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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ACID-PERFORATION FRACTURE

Abstract. In the course of developing wells their daily production rate begins decreasing overtime, and subsoil
users need to carry out measures to increase oil recovery of productive layers. In oilfield practice there are well-
known methods of intensifying oil recovery, such as deep penetrating perforation with the use of thermo-gas-cumu-
lative effect (perforation with forming cracks up to 4 meters), and methods of chemical treatment of the formation
that permit increasing the productivity factor by dissolving a part of the formation skeleton and forming oil drainage
channels. These methods have recently proved well and have been widelyused in the primary and secondary opening
of reservoirs and in increasing oil recovery of oil reservoirs. However, these methods of layer intensification have
certain drawbacks. In this regard in this article, there are considered factors affecting the reduction of oil recovery
from the layers. There are analyzed advantages and disadvantages of present-day methods of chemical treatment of a
layer and the method of perforation with the use of the thermo-gas-cumulative effect. There has been revealed and
justified the need for the joint use of these methods. The authors propose to combine the two technological processes
and present a new technological process that will combine the advantages of both technologies, as a result of which
their effectiveness will increase. The essence of the process is to carry out deep penetrating perforation with simul-
taneous injection of chemical reagents into the formation, in order to study and to fix the formed cracks in the
formation which leads to a significant increase in the inflow of formation fluid into the well.

Keywords: perforation, enhanced oil recovery, acid treatment, secondary opening of layers, swabbing, near-
well region, cumulative charge.

After drilling and opening productive oil layers there begins thewell development process, that is the
complex of operations to call the inflow of formation fluid from productive horizons. Over time the layers
are depleted, the daily production rate drops, and the first place for the subsoil user is the issue of oil
recoveryintensification.

It is advisable to carry out measures to increase oil recovery after determining the coefficient of their
residual oil saturation by such methods as pulse neutron-neutron logging (PNNL), pulse neutron-gamma
spectrometriclogging (PNGSL), broadband acoustic logging (BBAL). There are the following factors that
reduce oil recovery:

- reduction porosity in formation and collapse of cracks due to forming compressive stresses in the
well walls after drilling and perforating casing;

- the blocking effect of water that is caused by surface and capillary phenomena occurring in the pore
space under the action of mutual displacement of immiscible liquids, since the phase permeability of oil is
less the more is water saturation;

- forming hydrophobic areas in bitumen reservoirs if the drilling mud penetrates into the formation to
the depth of about 0.2-3 m;

- forming a mud cake on the well walls in the perforation interval;

- swelling the reservoir rock (clay rocks are especially prone to this);

- swelling clay particles contained in the pores of the reservoir;

- forming stablewater-oil emulsions in the reservoir, as well as insoluble precipitation as a result of
interaction of formation fluids and filtrates;
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- phase transformations occurring in the formation fluid (for example, the evolution of gases from oil
and their dissolution in filtrates, etc.);

- clogging pores of the formation with solid particles (colmatation) penetrating into the collector
together with the filtrate;

- changing the properties of the rock surface in the filtration channels (hydrophilization) due to
increased water saturation of the rock pore space;

- changing pH of the medium [1].

In oilfield practice methods for intensifying deeply penetrating perforation with the use of thermal-
gas-cumulative impact (perforation with forming cracks up to 4 meters) are well known. These methods
have recently proved well and have been widely used in the primary and secondary opening of reservoirs.
However, this method of intensification has certain drawbacks. When forming a depression of more than
30 MPa there takes place a microcracks collapse due to the impact of rock pressure and displacement of
rock particles which leads to decreasing rock permeability [2].

Another way to increase wells productivity is the methods of chemical treatment of the formation that
permits to increase the productivity factor by dissolving a part of the formation skeleton and forming oil
drainage channels. The methods of chemical treatment of the formation also have certain drawbacks.
When chemical reagents are injected into the reservoir, the most permeable interlayers are first processed,
and thus less permeable interlayers are not involved in the process of operation which in turn leads to the
incomplete production of the reservoir [3].

In practice it is worthwhile to use a comprehensive approach to solving the above-mentioned
problems, combining the two technological processes and presenting a new technological process that
permits to increase significantly the capabilities of both technologies. The essence is to carry out deep
penetrating perforation with simultaneous injection of chemical reagents into the formation with the
purpose of working out and fixing the formed cracks in the formation which leads to a significant increase
in the inflow of formation fluid into the well.

