REVIEW

of the abstract entitled

“METOD OF OPERATIONAL CONTROL OF WATER FLOODING IN GAS AND GAS-CONDENSATE
WELLS WITH CONTINOUS MEASUREMENTS OF ELECTRICAL RESISTIVITY OF PASSING LUQUID
(USING EXAMPLE OF DEPOSITS OF EARLY AND LATE CRETACEOUS OF WESTERN SIBERIA)”

by PERMYAKOQV, Victor Sergeevich

The subject of the thesis covers the development of a continuous means to measure physical and chemical
parameters of the passing water in gas and gas-condensate wells.

The Applicant thoughtfully seeks to improve effectiveness and quality control for diagnostics of well flooding
by establishing, proving and automating physics & chemistry measurements on a continuous basis.

The objectives outlined in the abstract are four-fold: 1) in-depth analysis of applicability of the existing methods,
2) feasibility of a continuous water intake and measurements with the use of a resistivity sensor, 3) development
of an electric diagnostic method and comparison of its results with the data by a chemical diagnostic method
and 4) application of the derived methodology to a water control in actual wells.

The work content covers an extensive overview of the strengths and limitations for a number of the adjacent
methods applied to the well flooding problem. The cross-discipline deep dive and critical assessment of the prior
results are carried out. The series of the physical experiments is performed in collaboration with the renowned
subject matter experts, of good quality and rock-solid. The measurements are appended by analytics covering
the temperature calibration, the dependency of water intake on gas pressure as well as the degree of mechanical
and mineral additives. The field deployment conditions and methodology refinement using the actual well water
intakes are validated. Finally, the lab and on-site experiences are wrapped up into a rounded practical workflow.

The targets, as they are stated in the abstract, aim at enhancements for continuous monitoring of water flooding
in gas and gas-condensate wells: i) enablement of resistivity and temperature flow measurements for
quantification of conductivity, mineralization and genetic profile characteristics and ii) feasibility of the
resistivity sensor operations within the ranges of mechanical and liquid hydrocarbon impurities up to 10% and
72%, respectively.

The work outcomes are put and benchmarked against the prior expectations. Evidently, the findings, analytics
and conclusions support the stated intentions. First, the presented data shows that the proposed idea, governing
setup and tested methodology are proven to be working. And second, it is practically indispensable to draw the
boundaries of the method feasibility.

The novelty statements in this study include a) For the first time, a continuous method is established for obtaining
a genetic profile of passing water in gas and gas-condensate wells, b) feasibility of a resistivity sensor, together
with a water sampler, is proven within a certain range of sensor placement, mechanical impurities and gas
velocity, and c) online monitoring methodology is employed for water flooding control of gas and gas-
condensate wells.

The work novelty is manifested into a fit-to-purpose bridge between demand of a feasible solution and practical
realization of the found solution. The method comprehensively addresses the continuity of measurements, sensor



and sampler designs, deployment options and variability of water properties and environmental conditions.
Definitely, the scientific elegance of the solution is a highly important aspect. The end-to-end feasibility and
cost-effectiveness of the solution are another crucial terms of the novelty equation.

The impact of the solution is projected through easing, streamlining, automating and saving during the various
stages of field operations.

It seems the developed method has a sizeable potential to shine through technology implementation, solution
management and overarching economic significance.

Summary

In my view, the submitted abstract unveils the strengths of the thesis and conveys the practical acceptance of the
results. It also demonstrates the Applicant’s skillset to approach the problem, retrieve the knowledge and harness
the meaningful discovery. 1 would like to join the Scientific Council of the Institute for Petroleum Geology and
Geophysics in granting the Applicant with the Degree in Technology Sciences.
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OT3bIB

Ha aBTopedepar muccepranuu [IEPMAKOBA Bukropa CepreeBnua Ha TeMy

“METOJUKA OITEPATHBHOI'O KOHTPOJIA 3A ObBOJHEHWEM I'"'A30BbBIX 1
I'ABOKOHJIEHCATHBIX CKBAXMH I10 HEITPEPBIBHOMY U3MEPEHUMIO
BJIEKTPUYECKOI'O COITPOTUBJIEHUS ITOITY THOM XUJIKOCTHU (HA ITIPUMEPE
OTJIOXKEHMI BEPXHEI'O M HUXKHEI'O MEJIA 3ATIAJTHOM CUBUPI)”

Tema ouccepmauuu (06veKkm ucciedo8anus) oxeamvléaem paspabomky cnocoo08 KOHmMpos 8 8uoe
HEeNnpepulHO20 UMEPeHUs (PUIUKO-XUMUYECKUX NApaMempo8 NONYMHOU IHCUOKOCMU 8 2d308blX U
2A30KOHOEHCAMHbBIX CKEANCUHAX.

