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AHHOTaUuA

HeuoHoreHHbie NOBEepPXHOCTHO-aKTUBHbIE BellecTBa ("AB) ABNAOTCA NEPCNEKTUBHbIM KJlaCCOM MAB c Touku 3peHusA BO3MOXHOCTU
KpynHomacwTabHoro nNpousBOACTBA ANsA noTpeb6HocTeil HedTeno6biBatoWeEd NpoMbiwneHHOCTM. OAHAKO Mo pesynbTaTtam
na6opaToprlx U NPOMbICNOBbIX MCCHEAOBaHMﬁ OHU CyLeCTBEHHO YyCTynakT aHUOHHbIM NMAB no npu4YnHe uX BbiCaNnBaHuUA,
B C/ly4yae Korja temnepartypa njiacta OKa3biBaeTca Bbille Temnepartypbl NOMyTHeHUA 3aKa4ynBaemoro pactsopa HeMoOHOreHHoro
NMAB. B ctatbe NPUBOAATCA pe3y/ibTaTbl NPOMbIC/IOBOr0 UCNbITAHUA BOAHbIX PAaCTBOPOB OKCU3TUINPOBAHHbIX aJ'IKMl'Id)EHOIIOB
Pa3nndHbIX npousso.qmeneﬁ KaK c NoJInakpunammaom, Tak u 6e3 Hero, B CpaBHeHUu c pesynbTataMmu 6onee PaHHUX NPOMbICNIOBbIX
WUCNbITAHUNA 3TUX peareHToB. HoBble TexHONOrMmM UCNoib30BaHMA HenoHoreHHbix NNAB ocHOBaHbl Ha UX TENJIOBOM BbiCaIuBaHUU
U3 BOAHOIo pacTtBopa U Ha 06pa303auuu XUMUYECKOro Kommnjiekca ¢ noJimaKkpuiamuaom, BOAHbIﬁ pacTBOp KoTOpoOro OGHBAaET
BbICOKOW CEeNeKTUBHOCTbIO npu ABWXXEeHUU B naacte — NJ0OXo dmanpyeTca B BOAOHACbHIWEHHblIe Y4aCTKU naacta U Xxopowo —
B Hed)TEHaCbII.I.lEHHbIe.

Matepuanbi n metozbl MOBEPXHOCTHO-aKTUBHbIX BELLECTB B YCOBUAX MECTOPOXAEHNN
Marepuansl: AaHHbIe MO NPOMbICIOBOMY UCMbITAHUIO HEMOHOTEHHbIX 3anagHoi Cubupu n Ypano-fosonkbs.
NMOBEPXHOCTHO-aKTUBHbIX BELLECTB, B KA4eCTBe peareHTa 41 NoBbllWeHNa

HedTeOoTAauM NNACTOB Ha MECTOPOXAeHUAX 3anagHoi Cubupu n KnioyeBble cnosa

Ypano-losonxba. HenoHoreHHoe NOBEPXHOCTHO-aKTUBHOE BeLLeCTBO, NMOBbIWEHNE
MeToabl: aHanu3 pe3ynbTaToB UCMbITAHNUA Pa3INYHbIX TEXHONOTUN, HedTeoTAaYM NNAcTa, NPOMbICNIOBbIE UCMbITAHUA

OCHOBaHHbIX Ha NPUMEHEeHUN BOAHbIX PACTBOPOB HEMOHOTEHHbIX

Ans uutupoBaHusa
KoxwuH B.H., TopoaHos B.M., KaanuuH E.C., PoickuH A.1O., YepHoB E.H. OnbiT npumeHeHNA HEMOHOTEHHbIX MOBEPXHOCTHO-aKTUBHbIX BELLECTB B
no6biye HedTn // Ikcnosunumns Hedtb Mas. 2021, N2 4., C. **—**_DOI: 10.24412/2076-6785-2021-4-**-**

Moctynuna B peaakumio: 19.05.2021

OIL PRODUCTION UDC 622.276.64 | Original Paper

The experience of oil recovery using nonionic surfactants

Kozhin V.N. ?, Gorodnov V.P. 2, Kalinin E.S. ', Ryskin A.Y.|?, Chernov E.N. *
t“SamaraNIPIneft” LLC, Samara, Russia, *“Samaraoil” LLC, Samara, Russia
kalinines@samnipi.rosneft.ru

Abstract

Nonionic surfactants provide benefits of possibility of large-scale production for oil industry demands. However, the laboratory and field tests
show their inferiority to anionic surfactants due to propensity for salting out when the reservoir temperature is higher than the cloud point of
the repressuring solution containing the nonionic surfactant. This paper describes the results of a field test of water solutions of alkylphenol
ethoxylates from different manufacturers, both with and without polyacrylamide, compared to the previous field tests of these reagents.
Theinnovative technologies for use of nonionic surfactants are based on their thermal salting out from the water solution and on the polyacrylamide
complex formation possessing high selectivity when moving in the reservoir, i.e. poor filtration into the watered and good filtration into the oil-
saturated areas.

Materials and methods technologies based on using aqueous nonionic surfactant solutions in
Materials: data on the field test of nonionic surfactants as a reagent the oil fields of Western Siberia and Urals-Volga regions.

for improving reservoir oil recovery in Western Siberia and Urals-Volga

regions. Keywords

Methods: analysis of the results obtained when testing variety of nonionic surfactant, improving reservoir recovery, field tests
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lpMeHeHne BOAHbIX PacTBOPOB MOBEPX-
HOCTHO-aKTVBHbIX BELECTB ANA MNOBbIWEHUA
HedTeoTAauM nnacta Ha 6ol cTtaguu 3a-
BOJAHEHNA He(dTAHOTO MECTOPOXAeHUA nep-
CNEKTUBHO (Ha NPOMEXYTOUHON CTaAnM) 1 aKTy-
anbHo (Ha No3zHeN cTaanm 3aBOAHEHUS).

