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AHHOTaUUA

Bonpocbl MHTeHCUGUKALUN NPUTOKA U3 KAapOOHATHLIX KOJUIEKTOPOB, @ TaKKe yBenuyeHue kolpduuneHta HedrenssneyeHus
ABNAKOTCA OAHUMM U3 AKTYaJibHbIX. "pM KNaCcCUYeCKUX MHOMOKpPaTHbIX KUC/IOTHbIX o6pa6on(ax CONIAHAA KUCI0Ta NPOHUKaeT
B OAHM U Te }Ke BbICOKONPOHMLaeMble MHTEpPBabl NpusaboiHoi 3oHbl nnacta (M3M), cHuxKaeTca oxBaT NaacTa Bo3jencTBMEM.
Takum o6pasom, OAHOM M3 BakHelWwuUX 3aAay HedTeno06bIuM ABNAETCA NoBblweHUe 3¢ HEKTUBHOCTU KUCNOTHbIX 06paboToK
CKBaX>XUH. npoﬁnema cTaHoBUTCA Gonee aKTyaanoﬁ B CBA3U CTEM, HYTO B HacTosALLee BpemAa 60NbILIUHCTBO KPYynHbIX MeCTOpO)KAEHMﬁ
Poccum HaxoAUTCA Ha I'IO3.C|Heﬁ cTagum pa3pa6on<u, pa60Ta 3a/iexxu ocyuiecTBnideTca Ha NOHMXKEHHbIX NNAaCTOBbIX AABJ/IEHUAX,
a KoJUIeKTop caM no ce6e HeofHOpo/eH. B cTaTbe paccMOTpeHbl BONPOChI UCNOJIb30BaHUA NEHOKUCJIOTHOW 06paboTKM nnacTa ans
yBenu4yeHnus HedTeg06b14M HA MecTOpOXAeHUsAX Bonro-YpanbcKkoro permoxa.

Martepuanbl u meToabl KnioueBble cnosa
Ha ocHoBe aHanu3a NpaxkTUyecKoro matepuana onpobosarme KucnoTHas 06paboTKa, NeHOKMUCNOTa, OTKIOHEHWE KUCIOTbI, NOBbILLEHUE
METO/la MEeHOKMCIOTHOTO BO3/JENCTBUSA B YCIIOBUAX pa3pabaTbiBaemMblx 3thdexTnBHOCTY NOBTOPHbIX OM3, KapOOHATHBIN KONNEKTOP

MeCTOPOXAEHN Ha TeppuTOpUM YAMYPTCKON Pecny6aunku.
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Abstract

The issues of stimulating the inflow from carbonate reservoirs, as well as increasing the oil recovery factor are among the most relevant.
With classical multiple acid treatments, hydrochloric acid penetrates into the same high-permeability intervals of the bottomhole formation
zone (BHZ), and the coverage of the formation by impact decreases. Thus, one of the most important tasks of oil production is to increase the
efficiency of acidizing wells. The problem becomes most urgent due to the fact that at present most of the large fields in Russia are at a late stage
of development, the work of the deposit is carried out at reduced reservoir pressures, and the reservoir itself is heterogeneous. The article deals
with the use of foam-acid treatment of the formation to increase oil production at the fields of the Volga-Ural region.

Materials and methods Keywords
Based on the analysis of practical material, the testing of the method acid treatment, foam acid, acid deviation, increased efficiency
of foam acid exposure in the conditions of developed fields in the of repeated BHT, carbonate reservoir
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bonblwas 4yacTb OCTATOYHbIX 3anacos
Bonro-ypanbckoro pervoHa, B 4HacTHOCTU Yf-
MypTWW, pacnonaraerca B Kap6OHATHbIX KO-
nekTopax. leonorus paccmarpusaemoro 6atu-
KMPCKOro 06beKTa xapaKTepusyeTcs BbICOKOM
MaKpOHEOAHOPOAHOCTbIO, NNACTbl OTHOCATCA
K cpepHenpoHuuaembiM. Huxe npepcraBneHa
cpaBHuUTeNbHAs Tabnuua reonoro-usnyeckoi
XapaKTepUCTUKU NPOAYKTUBHBIX NnactoB Galu-
KUPCKOro spyca mectopoxaeHuin Camapckon
obnactn n Yamyptckon Pecnybaunkm [1-3].

