O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0821U102150
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 19-07-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bypa4yok OsnekcaHup BosoguMupoBuy

2. Burachok Oleksandr Volodymyrovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crIeniaIbHOCTI: 185

Ha3Ba HayKoBOIi creniaJbHOCTI: Hadrorasosa iHkeHepisl Ta TEXHOJIOTI]

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jata 3axHCTy: 30-06-2021

CnenianbHICTB 32 OCBITOMO: 185 Hadrorazosa iHkeHepisi Ta TEXHOJOTIi

Micue po6oTH 3400yBaya: Isano-OpaHKiBCbKUIT HAL[OHAIBHUI TEXHIYHMI yHiBepcuTeT HadTH i rasy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoO KeHHS: By. KapnaTchka, 6y, 15, M. IBano-PpankiBebk, IBano-Opankischka 061, 76019, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi Creniagai3oBaHoOi BY€HOI pazu). 1d 20.052.019

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBCHKUII HAl[iOHATBLHUI TEXHIYHMIT YHIBEPCUTET

Ha(TH i razy

Kog 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ. Kapniatceka, 6ya. 15, M. IBano-®pankiBerk, IBaHo-OpankiBerka 061., 76019, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [BaHO-DpaHKiBCHKMIl HALIOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3Haxoa>KeHHS: sy Kapnarceka, 6y, 15, M. IBano-®pankischbk, IBaHo-(Ppankiscbka 061., 76019, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 52.47.27

Tema guceprauii:
1. MIABUILEHHS EGEKTUBHOCTI BUTYYEHHS BYTJIEBOJIHIB HA PI3HUX CTAJIIAX PO3POBKU
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Pedepar:

1. 3HayHa KiJIbKICTb ra30BUX i Fa30KOHEHCATHUX POLOBUIL YKPAiHU XapaKTE€PU3YIOTLCSI CYTTEBUM CTYIIEHEM
BUCHaXeHHs. Hanpuknag, no [NAT «Ykprassugo6yBaHHs», 80% BUL00YTKY 3a0€311€4y€eThCsl 3 POJOBUIL i3
BUCHaXXEHHSIM 75%. OCO6MBICTIO ra30KOHIEHCATHUX POJIOBULL € Te, 10 Yepe3 3HMKEHHSI I1JIACTOBOTO TUCKY
BifmOyBaeTbCs KOHIEHCALI s i3 ra3y piAKMX BYIJIEBOIHIB 3 yTBOPEHHSIM OKPEMOI pifkoi ByrieBoaHeBoi (paszy, sKa
Jocsirae KPUTUYHUX 3HAU€Hb HACUUEHHS | CTa€ PyXJIMBOIO TiJIbKY Y IIPUBUOIHIN 30Hi CBEPAJIOBUH, HETaTUBHO
BIIJIMBAIOYM HA MPOAYKTUBHICTb CBEPIJIOBUH i PO3POOKY POJIOBUIL 3arajoM. [jis Toro, mo6 3arnobirtn KoHAeH calii
i3 ra3y BaXXKUX BYIJIEBOLHIB, TaKi pOJOBHUILA IIOBUHHI PO3POOJISTUCS 3 MiATPUMYBAaHHSM I7IaCTOBOTO TUCKY. Haxkasb,

TiZIbKU Ha 4 06’eKTax po3poOKY B YKpaiHi BIIPOBA/IKEHO CANKJIIHT rpoliec. Yepe3 HeogHOPiHICTh GisbTpaliiHO-



