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Abstract

In the article there is made an attempt to investighe most effective methods of petrofeedbackeasing and wel
productivity in the conditions of Ukrainian oil agas fields. Traditional methods petrofeedbackeaasing and new approac
of solving this problem, such as hydrophobizatiagel zones or the use of watevellable polymers are also conside
Particular attention is given to the processingtoflies of cores of flooded wells to determine ¢hefficient of permeabilit
recovery after injection of hydrophobic suspensi@amsinks-2"The material significantly increases the injectivif the well
reduces the injection pressure by improving periitigabf the formation. It is shown that the use of hydrophobic mate
"Ramsinks-2" and "Silpan-SV" in wells allows almasimpletdy restore the filtration characteristics of thegucing formatio
by increasing the oil component in the oil-watektmie.

Keywords:hydrophobisation, oilfield, oil recovery, reservoir.

Relevance of work hydraulic conductivity and the purification of the

In modern conditions, the share of hard-to-recovdsottom hole area of the formation from pollution,
reserves in the overall balance of hydrocarbons ieducing the water level of the extracted product,
constantly increasing. At the same time, the shure increasing the formation area by flooding and
highly-watered and low-rate wells in the generaldu equalizing the profile of the intake capacity oiction
increases, the negative role of contamination (skwwells [2, 3].
effect) in the bottom area of the production wells  The increase in hydrocarbon production is
increases, the oil recovery of the reservoir desgrealue achieved by increasing the production capacityhef t
to the formation of washed zones from the injectiowell. The maximum effect of the stimulation of
wells and the development of heterogeneity, and th@oduction will be achieved as a result of simudizus
formation energy is reduced. In the conditions ofmprovement of the filtration characteristics ofeth
deposits with an inhomogeneous permeability of theeservoir, expansion of the well supply circuit ahe
reservoir (the presence of a plurality of separatgrengthening of the hydrodynamic bond with the
sublayers, a monolithic layer with inhomogenity inremote zone of the formation. The hydrodynamic
permeability), these problems only increase [1]tHis perfection of the well penetration is provided Ihe t
connection, the complex use of technical, orgaitipat addition or re-perforation of the well with standaor
and economic tools for improving the efficiency ofslowly burning charges, which allows to increase th
subsoil use acquires particular importance. flow rate of the production wells and increaseittieke

The purpose of this article is to analyze newof injection wells. In the conditions of old prodion
approaches to solve the problem of stabilizingamiti wells, re-perforation is carried out in the mediwh
gas extraction of oilfields at the late stage oéith active technological solutions. At the same tinee,the

development. specific conditions of various deposits, optimal
. compositions of perforation fluids have been depetb
Material and results of research For example, for fields with active oil and high tema

The increase of the final coefficient of extractioneyels (Dolyna oilfield district), water-based milee
of hydrocarbons from the productive formation a thspjutions are used. For oilfields with hydrophobic
final stage of development is ensured by the irsea  reservoirs or high viscosity oil (Chernihiv and ®gka
the hydrocarbon flow rate and the achievement ef thyistricts), surface-active systems with increased
hydrodynamic perfection of the well, the increab¢he  permeability are used as a technological solution.

In order to minimize the negative influence of
perforation fluids on the permeability of the fotina
and the partial impact on the bottom zone, optimal
compositions of micellar solutions and surfaceecti
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possible to significantly increase their efficienapd hydrophobic dispersion material is from 1 up to 2
increase the flow rate of wells. For example, foe t months depending on the well production rate.
Skorohodiv oilfield (the presence of hydrophobic The unique hydrophobic material "Ramsinks-2"
reservoirs), this method is the only highly effeetway and the technology of its application have been
to influence the formation — chemical methods ofleveloped and protected by the patent of Ukraine
exposure or is ineffective, or generally reduce thBlo 4700 (Method of obtaining a hydrophobic substanc
productivity of the formation [4]. on the basis of sedimentary siliceous rocks), tuent

