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THE EFFECTIVENESS OF USING PHYSICAL IMPACT ON THE PRODUCTIVE
FORMATION TO INCREASE OIL RECOVERY

Annotation. This article assessed the technical and economic efficiency of using physical
impact on the productive formation in one of the fields in Western Kazakhstan. World
experience in using this technology in fields testifies to its high technological efficiency. To
optimize oil production, changes in oil viscosity, increase in oil production, and decrease in
water content were analyzed. All Cretaceous horizons are characterized by good reservoir
properties. The high viscosity of oil and insufficient cementation of the rocks forming the
horizons significantly limit the complete extraction of the valuable product. The precise
determination of phase permeabilities in the oil-water system was carefully carried out in
controlled laboratory conditions during stationary filtration. As a result of the effective use of
physical impact, the viscosity of oil decreased by almost half, from 700 cP to 480 cP, which
helps notably to increase oil production and reduce the water content in the produced products.

Keywords. physical impact, viscosity, oil recovery factor, technical and economic
efficiency, physical impact technology, geological and technical event

Cretaceous horizons are confined to Neocomian terrigenous deposits of the Lower
Cretaceous, Jurassic - to terrigenous deposits of the Middle Jurassic.

In the Cretaceous deposits, 3 oil horizons were identified, lying at a depth of 190-300 m
(Fig. 1).

All Cretaceous horizons have good reservoir properties, however, the high viscosity of
oil and weak cementation of the rocks composing the horizons do not allow full extraction of
the product.
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Figure 1 - Reflective horizon at the base of the Cretaceous deposits
The discussion of the results

The Yu-II horizon, taking into account new data from newly drilled wells, is divided into
two layers Yu-1I-A and Yu-11-B. Within the Yu-1Il horizon, two layers can also be traced; the
upper Yu-ll1-A layer is associated with an oil deposit, the lower Yu-111-B is an aquifer.

A special feature of this deposit is its fluid system. Table 1 shows the properties of oil
from all horizons.

Oil class in terms of sulfur content, oils from all productive horizons belong to class 1
with a concentration of 0.10-0.43% by weight and are low-sulfur.

In terms of oil density, all productive horizons are classified as both heavy and bituminous
oils. The average value over the horizons varies between 876-917 kg/m3 (types 2, 3). In terms
of paraffin content, oils from all productive horizons are low-paraffin and paraffinic (U-111-A).
The average paraffin value across the horizons ranges from 0.49-2.08 wt%. In terms of tar
content, oils from all productive horizons are classified as low-resin. The average resin content
across horizons is in the range of 6.4-14.3% wt.

Based on viscosity values above 200 mPass, oil is classified as highly viscous or super
viscous oil (Table 1). The dependence of the viscosity of reservoir oil on the density of reservoir
oil was plotted (Fig. 2).
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Figure 2 - Dependence of reservoir oil viscosity on reservoir oil density

Figure 3 shows the change in oil density with depth, i.e. As the depth decreases, the oil
becomes heavier. This is also confirmed by other parameters: gas content, viscosity.
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The determination of phase permeabilities in the oil-water system was carried out in
laboratory conditions with joint stationary filtration. Oil was used with the following
parameters: for chalk deposits with viscosity [1u = 48 mPaes and density [1u = 0.91 g/cm3 at
Tm = 25°C; for Jurassic deposits with viscosity [1a = 30 mPaes and density pu = 0.878 g/cm3
at Tm = 30°C.
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Figure 3 - Change in oil density with depth

The results of determining the RPP of model 1 are given in Table 1 and Figure 4, from
which we can conclude that the reservoirs of both Cretaceous and Jurassic deposits are
hydrophilic.

For Cretaceous deposits, 1 model was studied using samples from the M-Il horizon - the
residual water saturation is 23.1%, the residual oil saturation is 36.7%, and the displacement
coefficient is 52.3%.

