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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
mteraction 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-Ama 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%.
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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
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Figure 5 — Schedule of changing the production rate in the wells of the Kok-Amafield

Having analyzed the data from the wells of the Kok-Ama 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. Baoekun, M. B. Ilonomapera, A. B. Cagunkon
Kaparannpl MEMIICKETTIK TEXHHKAJBIK yHUBEpCUTET, KaparaHael, Kazakcran
KbIIIKBIIABIK-TEP®OPAIIUAHABIKABATTBIH KX BIPTBILIYbI

AnHOTanmsl. ¥HFbIMAJapasl UTepy KE3iHAE ONAPIABIH TOYIIK JeOWTI a3asapl, COHABIKTAH KCP KOHHAYbBIH
malijanaHymeUapaa, eHIMIAUTK KabaTTapaslH MyHall OepyiH >KOFApIaTy KAKETTLNr Tyaapl. MyHaHKOCIMIMITK
TOKIpUOEE, TEPMOTA3Ky My JLITHBTI 3Cepal KOJIIAHBIM TepeH eHETiH mepdopamus (4 merpre AcHiHT] )KaphIKIIAKTAp-
IIBI jkacay Hep(opaIsChl) XKIHE KabaT KAHKACBHIH CPITIM KOHE MYHAW/bI COPFBITATHIH KAHAIJAPIbI 5KAacay apKbLIbI
OHIMIITIK KOA((HICHTIH KOFAPIATY YIIiH KAaOATTBI XHMHISIBIK 6HICY SICTCpPl MyHAHOHIMIINIK KAPKBIHIBIFBIH
JKOFApIATy YIIiH KeH Tapaiarad. COHFBI KE3ACpi OCpiAreH omicTep, MYHAMHTBI KabdaTTapaplH MyHAH OHIMILTITIH KO-
FApIaTy YIUiH KaOaTTapabl CKiHINI oHE OipIHINI amly Ke3AepiHAe e3ACpiH )KaKChl KOpceTKeH. bipak KabarrapabiH
KAPKBIHIBLIBIFBIH KOFAPJIATY Ke3iHae Oyir omictepain Ocmrim Oip kemictikrepi 0ap. OchraH OalIaHBITE OCpiaTcH
MakKanasa KadOaThIH MyHAll SHIMALMTIH azadTaTeiH (pakToOpiap KapacTepblmran. KadaTTel XWUMMSIIBIK ©HICYJIH
Ka3bIPFBI 3AMAHFBI 9JICTEPI JKOHE TEPMOTA3KyMYJIITHBTI 9CEpiH KOJJaHyMeH mepdopaums 9aicTepiHiH aHAMm31 6T-
kizimi. Ocsl apicrepai Oiprnece KOXIAHBLILY BIHBIH KAXKETTLII AaHBIKTAIBII HETi3ACHAl. ABTOPIAp OCHI €Ki TEXHOJIO-
THSIIBIK TIPOLIECTEPl KOCHII, €Ki TEXHOJIOTHSIHBIH JKETICTIKTEPIH KOCHII, CCOHBIH CAIIAPbIHAH OJAPABIH THIMILUIITIH
JKOFAPIIATaThIH KAHA TEXHOJIOTHSUIBIK IMPOLECTi YChHABL [IpomecTiH MaHBI3BI, O YHFbIMara Kadar (parommiHiH
aryBIH JKOFAPIIATY YIOiH, Haiiaa OOFaH >KaphIKMATAPIBl OCKITY MKOHE OHACY YIOiH Oip YaksITTa TCpeH CHY mepdo-
panmACHIMEH Ka0AaTKa XUMHUSJIBIK PEarCHTTEPl CHIFBIHIAY .

Tyiiin ce3nepi: nepdopanust, MyHall 6HIMIITIKTI )KOFAPIATY, KBIIIKbLUIIEI OHACY, KA0aTTapabl EKiHIII peT amy,
cBa0Tay, YHFbIMA >KaHBIHJAFBI AHMAK, KyMYJIITHBTI 3apsiz.

