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3mict aucepTaiii. Y BCTymi OOIPYHTOBAaHO AakKTyaJbHICTh YIOCKOHAJICHHS
MPOTHO3YBaHHA KoedillieHTa BUTICHEHHA HadTH TMpH 3aBOJAHEHHI JIITOJOTIYHO
HEOJHOPIAHUX  KojJekTopiB. IlokazaHo, 10 3acTOCyBaHHS  YyCEpeIHEHUX
XapaKTepUCTHK IUTaCTa B AaHANITHYHHUX pPO3paxyHKax HE 3aBXKIU Ja€ 3MOTY
B1I00pa3uTH BIAMIHHOCTI (DUIBTpAIifHOT MOBEIIHKA OKpeMmux JjiTodariid. MeToro
AucepTaiiiHoi poOOTH € MIABHUILEHHS JOCTOBIPHOCTI NMPOTHO3YBAHHS KOE(IIi€HTa
BUTICHEHHS HaTH IIPHU 3aBOHEHHI JJIsI POJIOBHIII 31 CKJIATHOIO T'€0JIOTTYHOI 0y 10BOIO
IUISXOM  YJOCKOHAJICHHS MAXOAY, IO JIeTaJbHO BPAXOBY€E JNTOJOTIYHY
HEOHOPIIHICTh TIJIacTa.

O06’eKTOM JOCIIJIPKEHHSI € TPOLIECH BUTICHEHHS Ha(TH BOJOKO B JITOJIOTIYHO
HEOJIHOPITHUX KosekTopax. [Ipeamer mocimipkeHHs - TOCTOBIPHICTh MPOTHO3YBAHHS
KoedirieHTa BUTICHEHHS HaTH 3 ypaXyBaHHSM BIUIMBY JIITOJIOTYHOT HEOTHOP1AHOCTI
KOJEKTOpiB. JIOCHIDKEHHS TIPYHTYEThCS Ha TOE€JHAHHI aHAJITHUYHUX METOJIIB
MPOTHO3YBaHHA Koe(illi€eHTa BUTICHEHHS, J1a00OpaTOPHUX OCIIHKEHb KEPHOBOTO
Marepiany, 1HTepmpeTaiii JaHuxX reoi3WYHUX  JOCHIKeHb  CBEPIJIOBHH,
TPUBUMIPHOTO T€OJOTIYHOTO Ta CTOXaCTUYHOTO MOJCIIOBAHHS, alropUTMi3allii,
nporpaMyBaHHsI Ta TMOPIBHSUIBHOTO aHaJi3y PE3yJbTaTiB PO3PaxXyHKIB 3a PIZHUMHU

METOIUYHUMH IT1IXOJaMH.



HaykoBa HOBHM3HA 0/IepKAHUX PE3YJIbTATIB MOJSTa€E B TOMY, IO YAOCKOHAJIEHO
METOUKY (opMyBaHHS (Qariecnenn@iyHux MNeTpoi3UUHUX MapamMeTpiB IS
IIPOTHO3YBaHHSA KoedillieHTa BHUTICHEHHs HadTH, ska B yMOBax OOMEXEHOl
nabopatopHoi 1HpopMallii moeanye JiTodaliaJlbHUN PO3MOALT KEPHOBOIO MaTepiaiy,
BU3HAYCHHS PEMPE3CHTATUBHUX KPUBUX BIMHOCHUX (PA30BUX MPOHUKHOCTEU IS
okpeMux jiTodariii Ta Bukopuctanus gaHux ['JIC nis ix mpocTopoBOi IPUB’S3KU B
Mexax riacTta. BctaHoBieHo, 1110 3a 0JHAKOBUX F€OMETPUYHUX 1 TEXHOJIOTTYHUX YMOB
Ta BJIACTUBOCTEH (i1r0i/1iB pi3HI JiTodallii XapaKTepU3yOThCs HEOJHAKOBUM BILJIMBOM
rpagBiTailii Ha ¢pakIiiHUi TOTIK 1 PI3HOK MIBUAKICTIO pyXYy (PPOHTY BUTICHEHHS, 1110
3YMOBJICHO BIIMIHHOCTSIMHU IXHBOT MPOHUKHOCTI, IOPUCTOCTI Ta BITHOCHUX (pa30BUX
POHUKHOCTEH. Y JOCKOHAJIEHO METOJUKY MPOTHO3YBaHHS KOEQIli€HTa BUTICHEHHS
Ha(TU U1 JIITOJIOTTYHO HEOAHOPIAHUX KOJIEKTOPIB Ha OCHOBI aHAIITUYHOTO M1IXOTY
bakumi-JleBeperra-Benre nuisixom okpeMoro po3paxyHKy KoedilieHTa sl KOXKHOT
mitodarlii Ta BUBHAUYEHHSI MOTO 1HTErpaJIbHOTO 3HAYEHHS 3a YacTKaMmH Jiitodarii y
Ha(TOHACUYEHOMY IIOPOBOMY 00’ €M1 IUIacTa.