After a long extraction of oil from the well, the of Ukraine No 32045 (Solutions for selective preieg
filtration properties of the oil reservoirs gradyal of oil reservoirs "Silpan-SV") patent of Ukraine
deteriorate, the composition of the water-oil enamls No 31700 (Method of selective acid treatment of
changes, and the water cut of the wells increadesa formations) and patents of the Russian Federation:
consequence of these changes, the share of hardgatent RU No 2188933 (Method for increasing the
reach oil reserves in the general balance readdé&s,6 productivity of wells), patent RU No 2188215 (Metho
the share of heavily water-producing and low-ragédlsv  for producing a hydrophobic dispersed material).
throughout the stock increases, the negative réle o The proposed technological solution is the
pollution in the bottom-hole area of the productieells treatment of the reservoir with the hydrophobicgesat
increases, and the oil recovery of the formatiohRamsinks-2", which allows to increase the oil
decreases due to the formation of washed zones [6]. component in the water-oil mixture that is extrdcte

Technology of impact on the reservoir and thérom the oil well. The essence of this process st
application of these or other reagents dependshen tthe formation on the surface of pores and capitaof
geological and industrial conditions of the specffeld molecular adsorption films from oriented asymmetric
and the nature of the contaminants introduced. @her polar molecules that are converted by hydrocarbon
past ten years, over 50 operations have been dauke radicals to the outside. These radicals are hydrioich
using alkaline-acid solutions in the Okhtyrka, Dy i.e. have water-repellent properties. Experimental
Poltava and Boryslav oilfields. The efficiency faict studies on samples of natural cores showed that the
was 74 %, and the additional production per treatmehydrophobic material "Ramsinks-2", developed on the
was 550 tonnes. At the same time, the increas@dn tbasis of a complex chemical reaction, is a sofibact
flow rate of wells by liquid is from 120 to 370 %. blocking material that partially reduces the perbilis

The basis of the new hydrophobic dispersion isf the reservoir. Reducing the permeability of weger-
silicon dioxide at chemical modification of surfaoé saturated formation due to its injection is 9-32pjts
the initial material of organoelemental compoundhaf initial value. In this case, the recovery factopeleds on
general formula, GHSIiR, where n = 1-3, R = H, the initial permeability of the rock sample — wiits
methyl-, ethyl-, Cl-methyl, phenyl-, with further increase, the permeability recovery coefficientoals
chemical treatment. increases. For oil-saturated samples are charaetkby

Hydrophobic dispersion material is applied withhigher recovery rates — from 20 to 98 %. Due to the
success in watercut producing wells, different ifydrophobization of the pore surface, the shar@ibf
permeability and degree of watercut of oil and gawith a constant supply of emulsion increases by 10—
production formation. Depending on the formatioe th15 %. Industrial tests of the hydrophobic reagent
well consumes from 40-50 kg up to 120-150 kg. Th&Ramsinks-2" at the wells of OGPD “Boryslavnaftogaz
effect occurs within 2—4 weeks after the treatmamd of PJSC “Ukrnafta” in 2004—2007 confirmed the résul
lasts from 6 up to 18 months, after which the wellsf experimental works — the reduction of water wat
requires reprocessing. The results of the applinatif 7-15 % [4].
an experimental batch of new hydrophobic materal o In some cases, by blocking watered zones and
the well of Zhyrnovsk field No 193, RF, and on theestoring the permeability of contaminated sublayan
fields of State Joint Stock Company "Ukrnafta"jncrease in well production by 200-350 % was
Ukraine (Staroselsk field, Boryslav field, Ukraine) observed. Reagents of the recommended compositions
confirmed the high technical and economic efficienc are adsorbed on the surface of the pore channels an
after the "Ramsinks-2" material was hydrophobized idue to this, are not washed out for a long timenfthe
the production watercut areas, the increase in fieell  productive formation. Since the composition is abgel
rate is 200—-400 % (Fig. 1, Fig. 2). into the formation as a suspension, it will pertetiato

