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2 Clarivate
Analytics

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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOPEL, mpodeccop, KP ¥YFA
akajemuri, «Kasakcran PecrmyOnmukackl ¥JITTBHIK FBUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. CokoybCKHit aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE MIEKTPOXUMUS HHCTUTYTBIHBIHY» 0ac TUPEKTOPEI
(Anmmvarsl, Kazakcran) H =4

Fruibivu xaTimisl

ABCA1BIKOB BaxsiT Hapnko6aiiyJbl, TeXHHKA FBUIBIMIAPBIHBIH TOKTOPEL, ipodeccop, KP ¥YFA

JKayanThIXaTIBICH], A.B. BeKTypoBaThIHAAF IXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTsl, Kazakcran) H=5
PepgaknusaablK aJdkKa:

9BCAMETOB Mauaic Kyasicyas! (6ac peqakTopabslH opeIHOAcaphl), reoIorus-MHHEPaIoTust
FBUTBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopbl (AnmMarsl, Kaszakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAbH OpbIHOAacapsl), reoJoTUs-MHHEPaIoTus
FBUTBIMJIAPBIHBIH TOKTOPEL, Tpodeccop, K. 1. Carnaes ThIHAAFbI Te0JI0T U FETBIMIAPhI HHCTUTY THIHBIH
nupekTopsl (Anmatsl, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HebOpacka yauBepcutetiHin Cy
FBUIBIMJIAPBI 3epTXaHachlHbIH qupekTopsl (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux mypaxaibiasig XKep Typais! FeutbiMaap OemiMinge
METPOJIOTHST JKOHE TMaijaybl Kazbanap KeH OpBIHIAAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurust) H =37

IMAH®UJIOB Muxaua bopucoBuY, TEXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBI, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, @pannms) H=15

HIEH Iwun, Ph.D, KpiTaii re0norusuibik KOFAMBIHBIH Tay FEOJOTHSIChI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapel, AMEpPUKAaH/IBIK SKOHOMHUKAJBIK TEOJOrTap KaybIMAACTHIFBIHBIH Mymieci (ITexuH,
Kprrait) H =25

OUIIEP Axcenab, Ph.D, J[Ipe3neH TEXHUKAIBIK YHHBEPCUTCTIHIH KaybIMIACTBIPBLIFAH
npodeccopsi (pe3nen, bepaun) H=6

KOHTOPOBHUY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUS FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTblHIaFEl MyHal-Ia3 TeOJIOTUsICHI J)KoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Buaagumup EHokoBH4Y, XHMMHS FbUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akazgemuri, JKana Matepuangap XMMHUsICbI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

KATAJIMH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPUIFAH
npodeccops (Jpesznen, bepaun) H = 20

CEUTMYPATOBA Jseonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥YFA koppecniongent-myieci, K.M. CarnaeB arbingarbl [€0J0TUsI FBUIBIMAAPEI
HWHCTHTYTBI 3epTXaHaChIHBIH MeHrepyiici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB “Kanaii, Ph.D, xaybimaacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMU Taono, Ph.D, buxokk Munan yHUBEPCUTETI KaybIMIACTBHIPbUIFaH Ipodeccopbl
(Munan, Uranus) H =28

«KP YFA» PKb Xa6apaapsbl. ['eosiorust :#oHe TeXHHKAIBIK FBLIBIMAAP CEPUSICHD).
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I'naBnbIii perakTop

KYPHUHOB Mypar ’KypuHoBHY, TOKTOpP XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarponansHoit akagemun Hayk PecryOnuku Kazaxcran», reHepaibHbIH TUPEKTOP
AO «MHCcTUTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHBbI cekpeTapb

ABCA/IBIKOB BbaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKUX HAYK, MPOdeccop, OTBETCTBEHHBIH

cekperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauuc KyabicoBu4, (3aMeCTHTENb INTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axanemuk HAH PK, mupexrop HMHcruryTa Tmaporeomoruu u
reoskonorun uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKosraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomuTenb HCCICIOBaHMNA B OOJNACTH TETPOJOTHH K
MECTOPOXK/ICHUH TOJE3HBIX HCKomaeMbeIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Hancu, ®@panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kwurtaiickoro
Te0JIOTHYECKOr0 00MIecTBa, WieH AMEPHKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHblil mpodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepnmun) H =6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I'€0JI0r0-MHHEPATIOrHICCKUX HayK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baaaumup EHokoBHM4, 10KTOp XuMHYecKuX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTHTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dieonopa IOcymoBHa, OKTOp TIe0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB ‘Kanaii, Ph.D, acconumpoBannsii mnpogeccop, HazapbaeB yHHBepcHTET
(Hypcynran, Kazaxcran) H = 11