VY posnun 1 mpoaHani3oBaHO CydacHl aHANTHYHI MIAXOAW JO0 BU3HAYCHHS
KoedilieHTa BUIYYEHHS Ta KoedilieHTa BUTICHEHHS HadTU. PO3risHyTO METOAMKY
I'CTY 41-00032626-00-022-2000, xnacH4HUN 3axXIiOHAM MAX1T OO BU3HAYEHHS
Recovery Factor (RF) 1 Displacement Efficiency (Ep) Ta anamituunuit migxia bakiii-
JleBeperra-Benre. BuznaueHo 0COOIMBOCTI TXHBOTO 3aCTOCYBAHHSA, CKJIAJ BXITHUX
napaMeTpiB 1 CTYIMiHb YpaxyBaHHsI BIACTUBOCTEHN MOpi, QIIr0i B, BIIHOCHUX (ha30BUX
IMPOHUKHOCTEH, JIITOJOTIYHOI  HEOJHOPIAHOCTI Ta  TpaBITAIlIHHOTO  BILIUBY.
[IpoanaiizoBaHO BIUTMB 3MOYYBAHOCTI, CITIBBITHOIICHHS B’s3KOCTed Ha(dTH 1 BOIH,
MOPUCTOCTI, TPOHUKHOCTI, MOYATKOBUX 1 3AJMIIKOBUX HACMYEHOCTEH Ta IIBHUJIKOCTI
¢inpTparii Ha mepedir mporecy 3aBOJAHEHHS. 3a pe3yJbTaTaMH aHalli3y aHAJTITUYHUN

niaxin bakii-JleBeperta-Benre 06paHo sik OCHOBY JUISI TOAAJBIIONO BJOCKOHAJICHHS.



VY po3aini 2 HaBeACHO pe3yJbTaTH JA0OPATOPHUX JOCIIKEHh KEPHOBOTO
Marepiany Ta o0rpyHToBaHo hopmyBaHHs (amiecnenudiaHoi neTpodizudHoT 6a3u IS
POTHO3YBaHHs KoedimieHTa BUTICHEHHS. KepHOBUI Matepian po3MOAUIEHO 3a
mitodarisMu, 10 a0 3MOTYy OKPEMO OXapakTepu3yBaTH (HUIbTpaIliiiHO-EMHICHI
BJIACTHBOCTI IICKOBHUKAa CEPEIHBO3EPHUCTOr0, MICKOBUKA ApiOHO3EPHUCTOTO,
aJIeBPOJITY Ta HENPOHUKHOI CKiaaoBoi. JlabopaTopHl [OCHIJKEHHS BKIIOYAIH
MiATOTOBKY 3pa3kiB, BHU3HAYEHHsS TOPUCTOCTI, aOCOJIOTHOI MPOHUKHOCTI Ta
3QJIMIIIKOBOT BOJIOHACUYEHOCTI METOAOM IeHTpudyryBanHs. OTpumMani JadopaTopHi
3HAUEHHS 3aJMIIKOBOI BOJOHACHUYEHOCTI BUKOPUCTAHO TiJ dYac TOOyA0BH
damiecnenPpiUHUX KPUBUX BITHOCHUX (Pa30BUX MPOHUKHOCTEH.