B uenom, HecmoTps Ha pasHuuy B reorpa-
hrYeCKOM MNONOXEHUN, OTMEYaemM CXOACTBO
reoNoro-TeXHNYeCKUx yCaoBMIn NaactoB no no-
pMUCTOCTM M MpPOHULAeMOCTU. PacyneHeHHOCTb
KonnektTopa, Haubosee NPOMbITbIE 30HbI nna-
cToB, 6onbloii obbem HenepdopupoBaHHbIX
30H, YXYALWeEHHble GUIbTPALNOHHO-EMKOCTHbIE
CBOMCTBA CHMXAIT 3DPEKTUBHOCTL CONAHO-
KUCNOTHBIX 06paboTok. MoantbuKaums MeTofoB
KMUCNOTHOrO BO3JENCTBMA — 3a10r rpamoTHON
pa3paboTKM MECTOPOXAEHWUA HA NOCNEAHUX
CTaansaXx.

CyLHOCTb TEXHOIOMNMN a30THO-

NeHOKNC/I0THOrO BO3JeiCTBUA
CyTb TEXHONOTUM 3aKNOYaETCH BO BPEMEH-

HOM  3aKyNnopuBaHWKM  BbICOKOMPOHULAEMbIX

30H, Takum o6pa3om, B pa3paboTKy BoBiEKa-

I0TCA MPOAYKTMUBHbIE MAACTbl C MOHUMKEHHON

NpoHMLUAEMOCTblo. B CKBaMMHy 3aKadnsaetcs

a3pMpoBaHHOE MOBEPXHOCTHO-aKTUBHOE Be-

wectso ([AB), a yxe nocie — K1cNoTa C NeHo-

obpasosarenem. [peumyuiectea TeXHONOMUN

cneaytoume [4]:

® [eHHbIi OTKNOHUTENb (HOPMUPYETCS Hermo-
CPEeACTBEHHO B NpK3aboiHoi 30He;

® pearnpoBaHWe C MNOPOAOA B CPaBHEHUU
CO CTaHAapTHON 06pPaboTKOM CONAHOW Kuc-
N10TOV yBENMYMBaEeTCa Ha 45 % 1 gocturaer
nopagka 95 %, Bpems 3cHeKTMBHOIO BO3-
aencteus — go 20 YacosB 6narogaps WHru-
GUTOPHLIM CBOCTBAM a30Ta, A0Ar0e BPeMs
noAaBNAOLMM NPOLECCHl OKUCIEHUS;

® flerKoe U3BNeYeHWe MPOAYKTOB peaKuun
13 06pabatbiBaeMoi CKBaXUHbI (B TOM 4umc-
Nle TBEpAbIX KONbMATaHTOB), COKpallieHue
BpPEMEHW OCBOEHUS;

® 3HauyuTeNbHOE YBENMYEHWEe oxBata nnacra
BO3/JE/CTBMEM 3a CYET MOBbIWEHUA BA3KO-
CTW NeHoKkucnoTbl, obpaboTka He Crnocob-
CTBYET [J0NONHUTENIbHOMY BbIMbIBY KaBepHbl

Puc. 1. Kapma nodsuicHbix 3anacos
6awkupcko2o o6bekma

Fig. 1. Map of mobile reserves of the Bashkir
object

Tabn. 1. [eonozo-gusudeckas xapakmepucmuka n1acmos 6aWKUpckozo spyca
Tab. 1. Geological and physical characteristics of the Bashkirian strata

CpepHsas rnybuHa 3aneraHus, m

TonwmHa nnacra obuias/HedTeHackILeHHas, M
HauyanbHoe nnactoBoe AaBneHune, atm
TeKyllee NNacToBoe AaB/ieHne, aTM
MopucTocTb, %

lpoHuuaemocts, M

06beMHbIN KO3 OULMEHT HehTK

[laBneHue HacbllleHNs, aTM

[a30BbIi hakTop, M?/T

MnoTHOCTb HedTU B MOBEPXHOCTHbBIX
YCNOBUSX, Kr/m?

BA3KoCTb HeTW B NacToBbIX ycnoBuAX, cl3

MnacToBas remnepartypa, °C

B UHTepBane nepdopaynu, a umeet ray6o-
KOe MpoOHMKalollee AencTBMe B NnacT, Kak
cneacTBue — AnuUTeNnbHbIN 3 deKT.

OpHaKo neHbl, KaK W Apyrue pucnepcHble
CUCTEMDBI, ABNAITCA TEPMOAMHAMUYECKU He-
ycToitumebiMu. Mx o6pa3oBaHne COnpoBOXAa-
eTcsA yBenuyeHrem cBoboaHon aHeprumn. N36bl-
TOYHaA 3HepPrus Bbi3biBaeT CAMONPON3BOJbHbIE
MpOLeCChl, KOTOPbIe BeAYT K YMEHbLUEHUIO ANC-
MepCHOCTU U Pa3pyLIEHNIO ee KaK AMCcNepcHOM
cucrtemsl [5).

