCTH
HachlleHUueM KuakocTbio [ Teker]. — M.: M3a-Bo crannapros, 1985. — 12 c.

8. Xanun A.A. [lopoabi-koiuteKTOpbl HeTH M Ta3a u ux uzydenue [Texer] / M.: Henpa,1969. — 368 c.

9. COY 09.1-30019775-218:2013. Cranmapt opranizarmii Ykpainu. JlocmimKkeHHs KepHAa HA()TOBHX Ta Ta30BHX
ceepmioBuH. [lopsimok nmpoenenns. [Teker]/ JIyp’e A.l; Hectepenko M.IO; ITarok C.O; Bnaguka B.M; [ToBepennuit
C.®; T'onoxonoc JI.B. Kuis, [TAT «Ykpra3sunodysauus», 2013, 28c.

10.TOCT 26450.2-85 INopoxsl ropubie. MeTon onpeaeneHus Ko3hGuunueHTa abCoIOTHON ra30pOHNIIAEMOCTH
IIPY CTAllMOHAPHOM M HecTaloHapHoi ¢puusrpanun. [Texcr] /M.; U3a-so cranmapros, 1985.



11.COVY 73.1-41-08.11.08:2006 BusHaueHHs Koe]imieHTIB aOCOMIOTHOI Ta e(EKTHBHOI IIPOHUKHOCTI TiPCHKIX
TOpij 3a cTarionapHoi ¢ineTparii razy. Meroauuni Bkasisku. [Tekcr] / JIB Yip/II'PI; Kuis-JIbBiB, 2006.

12. KoedilieHT 3aJIMIIKOBOTO BOJOHACHYEHHS TIPCHKUX MOPiJ (METOIMKA BHKOHAHHS BHMMIPIOBAaHb METOIOM
uentpudyrysanns 3paskis) [CTY 41-00032626-00-025-2000/[Teket] / K.: MinekopecypciB Ykpaiuu, 2001. — 19 c.

13.Myxapunckas W.A. OueHouHas kiaccudukanys Ia3oHE()TEHOCHBIX KOJUIEKTOPOB BOCTOYHOH YKpauHBI
[Texcr] /M.A. Myxapusckas. — B ¢6. PassuTtre ra3oBoit mpomsinuienHoctd Ykpaunckoit CCP, M., Henpa, 1969, C.
117.

14.Jloreuaerko H.B. Mertoapr ompenenerus ocafnodHbix mopop [Tekcr] YuebHoe mocobwe mns BY30B. —
H.B.Jloreunenko, 3.1. Cepreesa. — JI.:Henpa, 1986. 240 c.

15. Opnog.JL.U. [lerpodusnyeckue uccieaoBanus KoJuiekTopoB Hedtu u ra3a [Texct]/ JL.U. Opnos, E.H. Kapmos,
B.I'. Tomopkos. — M.: Hexapa, 1987. — 218 c.

16. IHCTpyKIMSA IO ONIPEIEICHUIO BOZOHE(TCHACHIIICHHOCTH, IPOHUIIAEMOCTH, TPAaHyJIOMETPHUECKOTO COCTaBa 1
KapOOHATHOCTH MOPOJ-KOJUIEKTOPOB B IMPOU3BOJICTBEHHBIX Jlaboparopusix Munucrepcrea reojoruun YCCP [Tekcr]. -
YxpHUI'PY, JIsB0B,1977 1.- 43 c.

References (transliterated)

1.Poverennyj S.F. Metod polupronytsaemoi membrany v rezhime drenirovanie-propitka pri issledovanii nefte
gazovyh kollektorov [Tekst]. / S.F.Poverennyj, I.M.Fyk, E.P.Varavina, E.A.Yackevich.Visnik Nacionalnogo
tekhnichnogo universitetu «HPI», Seriya: Himiya, himichna tekhnologiya ta ekologiya, Ne 2(4) 2020. S.80-85.

2.0ST 39-180-85. Neft'. Metod opredeleniya smachivaemosti uglevodorodsoderzhashchih porod. [Tekst]
Vvedyon 01.07.1985. Minnefteprom SSSR, 1985, 13 s.

3. NesterenkoM.Yu. Petrografichni osnovy obgruntuvannia fliuidonasychennia porid-kolektoriv [Tekst] /
monograf /NesterenkoM.Yu / K.: UkrDGRI, 2010. 224 s.