All other wells were with low-permeable the pore channels of only with reservoir permegpbili
reservoirs from 10 to 50 mDa and after stimulatioth ~ from 10 mDa. For the collectors of the Boryslavieit
materials from the "Ramsinks-2" group, theirarea, the injection of a suspension of the "Ranssitik
additionally obtained flow rate was in the range76f material is possible in layers with a permeability
250 %. To demonstrate the capabilies of thenore than 15 nf(Table 1).
hydrophobic material "Ramsinks-2" to increase thevf During the research it was found that in the
rate of watered oil and gas wells, we conductedrtbst samples with a permeability of less than 15°nthe
effective example obtained from well No 193. Pakbac"Ramsinks-2" suspension practically does not petetr
of the production well after processing using stadd For the accumulation at the entrance edge of the, co
techniques and standard equipment, the cost of&aeo its permeability decreases to a value of 21 % ef th
or light oil fractions, 72-hour of well downtimepst of initial value.
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Figure 1 — The increase in the oil phase after trément with hydrophobic material
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Figure 2 — Change in water cut after processing wlit hydrophobic material

The process of increasing the flow rate of watered  After analyzing the data of well No 13-Stara Sil,
wells is significantly influenced not only by thewe came to the conclusion that the obtained sckedul
properties (physical and chemical) of the hydrophobmost closely approaches the sinusoid (Fig. 3) ef th
material "Ramsinks-2", but also by the permeabitify form:
the reservqir rock. Thu_s, the .highest gffect after Y-y, = Asina)(x—xo),
e ek oM upere A=035,0mn, xeLS, vz,
where the permeability was 80 mDa (Fig. 1). s a result, an approximate equation is obtained.

In only four months, the additional flow rate a¢th y= O.353in7—T(x— 1.5+ 1_42')@[ 0,]](.
well No 193 was 1 (one) thousand 19 tons (Fig. 2). 3

Mathematical modeling of oil change due to the  The equation is confirmed by the data of industrial
action of the hydrophobic reagent "Ramsinks-2"his t works of well No 13 — Stara Sil in a sand reserwdth
article we carry out on two low-rate wells No 13x%t a permeability of up to 10 mDa.

Sil and No 862-Fosh of OGPD “Boryslavnaftogaz”. The obtained otput data from the oil well No 862-

The obtained output data for the oil well No 13Fosh, given in Table 2. To construct a mathematical
Stara Sil, which are given in the table number 2, wmodel of the graph we used increasing of oil flater
used to construct a mathematical model of the gfaph during the action of the "Ramsinks-2" hydrophobic
increasing oil rate during the action time of thegeagent.

"Ramsinks-2" hydrophobic reagent.
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Table 1 — Depth of penetration of the suspension "&nsinks-2"

. . Initial Core permeabilit Percent
Study | Porosity Satur_atlon permeability, Length of cut after pEmping of t%/e from the
number % fluid plates, mm : S
mDa suspension, mDa initial
0 (L=48.5) 15.3 52.5
0.7 (L=47.5) 17.8 61.2
1 15.8 kerosene 29.1 6.9 (L=41.6) 18.9 64.9
14.9 (L=33.6) 20.4 70.1
23.0(L=48.5) 23.1 79.4
0 (L=53.5) 13.7 20.3
0.7 (L=52.1) 20.4 30.2
2 13.0 kerosene 67.8 6.9 (L=40.1) a1 356
23.0 (L=36.5) 27.8 41.1
0 (L=49.7) 3.2 21.3
3 23.6 kerosene — 0.7 (L=48.7) 14.6 97.3
6.9 (L=36.7) 14.7 98.0
Q As confirmed by the data of industrial works of
1.8 well No 862-Fosh in a sand reservoir with a
permeability of up to 16 mDa.
L7 Catenoid is obtained in the case of teregenic {sand
1.6 with reservoir permeability of 15-20 mDa. The resér
permeability of 20—200 mDa and 200-2000 mDa are in
151 the study stage.
1.4+
As a conclusion
1.3 1. The best conditions for using the “Ramsinks-2"
124 reagent are the reservoir with an initial permegbof
mineral water more than M8 um? At the same time,
1.14 possible is the flow of water and oil, as well &g t
0 2 a 6 8 10 Month,  S€parate flow of oil and water on various sublaygre

Figure 3 — Received sinusoidal graph

Table 2 — Output data for constructing
a mathematical model
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latter conditions are the best application areaesthe
maximum effect of the use of the "Ramsinks-2" redge
of hydrocarbon suspension will be achieved).