Table 1 - Results of determining the RPP in the oil-water system using model No. 1

Mode Fluid fraction in Sgturation, _ Phase permeability,
No. t_he flow, % frac_tlons of units _ um2*10-3
oil water oil oil water
1 0 100 0 1 0 3021.38
2 100 0 0.769 0.231 2818.45 0
3 75 25 0.694 0.306 2209.7 14,092
4 50 50 0.645 0.355 1739.01 31
5 25 75 0.592 0.408 1319.1 70.46
6 10 90 0.526 0.474 808.91 129.65
7 5 95 0.477 0.523 532.7 183.2
8 0 100 0.367 0.633 0 763.81
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Figure 4 - Relative phase permeabilities “oil-water” (chalk)

The exploitation of the field in this area is carried out using mechanized methods, such
as ultrasonic and electromagnetic influence, due to the high viscosity of oil and the presence of
sand impurities. To ensure uniform production, it is customary to use a grid of wells with the
same location at a distance of 200x200 meters and a nine-point area flooding system. The
discharge pressure is set at 8 MPa.

For certain objects, an area nine-point inverted development system is used, while for
others a focal system is used. The current oil recovery factor (ORF) for one of the facilities is
0.01, while the approved design oil recovery factor is 0.359. Chalk deposits are characterized
by the lowest rates of selection.

Simple economic calculations were carried out to assess the effectiveness of geological
and technical measures based on data from one well. It is worth noting that the costs of these
activities are represented only by the cost of their implementation.

It is assumed that geological and technical activities will be carried out within 12 hours,
which also takes into account the downtime of the well for major repairs. The mobilization of
equipment and crew rates are also considered.

Table 2 - Efficiency of geological and technical measures

We're Unit Col.

GTM parameters standing. change | Prov.
Cost of wire 1 geological and technical team 11500000 tg 2
Mobile equipment consumables 520000 tg 4
Cattle brigade 5000 Doll.
Mobile Workover equipment 5000 Doll.
Downtime 1 well -410000 tg 2
Implementation 1 ton of oil 50000 tg/tn
Profit from sales of products. 56305343.04 tg
Net profit 35395 343 tg.

Conclusions. Based on the results of the analysis of the use of methods of physical impact
on the field, the following conclusions can be drawn: these methods have the potential to
destroy the structures of oil associates and reduce the viscosity of oil; they have a high
technological level, which makes it possible to increase the oil recovery factor and reduce the
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volume of water during field development, especially in the later stages of development. The
maximum efficiency of these methods is achieved in shallow multilayer fields (depth up to
2000 m). As a result of the application of physical impact, the viscosity of the oil decreased by
almost half, from 700 cP to 480 cP, which led to an increase in oil production and a decrease in
water content. Thanks to simple economic calculations, the effectiveness of this geological and
technical measure was assessed based on data from one well.
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IPPEKTUBHOCTb HIPUMEHEHUA ®PU3UYECKOI'O BO3JIENCTBUA HA
HNPOAYKTHUBHBIU IVIACT JJIS YBEJIMUEHUA HE®@TEOTAAYUA IIJIACTOB

Annomauyusn. B naHHOW cTaThe OblIa TPOBENCHA OICHKA TEXHUKO-DKOHOMHYECKOU
3¢ (HEeKTUBHOCTH TPUMEHEHUS (PU3NYECKOTO BO3ICHCTBYS HA MIPOyKTUBHBIN TIIACT B OJTHOM H3
MectopoxaeHui 3anagHoro Kazaxcrana. MuUpoBO# OIBIT UCIIOIB30BaHUS JAHHON TEXHOJIOTHHU
Ha MECTOPOXKICHUSAX CBUICTEIBCTBYET O €€ BRICOKON TeXHOIOTH4YecKoi rdekTuBHOCTH. [[71st
ONTUMM3AIMKU JOObIYM He(pTH ObUIM TNPOAHATM3UPOBAHBI HM3MEHEHHS BS3KOCTU He(TH,
yBenu4YeHHe 00beMa JoObIYr He()TH U CHIDKEHHE COJIep KaHus BOJIbI. Bce MeoBbIe TOPU3OHTHI
XapaKTEPU3YIOTCS XOPOIIMMHU KOJUIEKTOPCKUMH cBoicTBaMu. OJHAKO BBICOKas BSA3KOCTh
HepTM W HEAOCTAaTOYHAs CIIEMEHTHPOBAHHOCTH TOPOJ, OOpa3yroIIMX TOPHU30HTHI,
OTPAaHMYMBAIOT TIOJIHOE M3BJIeUeHUe mpoaykra. OmpeneneHue (Ga3zoBBIX MPOHUIIAEMOCTEH B
cucreMe "HedTh-BoAa" MPOBOAWIOCH B JIAOOPATOPHBIX YCIOBUAX TIPH CTAIIMOHAPHOM
bunpTparuu. B pesynbrare TpuUMEHEHHS (PUINYECKOTO BO3ICHCTBHS BS3KOCTH HEPTH
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CHHM3MJIACh MPAKTUYECKH B JBa pasa, ¢ 700 clI3 mo 480 clI3, uTo cmocoOCTBYET yBETHUECHUIO
J00BIYM He(TH U CHIDKEHHIO COAEPKaHMS BOJBI B JOOBIBAEMON TPOYKIIUH.