4. HSTU 41-32-2002. Vyznachennia zmochuvanosti porid kolektoriv metodom tsentryfuhuvannia zrazkiv [Tekst]
— K.: Minekoresursiv Ukrainy, 2002.

5. NesterenkoN.Yu. Smachivaemost porod-kollektorov plastovymi flyuidami [Tekst] / N.Yu. Nesterenko
//Geologiyanefti i gaza, Ne5, 1995, S.26-35.

6. GOST 26450.0-85 Porody gornye. Obshchie trebovaniya k otboru i podgotovke prob dlya opredeleniya
kollektorskih svojstv [Tekst].— M.: lzd-vo standartov, 1985. — 4 s.

7. GOST 26450.1-85. Porody gornye. Metod opredeleniya koefficienta otkrytoi poristosti nasyshcheniem
zhydkostiu [Tekst]. - M.: l1zd-vo standartov, 1985. — 12 s.

8. Hanin A.A. Porody-kollektory nefti i gaza i ih izuchenie [Tekst] / M.: Nedra,1969. — 368 s.

9. SOU 09.1-30019775-218:2013. Standart orhanizatsii Ukrainy. Doslidzhennia kerna naftovykh ta hazovykh
sverdlovyn. Poriadok provedennia. [Tekst] / Lurie A.l; Nesterenko M.lu; Paiuk S.O; Vladyka V.M; Povieriennyi S.F;
Holokolos L.V. Kyiv, PAT «Ukrhazvydobuvannia», 2013, 28s.

10. GOST 26450.2-85 Porody gornye. Metod opredeleniya koeffitsienta absolyutnoi gazopronitsaemosti pri
statsionarnoi i nestatsionarnoi filtratsii [Tekst] /M.; lzd-vo standartov, 1985.

11. SOU 73.1-41-08.11.08:2006 Vyznachennia koefitsiientiv absoliutnoi ta efektyvnoi pronyknosti hirskykh porid
za statsionarnoi filtratsii hazu. Metodychni vkazivky. [Tekst] / LV UkrDHRI; Kyiv-Lviv, 2006.

12. Koefitsiient zalyshkovoho vodonasychennia hirskykh porid (metodyka vykonannia vymiriuvan metodom
tsentryfuhuvannia zrazkiv) HSTU 41-00032626-00-025-2000/ [Tekst] / K.: Minekoresursiv Ukrainy, 2001. — 19 s.

13. Muharinskaya I.A. Otsenochnaya klassifikatsiya gazoneftenosnykh kollektorov vostochnoi Ukrainy. [Tekst] /
I.A. Muharinskaya— V sh. Razvitie gazovoi promyshlennosti Ukrainskoi SSR, M., Nedra, 1969, S. 117.

14.Logvinenko N.V. Metody opredeleniy aosadochnykh porod. [Tekst] Uchebnoe posobie dlya vuzov. —
N.V.Logvinenko, E.l.Sergeeva— L.: Nedra, 1986. 240 s.

15. Orlov. L.I. Petrofizicheskie issledovaniya kollektorov nefti i gaza. [Tekst]-L.l.Orlov, E.N.Karpov,
V.G.Toporkov— M.: Nedra, 1987. — 218 s.

16. Instruktsiya po opredeleniyu vodoneftenasyshchennosti, pronitsaemosti, granulometricheskogo sostava i
karbonatnosti porod-kollektorov v proizvodstvennykh laboratoriyakh Ministerstva geologii USSR [Tekst]. -UKrNIGRI,
Lvov, 1977 g.-43s.

Hosepennuii  Cepeiti @edoposuu  (Ilosepennwviit  Cepzeii  ®éooposuu, Poverennyi Sergei Fedorovich) -
HaunonanbsHbIi TeXHUUECKUH YHUBEpCHUTET "XapbKOBCKUIT OJIMTEXHUYECKUH MHCTUTYT", MHXKeHep Kadeapbl JoObIIH
HedTH, raza U KoHaeHcaTa, I. Xapskos, Ykpauna, (057)707-65-15; ORCID: https://orcid.org/0000-0002-7836-6278; e-
mail: sergey-poverennyi@ukr.net.



mailto:sergey-poverennyi@ukr.net

@ux Inna Muxaiinosuu (@uvixk Hava Muxaiinosuu, Fyk llia Mykhaylovych) — HaumoHanpHbBIM TeXHHYECKHIA
yHHEBepcHUTET "XaphbKOBCKUN ITONUTEXHUYECKUH WHCTUTYT', A.TEXH.H., podeccop, 3aBeqyIONmid Kapenpsl JOOBYH
HedTH, Ta3a ¥ KOHAEHcaTa, . XapsKkoB, Ykpauna, (057)707-65-15; ORCID: https://orcid.org/0000-0002-7453-5636; e-
mail: mfyk@yandex.ua.