Xopolwo un3BecTHo, 4To AnA 3t deKTNBHO-
ro u3BneyeHus HedTM MeTOAOM 3aBOAHEHUA
¢ ucnonb3osaHnem MAB Heobxoanmo cobio-
faTb ABA OCHOBHbIX YCI0BUA: KaK MUHUMYM pa-
BEHCTBO MO/JBUXHOCTEN BbITECHAIOLLErO PacTBO-
pa MAB c NoABMKHOCTbIO BbITeCHAEMOW HedTH:

KBP — KH s
Hpp My
rae K, n K, — npoHuuaemocTb nopog

no BoaHomy pacteopy NAB v HedTH;

Myp v I, — BA3KOCTb pactsopa MAB u Hed-
™, mMa-c;

N ynbTpaHusKoe mexdbasHoe HaTsKeHue
Ha rpaHuue HedTb-pacteop MAB (Huxe 0,01-
0,001 mH/m), nocneaHee HeOOXOAUMO ANA HU-
BENMPOBaHWNA KanuANApPHOro AaBNeHUsa BOJ,
yAEPKMBaAOWMX nnactoBylo HehTb B Nto6om

cocTosiHuM (KanenbHas, nneHo4yHas, HedTb
B MOPOAE-KONNEKTOPE HU3KON NPOHULAEeMOCTH,
HeoxBayeHHOM 3aBOAHEHWeM). [if BblpaBHU-
BaHWA nNoABMXHoCcTY pacTBopa [AB v HedTu cy-
L,ecTByeT OCTaTOYHOE KONNYECTBO BapMaHTOB:
NnoBblleHNe BA3KOCTU BbITECHAOLWEro areHTa,
Hanpumep C NOMOLLbID BOAOPACTBOPUMbIX MO-
NUMEPOB, U CHUXEHNE NPOHNULAEMOCTU NOPOAbI
C UCNONb30BaHMEM TeX e BOAHbIX PacTBOPOB
novMepoB, a TaKXe 3MYNbCUiA, CyCneH3un
1 neH. [lns BbINONHEHUA BTOPOro yC0BUA He0b-
xoumo nogobpatb Komnosuuum MNAB, KoTopble

Taba. 1. [eonozo-gusuyeckas xapakmepucmuka He¢hmsaHbIX N1ACMOB U Kpamkoe cocmosHue ux paspabomku (cpedHue 8enuyuHsl)
Tab. 1. Oil reservoir geological settings and development status (average values)

KapamoBsckoe
MapameTpbl
BC,
[ny6uHa 3aneranus, m 2650
Tun 3anexu CTpyKTYypHO-
anTono-
rmyeckas,
MOMUMUKT
HedTeHacblueHHas 6,1
TONWMHA, M
Mopucroctb, % 18,0
[poHMLaemMoCTb, MKM? 0,04
HedTeHacblweHHOCTb, A.en. 0,64
BHK, m -2 566-2 585
Koadduunent 0,59
necYaHucToCTu, A.en.
Koadduunent 5,35
pacyneHeHHOCTH, A.ef.
HavanbHas nnacrosas 89
Temneparypa, °C
BsAskocTb HedTU B 1,5
NNacToBbIX YCN0OBUAX, MIa-c
CopepxaHue napaduHa 3,3
B HeTU, %
[noTHOCTb BOAbLI B 1,04

nnacTtoBbIX YCNOBUAX, T/M3

KonunyecTtBo HarHeTaTeNbHbIX
CKBaXWH

Konnuectso go6biBaoLmx
CKBaXMUH

CpeaHecyTouHblit aebut
CKBaXMH no HedTun, T

06BOJHEHHOCTb, % Mac.

Tekywas HedTeoTnaua, %

06uas mruHepanusauus
3aKaumBaemo Boabl, r/n

MecTopoxaeHus
CyTopmuHCKoe Moabem- KyanHoBckoe YBapoBcKoe ApnaHcKoe,
Muxaiinosckoe Batckas nnowaab
Mnactbl
BC2 al Al C, M, M, K, K,K,
2613 2995 2975 2350 ~750
Mnacrosas- MnactoBas- lnacrosas, Mnactosas- lnacrosas,
cBOAOBaA, cBOjOBaA, necyaHuk cBopoBas, U3BECTHAK
NOANMUKT necyaHuk necyaHuk
5,6 8,2-16,4 7,7 9,3 1,9-3,4
18,4 15,1 16,0 23,0 17,2-25,3
0,075 0,102 0,227 0,272 0,019-0,059
0,63 0,9 0,9 0,9 0,73-0,79
-2 560 2911 -2215 -709-761
0,64 0,66-0,84 0,68 0,92
3,2 6,0 1,59 1,66
81 69,5 70 49 22
1,36 2,18-2,47 1,05 1,14 9,1-19,6
2,9 1,63-3,7 5,47 6,01 1,6-3,0
1,011 1,196 1,198 1,185
CocTosiHMe pa3paboTKM Ha HaYano UcnbITaHUs
- 2 6 1
- 6 10 14
- 22,2 11,4 49,0
47,7 60,2 73,6 53,1 38,8
- 30,5 56,7 51,9 7,3
- 0,34 0,34 0,34 258,8
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o6pasoBbiBany Gbl B N1aCTOBbIX YCNOBUAX U3 3a-
KayaHHoro sogHoro pacrsopa [AB u nnacto-
BON HedTV TaK Ha3biBaemble cpeaHedasoBble
mukpoamynscun (CPM), nmerowme ynbTpaHns-
Koe Mexda3sHoe HaTAXeHMe KaK Ha rpaHule
C BbITECHAEMOW HedTbi0, TaK U C BbITECHAIOLLEN
BofHOM (ha3on. [ocnepHee ABNAETCA LOCTATOY-
HO CNIOXHOW 3aja4yen, pelleHne KoTopon ABNA-
eTcA HeO6XOAMMbIM YC/I0BMEM YCMELHOMO NpU-
MeHeHua MNAB.