€MHICHUX BJIACTUBOCTEH 32 00'€MOM IOKJIa/liB, BilOyBa€eTbCsl BUOIPKOBE IPEHYBAHHS, @ Y BUNAJIKy aKTUBHOI
BOJIOHAIIPHOI 30HU TaKOX BUOIPKOBE, BaXKKOKOHTPOJIbOBAHE OOBOIHEHHS, 1110 3HAYHO YCKJIATIHIOE ITPOEKTYBAHHSI
[I0/1Q/IbLIOI pO3POOKY MOKJIAIiB, 0COOJIMBO IPOEKTYBAHHS I'€0JI0rO-TEXHOJIOTIYHUX 3aX0/iB i3 iHTeHcupikaii
IIPUILJIMBY a3y 10 BUOOIO CBEPIJIOBUH, 3a0yPIOBaHHs O0OKOBMX CTOBOYPIB Ta BUOIp MicClis 3aKjIaaHHsI HOBUX
CBEp[JIOBMH. BUKOHAHO AeTasbHUM OISy, i KpUTUYHUM aHaui3 JOCiIKeHb 3 TPo6JIeM IiABUIeHHS
BYIJIEBOJIHEBUJIYY€HHS i3 Fa30KOHIeHCATHUX TIOKJIa/liB Ha Pi3HUX CTaZisIX po3poOKku. OLHUM i3 IPIOPUTETHUX
3aBfaHb JJIs1 ONTUMI3aLii [107anbloi pO3pO6KU POLIOBULL i HAPOIIYBaHHS BJIACHOTO BUAOOYTKY BYIJIEBOJHIB €
o6yA0Ba YUCENbHUX TPUBUMIPHUX MIOCTIMHO-iI0UNX MOZEJIeN pOJOBUL BYTJIEBOHIB, 5IKi 3a06€311€4yI0Th
MIPUMHSATTS TEXHOJIOTIYHUX PillleHb Ha OCHOBI ONTHUMIi3aLiTHUX PO3PAaXYHKIB. PO3IJISIHYTO MOCTAHOBKY MaTEMaTUYHOI
3a/1aui Ta METOZiB YMCEJILHOTO PO3B'sI3Ky. 3alIPOIIOHOBAHO aJIbTEPHATUBHY MaTeEMaTUYHY MojieJlb 6araTodasHoi
¢dinbrpauii razokonaeHcaTHOI cymilti. HaBeneHo MOPiBHSHHS Ta OO PYHTOBAHO [lepeBaru 6araToBapiaHTHOTO,
CTOXaCTUYHOTO MifX0Ay [I0 TOOYI0BY Ie0JIOTiYHUX MOJiesiel. 3alIPOIIOHOBAHO MEeTO, BU60PpY perpe3eHTaTUBHOI
CTOXaCTUYHOI peasiizaliii MOJieJli ra30BOro pOJOBUILA, 1110 6a3yEThCS HA BUKOPUCTaHHI QiflbTpalliiiHMX pO3paxyHKiB
3a METOJOM JIiHil Tedii Ta epeBipLi BUKOHAHHS YMOBH BiJIIOBIHOCTI APEHOBAHMX 3allacCiB 3amacam, IMifpaxoBaHuM
06'eMHIM METOJIOM, 17151 BapiaHTy i3 50% BiporigHicTio. BHACILOK LbOTO, OCATAETHCS MIBUAKE BiATBOPEHHS icTOPIi
PO3pOOKU pomoBULIA. MeTOAUKY alipo6OBaHO i BIIPOBAIKEHO 1711 OAHOTrO i3 ponoBuil JHinpoBcbKko-JJoHebKOoi
3anaguHu. [n9xoM NOPIBHAHHS PE3YJIbTaTiB PO3PAXyHKIB Mi’K KOMIIO3ULIMHOIO i cripoieHoo PVT monensamu
4yopHoi HadTH, gKa 3a7ae 3MiHy PVT BracTuBOCTEN B TaOINYHIN (POPMI 3a/1€3KHO Bifl TUCKY, AOCIIIPKEHO i
MiATBEPAKEHO MOXKJIMBICTh BUKOPUCTAHHS CIIPOLIEHOI MOAEJI IJ151 KOPEKTHOTO ONKUCY (Pa30BUX NEPETBOPEHb i,
4yac po3poOKU ra30KOHJ€HCAaTHUX I1OKJIAiB HAa BUCHAXXEHHS 32 Pi3HOTO IIOTEHIiTHOTO BMiCTy BaXKKMX BYIJIEBOJIHIB