Ha cTabunbHOCTb NeHbl BAWAIOT TUM W KOH-
ueHtpaumsa [AB, 3Heprus cmewwuBaHusA, Ka-
4ecTBO MeHbl (YeM MeHblie CpeAHWii pasmep
y TNy3bIpbKOB, Tem G6OMblyl0 BA3KOCTb OHA
MMeeT; TaKas e 3aBUCUMOCTb ANA OfHOPOA-
HOCTU UX pa3mepa). YCNewHoCTb TEXHON0rn —
npaBubHOE rasocoAepxkaHue neHbl (CTeneHb
aspauum) 1 CKopocTb ee 3akayku. Haubonee
MHTEHCUBHO HelTpanusaumna KUCAoTbl MPOUCXO-
OVUT MpU Manbix cteneHax aspauuu. Mpu pocte
CTeneHy a3pauuy CHUKAETCA CKOPOCTb Hel-
TpanusaunMm KUCnoTbl, BCNEACTBUE Yero paju-
yC MPOHMKHOBEHUA €e B aKTVBHOM COCTOSHUM
yBeNnYnBaeTcs.

Kak npasuno, npumeHstot cnegytowme NMAB:
cynbtaronsl, C-PAC, OM-10, OMN-7, KaTanuH-A,
anconbBaH u apyrue. OnTumanbHble no 3a-
meaneHunto peakuymu gobasku MAB K pactsopy

Yamyptckas Pecnybnuka Camapckas obnactb

1268 1467
53,2/12 12/4,7
125 155
129 114
16 17,4
37 32
1,052 1,100
92 56
20,86 42
893-896 830
13,27 8,68
29,8 35

Kucnotsl coctansiot ot 0,1 Ao 0,5 % oT o6bema
pactBopa. TaK, AN CHUXEHUS KOPPO3UOHHOTO
LENCTBUA KUCNOTHOW MeHbl 1O YPOBHA KOPpPO-
3UOHHOW aKTUBHOCTU 0ObIYHON 15—25 %-it KUC-
NOTbl PEKOMEHAYIT WCMONb30BaTh KaTanuH-A

B Konnyectse 0,1 % [6, 7].

Ha vycnewHocts (B cpeaHem 50 %)

n 3ddekTnBHoCTb 06pabdoTok (o1 100-200 Ao

600-800 T/CKB.) BNAIOT:

e reosnoro-texHuyeckme  daktopbl  (BbIGOp
CKBAXWHbI-KaHAMWAATA, NOPUCTOCTb KOM/EK-
TOpa, TUM KONNEKTOPA, MUHUCTOCTb U T.A4.);

® TeXHWYECKMEe U TexXHONornyeckme ocobeH-
HocT (06bEMbI 3aKaunMBaEMbIX KUCIOTHBIX
peareHToB, NeHO06Pa3yIoLMX KOMMO3ULNA,
KpaTHOCTb MeHbl, CTeMNEeHb aspauumn, peuen-
Typa cocTaBa, penpeccuy Ha nnact, 3aKayka
OTKJIOHWTENEN, YepefoBaHMe MOPLUOHHBIX
3aKayeK neHbl v KUCNOThbI) [8].

Bbi6GOp CKBaXUH-KaHAUAATOB ANA
BO3/JeiCTBUA
Bbl60p CKBaXWH-KAaHAWMAATOB OCYLIECTBAAN-
CA MO CNepyLmUmM KpUTEPUAM, KOTOpbIe CBUAE-
TeNbCTBYIOT O LenecoobpasHocTv 06paboTku [9]:
® HeKayeCcTBEHHO BbINOMHEHHOE KpenjieHue
B 30He GunbTpa;
® CNOWCTBIN NnacT;
® OTKPbITbIF CTBON CKBAMMHbI;

0,25

0,2

0,15

W KM Tekywmii

w KM nocne BHP

0,1

0,05

KM go o6paboTkm

cKB. 1 CKB. 2

cKB. 3

Puc. 2. PacnpedeneHrue koagppuyueHma npodykmusHocmu 014 ckeaxcuH 1, 2 u 3
Fig. 2. Distribution of the productivity index for wells 1, 2 and 3
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® BbICOKONNOTHAA NnepdopaLna KONOHHbI;

® TpeLUHHbIV TMN KONIEKTOPa;

® BbLICOKOE COAepXaHwe BOAbl B MPOAYKUUU
CKBaXWHbl;

e 3thdeKTMBHAA MOLLHOCTL He MeHee 10 M.
[ns Bo3encTeus Obinn BblGpaHbl CKBaXMHbI

noj Homepamu 1, 2 1 3 cooTBeTCTBEHHO. Ha KapTe

NOJBVXHBIX 3anacoB HedTW OHU pacnonarawTca

B 06nacTsx, rae naoTHOCTb MOABUKHBIX 3aMacoB

Bapbupyertcs B AnanasoHe 0,6—1,4 1/m? (puc. 1).