Y mpoMy K po3auni OOTPYHTOBAHO  BUKOPHUCTaHHS  KOHIEMIIil
pPENPE3EHTATUBHOTO  €JIEMEHTAPHOTO0 00’€My IS OIlIHIOBaHHS  JOCTAaTHOCTI
naboparopHoi BUOIpKM B Mexax okpeMux Jitodamiii. Ha ocHOBI pe3ynbrariB
Ja00paTOPHUX JOCII/KEeHb, MEeTpOodI3UYHOT 1HTEepIpeTalli Ta JaHUX Teo]i3uuHUX
JOCTIKEHb CBEpAJIOBUH chopMoBaHO Habopu ariecrienniyHuX MapaMeTpiB,
HEOOX1THUX JIJIS MOJAJIBIIUX PO3PaxyHKIB KoedillieHTa BUTICHEHHA. Po3paxyHku 3a
KOPEJSIIisIMA, OTPUMAaHUMHU B aMEPHKAHCHKIN MPOMHCIIOBIH CHUCTEMI OJMHHIIb,
BUKOHAHO 3 BIAMOBIJHUM TEPETBOPEHHSM BXIAHUX JaHUX, a pPE3YJIbTaTH
Ipe/cTaBlieHo B cucteMi Sl.

VY po3aini 3 06rpyHTOBAHO MOCIIIOBHICTh PO3PAaXYHKY KO€(il[ieHTa BUTICHEHHS
JUISL  JTIITOJIOTIYHO  HEOJHOPITHOTO  KOJIGKTOpa. 3alpoOIlOHOBAHO Tepexisy Bij
BUKOPUCTAHHSI €JIMHOTO YCEPEIHEHOro Habopy MNeTpodi3MYHUX MapaMeTpiB [0
OKpPEMOTO TMpEACTaBICHHS NPOHUKHUX mitodauid. [ng xoxkuol miTodarii
nepe0ayeHo  3aCTOCYBaHHS  BUIMOBIJHUX 3HAY€Hb IOPUCTOCTI, aOCOJOTHOI
MPOHUKHOCTI, TIOYATKOBOi Ta  3aJMINKOBOI  BOJOHACHYEHOCTI,  3aJHUIIKOBOI

Ha(TOHACUYEHOCTI W KPHUBHUX BIAHOCHUX (pa30BuX MNpoHUKHOcTeW. Ha X ocHOBI



dbopmytoThes  Gamiecnienndiuyal KpuBi (HPaKIIMHOTO IMOTOKY Ta BU3HAYAIOTHCS
JIOKaJIbHI KOe(ill1€EHTU BUTICHEHHS.

Po3paxyHok iHTerpampHOro koegimieHTa BUTICHEHHS BHUKOHYETHCA SK
cepeaHbO3BAXKEHE 3HAUCHHS JIOKAJIbHUX KOS(IIIEHTIB 13 ypaXyBaHHSIM BHECKY KOXKHOT
mitodanii B HadpTOHacHYeHH mopoBuil 00’eM 1iacta. Jlo piBHAHHSA (ppakUiHOTO
MOTOKY BKJIIOYEHO CKJIAJIOBY, SIKa BpPAaxXxOBY€ TpaBITALIMHUNA BIUIUB 3aJIEKHO BIJ
aOCOIOTHOI TMPOHMKHOCTI, KyTa HaxXWiy IUJIacTa, PI3HULI TyCTUH (oiniB Ta
IHTEHCHUBHOCTI HarHITaHHS BOAU. PO3MIISIHYTO TaK0K BU3HAYEHHS MOJIOKEHHS (PPOHTY
BUTICHEHHSI, MOMEHTY TPOPUBY BOAM, HAKOIMUYEHOro BUAOOYTKY HApTH U BOAM,
7e0ITIB Ta 1HIIMX NOKa3HUKIB MPOIIECY 3aBOAHECHHS.

VY pozaim 4 oxapakTepru30BaHO I'€0JIOTIYHY OYJOBY JOCIIKYBaHUX 00’ €KTIB
I'matiBcbkoro ta HoBoMukomnaiBchbkoro (MOBUYaHIBCHKOTO) POJOBHUIN. Y MeEXKax
MPOIYKTUBHUX TOPH3OHTIB BHUAUICHO IMCKOBUK CEPEIHBO3CPHUCTUM, TICKOBUK
JpiOHO3EPHUCTHM, AJIEBPOJIT 1 HEMPOHUKHY CKJIaAoBYy. 3a manumu kepHy Ta ['JIC
BUKOHAHO MPOCTOPOBY MPHUB’SA3KYy JiTodarii, BU3HAUYEHO iXHI O0’€MHI YacTKH,
MOPUCTICTh Ta a0CONIOTHY MPOHUKHICTh. [100y/10BaHO JME€TEPMIHICTUYHI T'€OJIOTTYHI
MOJIeITi 1 MiATOTOBJICHO BXI1JIHI JJaH1 /ISl PIBHOWMOBIPHUX CTOXACTUYHHUX peati3allii.