2. Wetting agent "Ramsinks-2" was tested in two
oil wells No 13-Stara Sil and No 862-Fosh. Extra
production is 470.38 tons of oil. At the same tithere
is also an increase of the liquid flow rate of thell
with a decrease of water cut by 9-12 %.

It is important to consider the possibility of
increasing the oil recovery of productive formation
under conditions of their water cut.

During operation, the share of water in the
production of the well is constantly increasing.eTh
reason for this can be blowouts of pumped water and
various violations. In the first case, water flofnam the
productive formation to the most permeable zones. |
the second case, water can flow through a shok trac
the wellbore, due to defects in the production ecwiu

Analyzed the data of changes in oil flow throughcracks, shells in the metal, not tight threadeidts),
well No 862-Fosh we came to the conclusion that thg,e to the flow of water from one formation to dveot

obtained schedule most closely approaches the@dtenyegyiting from the absence of isolation betweemtlas
(Fig. 3) of the form:

Y=Y, = Acoshw(x~X,),
whereyo =1, A=-0.5,x9=6, ® = 1/6 arccosh 1.76.
As a result, an approximate equation is obtained

y=—0.55in%(x— 6+ 1, xd[ 0,1p.

44
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a result of poor cementation quality. To reduce the
proportion of water in the extracted product, it is

proposed to use a composition of polyfunctional

reagents, including hydrophobic substances based on
silicone reagents (e.g., hydrophobic material

"Ramsinks-2"), cationic surfactants, colmateringrag.

The use of these compositions allows to change the
phase permeability of the bottom-hole area of the

eering. 2019, Vol. 6, Issue 2
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Figure 4 — Received schedule of catenoid
production wells in such a way that the water flsw Table 3 — Output data for constructing
limited and the inflow of oil increases. a mathematical model
To some extent, the issues of changes in the share Nonih 7d
of watercut production of oil wells today have been on Q, Uday
solved by applying the “Extract-700" reagent frone t 1 0.25
German company "Wacker-chemie GmbH" and 2 0.28
developed by the Russian scientist — "Sidoks" Raikn 3 0.50
England from 01.11.2000 WO 01/33039 Al "Compo- 4 0.50
sition and process for oil extraction”, the reagent 5 0.50
"Polisil" (its modification "Retin") Ritek firm [27]. 6 0.50
Removing the formed layer and 1 mm plate leads 7 0.50

to a practical restoration of permeability — 98 ¥ite 8 0.50
initial (Table 3). Increasing permeability increasthe 9 0.50
penetration of the suspension into the pore spEtmas, 10 0.50
for a sample with a permeability of 29 firthe removal 11 0.28
of a plate of a total length of 23 mm only allows t 12 025

increase the permeability coefficient up to 80 %r &
sample with a permeability of 67 nm, removal of Laboratory studies were carried out under normal
approximately the same plate allows to increase tlwnditions on core material from well No 174-
return permeability only to 43 %. It should alsortmted Bugruvativska, selected in the interval 3876-3887 m
that the substances in the composition do not haimie which is lithologically represented by quartz highl
the rock, they are pumped using standard techniguespermeable sandstone (absolute permeability grézar
small quantities, which prevents the occurrence &00 mbDa). For research, part of the core was
problems in the development of the well. At the samimpregnated with water with mineralization of NaCl
time, in 2006—2008 we conducted laboratory research40 g/l, and the second part was degassed withrapih f
of the advanced hydrophobic reagent "Silpan-SV" othe well No 202-Kachanivska with the creation of
core materials for the conditions of the Okhtyrk& o residual water saturation in the ratio of 70:30.
industrial district of PISC "Ukrnafta” [5]. During the pilot studies to determine the influence
Hydrophobic dispersion material "Silpan-SV" iszone of hydrophobization, the material "Silpan-Syé's
based on silicon dioxide, including a chemicalsed, which is an improved development of the
modification of the surface of the starting matewéh “"Ramsinks-2" material. First, the permeability dfet
an organometallic compound of the general formulaores with the saturation liquid was determinederaf
Cl;—SiR,, where n =1 — 3, R = methyl, ethyl, chloro-which a kerosene solution of the "Silpan-SV" redgen
methyl, phenyl, and basically it consists of silicanon- was pumped through the samples in an amount of
crystalline form. 10 pore volumes, followed by holding it in the rofick
The particles of the hydrophobic material "Silpan24 hours. After that, the permeability of the sa@sptio
SV" are a fine powder of white color, insolubleviater the liquid saturation and the return permeabilitgrev
and, most of all, folded by spherical particlestie determined.
diameter of 0.07-0.0@m. They have an extremely high Permeability and restoring coefficient was also
surface area of 30-40 . Their bulk density is determined after removing from the core edge sepéat
0.10-0.25 g/crth humidity when stored in an openl and 10 mm thick. The results of the studies areng
container no more than 0.05 %, the balance on\e siein Table 4.