®PATTHUHMU Iaoao, Ph.D, acconnunposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28

«H3BecTtust POO «<HAH PK». Cepusi reo10ruu 4 TEXHHYECKHX HAYK».
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Scientific secretary

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =35
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEY Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the
Earth sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H =19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus,
honorary director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences,
professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
sciences named after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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©L. Nurshakhanoval, S. Zakenov', A. ZakenovaZ, 2024.

!Caspian university of technolo%ies and engineering named after S. Yessenov,
Aktau, Kazakhstan;

?Atyrau branch of «KMG Engineering» LLP, Atyrau, Kazakhstan.
E-mail: senbek.z@mail.ru

TECHNOLOGIES OF WATER-GAS IMPACT ON THE RESERVOIR
USING SIMULTANEOUSLY PRODUCED PETROLEUM GAS

Nurshakhanova Lazzat - candidate of technical sciences, Caspian University of Technology and
Engineering named after Sh.Yessenov, Aktau, Kazakhstan, E-mail: aitore2010@mail.ru, https://
orcid.org/0000-0001-8745-9874;

Zakenov Sembigali - doktor of technical sciences, Caspian University of Technology and Engineering
named after Sh.Yessenov, Aktau, Kazakhstan, E-mail: senbek.z@mail.ru, https://orcid.org/orcid.
org/0000-0002-1225-3203;

Zakenova Amina - Atyrau branch of «KMG Engineering» LLP, Atyrau, Kazakhstan, E-mail:
aminazakenova362@gmail.com, https://orcid.org/0009-0000-5078-5764.

Abstract. The current trend in the development of scientific research in the
field of enhanced oil recovery is to achieve the maximum possible oil recovery
coefficient in the conditions of development of hard-to-recover oil reserves.

The development and scientific j ustification of an in novative te chnology of
water and gas exposure to increase oil recovery and reduce the carbon footprint
is an urgent problem. Well-known technologies of water and gas exposure have,
in addition to advantages, significant disadvantages (low stability of water and
gas mixtures, irrational injection into wells unsuitable for exposure, insufficient
research into the process of creating, pumping and filtering mixtures, the use of
inefficient and unreliable injection equipment, lack of methodology for selecting
optimal equipment).

The article provides a justification for the possibility of solving the problem by
conducting research to develop a technology for "smart" water-gas impact on the
reservoir when injecting stable water-gas mixtures with optimal physico-chemical
and foaming properties to achieve maximum oil recovery into the most suitable
wells with efficient and reliable pumping-ejector and pumping-compressor-ejector
systems.
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oil recovery coefficient, enhanced oil recovery, pumping-compressor-gjector
systems and technologies.

©JI.K. Hypmaxanosa', C.T. 3okxenon’, A.C. 3axeHoBa?, 2024.
'TII. EcenoB atbiaaarsl Kacnuii TeXHOIOTHSIAP KOHE HHKUHUPHHT
yHHUBepcuTeTi, Akray, Kazakcran;
2«KMTI" Unmxuanpunr» XKIIC Atsipay ¢unmans:, Atsipay, Kazakcras.
E-mail: senbek.z@mail.ru

IJIECIIE MYHAW I'A3BIH ITAMJAJIAHA OTBIPBIIL, KABATKA CY-TA3
OCEP ETY TEXHOJIOT'UsICBI

Hypmaxanosa JIa33ar — TexHuka reUIbIMAApBIHBIH KaHauaatel, 1. EcenoB arsinparsl Kacnumit
TEXHOJIOTHUSIIAp KOHE WHKUHUPHUHT YHUBepcuteTi, Akray, Kazakcran, E-mail: aitore2010@mail.ru;
https://orcid.org/0000-0001-8745-9874;

3okenoB CemOiFaam — TexXHHWKa FBUIBIMIApPBIHBIH A0KTOphl, L. EceHoB atbmHmarer Kacrmii
TEXHOJOTHUSIIAP KOHE MHXWHUPHUHT yHHBepcuTeTi, Akray, Kasakcran, E-mail: senbek.z@mail.ru;
https://orcid.org/orcid.org/0000-0002-1225-3203;

3okenoBa OmuHa — «KMI" Umkuanpuary KIIC Ateipay dummansl, Ateipay, Kasakcran, E-mail:
aminazakenova362@gmail.com; https://orcid.org/0009-0000-5078-5764.