K. A. Broskun, M. B. Ilonomapesa, A. B. Cagunkon
KaparanauHCKuil rocy JapCTBEHHBIN TEXHUYCCKHI yHUBEpCUTET, Kaparanga, Kaszaxcran
KHCJOTHO-TEP®OPAIIMOHHBINA PA3PBIB ILTACTA

AHHOTaHI/Iﬂ. B IponccCe OCBOCHHUA CKBAKHH HX CYTO‘{HI)II\/'I Z[G6I/IT C TCUCHHUCM BPCMCHH HAYTMHACT YMCHbB-
IIATHCA, MY HCAPOTIOIH30BATCIICH BOSHHKACT HCOOXOAUMOCTD B MPOBCACHIH MCPOIMPUATHI 10 YBCIHUCHHIO HETC-
OTJa4H MPOJYKTHUBHBIX IIACTOB. B HE(TEMPOMBICIOBOH MPAKTHKE XOPOIIO HM3BECTHBI METOJbI MHTCHCH()HKALMH
HE()TCOTAAUM TAKHUE, KaK TIyOOKO MPOHHKAKOIMAA nepdopanud ¢ MPHMCHCHHEM TCPMOTA30KYMY JLITHBHOTO BO3ACH-
crBuA (Tiepdoparys ¢ CO3TaHUEM TPEIIHUH A0 4 METPOB), M METObI XHMHUCCKOH 00paOOTKH IUIACTA, TTO3BOILIFOIINC
VBEIMYATDh KOPQHUIUCHT MPOJYKTUBHOCTH 3a CUET PACTBOPEHHS YaCTH CKEJIETA IIacTa M 00pa3oBaHMSI KAHAIOB
JpeHupoBaHua HeQTH. JlaHHBIE METOABI B MOCIEIHEES BPEMs XOPOMIO 3aPEKOMEHIOBANH CEOS M HAIIM IIHPOKOC
MIPUMCHEHHE TIPH TIEPBHYHOM M BTOPHYHOM BCKPBITHH IUIACTOB M B YBEIMUCHUHN HE(TEOTIAYM HE(PTAHBIX IIACTOB.
OZ[HaKO Y OTHX METOAOB I/IHTGHCI/I(I)I/IK&II.[I/II/I 1aCTOB HMCHOTCA ONPEACTICHHBIC HCAOCTATKH. B cBs3u ¢ 31HIM B Z[aHHOfI
CTarse PAcCMOTPEHBI (DAKTOPHI, BIMSIOINC HA YMEHBIICHHE He(TEOTHAun IIAcToB. [IpoaHann3upOBaHbI MPEHMY -
IIECTBA M HEJTOCTATKH COBPEMCHHBIX METOAOB XHMHYCCKOH 00padOTKHM IIacTa M MeTona mepdopaumu ¢ mpuMeHe-
HHEM TEPMOTA30KYMYJLITHBHOTO BO3ACHCTBHA. BhIiBIeHa M 000CHOBAaHA HEOOXOAMMOCTb COBMECTHOTO HCIIONB30-
BAHWA 3THX MCTOAOB. ABTOpaMI/I npeamaracTcAa 06’I>GZ[I/IHI/ITI> ABA TCXHOJOTHUCCKHUX MPOLECCA H MPEACTABUTD HOBBII
TCXHOJIOTHUCCKHH npouccce, I(OTOpI)II\/'I MO3BOJINT 06’I>GZ[I/IHI/ITI> IPEUMyYyIICCTBA ooeux TGXHOJ’IOFI/IfI, BCICACTBHEC YCTO
yeenmmuuresa ux 3 dexruBrocTs. CYIIHOCTH MPOLECCa 3aKII0YACTCS B MPOBEACHUH ITyOOKO MPOHUKArOIIEH mepdo-
panuy ¢ OTHOBPEMEHHOM 3aKAUKOH XMMHHUCCKHX PEATCHTOB B ILIACT, C HEJBI0 MPOPAOOTKH M 3aKPEIUICHHUS CO3JaB-
MIMXCS TPEIIHMH B IDIACTE, YTO MPHBOJUT K 3HAUHTEIFHOMY VBEIMUCHHIO IIPHTOKA TUIACTOBOTO (DIFOMAA B CKBAXKHHY .

KmoueBnie coBa: mepopaund, yBEIHUCHHS HE()TCOTAAYH, KHCIOTHAI O0paO0TKa, BTOPHYHOS BCKPBITHC
IIACTOB, CBAOMPOBAHNE, TPUCKBAKIHHAS 30HA, KYMY JITHBHbIA 3apsia.
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