Comuckarenb NpOJAyMaHHO CTPEMMTCS MOBBICUTH 3(P(EKTUBHOCTh U KOHTPOJIb KauecTBa JUATHOCTHUKH
00BOJIHEHMS CKBAXXMH MOCPEJCTBOM BBO/JIA, SKCIIEPUMEHTAIILHOTO MOATBEPKACHHS U aBTOMATHU3AINU
HEMpPEePBIBHBIX U3MEPEHUN (PU3HUECKO-XUMUYECKUX TapaMETPOB MOMYTHOM BOJIBI.

Ienu, uznoosicennvie 6 asmopegepame, A61510M coO0U YeMbIPEXCMOPOHHUU KOMNEKC: 1) yenyonenHblil
AHANU3 BO3MONCHOCMU NPUMEHEHUs. CYUIeCMBYIOWUX Memooos, 2) B03MONCHOCMb HENPEPbIBHO2O
omobopa 800bl U UMEpeHUs eé INeKMPUYeCcKo20 CONPOMUBIEHUS C UCNONb308AHUEM PEe3UCHUBHO20
oamuyuxa, 3) paspabomka memooa 31eKMpUleckou OUACHOCMUKU U CPABHEHUE €20 Pe3)Ibmamos C
OAHHBLIMU, NOJIYYEHHBIMU C NOMOWBIO MEMOOA XUMULECKOU OUACHOCMUKU U 4) npuMeHeHUe NOTY4eHHOU
MemoOuKu OJisi ONepamu8Ho20 KOHMPOJis 3a 00800HEHUEM PEAIbHbIX CKBANCUH.

O0beM MpeaCTaBICHHOTO HMCCIIENOBAHUS BKIIOYAET B ceOsi OOMIMPHBIA 0030p CHIIBHBIX CTOPOH H
OTPaHUYCHUH Psiia CMEKHBIX METOJIOB, IPUMEHSIEMBIX JUISI PEIICHUS TPOOJIEMbI OOBOTHEHHSI CKBaYKHH.
[IpoBoaUTCS TIYOMHHBIM MEXKIAMCUUILUIMHAPHBIA aHAIM3 M KPUTHYECKAs OIICHKA MPEIbIIyIIHX
pe3ynbratoB. Cepusi (PU3UYECKUX IKCIICPUMEHTOB MPOBOJIUTCS B COTPYAHUYECTBE C HM3BECTHBIMHU
JKCTIIEPTaMH B ITOHM 00JIACTH, ¢ 00ECIEYeHUEM XOPOIIETro KaueCcTBa W BHICOYANIICH JOCTOBEPHOCTH.
W3MepeHus TOTIONTHSIOTCS aHATMTHKOW, BKITFOUYAOIIEH B ce0s1 KATMOPOBKY TeMIIEpaTypbl, 3aBHCUMOCTh
HAKOTUICHHsI BOJBI OT JaBJICHHUS Ta3a, a TaKKe OT KOJIMYECTBA MEXaHWYECKUX W MHUHEPaIbHBIX
npumeceil. OnpeneneHsl TPOMBICTIOBBIE YCIOBHS JUIsl anpoOalud METOJIOJIOTUM C UCIOJIb30BaHHEM
npo0 BOJABI M3 pEAbHBIX CKBAXHUH M BO3MOXXHOCTH €€ YCOBEPIICHCTBOBAHHS, OOBEAMHSS TaKHM
00pa3oM J1abopaTopHBIC U MOJIEBBIC IKCIIEPUMEHTHI B KOMIUIEKCHBIN MPOU3BOJICTBEHHBIN TPOIIECC.