Annoranusi. KabarrapaeinH MyHail OepyiH apTTBIpy CallaChIHAAFbl FBUIBIMU
3epTTeyIep/i IaMbITYIbIH Ka3ipTi TEHACHIMSACHl OHAIPLTYi KHBIH MYHal KOpJIapbiH
urepy JKaFaalbIHIa MYHAH aly/IbIH MyMKiH OOJIaTBIH €H KOFaphl KO UITNCHTIHES
KOJI KETKi3y OOJBIT TaObLIa/IbI.

MyHaii Oepyai apTTBIpy KOHE KOMIpTeri i3iH a3alTy VIIH Cy-ra3 9cepiHiy
WHHOBALMSUIIBIK TEXHOJIOTHSCHIH 931pJiey OHE FBhUIBIMU HETi3ey ©3€KTi Macele.
Cy-ra3 acepiHiH Oenrisi TeXHOIOTUSUIAPbIHBIH apPTHIKIIBIIBIKTapbIHAH OacKa eneyii
KeMIIiikrepi 06ap (Cy-ra3 KocCHallapblHBIH TOMEH TYPAaKTHUIBIFBI, YHFBIMAHBIH
ocepiHe xapaMChI3 JKepiiepre YThIMChI3 aiiiay, Kocranap/sl )Kacay, aiiiay skoHe Cy3y
MIPOIIECIHIH JKETKITIKCI3 3epTTeIyi, aiiay YIIiH THIMCI3 )KoHE CEHIMCI3 TeXHUKaHBI
KOJIJIaHY, OHTAMIIBI )KaOIBIKTHI TaH/Ay S[ICTEMECiHIH 0OIMayHhI).

Maxkanana THIMII KOHE CEHIMJI  COPFBI-MKEKTOPIBIK JYKOHE  COPFBI-
KOMIIPECCOPIIBIK-3’KEKTOPIIBIK JKYHEJIepMEH €H KOJaiibl YHFbIMajapra MyHan
QITyIBIH MaKCUMAaJIbl KOX(PPHUIMEHTIHE KOJI JKETKi3y VIIIH OHTalibl (U3HKa-
XUMHSUTBIK JKOHE KOOIK Ty3eTiH Kacuerrepi Oap TypakThl cy-ra3 KOCHalapblH
aiimay ke3iHje kKabatka "akpUIABI" Cy-Tas[bl 9cep €Ty TEXHOIOTHSCHIH d3ipiey
YIIH 3epTTeyNep KYPrizy apKbUIBI MOCEJeHI MIeNTy MYMKIHAITIHIH Heri3aeMeci
KeJTipiIreH.

Tyiiin ce3nep: Cy-ra3 acepi, inecrie MyHaii ra3bl, a3 TEXHOJIOTUSIIAPbI, MYHAH
airy ko3 QUIMeHTi, MyHail Oepy/li apTTHIPY, COPFHI-KOMITPECCOPIIBIK-HKEKTOPIIBIK
KyHenep MEH TEXHOJIOTHsIIap.
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©JI.K. Hypmaxanosa', C.T. 3akenoB!, A.C. 3akenoBa?, 2024.
'Kacnuiickuii yHUBEpCUTET TeXHOMOTHI U nHknHUpUHTa nmenu 111. Ecenora,
Axray, Kazaxcran;
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AnHoTaums. COBpeMEHHON TEH/ICHUUEH PAa3BUTHUSI HAYUYHbBIX UCCICIOBAaHUN B
00JIacTH TOBBINIEHUST HE()TEOTAAYH TIJIACTOB SABISACTCS TOCTIKEHHE MaKCHUMAaIbHO
BO3MOXKHOTO Kod(uimenTa wu3BIeUCHUS HEPTH B YCIOBHSAX pa3pabOTKH
TPYIHOM3BIEKAEMBIX 3aI1acOB.