Ha cerofHAWHNIN fleHb UMeeTCsA A0CTaTOYHO
60NblIOE KOMNMYECTBO MATEHTHO-TEXHUYECKOIA
nuTeparypbl no paspaboTke Bbicoko3thheKTMB-
HbIX MOBEPXHOCTHO-aKTUBHbIX COCTAaBOB, 06pa-
3ytowmx COM (Hanpumep, ogHa U3 NOCAEAHNUX
[1]). Mpu 3TOM NokKasaHo, YTO ANs 3TOW paspa-
60TKM Heobxoaumbl aHnoHHble MAB, Toraa Kak
BOAOPacTBOpMMbIE HenoHoreHHsle MAB, B oc-
HOBHOM OKCU3TUNMPOBaHHbIE anKuneHonsl,
MCNONb3YITCA ANA COBMELLEHNA aHNOHHbIX [TAB
(HedTAHbIE cynbdoHaThl, ankunbeHsoncynbdo-
HaTbl, oneduHcynbboHaTL U Ap.) C 3aKaunBa-
eMbIMI BOAAMM, COAEPXaliUMUN 31eKTPONUTHI,
Hanpumep, ¢ NOMYTHbIMK BOAAMU C YCTAHOBOK
NOAroTOBKM HedTW K NnepepaboTke.

OpHako B Poccuiickon ®epepaunm npak-
TUYECKN OTCYTCTBYET MPOW3BOACTBO aHWOH-
Hbix MAB ans HehTepobblum, TOraa Kak ume-
I0TCA [L0CTaTO4Hble MOLLHOCTY NPOU3BOACTBA
HenoHoreHHbix [AB mapkn Heonon A®9-12
B . HmkHekamcke (MAO «HukHekamckHedTe-
XUM») Ans HyXA HedTegoObiBaloL e oTpaciu.

llepBble MPOMbLICNOBbIE MWCMbITAHUA OK-
CM3TUNINPOBAHHOIrO  ankundeHona MapKu
ON-10 6binn npoBeseHbl B 1962-1964 rr. Ha He-
60/bLIOM y4acTKe ApNaHCKOTo MeCTOPOXKAEHUS
no TEXHONOrMN HenpepbiBHOW 3aKkauku 0,05 %
pacteopa Of1-10 B npecHOW 1K BbICOKOMUHE-
panu3zoBaHHon Boge [2]. MocKonbKy pesynbra-
Tbl 3KCNEpUMeHTa 6blIM HeOAHO3HauYHbI, € 1967
no 1984 r. 6bin1 NpoBeAeHbl KpynHomacwTab-
Hble UCMbITAHUA TOW e TexHonoruu Ha Huko-
no-benosepckoii nnowaan ApnaHcKoro mMecto-
POX/EHUA Ha CYyLecTBYlOL|EN CeTKe CKBaXWH
TeppureHHoro nnacra. boino 3akavaHo 13 489 1
0N-10 n ero aHanora [2]. OAHAKO M B 3TOM JKC-
nepumeHTe He Gbina ycTaHOBNEHA TEXHONOTNYE-
cKan 3((eKTVBHOCTb OT 3aKayKu BOAHBIX pac-
TBOPOB OKCM3TUNUPOBAHHbIX anKunheHoNoB..

B naHHOM onbiTe He Gbinn cobnogeHbl 06a Bbl-
LWeynoMAHYTbIX ycnoBua 3PeKTMBHOro n3Bne-
yeHus HedTU. Takke Ha ApNaHCKOM MecTopo-
AEHWUM, HO HA KapboHaTHbIX nnactax BATckoii
naowaaun 6oina MCNbITaHa LWKINYECKAsA TEXHO-
NOrNA 3aKa4yKu B NNACT BbICOKOKOHL,EHTPUPO-
BaHHOro BojHoro pacrtsopa Heonona A®9-12
(4 %) B cmecu ¢ nurHocynbdoHatom (JICT),
NPOKCAMMUHOM 1 Ky6OBbIM OCTATKOM peKTUtU-
Kaumu 6ytaHonos (KOPB) [3]. Teonoro-thusu-
YyecKas xapaKTepucTuKa nnacrta npejcrasneHa
B Tabnuue 1.

McnbiTaHe BOAHOrO pactBopa KOMMNO3uLuu
[TAB npoBOAMNOCH NOCNef0BaTe/IbHO BO BpeEMeHU
Ha Tpex y4yacTKax, BK/AYaoWmx no 5-7 HarHe-
TaTeNbHbIX 1 N0 18-33 A006bIBAIOLMX CKBAMMH.
Bcero 6bl10 13pacxofoBaHO Ha Tpex yyacTkax:
HeoHona A®9-12 — 3 059 T, npokcammHa — 188 T,
NCT — 745 1 n KOPB — 102,5 1. lononHutenbHas
nobblya HedTH, paccyMTaHHas No WU3MeHeHUo
06B0AHEHHOCTY O6bIBAEMOII NPOAYKLMY 1 Aebu-
Tam [06bIBAOLMX CKBAWH, cocTaBuna 133 670 T
nnm Ha 1 1 HeoHona A®9-12 — 43,7 T HedTn,
nnm Ha 1 T Bcex xumpeareHtoB — 33,5 T HedTu.
[onyyYeHHbIN MNONOXKWUTENbHbIA pe3ynbTaT AaH-
HOro 3KCMepMMeHTa AOCTUTHYT 3a CYeT peanu-
3aUMn B KaKOW-TO cTeneHn oGowx ycnosuit 3¢-
(heKTUBHOrO 13BNeYeHnA HedTU, TaK KaK BA3KOCTb
BOJHON BbICOKOKOHLEHTPUPOBAHHOW KOMMO-
suuuu MAB coctasnser 6e3 KOPb — 5,2 mMa-c,
a ¢ KOPB — 17,4 mMa-c v napametp contobunusa-
unn — 1,7-14,2 % 06. NMAB (npv napameTtpe conto-
6unnsaumn Boiwe 13 — mexdasHoe HaTsKeHue
HarpaHuLeBbITeCHALWMNAreHT-HedTbcoCTaBnAeT
0,001 MH/m u Hwxke) [3]. OaHako ans peanusa-
UMW AAHHOWM LMKAMYECKON TEXHONOIMMU 3aKayKu
NMOBEPXHOCTHO-aKTUBHbLIX BOAHbIX PacTBOPOB
Ha ocHoBe HeoHona A®9-12 Tpebyetcs 6onbluoi
pacxof XvMpeareHTOB, 4YTO CHUKAEeT ee 3KOHOMMU-
4eckyto 3P EeKTUBHOCTD.