Acid-perforation fracture of the formation consists of 3 stages:

1. Perforation-reperforation of the productive interval. In the well on the pump-tubing string (PTS),
depending on the thickness of the layer being treated, there is lowered the apparatus of the complex action
of the required length. The internal filling of the apparatus presents a frame equipped with cumulative and
gas-generating charges. The outer part of the perforator housing, depending on the results of the software
simulation of the processing design, can also be equipped with a gas-generating shell (figure 1).

Figure 1 — Perforator body:
1 (red) — cumulative charges; 2 (green) — gas charges

The apparatus is activated by means of a hydro-mechanical initiating head by raising thepressure in
the PTS tubing string to a predetermined value, or by dropping the impact rod from the wellhead [4]. The
depth of penetration, depending on the power and weight of the explosive of the shaped charge, can reach
1600 mm (figure 2).

2. Thermal-gas impact. After opening the formation by cumulative perforation that in turntriggersgas
generating internal and external charges, the collector loading is immediately formed by the burst pressure
directly into the perforation channels.
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Figure 2 —Perforation of productive layers

Pressure raises the column of fluid in the well. After arriving the reflected pulse from the surface of
the borehole fluid, the pressure in the treatment zone becomes less than hydrostatic pressure and the
reaction products with sandy-argillaceous particles are removed from the reservoir cracks. The duration of
such "depression-repression" cycles is approximately 101-102 s. which facilitates the cleaning of the near-
well zone of the formation with the simultaneous forming of extended channels in the reservoir, and
effectively improves the hydrodynamic connection of the well with the formation over a wide range of

porosity and permeability values (figure 3).

Figure 3 — Thermal-gasimpactonthelayer
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3. Acid treatment followed by recovery of reaction products. After dropping the fracture pressure,
there takes place pressure drop in the PTS tubing string that is filled with an active reagent. The reagent
starts entering the formation and filling the formed cracks. At the same time, the pumping unit is put into
operation at the wellhead pushing the calculated volume of the prepared composition. After filling the
volume of cracks there takes place the further injection of the reagent to affect the remote zone of the
formation [5].

The reaction occurs within 6-12 hours depending on the concentration of the active substance,
acceleration and injection rate (figure 4).

Figure 4 — Acidimpactonthelayer

Upon termination of this time, the reaction products are removed from the formation. This operation
is mandatory. It permits to clean the cracks formed from the secondary precipitation and to clean the
filtration channels.

The success of the acid-perforation fracture depends on the following factors:

1) compatibility of acid composition with formation fluids;

2) coverage by the impact of low permeability zones of the productive part of the deposit;

3) low interfacial tension at the interface between oil phases and acid composition in the course of
pumping, as well as waste solution in the course of development;

4) absence of precipitation in the course of reaction of acid with minerals of the reservoir and at all
stages of acid movement within the operation;

5) lowcorrosivity of acid composition;

6) using acid compositions that react with the rock within prolonged time at high formation
temperatures [6].

Another favorable condition is apresence in the reservoir of thin clay interlayers to form a more stable
system of cracks.

The developed method was used in the wells of the Kok-Arna deposit of Western Kazakhstan. As the
acid composition there was used the following mixture: 60% of hydrochloric acid (15%concentration);
15% of hydrofluoric acid (35%concentration), 25% of solvent, kerosene. Comparing the changes in the
well production rate (table) and studying the schedule of changes in production rates in wells (figure 5), it
can be stated that the use of the method increased oil recovery by 50-70%.

— 92 ——
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Comparing daily production rate of wells before and after acid perforation fracture

Well Daily production rate before using the method, Daily production rate after using the method,
No. m’/day m’/day

62 25.8 39.5

53 19 322

30 12.1 20.3

45

39,5

40

35

30

25

20

15

10

CkB. N262 CkB. No53 Cks. N230

B [ebuT 0o npumeHeHnsa metoaa, m3/cyt M gebuT nocsie npumeHeHusa metoaa, M3/cyT

Figure 5 — Schedule of changing the production rate in the wells of the Kok-Arnafield