Biz 50 1o 500 r/m3. 3a pe3ynbTaTaMu JOCHIIKEHb Ha riApoAuHaMivHiil MOZeJli TUIIOBOTO HEOJHOPIGHOTO
ra30KOHIEHCATHOrO Nokjany /13 BUKOHAHO KOMIUIEKCHE IOPIBHSHHS Pi3HUX METO/IB ITiIBUIEHHS
BYIJIEBOJHEBUJIYY€HHS 1J151 TPhOX Pi3HUX MOTeHIiMHUX BMicTiB ByrieBogHiB C5+ (100, 300 i 500 r/m3) 3a ymoBU
KOMIIeHcallii BifoopiB HarHiTaHHAM 3a nacToBuxX yMoB 50 1 100% mJ1s1 4OTUPbOX Pi3HUX CTYIIEHIB [109aTKOBOTO
BUCHAXXEHHSI — CEPEeHbO3BAKEHOTO MJIACTOBOTO TUCKY PiBHOTO 25, 50 i 75% Bif TUCKY OYATKy KOHAEHcallii Ta 3a
THCKY MaKCHMaJIbHOI KOHeHCcallil. 32 TEXHOJIOTIYHOI0 e(PeKTUBHICTIO (HOIaTKOBUM BUIOOYTKOM KOHIIEHCATY
BiJHOCHO 6a30BOTr'0 BapiaHTy Ha BUCHAXXEHHS) METOIY PO3NOAIISIOTECS Y TakoMy nopsaky: 1) CO2 100%; 2) C1 90%,
C2 5%, C3 5%; 3) C198%, C2 1%, C3 1%; 4) C1100%; 5) C1 50%, N2 50%; 6) N2 100%; 7) 3aBogHeHHS. 3a
€KOHOMIYHOIO €(DEKTUBHICTIO (MAaKCMMaJIbHUI HakonnyeHuit NPV) metonu posnoginsiorscs Tak: 1) C1100%,; 2) Cl
98%, C2 1%, C3 1%; 3) 3aBogHenHS; 4) C1 50%, N2 50%; 5) C1 90%, C2 5%, C3 5%,; 6) N2 100%,; 7) CO2 100%. Ha
HifcTaBi po3paxyHKiB 3 HarHiTaHHA CO2 y BUCHAXEHUH ra30KOHIEHCATHUN NTOKJIa, i3 IOTEHLiMHUM BMiCTOM
KoHzeHcaTy 500 r/m3 po3paxoBaHO CHUHEPreTUYHUH ePeKT y BUTJIS OJATKOBOTO BUAOOYTKY ra3y i KOHIeHcaTy
Ta reoJIOTIYHOTO 3aXOPOHEHHS! ioKcuay Byriew. CIpuaTIuBUM € HU3bKUI TeMIl HarHiTaHHg CO2 (750 tuc. M3 /1),
10 [103BOJISI€ NOAATKOBO BUI00OYTH 10 5,50% rasy i 5,18% KoHneHcaTy i Ipu LIbOMY 3aXOPOHUTH 10 3,6 MT miokcumy
Byrielo 3a 20-30 pokiB HarHiTaHH4, mo AopiBHIoe 1,35% Biz piuHoro 06¢sry Bukugis 2020 p. B YKpaini 3a yMoBU
BIIPOBA’KEHHS 3aXO0]i 3 €HEProePeKTUBHOCTI. AHAJII3 Pe3yJIbTaTiB 3aBOJHEHHS i3 BUKOPUCTAHHSIM XiMiYHUX areHTiB
Ha OJIHIi¥ reoJIOTiuHIN peasi3alii 10Ka3as, 10 NoJliMepy €MHI 3a6e31e4yl0Th [I0O3UTUBHUM eKOHOMIYHUH edeKT
(NPV). [Ins1 pewiTy METOIiB BiTHOCHO BMCOKa BapTiCTh areHTiB Ta HEOOXiHI BUCOKi KOHLIeHTpallii po6JsTh iX
Hee(eKTUBHUMU. BucoKi KoedillieHTH ra3oBuydeHHs (61M3bKO 92%), [10B’s13aHi 3 BUCHAXKEHHSIM 32 PaXyHOK
LIiJIHOI CITKM CBEPAJIOBUH i HU3bKYM I1JIACTOBUM THCKOM, 32 IKOTO YBECH I'a3 PO3YMHAETLCS Y CKOHIEHCOBaHIN
piakiit gasi. BogHouac nomaTkoBuil BULOOYTOK KOHIeHcaTy He repeBuilye 0,33%, 1110 3arajjom BUKOPUCTAHHS