B paHHOW cTaTbe paccmaTpuBaloTCA pesyib-
TaTbl NPOMbICNOBbIX UCMbITAHUA PA3NNYHBIX TEX-
HOMOTU, OCHOBAHHbIX HA NPUMEHEHWUW BOAHbIX
pactBopos HeuoHoreHHbix MAB (HMAB), oco-
6eHHOCTU KOTOpbIX 6a3npyioTcs Ha cneyunduye-
CKUX CBOWCTBAX 3TUX PacTBOPOB:

e BoAHble pactBopbl  HMAB  myTHetoT

1 BblCANMBAOTCA M3 pacTBoOpa Npu Harpe-

BaHMU. [laHHOe CBOMCTBO XapaKTepusyercs

Temnepatypoii NOMYTHEHNA 1 B HEGOMbLIOM
VHTEpBane ee uHBepcun as Habnogaercs
HU3Koe MexdasHoe HaTaxeHe [4];

e HMAB u nonnakpunamug (MAA) B BOAHOM
pactBope 06pa3ytoT BbICOKOMONEKYAPHbIE
KOMMEKChl 3a CYET B3aUMOAencTBUA 3chup-
HOro Kucnopoga MONNOKCUMITUNEHOBOM
yact monekynbl HMAB, nmetouieit cnabolit
NONOXWUTENbHBIN 3apAA, C OTpULATENbHO
3apAKEHHON KapbOKCUMAbHOM rpynnoin
MAA, 06pasys cocTaB C ynyyleHHbIMU pe-
ONIOTNYECKUMU CBOWCTBAMM, YEM pacTBOp
MAA [5]. Mpwu 3TOM faHHble pactBopbl HMAB
c NAA o6napatoT cneunduyecKon cenek-
TUBHOCTbIO NpK uUAbLTPaLUN B BOAO- U He-
(bTeHacblleHHble y4acTKu nnacrta — naoxo
(UNbTPYIOTCA B BOAOHACHILLEHHbIE Y4aCTKM
1 XOpOLLO B HedTeHachbILEeHHbIe [6].

B NpombICNOBbIX YCIOBUAX BbIIM UCTbITAHbI
TPW TEXHONOTMU NPUMEHEHWNA BOLHbIX PacTBoO-
poB HIMAB. MepBas TexHonorus Gbina 0CHOBa-
Ha Ha uHsepcuu HITAB un3 BoaHoro pacrsopa
B BbICOJIEHHOE COCTOAHME (0TAenbHas BA3Kas
taza). Mo [aHHON TEXHONOTUM B OCHOBHOM
peannsyeTca CHUXeHWe NPOHMLLaeMoCTH BbICO-
KOMPOHMLaeMbIX, BOAOHACHILEHHbIX Y4aCTKOB
nnacta 3a c4yeT aare3uvn BbiconeHHoro HIMAB
Ha ruapodunbHOM YacT nopoasl [7]  YactnyHo
NoAKNoYeHe B pa3paboTKy HedTeHacblleH-
HOM YacTu nnacta [8], Gnarofaps HU3KOMY MeX-
dasHomy HataweHuto aucnepcum HIAB B Boge
Ha rpaHuLe ¢ BbiTecHaemoii HedTblo [9]. JaHHan
TEXHONOrMA PEeKOMeHAYEeTCA ANA MecTOpox/e-
HUI C HW3KOW NPOHML@eMOCTblo nnacta (Huxe
0,1 MKM?).

Bropas TexHonornsa ocHoBaHa Ha CeNeKTUB-
Hoctn dunbtpauun HMAB ¢ nonnakpunamuaom
B HedhTeHacbIlWeHHble yyacTkyu nnacrta [6]. OHa
obecneynBaeT NOBLIWEHME OXBaTa 3aBOfHeE-
HWeM B OCHOBHOM HedTeHacblleHHON 4YacTu
nnacta u peKoMeHayeTca Ans paspaboTku me-
CTOPOX/EHWNI C BbICOKOI HaYanbHOW BOAOHAChI-
LLeHHOCTbIO NnacTa U B onpefeneHHblX nnacTo-
BbIX YC/I0BUAX /1A BOAOMNNABAOLNX NNACTOB.

TpeTbsi TEXHONOMMA OCHOBaHa Ha KomGu-
HWPOBaHHOM BO3AE€NCTBMM Ha MNACT nocneso-
BaTe/lbHOW 3aKauyKoW OpraHW4yecKoro pacTBo-
putens n pacteopa HMAB c MAA [9]. B saHHOM
TEXHONOTUM B KayecTBe OPraHM4yecKoro

Tabn. 2. VisameneHue debumos Hegpmu 06800HeHHOCMU 006bIsaemoll npodykyuu no ckeaxcuHam naacma C,, Y8aposcko20 mecmopoxcdeHus nocse
komnnekcHozo gosdelicmsus (KB) Ha nnacm xumpeazeHmamu (no cocmosiHuto Ha 30.10.1990 e.)
Tab. 2. Changes in the oil output and water cut of products by C,, reservoir wells in the Uvarovskoe field after the integral treatment (IT)

of the reservoir by chemicals (as on 30.10.1990)

Ne CKBaXWHbI

[e6ut HedTn, T/cyT

[lo KB Mocne KB
105 1,4 52,1
114 46,4 55,9
143 29,7 44,6
149 39,7 51,7
161 40,6 54,2
165 26,5 49,1
166 40,4 57,7
183 28,4 49,7

1unkn

06B0AHEHHOCTb, % MaC.

[o KB Mocne KB [lo KB
98,6 12 34,8
51,0 34,6 58,1
68,2 49,7 43,5
47,6 29,8 0,7
36,7 11,0 55,2
49,6 5,6 47,3
13,6 2,8 55,8
55,8 12,3 75,5

[ebut HedTn, T/cyT

2 unKn

06B0AHEHHOCTb, % MaC.