with a grid No 0315 not more than 0.15 %. Mateisal The results of the studies allow us to make the
relatively stable, inert, not sensitive to temperat following conclusion: the "Silpan-SV" reagent, pene
changes. trating the pore space of the sample, leads torgapa

decrease in the phase permeability of the oil-begari
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Table 4 — Results of studies of the reagent "SilpagV"

Core Porosity, | Saturation In|t|a! : Length of the plate Core permeab|l|ty gfter % from
No % liquid | Pemability, | s cut, mm | SUSPENSION pUMPING o i
mbDa mDa
0 (L=51.5) 27.0 58
11629 15.0 oil 46.2 1(L=50.5) 27.7 61
10 (L=41.5) 36.4 80
0 (L=58.1) 32.9 52
11631 16.2 oil 63.5 3 (L=55.1) 41.3 65
9 (L=49.1) 49.7 78
0 (L=49.3) 17.9 15
11639 17.0 water 118.7 1 (L=48.3) 18.6 16
10 (L=39.3) 15.5 13
0 (L=47.5) 7.8 9
11632 15.8 water 86.4 1 (L=46.5) 8.6 10
8 (L=39.5) 9.8 11
Table 5 — Water permeability reduction of oil resevoir
Concentration of Initial water Water permeability of the Permeability
Experiment hydrophobic permeability of the reservoir model after d
number substance in reservoir model, hydrophobic treatment _ecrease,
2 2 n_Vw /VW
condensate, mass. % Vy, um substance, ¥, , um P
1 0.5 0.0715 0.0099 7.2
2 1.5 0.0623 0.0067 9.3
3 2.5 0.4127 0.0381 10.9
4 3.0 0.0823 0.0076 10.8

sample in oil (coefficient of renewal is 52-58 %)daa of the active water-pressure regime). When modeling
significant decrease in the phase permeability haf t the natural reservoir development regimes (using a
saturated sample with water (restoring coefficiensingle power device through two containers seplrate
9-15 %). For the conditions of the Bugruvate difie with water and kerosene), the increase of hydraoesb
the penetration of "Silpan-SV" into the pore spée during hydrophobization of the wellbore zone is reve
observed for a considerable distance. In the chséd-o greater and is about 30 %. If before the treatment
bearing samples, a partial increase in permealfiity through the sample only water was filtered, theteraf
22-26 %) is observed with a decrease in core lemigth processing, kerosene appeared in the product.
the case of water-saturated samples, no significant The conducted experimental researches are as
changes in permeability are observed [6]. follows. Firstly, the conditions of the Bugruvateda
Compared to the results obtained in the study dfachaniv oilfields are more optimal for the usetloé
the "Silpan-SV" reagent for the conditions of thé'Silpan-SV" reagent in order to hydrophobize the
Boryslav oilfield, an increase in the initial perabdity = bottomhole zone than the conditions of the Boryslav
of rock samples leads to an increase in the regforioilfield area. Secondly, in order to achieve the
coefficient for oil-bearing samples and permeapilit maximum effect when selecting objects, it is neagss
decrease for water-saturated samples. Thus, tleevedn to pay attention to the porous space of the regewith
coefficient of oil bearing cores for the conditiomsthe heterogeneous permeability by sublayers, i.e. sépar
Bugruvate deposit is 52-58 %, in contrast to thwater and oil supply conditions. In addition,
conditions of 20-52 % for the Boryslav field. Theexperimental studies are still ongoing to determntime
renewal coefficient of water-saturated cores foe theffect of the rate of filtration of formation flusdon the
conditions of the Bugruvate oilfield is 9-15 %blocking effect of the "Silpan-SV" reagent in paere
compared to 9-32 % for the conditions of Boryslaspace [7, 8].
oilfield. The obtained results indicate that theditions
of the Okhtyrka oil industrial region are more ol Conclusions
for the selective action of the "Silpan-SV" reagign’]. Experimental studies to determine the effect of the
Investigation of the joint filtration of oil and wexr filtration rate of reservoir fluids have shown an
through cores treated with a hydrocarbon suspersfioninfluence on the blocking effect of the "Silpan-SV"
the reagent "Silpan-SV" showed that thaeagent in the pore space of the core. When aclgevi
hydrophobization of the bottomhole zone leads to ahe maximum effect when selecting objects it is
increase of hydrocarbons in well production byecessary to pay attention to the reservoir with
approximately 7-15 %. It should be considered thdteterogeneous permeability layers or areas, i.ethen
water and kerosene were fed into the core by twwmonditions for the separate inflow of water and oil
different power device at the same flow rate (mivdgel
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The proposed technological solutions, such as deep [4] Nalivayko, Al 2015, ‘Composition and process to
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. . . . National University, iss. 1(90), part 2, pp. 98-103.
agent with various acidic or surface active system