Pa3zpaboTkanHayTHOE 000 CHOBAHNE MHHOBAITMOHHON TEXHOJIOTHH BOJIOTa30BOTO
BO3ZICHCTBUS JUIS IOBBIIICHHUS HE(PTEOTIAYM M CHUIKCHHS YIJICPOIHOIO Clie/ia
SBISICTCS.  AKTyaJIbHOH TpoOiieMoi. I3BecTHBIE TEXHOJIIOTHH BOJIOTA30BOTO
BO3/ICHCTBHUS KIMEIOT, IOMHMO JIOCTOMHCTB, CYIIIECTBEHHBIC HEJIOCTATKY (HEBBICOKAs
YCTOMYUBOCTH BOJIOTA30BBIX CMECEH, HepallMOHAIbHAS 3aKauKa B HETIOAXOSIINE
JUIST  BO3JCHCTBUSL CKBAXXUHBI, HEJOCTAaTOYHAs MCCICIOBAHHOCTh IIpollecca
CO3JIaHUsl, HAarHEeTaHUsl W (PUJIBTpPAIlMUA CMecel, MpuMeHeHUue HedPPEKTUBHOU U
HEHAJICKHOU TEXHUKH IS 3aKaYKH, OTCYTCTBUE METOIMKHU [TOI00PA ONTHMAIBLHOTO
000pyI0BaHMS).

B crarbe npuBoaUTCS 000CHOBaHHE BOZMOXKHOCTHU PEIISHUS TPOOIEMBI ITyTEM
MIPOBEACHUS UCCIICAOBAHUH JIJTsl pa3pabOTKH TEXHOIOTHH «YMHOT0» BOJIOTA30BOT0O
BO3ZICHCTBUSL Ha IJIACT MPH HATHETAHUM YCTOHYMBBIX BOJIOTA30BBIX CMECEH C
ONTUMANBHBIMHA (PU3UKO-XUMHYECKAUMHU W TIEHOOOPAa3yIOIIMMU CBONCTBAMH JIJIS
TOCTIKCHUS MaKCHMaJbHOTO KO3 dHUIMEeHTa H3BJIcUcHU HedTH B Hamboee
MTOXOISIINE CKBAXHUHBI 9(D(hEKTUBHBIMH 1 HaJIe)KHBIMH HACOCHO-3KEKTOPHBIMH U
HACOCHO-KOMITPECCOPHO-MKEKTOPHBIMHU CHCTEMAaMH.

KuroueBble cj0Ba: BOIOTA30BOC BO3JICHCTBHE, TOMYTHBIM HE(PTSHOW Tas3,
ra30BbIC TEXHOJOTUH, KOAPPHUIIMESHT U3BJIeUCeHUS He()TH, HOBBIIIICHHE HE()TEOT/IauH,
HAaCOCHO-KOMIIPECCOPHO-RKEKTOPHBIC CUCTEMBI U TEXHOJIOTHH.

Introduction
Many oil fields are developed using flooding. At the same time, 30-70 % of
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the initial oil reserves remain unrecovered in the subsurface. There is a negative
trend in the oil recovery coefficient (ORK). In general, the ORK value of 30-32%
seems realistic for all stocks (Mikhailov, et al., 2019). The decline in ORK in
many countries of the world is objective, given by nature and there is a downward
trend in project ORK. Therefore, there is a need to use other methods of exposure
that increase oil recovery. Among the most promising technologies, gas methods,
including water-gas exposure, should be noted (Zakenov, et al., 2022).

It can be used at any stage of field development when injecting associated
petroleum and industrial gases (flue, exhaust, etc.) together with water, which
allows, along with increasing oil recovery, to improve the environmen tal situation
and reduce the carbon footprint.

Materials and methods.

Currently, the output of old oil fields, which are basic for the industry, is decreasing
worldwide. Investments in the development of oil production are decreasing. The
structure of oil reserves has changed significantly in recent years. The largest highly
productive fields, which provided high volumes of oil production in previous years,
are now significantly depleted. The share of hard-to-recover reserves (HRR) has
increased in the total volume of current oil reserves, the development of which is
largely associated with the further development of the oil industry.

The design values of oil recovery of fields being put into development are set
lower and lower. The average oil recovery coefficient in Russia is only about 36%
according to the work (Poddubny, et al., 2020). At the same time, there is a negative
trend in the oil recovery coefficient.