Mocne KB [o KB Mocne KB
63,2 52,3 16,3

70,0 34,6 13,4

43,5 43,7 49,7
63,7 99,2 5,6

63,7 5,6 5,6

62,7 5,6 5,6

57,4 4,2 4,2

95,2 1 8,3
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Puc. 1. lTokasamenu pabomsi cks. N° 105 Ysaposckozo mecmopodicderus, nnacm C,,
Fig. 1. The performance of well N? 105 of the Uvarovskoe field, C,, reservoir

pacteoputens (OP) ucnonb3ylotcs Bogomacso-
pacTBOPUMbIE CAMPTbI, B YACTHOCTM Ky6OBbIN
OCTaTOK peKTMdbUKauMu ByTUNOBbIX CNMPTOB
(KOPBC(), KoTopble 06€eCcneynBatT HU3KOE MeX-
(hasHoe HaTAXKeHWe KaK Ha rpaHuLie C BbITECHA-
emoii HedTblo, TaK M Ha rpaHuLe ¢ pacTBOpPOM
HMAB [10] unn ¢ BoAHbIM pactBopom HITAB
¢ NAA [9]. PactBopbl HMAB, cmewwvBasch B nia-
cte ¢ OP, obpasyioT cpegHedasoBble MUKPO3-
MYyAbCUWN C pasnnyHbiM cooTHoweHnem HITAB
Kk OP, KOoTOpble TaKXe MMenu ynbTpaHU3Koe
MmexdasHoe HaTAXeHMe Ha rpaHuLe ¢ HedTbio.
B nTOore mo xoAy ABMKEHUA OTOPOYEK XMMUYe-
CKMX peareHToB Mo NniacTy 13 0CTaTo4yHoN HedTu
tdhopmupyetca BoaoHedTAHOW Ban, Toraa Kak
pacteop HIMAB c¢ MAA, ABMXYLWIMIACA 3@ 30HOM
cmewenuna OP ¢ faHHbIM pacTBOPOM, BbINOA-
HAET Ty e (QYHKLMI0, YTO 1 BO BTOPOW TEXHOIO-
TMW — 0XBaT HedTeHACbIWEHHOW YacTu niacTa
3aBOAHEHMNEM.

Pa3paboTaHHble TEXHONOTUM MPUMEHEHUs
HMNAB ans noBbllweHUsa HedTeoTaauyy nnacra
6bIIM UCTbITAHBl HA MPOMBbIC/IOBOW CETKe CKBa-
XWH MATW MecTopoxaeHuin. leonoro-cbusnye-
CKan xapaKTepucTMKa NnactoB W KpaTKoe CO-
CTOsIHME MX pa3paboTKU HA Ha4Yano McnbITaHus
npueeaeHblBTabnnue 1. Kak BuaHo n3tabnmuybl 1,
UCMbITaHUA NPOBOAMANCL HAa MONUMUKTOBBIX
necyaHbIX KONEKTOpax ¢ ManoBA3KMMU HedTaA-
mMu, 06nafaoWmrmMy HU3KOW NPOHULLAEeMOCTbIo
NNactoB M BbICOKOW NNacToOBOM TeMnepartypoi,
XapaKkTepHoi ans 3anagHo-CMGUpCKUX Mme-
CTOPOXAEHWUW, @ TaKKe Ha MeCTOPOXAEHUAX
Ypano-loBonxba, C NPOHNLAEMOCTbIO N1aCTOB
Bbiwe 0,1 MKM? ¥ nNnacToBOW TemnepaTypou
oT 49 no 70 °C.

MepBas TexHONOrMA bbina ucnbiTaHa B nepu-
04 €1984 101987 r. Ha KapamoBCcKOM mecTopo-
AEHUU C pomMbOBMAHON CETKOM 3aBoAHEHMA [11].

B HarHeTaTesnbHble CKBMWHbI nnacta bC, ne-
proAnYecKn 3aKkaunBanock (B Tennblii nepuoa
roga) no 20 m* 5 %-ro pacTBopa OKCU3TUIK-
poBaHHOTO ankundeHona mapku [lpesouen
HX-12 Ha cToYyHON BOAE C MUHepanusauuei
15-16 r/n. Temnepartypa NOMyTHEHMA JAHHOTO
pactBopa HIMAB — 69 °C, 4yTo 3HauuTeNbHO HUXKe
Temnepatypbl npu3aboiHoii 30HbI niacta 80 °C,
T.€. 6bl1a peann3oBaHa BbilWeonucaHHas TeXHo-
norua Tennosoro Bbicanueanua HIMAB B nnacTe.
Bcero 6bi10 npoBeaeHo 214 CKBaXMHo-onepa-
unn. Bo Bpems ncnbiTaHWA AaHHON TEXHONOTUMN
CHMXanacb Kak 06BOAHEHHOCTb AoObIBaemoii
HedTH, TaK M NpUemMncTocTb 06pabaTbiBaeMblx
HarHeTaTeNbHbIX CKBaXWH. B nocnegHem cnyyae
ANA BOCCTAHOBNEHWA MPUEMUCTOCTM CKBAMUH
npoBOAUANCH MX 06paboTkn 3-5 % pacTBOpPOM
CONAAHOWM KMCIOTbl B 06beme 5-10 m>. pu aTom
NPUEMUCTOCTb HarHeTaTeNbHbIX CKBAaXWH 6bl-
CTPO BOCCTaHaB/iMBaNach 3a cYeT nepexoaa Bbl-
conernHoro HIMAB B pacTBOp KMCNOTbl, MOCKO/b-
Ky Temnepartypa noMyTHEHWA JaHHOro pacTBopa
Bbilwe 100 °C. lononHutenbHas gobbiya HedTH,
noslyyeHHas 3a CYeT AaHHOV TEXHONOTUN NpumMe-
HeHua HMAB, coctaBuna 95,5 Tbic. T v B cpeg-
Hem 450 T HedTv Ha 1T HMNAB [12].