. . . in Ukrainian)
constitute a system of measures aimed at chanping [5] Masket, M 2005, ‘The flow of homogeneous ligsiid

composition of the water-oil emulsion. . in a porous medium’, Institute of Computer Studsscow,
The use of hydrophobic materials "Ramsinks-2izhevsk. (in Russian)
and "Silpan-SV" in the wells allows almost complgte [6] Useful model patent of Ukraine No 32045, Salnt

to restore the filtration characteristics of theemoir, for the selective treatment of oil reservoirs (8ipSV) /
increasing the oil component in the water-oil migtu Pan'ko DA, Nalivayko Al, Rudyy MI & Lapko SV, 2008,
12 p. (in Ukrainian)

[7] Yurkov, NI 2004,Physicochemical principles of oil
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MeTopa rigpodobisauii Ta maTtepian «Ramsinks-2»
AN nigBuULLEHHA AebiTy o6BoagHeHUX HaTOBUX CBepASIOBUH

B. H. baobaces, 1. 1. Kanuoes, O. I. Hanueaiiko

Xapxiscokuil HayioHanbHull yHigepcumem micbkoeo eocnooapcmsa imeni O.M. bexemosa,
eyi. Mapwana basxcanosa, 17, m. Xapxis, 61002, Vrpaina

PosrisiHyTO TpamumiiiHi Meroau 30uMbIIeHHS Ha(TOBiAmadi, a TAKOX HOBI IMIXOMU 10 BUPIMIEHHS i€l
nmpo0JieMu, HalpUKiIa, Tiapodoobizamiero mpuBUOIHHOT 30HHU IJIACTa 3 BUKOPUCTAHHAM moniMepiB. OcobnnBa yBara
TMPUIITISETBCST  OOpOOIIi  pe3yNbTaTiB  JIOCHIHKEHb KEPHIB OOBOJHEHHX CBEPUIOBUH 3 METOI0 BHU3HAYCHHS
KoehiLieHTy BITHOBICHHS NPOHMKHOCTI Micis HarHiTaHHa rigpodo6noi cycmensii “Ramsinks2”. Marepian
“Ramsinks-2" cyrteBo 30inbluye mpUilMalbHICTh CBEPIIOBHHM, 3HMKYE THCK HATHITAHHS B PE3yNbTaTi MOKpa-
IICHHS MPOHUKHOCTI macrta. [Toka3aHo, Mo 3acTocyBaHHs TiapodoOHuX MartepianiB “Ramsinks-2"i “Silpan-SV”
JIO3BOJISIE TIPAKTHMYHO IIOBHICTIO BiAHOBIIOBaTH  (iNbTpamiiiHi  XapaKTEpUCTUKH IPOAYKTUBHOIO ILIACTA,
30UIBIIYIOYN HA()TOBY CKJIaJ0BY Y BOAHOHA(TOBIH cymimi.
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