According to the documents of the Central Commission for the Development of
Minerals, the average ORK in Russia is fixed at 38%. At the same time, according
to Yu.A. Poddubny (Poddubny, et al., 2020), the ORK value of 38% refers to good
reserves, excluding HRR, as explicitly stated in the latest Energy Strategy of Russia
for the period up to 2035. In general, the ORK value of 30-32% seems realistic for
all reserves, and there is a downward trend in project ORK. The fall of the ORK
in Russia, as in many countries of the world, primarily in the United States, is
objective, given by nature.

Yu.A. Poddubny also notes the mythical values of ORK, which are published
with enviable regularity in Russia (there is no such thing in the West, it seems,
they trust professionals more), when they fantasize about the average ORK of 40%
in the United States (in fact, at the level of 34%, and without shale oil) or in the
world — that's- here will be the level of 50% (in fact, the global achievable ORK is
estimated at 29%, the possible achievability of 32% is being discussed, and this is
without heavy oil and bitumen). And in Norway it is said about 50-60% ORK in the
best fields (Poddubny, et al., 2020: Pestov, et al., 2019).

Another aspect of the problem that the project is aimed at solving is reducing
the flaring of associated petroleum gas (APG), CO, carbon dioxide emissions into
the atmosphere, improving the environment and reducing the carbon footprint
(decarbonization).
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The reasons for the irrational use of APG are related to a number of factors:
the remoteness of the fields from the infrastructure for collecting and transporting
petroleum gas; limited access to the main gas pipeline system; lack of local
consumers of APG processing products, etc.

The problem is so global that it is being considered at the global level at the UN.
In April 2015, UN Secretary-General Ban Ki-moon and World Bank President Jim
Yong Kim announced the launch of a joint initiative "Complete cessation of regular
flaring of APG by 2030" (Zero Routine Flaring by 2030 Initiative), which aims to
end unproductive burning of APG. Despite the adoption of such a program, APG
flaring increased by 2019.

According to the World Bank, in 2019, the volume of APG flared increased by
5 billion compared to the previous year. cubic meters — up to 150 billion m*. The
largest growth was recorded in Syria (by 35%) and the United States (by 23%),
followed by Venezuela (16%) and Russia (9%). Statistics on the volume of burned
APG over the past 5 years are presented in Table 1. Russia is in first place in terms
of irrational APG combustion in 2019, Iraq is in second, and the United States is in
third (Global Gas Flaring Tracker Report, 2020).

Table 1 - Dynamics of volumes of burned associated petroleum gas in various countries and
around the world for 2015-2019 according to the World Bank's Global Partnership to Reduce
Associated Gas Combustion

2015 | 2016 | 2017 2018 | 2019 for (2::)1;1181-%%19
Countries
billion m?
Russia 19,62 2237 19,92 21,28 2321 1,93
Iraq 16,21 17,73 17,84 17,82 17,91 0,09
USA 11,85 8,86 9,48 14,07 17,29 3,22
Iran 12,10 16,41 17,67 17,28 13,78 -3.50
Venezuela 9,33 9,35 7,00 8,22 9,54 1,32
Algeria 9,13 9,10 8,80 9,01 9,34 0,33
Nigeria 7,66 7,31 7,65 7,44 7,83 0,39
Libya 2,61 2,35 3,91 4,67 5,12 0,45
Mexico 5,00 4,78 3,79 3,89 4,48 0,59
fﬁgthmg inthe | 46 148 141 145 150 5,0

In the first quarter of 2020, according to (Global Gas Flaring Tracker Report,
2020), the total combustion of APG decreased by about 10%, with a decrease
observed in the 30 most irrationally burning gas countries. This is mainly due to
a decrease in oil production due to falling oil prices and the crisis associated with
the coronavirus pandemic. APG utilization increased during this period only in the
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USA. After overcoming the crisis and restoring the global economy, a new increase
in flaring gas should be expected if effective technologies for its disposal are not
introduced.

The main directions of qualified use of APG include gas processing (production
of dry and liquefied gas, liquid fuel), combustion in power plants for the production
of electric and thermal energy, as well as cycling process and injection into the
reservoir, including with the aim of increasing oil recovery (Drozdov, 2014: Berge,
et al., 2002: Zheng, et al., 2013: Alvarado, et al., 2010).

At the same time, the volume of APG use through processing and combustion
for energy generation will increase slightly in the future. Technologies aimed at
increasing oil recovery have the best prospects in the field of increasing the degree
of APG use (Drid, et al., 2004: Samba, et al., 2018: Kinate, et al., 2022).