BTopas TexHonorus 6bina ucnbitaHa B 1988 1.
Ha onbiTHOM y4actke nnacra bCZ CyropmuHcKo-
ro MeCTOPOXAeHWs C NATUPAZHON CMCTEMON 3a-
BOfHeHWA. ONbITHbIN Yy4aCTOK COCTOAN W3 MATW
pAAOM NPOBYpPeHHbIX HarHeTaTebHbIX CKBAXMH,
HaxoAALWMXCA NOYTU B LLeHTpe nnacra. B yyacrok,
B 06Lei CNOXHOCTU, Bbi10 3aKadaHo 620 M3 no-
BEPXHOCTHO-aKTVBHOIO MOMMMEPCOAEPKALLEero
cocraBa (MANC), coaepallero 0,6 % HeoHona
Ad9-12 1 0,3 % nonvakpunammuaa. 3aKayka npo-
M3BOAMNACH MOCNEA0BATENIbHO B KAXAYI0 CKBa-
XUHY, nopumamm no 20 m>. Ha Kaxayto CKBaXUHy
npuxoannock npubansutensHo no 100-170 m?

1990 r.

MANC. B xoae 3akayku MMAMNC pasnexHne yeenu-
yusanoch ¢ 12 go 17-15 mlla. B pesynbrate npu-
MEHEHUs JaHHOW TeXHOMorMnm 06BOAHEHHOCTb
HedT1 Mo y4acTky B cpegHemM cHU3Mnach (Mo ot-
JeNbHbIM CKBaXuHam Ha 30 % u 6onee), a febut
CKBAXWH yBeM4mAcs. AHanm3 aaHHbix no pado-
Te [06bIBAIOWMNX CKBaXMH nocne 3aKayku MAMNC
MOKa3blBaeT, YTO MOJNIOKMTENbHbIN pe3ynbTat
nosly4eH B OCHOBHOM MO CKBaXMHaM, UMeLWMM
B CBOEM pa3pes3e NponiacTKku C BbICOKOW HedTe-
HacblleHHOCTbIO (boniee 60 %). ITo NOATBEPM*AA-
eT cefeKTUBHOCTb ABmeHua MATMC no HedTe-
HacblWEeHHbIM nponnacTkam. B pesynbrarte
npumeHeHuns HemoHoreHHoro MAIMC, 3a 4 mecaua
6bI710 AONONHUTENBHO [06bITO 15,6 ThiC. T Hedh-
™ unn 280 T HedTV Ha 1 T xumpeareHToB [12].
3 heKTMBHOCTb AAHHOW TEXHONOTMU OLEHUBA-
nacb N0 XapaKTepPUCTUKE BbITECHEHUA — 3aBU-
CUMOCTV HAKOMIEHHON A06bIYM HedTy OT nora-
pudma HakonneHHoW Aobblun wuaxocty [13].
lopoBas e 3hHeKTUBHOCTb C Ha4yana 3aKayku
MANC, cpeaHepacyeTHasa No Tpem XapakTepu-
CTMKam coctaBuna 32 Teic. T uam 570 T HedTm
Ha 1T XMmpeareHToB.

McnblTaHne BTOpPOW TEXHOMOTMU TaKKe
nposoannocb Ha nnacte [l Mogbem-Muxan-
nosckoro v nnacre All KyauHosckoro mecto-
poXaeHM. [laHHble nnacTbl XapaKTepu3osa-
NCb HEBONMbLWMMU WU3BNEKAEMbBIMI 3anacamu
HehTW C NMPUCYTCTBYIOWLEN HEAKTUBHOW 3aKOH-
TYPHOW NNacToBOW BOJOM BbICOKON MUHepa-
Ansaumnun. MNnactbl HAXOANANCH B MPOMENKYTOY-
HOM COCTOSIHUM 3aBOAHEHWSA MPECHON BOAOMN
(cpenHsina 06BOAHEHHOCTb A06bIBAEMOI HehTH
60 U 74 % mac. COOTBETCTBEHHO). Bbliio ncnbl-
TaHO [ABa MNOBEPXHOCTHO-AKTUBHbIX COCTaBa:
Ha nnacte [l co cpefHeil MPOHMLAEMOCTbIO
0,102 mkm? — cocTaB, coaepxawmuin 0,5 % He-
oHona A®9-12 ¢ 0,05 % MAA B npecHoln Boae,
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aHannactelll c npoHuuaemoctbio 0,227 MKM? —
coctaB ¢ 0,1 % HeoHona A®9-12 n 0,3 % MAA
B NpecHom Boje.

Ha TMogbem-MuxannoBcKOM MecTopo-
MAEHUN 3KCNepuMeHT npogomKanca ¢ 1992
no 1997 r. Kaxablii ros, B Tenabll nepuog,
B HarHeTaTe/ibHble CKBaXMWHbl 157 1 160 3aKa-
ynBanochb oauH unn aga pasa (1995-1996 rr.)
no 90-165 m> MAMNC g0 NOBbIWEHNA AaBNEHUSA
ero 3akauyku Ha 0,5-1,0 mMa c 6,0-8,5 mlla.
3a yKasaHHblii nepuogd 6bI10 UCNONL30BAHO
7,5 T HeoHona A®9-12 n 0,8 T MAA. SddekTus-
HocTb 3aKauku MAMNC onpeaenanacb No U3MeHe-
HUio febuTta 1 06BOAHEHHOCTM OKPYXKAIOLEro
noGbiBatowero GoHAa CKBaXWUH Ao (3a 6 mecs-
ues) un nocne 3akaduku NAMC. lononHutensbHas
no6blya HedTM Konebanack No roaam B npeaenax
6,9-8,0 Tbic. T. CymmapHan e JONnonHUTeNb-
Has fobblya coctaBuna 44,5 Toic. T HedTV nnn
5,36 TbiC. THa 1 T XMpeareHToB.