Kniwouesvle cnoea. dpuzndeckoe BO3AEHCTBHE, BS3KOCTh, KOI(D(OHUIMEHT H3BICUCHUS
He(PTH, TEXHUKO-OKOHOMHUYECKasi 3((HEeKTUBHOCTh, TEXHOJOTHS (U3UUECKOTO BO3ICHCTBHSL,
r€0JIOr0-TEXHUYECKOE MEPONPHUSITHE

MYHA# OHAIPYI APTTBIPY YIIIH OHIM/II KABATKA ®U3UKAJBIK OCEP
ETYAIH TAIMILIITT

Anoamna. byn makanana bateic KazakcTan keH opbIHIApBIHBIH OipiHe oHIMII KabaTKa
bu3MKaNbIK ocepli KOJJAHYJbIH TEXHHUKAIBIK-DKOHOMHUKAIBIK THUIMALUIINIHE Oaranay
KYPri3iai. Byl TeXHONOTHSIHBI KeH OpPBIHIAPBIHAA KOJIAHYIBIH OJEMJIIK TOHKIpUOECi OHBIH
YKOFapbI TEXHOJIOTUSUIBIK THIMALUIITIH KepceTeni. MyHail eHaipy i OHTalIaHIbIPy YILIIH MYHal
TYTKBIPJIBIFBIHBIH ©3TepYi, MyYHAH OHIPICIHIH YIFAIOBI )KOHE CYJIBIH a3af0bl TAJIAH b, bapibik
0Op FOPU30HTTAPHI KAKCHI KOJJICKTOPJIBIK KACHETTEPIMEH CHMATTaaaabl. Ajaia, MyHaiIbIH
JKOFapBl TYTKBIPJIBIFBI )KOHE [ OPU30HT TY3€TiH Tay JKBIHBICTAPBIHBIH [IEMEHTTEIMEY1 OHIMHIH
TOJIBIK OHAIPUTYIH HIeKTeiai. "MyHaii-cy" xyhecinaeri (pa3aiblK OTKI3TIITIKTEP/Il aHbIKTAY
CTAaLIMOHAPIIBIK CY3y KE3iHJIe 3€pTXaHANbIK JKaFnaiina sxypri3inai. Du3nkanbIk ocepai KoIaaHy
HOTHIKECIH/IE MYHAMIBIH TYTKBIPJIBIFI iC JKy3iHAe eki ece Tomenaeni, 700 clI3-nen 480 clI3-ke
Neifin, OyJ1 MyHail eHaipy/l YIFalTyFa jKoHEe OHAIPLIETIH OHIMICTI Cy KYPaMbIH TOMEHJICTYTE
BIKIIAJI €TTI.

Kinm ce30ep. (u3MKanblK ocep €Ty, TYTKbIpJIbIK, MyHail any Ko3dduuumenri,
TEXHUKAJIBIK-9KOHOMUKAIIBIK TUIMIUTIK, (PU3UKAJTBIK 9CEP €Ty TEXHOJOTHUSACHI, T€OJOTHUSIIBIK-
TEeXHHUKAJBIK ic-T1apa
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