Having analyzed the data from the wells of the Kok-Arna field the method was used in Matin (7
wells), S. Nurzhanov (10 wells), and Sazan-Kurak (10 wells) fields. The efficiency of the method at these
deposits was from 35% to 60%. On the basis of the data provided, it can be concluded that combining the
perforation method with the thermal-gas-cumulative effect and methods of chemical treatment of the
formation can eliminate the shortcomings of both methods and enhance the possibilities and efficiency of
these methods.
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K. A. Bnoekun, M. B. Ilonomapesa, A. B. Cagunkos
Kaparanmpr MeMIIeKeTTIK TEXHUKAIBIK yHUBepcuTeT, Kaparanmsr, Kazakcran
KbIIIKBIJIABIK-ITIEP®OPANNUAHIBIKABATTBIHKBIPTHIJTY bl

AHHOTAUMA. YHFBIMaJIapbl Urepy Ke3iHAC OJIAPIbIH TOYJIK JEOMTI a3aspl, COHABIKTAH JXEp KOHHAaybIH
naijananymbuiapia, eHIMIUIK KabaTTapIplH MyHail OepyiH jKOFapiaTy KaKeTTUNri Tyaapl. MyHaWKoCIMIIIiK
TOXKIpUOEe, TEPMOTra3KyMYJIATHBTI 9CEeP/Ii KOJIaHBIM TEPEH €HETiH nepdopaius (4 MeTpre IeHiHrI KapbIKIIaKTap-
JIbl JKacay Hepopausichl) xKoHe KadaT KaHKACBIH epITill )KoHE MYHal bl COPFRITATHIH KaHAIIAP/bl JKacay apKbLUIbI
OHIMJIUTIK KO3 (UIICHTIH JKOFapiaTy YIIH Ka0aTThl XHMHUSUIBIK OHICY OMICTepl MYHAWOHIMIUTIK KAPKBIHIBIFBIH
JKOFapiaTy YUrH KeH TapainraH. COHFBI Ke3aepi OepiireH oaiicrep, MyHailsibl KabaTTap/AblH MyHal ©HIMALIITIH KO-
FapJary VIIiH KaOaTTapIsl eKiHIII jkoHe OipiHIIi amry Ke3mepiHzme e3IepiH Kakchl kKepceTkeH. bipak kabatTapasiH
KapKBIHIBUIBIFBIH KOFApIaTy Ke3iHae Oy omictepin Oenrini Oip xemictikrepi 6ap. Ocbiran OalnaHBITE OepinreH
Makanaga KaOOaThlH MYHall ©HIMAUITIH a3alTaThiH (haKkTopiap KapacTeIppUFaH. KaGaTThl XUMHSIBIK OHICYIIH
Ka3bIPFbI 3aMaHFbI dJIiCTEPI KOHE TEPMOTa3KyMyJISITUBTI 9CepiH KolgaHyMeH nepdopaius dicTepiHiH aHaau3i oT-
ki3iai. Ocbl omictepai Oipiece KONJaHbLTYbIHBIH KQKETTIIIT aHBIKTAJbII HeTi3Aem 1. ABTOpiIap OChbl €Ki TEXHOJIO-
THSUIBIK, TIPOIIECTEPIi KOCHII, €Ki TEXHOJIOTHAHBIH JKETICTIKTEPIH KOCHII, CCOHBIH CalAapblHAH OJapblH THIMILTITIH
JKOFapJIaTaTblH KaHa TEXHOJIOTHSUIBIK TpouecTi ychiHAbL. [IpoliecTiH MaHbI3bI, 01 yHFbIMara Kabar irouaiHiH
arybIH JKOFapJaTy YLIiH, naiina OojFaH jKapbIKIIalapabl OSKITy oHe eHJey YIIiH Oip yakbITTa TepeH eHy nepgo-
pauusichiIMeH KadaTKa XMMHSUIBIK peareHTTEp i ChIFbIHAY.

Tyiiin ce3nepi: nepdopanus, MyHail OHIMALTIKTI )KOFapiIaTy, KbIIKBULIBI OHJEY, KadaTTapabl eKiHIIl peT airy,
cBaOTay, YHFbIMA KaHBIHIAFbI aiiMaK, KyMYJISITUBTI 3apsil.