3HaY€eHWs No NNacTOBOMY JaBNEHUI0 BapbUpYIOT-
cA B npegenax 120-130 atmocdep.

lpoBeaeHo CpaBHEHWe HOPManu30BaH-
HbIX Ko3thduumeHtoB npoayktusHoctn (KIM)
Ha CKBa¥MHax: 0 CONSHOKUCAOTHbIX 06pabo-
TOK, nocne Bbixofa Ha pexum (BHP) n Tekywme
3HAYEHUA MO TEXHWYECKOMY PEeXuMmy CnycTs
nonroaa (puc. 2).

Kak BuaHo Ha rpacdukax, KM go o6pabotku
CONAHOW KMUCNOTOM Ha NEPBLIX ABYX CKBAXMHAX

Tabn. 2. YcnewHocme mexHonozuu 8 Camapckoli u OpeHbypackol obnacmsax
Tab. 2. The success of the technology in the Samara and Orenburg regions

Camapckas obnactb

Hopmann3oBaHHbIN KO3 hULMeHT
NPOAYKTUBHOCTM

MpupocT febuta HedTm

yBenuuunca Ha 38 %

+58,6 % HaKoMNIeHHoON

Opexbyprckas obnactb

yBenuyunca B 4,4 pasa

48 T/Ha CKB.*

n06biun 3a nonroga

* [laHHble No OpeHBYPrcKUM MEeCTOPOXAEHUAM B CTaTbe OMMUCHIBAOTCA MO niacty [15, Obian B3ATbl 3@ OCHOBY ANs
NOBCEMECTHOTO BHEAPEHUs TEXHONOTUN, B T.4. Ha BaWwKMpcKux naacrax [1, 10]

Tabs. 3. 06800HeHHOCMb CKBAMCUH Npu ocywecmsneHuu CKO u neHHo20 Bo3delicmsus

8 Yomypmckoli Pecnybnuke

Tab. 3. Water cut of wells during the implementation of DIS and foam treatment in the Udmurt

Republic
Ne  HauyanbHas o6sogHeHHocTb  CKO
no ™
BHP
1 94 95
2 91 91
3 91 92

CKO ¢ neHHbIM

Tabs. 4. Pesynbmamsi no ckgaxcuHam Yomypmckol Pecnybauku

Tab. 4. Results for wells in the Udmurt Republic

N2 TMapameTpbl 4o 06paboTKK

QH Qx
1 1,2 69
2 4,6 103
3 3,3 37

11

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

e
o

HopmanusosanHbiit PI/Normalized Plincrease

CKno
PSDA

BYCK
VSDA

BCO no
VSD FD

3HauutenbHo npesbiwaer Kl nocne Bbixoaa
CKBAXMUH Ha pexum n Tekyuiero K. Takum 06-
pa3om, B Xoje NpoBeAeHUA CONAHOKWUCNOTHON
06paboTKM Mbl He nojsyyaem AOMONHUTENbHYIO
06bIvy OT BO3AENCTBUA Ha NiacT.

AHanu3 3¢ (peKTUBHOCTM a30THO-NEHHOr 0
BO3/€NCTBUA, NPUMEHAEMOro
B Bonro-Ypannckom peruone

B Openbyprckoit obnact ucnonb3osa-
HMe MeH OKa3anoCb CaMblM HaAEXHbIM Me-
TOAOM OTKNOHEHWUA B YCNOBUAX UCTOLLEHHbIX
nnactoB C MHOroKpatHbiMM o06paboTkamu
1 BO3pacTalouein ob6BoaHeHHOCTbIO. U yxe
c 2011 r. 6GONbWMHCTBO MATPUYHBIX KUCNOT-
Hbix 06pabOTOK nepewnu B OTKIOHEHUE
Ha neHHol ocHoBe [10].