XiMiYHUX areHTiB € EKOHOMIYHO HeJOliJIbHUM.

2. Significant number of gas and gas-condensate fields in Ukraine are characterized by significant level of
depletion. For example, 80% of the production of PISC “Ukrgasvydobuvannia” are coming from the fields depleted
up to 75%. Gas-condensate fields are very particular since reduction of reservoir pressure leads to condensation of
liquid hydrocarbons with formation of separate hydrocarbon phase that reaches critical saturations and becomes
mobile only in the vicinity to the wells. These make a negative impact on the well performance and field
development in general. To prevent the in-situ condensation of hydrocarbons, such reservoirs must be developed



with artificial pressure support. Unfortunately, only in 5 Ukrainian reservoirs gas cycling or inter-well gas bypass
was implemented. Heterogeneous distribution of reservoir properties leads to selective drainage, and in case of
water drive - selective and highly controllable water encroachment, that complicates field development planning,
especially production improvement, hydraulic fracturing, side-track drilling and placement of the new wells.
Detailed review and critical analysis of the research on the problems of hydrocarbon recovery enhancement from
the depleted gas-condensate reservoirs was performed. One of the priority tasks for further field development and
increase of internal production is creation of numerical 3D reservoir models to be used in technological decision
making based on optimization results. Mathematical model and numerical solution methods were reviewed.
Alternative mathematical model of multiphase gas-condensate mixture filtration was proposed. Comparison and
justification of the advantage of multi-variant stochastic approach for creation of geological models was given. The
method for the selection of representative stochastic realization of gas reservoir based on streamline flow
simulation results and comparison was proposed. Condition check for compliance satisfaction between calculated
drained reserves and volumetric method for the cases with 50% probability with simultaneous correspondence to
material balance (P/z=Qprod). Because of that, fast history matching is achieved. The method was tested and
implemented for one of the fields in Dnieper-Donets Depression (DDD). Calculation results comparison between
compositional and simplified black-oil PVT model, that describes the change of PVT properties as a function of
pressure in tabular form, was investigated. The possibility of possible application of simplified model for correct
characterization of phase transitions during gas-condensate reservoir depletion for different potential yield
between 50 and 500 g/m3 was proved. According to the results of numerical simulation of the typical
heterogeneous gas-condensate reservoir of DDD the integrated comparison of different enhanced hydrocarbon
recovery methods for three different potential yields of C5+ (100, 300 and 500 g/m3) with 50 and 100% voidage
replacement for four different initial depletion stages of 25, 50 and 75% from dew point pressure and pressure of
maximum liquid condensation was performed. Based on technical efficiency (incremental condensate recovery
versus base depletion case) the methods are ranked as follows: 1) CO2 100%; 2) C1 90%, C2 5%, C3 5%, 3) C1 98%,
C2 1%, C3 1%; 4) C1100%; 5) C150%, N2 50%; 6) N2 100%; 7) water flooding. Economic efficiency (maximum
cumulative NPV) methods ranking: 1) C1100%; 2) C1 98%, C2 1%, C3 1%; 3) waterflooding; 4) C1 50%, N2 50%; 5) C1
90%, C2 5%, C3 5%; 6) N2 100%; 7) CO2 100%. Based on CO2 injectivity results into the depleted gas-condensate
reservoir with potential condensate yield of 500 g/m3, the synergy effect from incremental gas and condensate
recovery and geological storage of carbon dioxide was calculated. Slow injection rate (750K m3 /d) is favorable,
leading to incremental recovery of gas 5,50% and condensate 5,18%, with possibility to store up to 3,6 Mtons of
CO2 during 20-30 years of injection. This amount is equal to 1,35% of annual 2020 emissions assuming
implementation of energy efficiency measures. Results analysis of the chemical flooding on the same geological
realization showed, that polymers are the only ones generating positive economic efficiency (NPV). For the rest of
the methods, relatively high agents’ costs and required concentrations make them inefficient. High gas recovery
factors (about 92%) are related to depletion caused be dense well pattern and low reservoir pressure, at which all
gas is dissolved in the condensed liquid phase. At the same time incremental condensate recovery is not greater
than 0,33%, that in general makes application of chemical agents economically not efficient.
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