3aodauu, 6 mom 6ude Kax OHU U3NOJUCEHBI 8 asmopehepame, HANPABIEHbL HA COBEPULCHCMBOBAHUE
HeNnpepvl8HO20 MOHUMOPUHEA 0OBOOHEHUSL 2A308bIX U 2A30KOHOEHCAMHBIX CK8AJICUH, U UX GbINOJIHEHUE
npeononazaem: 1) onpeoeneHue GO3MONCHOCIU USMEPEHUNl JIeKMPUUECKO20 CONPOMUBTIeHUs. U
memnepamypbl HCUOKOCMU 8 2A30HCUOKOCTIHOM NOMOKe OJis OnpeoesieHust YOelbHOU 1eKMmpULecKoll
nPOBOOUMOCU, MUHEPATUZAYUU U OUACHOCIUKU 2EHEMUYLECKO20 NPOPUISL U [T) O3MOAICHOCHb PAOOMbL
PE3UCMUBHO20 0aAMUUKA NpUu 00BbEMHOU 00le MEXAHUYECKUX Npumecell 8 NONYMHOU HCUOKOCMU U
HCUOKUX Y2T1e8000p000s 00 10% u 72%, coomeemcmeaeHHo.



[Ipu cpaBHEHUM C  OXUAAHUSAMH, PE3YJIbTATHl PA0OTHI, BHE BCIKOTO COMHEHUS, ONPAB/BIBAIOT MX, YTO
TaK)K€ IMOATBEPIKICHO AHAIMTUKOW M BBIBOAAMU. BO-IIepBBIX, IPEACTABICHHBIC JaHHBIEC IOKA3bIBAIOT,
YTO MpPEUIOKEHHAsT Hiesl, OCHOBHOM MHCTPYMEHTApHi M anmpoOMpOBaHHAs METOJOJIOTHS JI0Ka3aln
cBOIO 3((eKTUBHOCT. M, BO-BTOPBIX, ONpPEICICHUE T'PaHUI] MPUMEHUMOCTH METOJa MPEACTaBIIACT
IIPAaKTUYECKUI UHTEPEC.

Dnemenmul HOGU3HBL OAHHO20 UCCIEO08AHUS NPEOCMABIEHbL CIe0VIOWUMU BbIBOOAMU: ) 6nepavle
NPUMEHEH MemoO HenpepvleHo20 ONnpedesenus 2eHemu4ecko20 Npouis NONYMHOU HCUOKOCIU 8
2A308bIX U 2A30KOHOCHCAMMHBIX CKBANCUHAX; 0) O0KA3AHA BO3MONCHOCb UCTIOIb308ANUSL PE3UCUBHO20
oamuyuxa u npoboyI08umeisi 600bl 8 ONPEOeNeHHOM OUAna3one 3a2nyoaeHus 0amuuka, 00bEMHOU 0oe
MEXAHUYECKUX npumecell u ckopocmu 2asa; u C) paspabomana mMemoouka OnepamueHo20 OHJIAUH
KOHMPOJIsl 00800HEHUSI 2A308bIX U 2A30KOHOCHCAMMHBIX CKBANCUH.

Hayuynas HOBH3HA 3KcriepuMEHTa IpPOSBISETCS B OCYIIECTBISEMON UM CBA3M MEXIY TpeOyeMbIM
pelnIeHreM U MPaKTUYECKOM peann3annel HaIeHHOTO pelieHus. MeTo pemaer 3a1a4y KOMIIEKCHBIX
HENpPEPBHIBHBIX M3MEpPEHUN C y4ETOM KOHCTPYKIMU JAaTYMKOB U MPOOOYIOBUTENEH, BapUAHTOB HX
pacCTaHOBKHM, a TaKX€ W3MEHYMBOCTH CBOMCTB BOJBI M YCIOBUM OKpyxkarouien cpensl. Hayunas
TOYHOCTh, UHBIMHU CJIOBAMH — DJIETAHTHOCTH PEIICHHsS, OE3yCIOBHO, SBISET COOOM Ype3BBHIYAITHO
BOXHYIO OCOOCHHOCTh TIPEICTaBICHHOW paboThl. CHCTeMa B3aWMOCBSI3aHHBIX TEXHOJOTHH U
SKOHOMMYECKask 3P(PEKTUBHOCTD PEUICHUS TaK)KE SBIISIOTCS SJIEMEHTaMU HOBU3HBI.