Ha mecTtopoxpaeHnax Camapckoin obna-
cTM B 2016 r. B pamKax OMbITHO-MPOMbILL-
neHHbix pabot (OMP) 6bina nposegeHa Tex-
HoMorusa neHHoi o6paboTkn. KomnaHwus
Schlumberger ncnonb3yet cTabunbHbINA areHT
nns hopMUpPOBaHUA a30THOW MeHbl 65 % Ka-
yecTBOM Ha 3aboe. lMocne nposeaeHus 06-
paboTOK NeHa pacnajaercs Ha KUAKOCTb
M asoT, TeM CcambiM ynyywas oTpaboTKy
CKBaXWHbl. HecMoTpsA Ha BbICOKYI cTeneHb
BbIpabOTKM MECTOPOXAEHWUA, HOPManU3o-
BaHHbIA KO3 HOULUEHT NPOAYKTUBHOCTH Obin
yBennyeH Ha 69 % B CpaBHEHUU C APYrumu
MeToAaMn UHTeHCUbMKauMn nputoka. Jebut
CKBaXuH nocne BHP yBenuuyuncsa pBaxabl,
npu 3ToMm 06BOAHEHHOCTb COCTaBMNA 46,5 %,
4TO HE3HAYMTE/IbHO BbllWwe 06BOAHEHHOCTU NO
KUCNOTHOMY ruapopaspbiey nnacra (KIPM)
WU CONAHOKUCNOTHO 06paboTke (CKO).

Utoru

[laHHas TexHosnorua pokasbiBaer 3ddeKTns-
HOCTb BO3AENCTBMA Ha KapboHaTHble KONeK-
TOpbl B CpaBHeHUM c 06blyHbIMM CKO Ha Tep-
putopun Bonro-Ypanbckoro pervoHa, ynyywas
KayecTBO 06paboTOK NpK3abonHOM 30HbI, NPO-
BOAVMbIX Ha MECTOPOXKAEHMNSAX.

BbiBOADbI

1. Wcnonb3oBaHue neH sABNAETCA ONTUMab-
HbIM CNOCO6OM NPY BO3AEMCTBAM HA KONNEK-
TOpbl, paHee MoABepraBlUNECcs MHOFOKpat-
HbIM CONAHOKNCIOTHBIM 06paboTkam.

CopoumnHcko-Hukonbckoe 02 — 05 / Sorochinsko-Nikolskoe 02 — 05
MpoHbkuHcKoe A4 [ Pronkinskoe A4

Nonrosckoe T1 / Dolgovskoe T1

Koaskosckoe 3n / Kodyakovskoe ZI

NMokposckoe A4 / Pokrovskoe A4

Bobposckoe T1 / Bobrovskoe T1

Bo6posckoe 03 — 06 / Bobrovskoe 03 - 06

CamopypoBckoe T1 / Samodurovskoe T1
Kopskosckoe T1 / Kodyakovskoe T1

CpepHee 3HaueHue / Average value

HeycnewHble onepauum / Unsuccessful jobs

BO3JeNCTBUEM
Tekywasn BHP Tekywasn
98 97 95
95 94 91
90 93 90
NMapameTpbl nocne 06paboTKu
NeHHbIM BO3eNCTBUEM
QH Qx
5,7 87,5
9,1 121,5
7,8 56,5
30
|
|
725
<§ |
- ----;20'3
é -—
F15 7
S
I Tokckoe T1 / Tokskoe T1
10 E —-—
3
Z ==
H
L5 S8
—*—  Bcero pa6or / Total jobs
0 ——
KTPM 33K
AF/GP REA

Puc. 3. CpedHue pe3ynbmamsl kucnomuol obpabomku (KO) 8 «cmapbix» ckeaxcuHax 015 mecmopoxcdeHuli OpeHbypeckoli obnacmu, 2de yauje

Bcez20 npogodunace cmumynayus [10]

Fig. 3. Average CR results in “old” wells for fields in the Orenburg region, where stimulation was most often carried out [10]
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2. CKO c neHHbIM BO3AENCTBMEM CNOCOOCTBYET
MOBbILWEHNIO YPOBHA [00ObIBaEMON XUAKO-
CTW, HapsAay € NOBbIWEHWEM YPOBHS A06bIBa-
emMoin HedTU, NpU 3TOM NMPOUCXO[UT CHUXKeE-

HNe TeKyllero yposHa 06BO[.1HEHHOCTVI.
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B C/IOXHbIX YCNIOBUAX KAPOOHATHBIX
Konnexktopos Bonro-Ypanbckoro pervioHa //
Bpems KonTiobuHra. Bpems P, 2015. N2 1.
C. 24-40.

Results

This technology proves the effectiveness of impact on carbonate
reservoirs in comparison with conventional DIS in the Volga-Ural region,
improving the quality of bottomhole treatments carried out in the fields.
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