K. A. Bnoekun, M. B. Ilonomapesa, A. B. Cagunkos
Kaparanauuckuii rocynapcTBeHHBIN TeXHUYeCKuid yHUBepeuTet, Kaparanna, Kazaxcran
KHCJOTHO-IEP®OPAIIMOHHBIN PA3PBIB IIJTACTA

AHHoOTanus. B npouecce OCBOGHHUS CKBOKMH MX CYTOYHBIM JEOUT ¢ TeUCHHEM BPEMEHH HAYMHACT YMEHb-
IaThCs, M Y HEJPOIIOJIb30BaTeeld BOSHUKAET HEOOXO0JMMOCTh B IIPOBEACHUN MEPOIIPUSTHH 10 YBEIHYEHUIO He(Te-
OTJa4¥ NPOJYKTHBHBIX IUIACTOB. B HedTenpoMbICIOBOH NpakTHKE XOPOIIO W3BECTHBI METOJbI MHTEHCH(MKALNU
HedTeoTAaun Takue, Kak NIyOOKO MpOHMKaromas neppopanus ¢ IPUMEHEHHEM TepMOTa30KyMYJIATUBHOTO BO3/EH-
cTBUA (TIepdopanus ¢ CO3TaHNEM TPEIIUH 0 4 METPOB), U METOIBI XUMHIECKOH 00pabOTKH IIacTa, O3BOJIIOIINE
YBEJIUYUTH KOIPPHUIMEHT MPOAYKTUBHOCTH 3a CYET PACTBOPEHMS YaCTH CKeJleTa IUIacTa U o0pa3oBaHHs KaHAJIOB
IOpeHupoBanus HepTH. JaHHBIE METOIBI B MOCIEIHEE BPEMs XOPOIIO 3apPEKOMEHAOBANU ce0sl M HALUIH LIMPOKOE
IpUMEHEHHE NPY IIePBUYHOM M BTOPHYHOM BCKPBITHH IUIACTOB U B YBEIMUCHUH HE(PTEOTIAuH HE(PTAHBIX IUIACTOB.
OIHAKO y 3TUX METOJOB MHTEHCH(HKALINY IUIACTOB MMEIOTCS OIIpe/ieNIeHHbIe HeOCTaTKU. B CBs3M ¢ 3THM B TaHHOM
CTaThe PacCMOTPEHbI (aKTOPbI, BIUSIIONIME HA YMEHbIIeHHe HedreoTnaun miactoB. [IpoaHanu3upoBaHbl IpeuMy-
IIECTBAa ¥ HEOCTAaTKA COBPEMEHHBIX METOJI0B XUMUYECKOW 00pabOTKH Iu1acTa U MeToza nepdopaunu ¢ npuMeHe-
HHEM TepMOIa30KyMYJIATUBHOIO BO3AEHCTBUs. BblsiBieHa n 000CHOBaHa HEOOXOAMMOCTh COBMECTHOTO HCIIOJIB30-
BaHMS 3THX METOIOB. ABTOpPAaMHU IpeylaracTcsi 00beANHHUTH JABAa TEXHOJIOTHUECKHX TPOIecca U MPEeCTaBUTh HOBBIN
TEXHOJIOTUYECKHH MPOLECC, KOTOPHIM MO3BOJIIMT OOBEIUHUTH MPEUMYIECTBA 00EUX TEXHOJIOTHH, BCIEICTBUE YETO
yBennuuTcs ux 3¢ ¢pexTrBHOCTh. CyIIHOCTD Mpolecca 3aK/II0YaeTcs B IPOBEACHUH ITy0OKO NMpOHUKaroeH mepdo-
paLyy ¢ OTHOBPEMEHHOM 3aKayKOi XMMHUYECKUX PEareHTOB B IUIACT, C LICJIBIO IPOPAOOTKH U 3aKpPEIUICHHs CO3/aB-
IIUXCSI TPELIMH B IUIACTE, YTO IIPUBOJMT K 3HAYUTEIEHOMY YBEINYSHUIO IPUTOKA ITACTOBOTO (IIFOW/IA B CKBAXKUHY.

KuaroueBsble cioBa: nepdopanus, yBEIWYeHHE HEPTEOTHAYH, KHCIOTHas 00pa0dOTKa, BTOPHYHOE BCKPHITHE
IUIACTOB, CBAOMPOBaHKE, IPUCKBAKMHHAS 30HA, KyMYJIITUBHBIN 3aps.
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