Jonzocpounviii  Ippekm  pewienus npocHO3UpYemcs  3a  cuem  YHNPOWJeHUs,  ONMUMU3AYUU,
asmomamu3ayuy U SIKOHOMUU CpeoCme Ha PA3IUYHbIX IMANAX NONE8bIX ONepayull.

OueBunHo, uTO pa3zpaboTaHHAas MeETOAMKA O0O0JaJaeT 3HAYUTENbHBIM  IOTEHIHAIOM, 4YTO
MOATBEPHKIAETCS CYIIECTBEHHBIM HSKOHOMHUYECKUM U YIpaBlieHY4ecKUM 3¢ (EeKToM OT BHEIPEHUS
TEXHOJIOTHUH.

Heoocmamxku

[TockoubKy 3aluTa TUCCepTalliy Ha COMCKaHue crenenu kanauaara Hayk (Ph.D.) sBisiercs mo cytH u
OyXy KBATHM(PHUKAIMOHHON, XOTENOCh Obl MOJEIUTHCS OJHUM HE3HAUMTEIbHBIM TEXHHUUYECKUM
3aMeyaHUEeM M OJHUM HaOIIIO/ICHUEM.

3amevanue. HOCKOHLKy npeajnaracMas BIIyCKHaAsA KaMepa COACPKUT PC3UCTUBHBIC U TCMIICPATYPHLIC
AAaTYUKHU, HMECT CMBICI INOCTPOHUTbL ABYMCPHYIO IApaAMETPUUYCCKYHO PErpeCcCUro (B IIPOTHBOBEC
O,Z[HOMCpHOﬁ perpeCcCruu TOJIBKO IIO TeMnepaType). OTO MOXKET Kak YIIPOCTUTB, TaK U YIIYUIIUTH
AUXArHOCTUKY MHUHCPAJIBHOI'O COCTaBa 1 J0JIN IUIACTOBOM BOJBI.

IIpeonoorcenue. Ilockonbky Conckarenb yka3blBaeT TPU MPAKTUYECKUX P PEeKTa — TEXHOJIOTUUECKHUH,
HSKOHOMHUYECKHUH U yIIPaBIEHYECKUH — OT CBOEH pabOThI, Is 3aIlUTHI ObIJIO ObI IT0JIE3HO MPEJOCTaBUTh
oO0I1yI0 CXeMy MOHETH3aLlUH, IO KpaitHel Mepe, 0IHOTO U3 HUX. Takas cxemMa MOXKET paccMaTpUBaThCs
KaKk OCHOBaHHeE JUIsl NEPCHEKTUBHBIX OM3HEC-PELIeHUH.



3aknrouenue

Ha ™moil B3rmsan, mpeacTaBieHHBIH aBTOpedepar pacKpbIBaeT CHIBHBIE CTOPOHBI JAWUCCEPTAlMU U
OTpakaeT TPAKTHYECKYI0 3(PPEeKTUBHOCTH pe3ynbTaToB. Kpome TOro, OH JIEeMOHCTPHpYET
COBOKYITHOCTb 1M0AX0710B CounckaTensi, 00ECIeYHBIINX PEIICHUE TOCTaBICHHON MPOOJIEMBI, a TaKKe
OOHApYXHMBIIUX TPUMEHEHHE TIyOOKMX TO3HAHWKA M MPAKTHYECKYI0 3HAYUMOCTh OTKPHITHS. S
MIPUCOCTUHSIOCH K pemeHuto Yuenoro Cosera MHctuTyTa Hedrerazoroii reosoruu u reodusuku CO
PAH o npucyxnennn Couckarento yd4eHOU CTENEHH B 00JIaCTH TEXHUYECKUX HaYK.

Jlaro cBOE coryacre Ha BKIIFOUEHUE CBOMX NTEPCOHANBHBIX JAHHBIX B JOKYMEHTHI, CBsI3aHHBIE C paboTON
JIMICCEPTAIIMOHHOTO COBETa, UX JAIbHENIIYI0 00paboTKy U Nepeadyy B COOTBETCTBUH C TPEOOBAaHUSAMU
Muno6pnayku Poccun.
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