Bapasina Onena Ilasniena (Bapasuna Enena Ilasnosna, Varavina Olena Pavlivna) — HaioHa IbHBINH TEXHUYECKHUIA
yHUBepcHTeT "XapbKOBCKHMI MOJIMTEXHHUYECKUI MHCTHUTYT", HOLEHT Kadeapsl NoObuu He(TH, Ta3a U KOHIEHcara, T.
XapbKoB, VYkpauna, (057)707-65-15; ORCID: https://orcid.org/0000-0002-6715-5651; e-mail:
evaravina73@gmail.com.

Byposa Mapuna Axiena(Byposa Mapuna fAxoénesna, Burova Maryna Yakivna) — HaunoHanbHbBIH TeXHHUYECKHUiT
yHUBepcHTeT "XapbKOBCKHI MOMUTEXHUIECKUII HHCTUTYT", CTapIINii mpernoaaBatesb kadeapsl 1006141 He(TH, rasa u
KOHIeHcara, T. XapekoB, Ykpamna, (057)707-65-15; ORCID: https://orcid.org/0000-0001-6107-436X; e-
mail:burova58@ukr.net.

Aykesuu Onena Onexcandpiena (Auxesuu Enena Anexcanoposna, Yatskevych Olena Olexandndrivna) -
HanumonaneHelii TEXHUYECKUM YHUBEPCUTET "XapbKOBCKUN MOJUTEXHUYECKUH MHCTUTYT', CTApLIMHA MpEnoJaBaTellb
kadeapsl 100bIYM He(TH, ra3a U KOHIEHcATa, I'. XapbkoB, Ykpauna, (057)707-65-15; ORCID: https://orcid.org/0000-

0003-4310-2800; e-mail: yatskevich47@gmail.com

Poverennyi Sergei Fedorovich (ITosepennuit Cepeiii @edoposuu Ilosepennviit, Cepzeii ®@édoposuu) — National
Technical University "Kharkov Polytechnic Institute”, an engineer of the department of oil, gas and condensate
production, Kharkiv, Ukraine, (057)707-65-15; ORCID: https://orcid.org/0000-0002-7836-6278; e-mail: sergey-
poverennyi@ukr.net.

Fyk llia Mykhaylovych (@ux Inns Muxaiinosuu @uix Hnvsa Muxaiinosuu) — National Technical University "Kharkov
Polytechnic Institute”, n.texu.H., nmpodeccop, Head of the department of oil, gas and condensate production, Kharkiv,
Ukraine, (057)707-65-15; ORCID: https://orcid.org/0000-0002-7453-5636; e-mail: mfyk@yandex.ua.

Varavina Olena Pavlivna (Bapasina Onena Ilasniéna, Bapasuna Enena Ilasnosna) — National Technical University
"Kharkov Polytechnic Institute”, associate professor of the department of oil, gas and condensate production, Kharkiv,
Ukraine, (057)707-65-15; ORCID: https://orcid.org/0000-0002-6715-5651; e-mail: evaravina73@gmail.com.

Burova Maryna Yakivna (Byposa Mapuna flxiena, Byposa Mapuna fAxoenesna) — National Technical University
"Kharkov Polytechnic Institute”, senior teacher of the department of oil, gas and condensate production, Kharkiv,
Ukraine, (057)707-65-15; ORCID: https://orcid.org/0000-0001-6107-436X; e-mail:burova58@ukr.net.

Yatskevych Olena Olexandndrivna (fuxesuu Onena Onexcanopisna, Auxesuu Enena Anexcanoposna) - National
Technical University "Kharkov Polytechnic Institute”, senior teacher of the department of oil, gas and condensate
production, Kharkiv, Ukraine, (057)707-65-15; ORCID: https://orcid.org/0000-0003-4310-2800; e-mail:
yatskevich47@gmail.com



https://orcid.org/0000-0003-4310-2800
https://orcid.org/0000-0003-4310-2800
mailto:yatskevich47@gmail.com
mailto:sergey-poverennyi@ukr.net
mailto:sergey-poverennyi@ukr.net
https://orcid.org/0000-0003-4310-2800