Results and discussion.

The systematization of projects of methods for increasing oil recovery (IOR) in
the world by technology shows that today gas IOR prevail. If we take a conservative
estimate (347-375 projects) as a basis, then projects with gas IOR occupy 47%,
thermal projects — 44%, chemical and other technologies — 9%. According to the
most radical estimate, the share of IOR gas projects is estimated at 56%, while the
share of thermal projects is only 32-41% (Afzali, et al., 2018: Christensen, et al.,
2001: Khizhnyak, et al., 2016).

The United States, Brazil and Canada occupy the leading positions in IOR gas
technologies. Moreover, the United States dominates here with production volumes
of over 75% of the global total for this group of IOR. However, about 60% of the
known technologies for increasing oil recovery are still insufficiently studied for a
reasonable and large-scale commercial application.

IOR are becoming more and more in demand. The basis for their implementation
is hydrodynamic development systems, in which physico-chemical, physical,
microbiological, water-gas methods work effectively.

In particular, technologies of water-alternating-gas (WAG) are currently being
actively developed, while the injection of finely dispersed water-gas mixtures is the
most promising.

An analysis of the field experience shows that various WAG technologies have
previously been used in more than a hundred fields around the world. Numerous
studies have been conducted that have shown that in complicated mining and
geological conditions, one of the most promising methods of increasing oil recovery
is water-gas exposure.

WAG technologies can be classified: by the method of pumping water and gas,
by the ratio of displacing agents to each other, by the type and composition of
the gas, by the gas source, by the place of formation of the water-gas mixture,
by the displacement mode, by the choice of technological equipment for the
implementation of the technology, by the type of object selected for exposure.

Alternating injection of water and gas into the reservoir, known as WAGI (Water
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Alternating Gas Injection) technology, is an earlier method of WAG. In it, water
and gas are pumped into the reservoir cyclically, in rims. Another method is the
joint (simultaneous) injection of water and gas into the reservoir, known as SWAGI
(Simultaneous Water and Gas Injection) technology. In this case, water and gas
enter the reservoir in the form of a water-gas mixture.

Most of the fields where water and gas exposure has been applied are located
in North and South America, as well as in Norway. When exposed, hydrocarbon
gases, dry or enriched, as well as carbon dioxide are usually injected. Most often,
an increase in oil recovery at WAG is reported by about 5%, but, as noted in some
fields, oil recovery can increase by 20%. The WAG method has almost always
been used as a tertiary method of oil production. It was only in later cases in the
North Sea that the water-gas effect was carried out from the very beginning of
development. It turned out to be highly effective there in increasing oil recovery in
many fields.

Almost all publications note a significant increase in oil recovery achieved due
to water and gas exposure (Drozdov, et al., 2020: Faisal, et al., 2009: Kang, et al.,
2016: Wang, et al., 2015: Ainge 2019: Hosseini, et al., 2021).

However, it should be noted that many works in Russia on water and gas
exposure were then discontinued (at Samotlor, New Year, Sovetsky and other
fields), mainly due to technical and technological problems, insufficient efficiency
and complications in the operation of equipment.

In world practice, complex and expensive equipment is used for the
implementation of HBYV, requiring large capital investments, high—quality
maintenance and competent operation - gas treatment plants, high-pressure pumps
and compressors.

The use of WAG technologies using high-pressure compressors at the Samotlor
and New Year fields was discontinued due to a number of problems. These
WAG technologies require the purchase of sophisticated equipment, huge capital
investments at the initial stage of construction and significant operating costs during
the exposure process.

In addition to compressor stations, it is necessary to build gas treatment plants.
The drying of gas for the normal operation of compressors leads to the removal
of fatty fractions from the gas, which cannot be disposed of everywhere, and the
use of dry gas in the WAG process is less effective from the point of view of oil
recovery than fatty.

Finally, with the sequential injection of water and gas fringes into the reservoir,
practiced in compressor technologies, large volumes of gas may break through to
the faces of producing wells, which leads to the cessation of their normal operation
and losses in oil production, the formation of hydrates and other complications.

In Russia, in addition to compressor stations, booster systems were used for
the introduction of WAG, which, unlike compressors, do not require careful gas
preparation. However, the use of complex volumetric booster pumps-compressors
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(pumping and booster units) for the purposes of WAG is impossible without creating
high gas pressures at reception and is also an expensive undertaking.