Ha KyAMHOBCKOM MeCTOpPOXAEHUM 3KCne-
pumeHT nposoaunca ¢ 1994 no 1997 r. B HarHe-
TaTesibHble CKBa¥WHblI 75 1 714 3akaynBanocb
no 11-16 m> BbiweonucanHoro MATC. [lpu
3TOM paaBneHune 3akayku [MAMNC noBbiwanocb
¢ 9,0 po 9,4-9,7 mlla. 3a Becb Nepuoa 3Kcne-
pumeHTa 6b110 M3pacxogosaHo 0,08 T HeoHona
A®9-12 n 0,22 1 NAA. TexHonornyeckaa 3d-
(DEeKTUBHOCTb, paccyMTaHHas No nokasaTensam
pabotbl oKpywalouero thoHaa Ao6biBalOUNX
CKBaXMWH, 3a Becb nepuop ucnboitaHna MAMC
coctaBuna 24,3 TbiC. T AONONHUTENLHO A06LITON
HedTn unu 8,1 Tbic. THedTM HA 1T MCNONb30BaH-
HbIX peareHToB.

Takas BbicOKas 3h(EKTUBHOCTb HEMOHO-
reHHbix [AMC, NpuMroToBneHHbIX Ha NpecHomn
BOZe, B NiactoBbix ycnoBuax Mogbem-Muxai-
NOBCKOrO U KyAMHOBCKOro MeCTOpOXAEeHUM
00BbACHAGTCA KAK BbICOKON CENEKTUBHOCTbIO
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nBmxerus MANC no HedTeHaCbILEHHOW YacTu
nnacta [12], Tak U BbICOKON OAHOPOAHOCTHIO
nnacra [l KyanHosckoro mectopoxaenus (ko-
3¢ durumeHT pacuneHeHHocTn — 1,59).

TpeTba TexHonorua 3(QeKTUBHOro npwu-
MEHEHUA OKCU3TUNMPOBAHHbIX anKunPeHonos
Gblna ucnbiTaHa v BHeapeHa Ha YBapoBCKOM Me-
ctopoxaenuu (nnact C,) ¢ 1988 no 1991 r. l'eo-
noro-u3nyeckas xapaKTepucTmKa u coctoaHme
pa3paboTKM 3TOro nnacra Ha Hayano UCMbITaHNA
npusegeHsl B Tabnuue 1. Ocobo cnegyet otme-
TWUTb, Y4TO MNACT NOACTUNANCA U UMEN XOPOLLYIO
TMAPOANHAMUYECKYI0 CBA3b MOYTU MO BCEMY
nepumeTpy C 3aKOHTYPHOW BbICOKOMUHEpa-
NU30BaHHOM BOAOW MAOTHOCTbIO 1,185 r/cm>.
lMnact akcnnayaTMpoBanca OfjHON HarHeTaTefb-
HOM W 14 pobbiBaloWwmmMu cKBaxuHamu. OgHa-
KO TpaccepHble uccnejoBaHuA, NPOBefEeHHbIe
[0 peanusaunu mcnbitanua (6bi10 3aKavyaHo
B CKBaXWHy 34 201 m* 0,065 % pactBopa po-
[aHUCTOTO aMMOHMA) MoKasanu, 4YTo B CKBa-
KuHax 111 n 160 oGHapyxuTb Tpaccep He yaa-
nocb (CKBaXMHbI 06BOAHEHbI NNACTOBON BOAOA
10 95 % mac.), Toraa Kak yepes 3,5 cyTok Tpac-
cep 6bin 06HApyXeH B CNeAyloWux, B Nopas-
Ke ovyepesHOCTU, [06bIBAKIWMX CKBAXMHAX:
Ne 108, 33, 143 n panee.

Micxopaa u3 pesynbtaTtoB TpaccepHoro wuc-
CNnefoBaHNA, B TPETbIO TEXHONOTUIO UCbITAHUA
HMAMNC 6b110 pelweHo BKIKYUTL 3aKauyKy no-
BEPXHOCTHO-AKTUBHOW BbICOKOBA3KO KOMMNO3MK-
umn (BBK), B Lensx MCKNoYeHUs yxoaa opraHu-
4eCKOro pacTBOpUTENS B BbICOKOMPOHMLaeMble
30HbI N1acTa.

CornacHo paspabotaHHoMy TexHonoruye-
CKOMY pernameHTy niaHuMpoBanacb LUKAUYe-
cKas 3akayka 100-200 m> BBK po npeBbiweHuns

MANC (0,05 % [MAA+2 % HeoHona A®9-12)
1 NPEeCHOW BOAbI A0 CeAyloLero unKkna.

PaGoTbl N0 KOMMJEKCHOMY BO34eiCTBMIO
Ha NnactT XMMUYECKUMIU peareHTamu Gbinn Ha-
yaTbl B OKTAGpeE 1988 1. B HarHetatebHy0 CKBa-
KuHy N2 34 nocnepoBaTtenbHO 6GbiNO 3aKayaHo
(1-7 UMKN) C Lenblo BbIpaBHWBaHWA Npobuns
npuemuctocti 200 M> BbICOKOBA3KOMN KOMMO-
suuun (0,3 % MAA+1 % cynbdoHon+0,02 %
XKK) [14], 100 m*> OKBC, 600 m* HMAMC. Yepes
2-3 mecsala nocne KOMNEKCHOro BO3AeicTBuA
Ha MnacT XxMmpeareHTamu no psAfy CKBaXWH
(N2 105, 106, 108, 114, 143, 161, 183) Habnoga-
N0Cb pe3Koe yBennyeHue ot6opa HebTn 1 CHU-
WeHue o6BogHeHHOCTH. Mo ckBawuHam (N2 149,
161, 165, 166), pacnonoKeHHbIM Ha 3HaYUTENb-
HOM pacCTOAHWM OT HarHeTaTeNbHOW CKBAXMHbI
N2 34, yBenuyeHune ot6opa W CHUxeHUe 06-
BOZLHEHHOCTW Habnoanoch Yepes 5-7 mecaues
nocne KOMNAEKCHOro BO3/eNCTBUA.