Booster pumps cannot provide the high performance required for the
implementation of HCV in the entire field as a whole, and not in a small pilot site.
The reliability of volumetric pumps in reservoir pressure maintenance systems is
also lower than that of dynamic pumps.

For pumping and ejector technology of water and gas exposure of JSC «RITEK»,
it is necessary to have a gas source - a gas cap at relatively low values of the
injection pressure of the mixture. The extraction of gas from the gas cap for HCV
at the Kotovsk field subsequently led to a significant decrease in reservoir pressure
and the cessation of water-gas exposure using this technology.

Therefore, the main problem situation is that the widespread use of water-gas
exposure, which allows not only to utilize associated petroleum gas, but also to
increase oil recovery, requires the creation of efficient, reliable and easy-to-maintain
equipment and technology for the preparation and injection of a water-gas mixture
into injection wells, and this is an urgent topic for oil production.

Pumping and ejector systems include vane pumps, ejectors and pipe fittings.

The water-alternating-gas on the reservoir using this system is carried out as
follows.

The water-gas mixture created by the ejector is pumped into injection wells
and foaming surfactants (surfactants) are added to the water-gas mixture. To do
this, a power pump along the water injection line supplies pressurized water to the
working nozzle of the ejector. When water flows through the working nozzle at
high speed, a vacuum is created in the ejector intake chamber, where gas is sucked
through the gas supply line. At the same time, foaming surfactants are fed into the
receiving chamber of the ejector. In the flow part of the ejector, the flows are mixed
and a water-gas mixture is formed.

At the outlet of the ejector, the water-gas mixture has some increased pressure,
which, however, is not enough to pump the water-gas mixture into injection wells.
Therefore, after the ejector, the water-gas mixture is pumped out with a pump and
pumped under high pressure into injection wells.

In order to avoid a decrease in the performance of the booster pump due to the
harmful effects of free gas, the content of free gas in the mixture at the pump intake
is maintained no higher than the critical gas content of the cavitation-free operation
of the pump on a water-gas mixture.

In order to achieve the highest effect on increasing oil recovery, the water-gas
effect must be carried out in the area of optimal gas contents of the mixture.

The process of creating a finely dispersed water-gas mixture is also one of the
fundamental features of the proposed pumping-ejector technology. The fact is that
with conventional mixing of water and gas, the mixture is stable only in a narrow
range of pressures and temperatures, and after a while it stratifies, which causes a
significant increase in hydraulic resistances in aqueducts and injection wells.
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Therefore, when creating a finely dispersed water-gas mixture, appropriate pairs
of cations and anions are selected, and foaming surfactants are added, which stably
hold free gas bubbles in water, preventing them from merging (coalescing).

When implementing the technology, the existing infrastructure of the reservoir
pressure maintenance system (PMS) can be used. It does not require the construction
of separate high-pressure gas pipelines and gas injection wells of complex design
with wellhead and underground equipment necessary for high pressures. When
pumping a water-gas mixture with a pumping-ejector installation, a significantly
lower injection pressure is required than when pumping gas with a compressor,
and several times higher injection pressure of the water-gas mixture is achieved
compared to known ejector technologies. The technology also solves the problem
of hydrate formation and it is possible to maintain not only reservoir pressure, but
also reservoir temperature.

Suppression of coalescence in the "water — gas microbubbles" system by selecting
pairs of cations, anions and surfactants makes it possible to avoid stratification of
the water-gas mixture in pipelines and injection wells and significantly reduces the
required injection pressures of the water-gas mixture.

Conclusion

An analysis of the experience of operating the system in the fields and previous
studies have also made it possible to outline measures — new technical solutions to
improve the technology and technique of water-gas impact on the reservoir using
pumping and ejector systems.

The first of these solutions will increase the efficiency of the water-gas impact
on the deposit by organizing separate individual concentrated injection of the water-
gas mixture into the most suitable geological and field characteristics for water-gas
impact in order to increase oil recovery.

Another technical solution will increase the reliability and productivity of the
gas installation by providing additional gas ejection, which expands the scope of
application in the implementation of water-gas effects on the reservoir.

The third technical solution will increase the efficiency of oil production by increasing
the consumption of associated petroleum gas directed to create a water-gas mixture,
reducing pressure in the oil collector, as well as creating effective non-stationary wave
operating modes while reducing capital investments and operating costs.
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