B ceHTAbpe 1989 r. B HarHetaTtesbHyio
cKkBawuHy N° 34 nocnejoBatesibHO 3aKavanu
(2-7 umkn) 200 m3 BBK, 100 m> OKBC, 1 800 m?
BoAHOro pacrtsopa HMAMC. B 1990 r. 6bin
npoBeAeH 3-i LUKN peann3aunn TeXHONOruM
KOMM/IEKCHOro MCMnoib30BaHUA HEUOHOreHHO-
ro MAB: B uione 6b10 3aKkavyaHo 200 m3 BBK,
a B oKkTA6pe — 100 m*> OKBC 1 2 770 m*> HNATC.

B rabnuue 2 1 Ha pucyHKax 1 v 2, B Kaye-
CTBe MpUMepa N3MeHeHUs nokasatenein pabo-
Thl BbICOKO- W CPeAHe0BBOJHEHHOW CKBAMMH
[0 W nocnie peanu3auuu TexHonoruu, npuse-
AeHbl pe3ynbTaTbl BO3[ENCTBUA KOMMNAEKCHON
TexHonoruy no fo6biBalOWMM CKBaXWUHAM,
a Ha pUCyHKe 3 — TexHonornyeckas adexTns-
HOCTb MO XapaKTepPUCTUKe BbITeCHEHUA HedTu
2Q, = f(lg-ZQ,) no coctoaHuio Ha 31.10.1990 .

NaBNeHus ero 3aKayku Ha 5-10 % pasneHua (3a 2 UMKNa BO3AEWCTBMA Ha  naacT
B BOA0OBOAE, He MeHee 500 M> HEMOHOFEHHOr0  XUMpeareHTamu).
KOMILIEKCHOE
BO3JICHCTBUE
I
1

1988 1.

Puc. 2. [Tokasamenu pabomsi cks. N° 161 Ysaposckozo mecmopodcderus, naacm C,,
Fig. 2. The performance of well N? 161 of the Uvarovskoe field, C,, reservoir
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Fig. 3. Displacement characteristic 2Q = A+Blgx2Q, (Uvarovskoe field)
3a TpU UMKna peann3aLuMnm KOMMAEKCHON MNPOMEXYTOYHOW CTafuW 3aBOAHeHMA Tpu Tex- JluTepatypa

TexHonorun npumeHenus MNMAB fononHuTenbHO
6bi10 406bITO 198 ThiC. T HehTH, a M3PACX0ao0-
BaHO Ha 3KcnepumeHT 600 M> BbICOKOBA3KOM
komno3suymu, 300 m*> OKBC, 26 T MAA n 103 T
HeoHona A®9-12. YaenbHas AononHWUTeNbHas
no6biua HedTn Ha 1T xumpeareHTos (6e3 OKBC)
coctasuna 1,45 TbiC. T.

C 1991 no 1995 r. TexHonorMyecknin perna-
MEHT NOCTOAHHO Hapywancs (B 1993 r. xumpe-
areHTbl BOOOLLE HE 3aKauyMBanuch), a ¢ 1996 r.
Hayanacb 3aKayka BbICOKOMWHEPANN30BaHHOM
NOATOBApPHOW BOAbl C YCTAHOBKW MOLFOTOBKMU
HedTn K nepepaboTke.

B KoHeuHoM uTore B 1995 r. HedTe06bIBa-
oulee npeanpuaTMe yTBEPAUNO LONONHUTENb-
Hyt0 B0ObIYy B 257,7 ThiC. T HehTH 3a BECb Nepu-
0[, 3KCNepuMeHTa.

/13 npuBegeHHon nHdopmaymmn BUAHO, YTO
KOMMNIeKCHaA TeXHONOrnMsA UCNoAb30BaHMUA He-
oHona A®9-12 BbicOKO3(h(eKTNBHA Ha Npome-
HYTOYHON CTAZMMN 3aBOJHEHNA MECTOPOXAEHNSA.

Utorn
B NpombICNOBbIX YCNOBUAX 6bIAKM UCTbITAHbI
1N MOKa3anu MONOXUTENbHbIA pe3ynbTaT Ha

HOJIOTUKN WUCMOMb30BaHNA HenoHoreHHbix [AB

ANs PerynupoBaHus pa3paboTKu 1 NoBbieHUs

HedTeoThaum nnacra:

® TeXHOMOrnA NPUMEHEHWUA BOAHbIX PacTBO-
pos HIMAB npu nnactoBoin Temneparype
Bblllle TemMnepaTypbl NOMYTHEHNSA PacTBOPOB
NAB;

® TeXHOMOrns NPUMEHEeHWUA BOAHbIX PacTBO-
pos HIAB coBMeCTHO C NoNMaKkpuiamuaom;

® KOMMNNEeKCHas TexXHONorna nprMeHeHus
BogHoro pactsopa HIMAB ¢ nonuakpu-
naMuiom C npefBapuTeNbHON 3aKayKow
BbICOKOBA3KOW KOMMO3MLMWM Ha OCHOBE
noanakpunamupa v CNUpTocofepallero
opraHun4ecKoro pactsopuTens.

BbiBOAbI

PaspabotaHHble TexHonorun 3thdeKTUBHO-
ro MCNONb30BaHUA HEUOHOTreHHbIX MNOBEPX-
HOCTHO-AKTMBHbIX BeLeCcTB PeKOMeHAyTCA
ONA WMPOKOT0 WCNbITAaHUA W BHEAPEHUA Ha
MeCTOPOXEeHNAX C MNPOMEXYTOYHON CTa-
aven 3aBofHeHus (nocne npejBapuTeNb-
HOrO WCMbITAHUA Ha eCcTeCTBEHHOM KepHe
MECTOPOXAEHMNS).
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Results

polyacrylamide and pre-injection of a highly viscous composition

Three technologies using nonionic surfactants to regulate development

and improve oil recovery were tested in field conditions and showed a

benefit at the intermediate water-flooding step:

e the technology using aqueous NS solutions at the reservoir
temperature higher than he cloud point of the surfactant solutions;

e the technology using aqueous NS solutions with polyacrylamide;

based on polyacrylamide and an alcohol-containing organic solvent.

Conclusions

The developed technologies for efficient use of nonionic surfactants
are recommended for wide-scale testing and implementation at the oil
fields with intermediate flooding (after pre-testing on the native field

e the integral technology using an aqueous NS solution with
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