Y po3nuni 4 TakoXX MPEACTaBIEHO MPOTpaMHy pealli3aliio po3poOaeHoT
METOJIMKU MOBOIO mporpamyBaHHsi Python. LleHTpanbHOIO CKIIaJOBOKO MPOrpamMHOro
3a0e3MeyYeHHs] € JEeTEPMIHICTUYHUI PO3PaxyHKOBHM MOJYJb, MPU3HAYEHUN IS
BU3HAYEHHSI Koe(illieHTa BUTICHEHHS [JI1 OJIHOTO 3aJaHOr0 HaOOpy IeoJIOTIYHUX,
neTpod13UIHUX, TECOMETPUUHHX, (PITHOTITATbHUX 1 TEXHOJIOTIYHUX MapaMeTpiB. Mo1yb
MOCIIJOBHO (pOpMy€e KPUBI BITHOCHUX (Pa30BUX MPOHUKHOCTEH 1 HpaKLiiHOTO OTOKY,
BU3HAYA€ TMOJOXKEHHS (PPOHTY BUTICHEHHS, MOKAa3HUKU IMPOLIECY 3aBOJHEHHS Ta
JIOKaJIbHI KOe(IIEHTH BUTICHEHHS AJI1 OKpPEMHUX JiTOo(alliif, mcis 40ro po3paxoBye

1HTErpanbHUN KOe(ILI€HT BUTICHEHHS.



CroxaCTUUYHHMI MOJyJIb BUKOPUCTAHO SIK JTOMOMDKHHUN 1HCTPYMEHT MaKETHOI
00poOku BxigHuX naHux s 100 piBHOWMOBIpHHMX TEOJIOTIYHUX peai3aliiii 3a
IIICTbMa PO3PaXyHKOBUMHU CIICHAPIIMH. Y CTOXACTHYHHMX peali3allisiX 3MIHIOBAIUCS
IPOCTOPOBUM po3moall JiTodarliii, iXHl 00’€MHI YaCcTKH, MOPHUCTICTh 1 aOCOJIFOTHA
NPOHUKHICTh, TOMAl K (amiecrienudiyHl mapaMeTpu KPUBUX BIAHOCHUX (a30BUX
OPOHUKHOCTEH NpUMMaNnCs CTalUMHU. 3a pe3ysibTaTaMu PO3pPaxyHKIB BU3HAYEHO
cepelHl 3HAYCHHA, CTaHJApPTHI BIAXWICHHA Ta Koe]illieHTH Bapiallii xoedilieHTa
BUTICHEHHSI.

3a pe3yJbTaTaMu JIETEPMIHICTUUHUX PO3PAXYHKIB 1HTErpaibHUN KOeDIIE€HT
BUTICHEHHS 32 YJOCKOHAJICHOIO JITO(AIlaIbHOI0 METOJUKOI0 Ha OCHOBI MIAXOIY
bakni—JleBeperra—Benre 3 ypaxyBanHsaM rpasiTaiili craHoBuTh 0,6485 mis cermeHTa
ropu3oHTiB B-26 1 T-2 T'matiBcbkoro ponosumia ta 0,6644 s ropusonty T-3
HoBoMHKONAIBCHKOTO POJOBUINA. Y3TOKEHHS PO3PAXyHKOBUX PE3YJbTaTiB 13
HaBeJCHUMHU B ATiaci poAoBUI HAPTH 1 razy YKpaiHu KoedillieHTaMu BUIYyYCHHS
BUKOHAHO Yepe3 BU3HAYEHHS BIANOBIAHUX KOEQIIIEHTIB OXOIUICHHS MOKIaTy
3aBOJIHCHHSIM.

[TopiBHSIHHS OTpPUMAaHUX PE3yJbTATIB MOKa3ajo, M0 3HAYEHHS KoedilieHTa
BUTICHCHHS, BU3HAYCHI 32 PI3HUMHU METOAUYHHMH ITiJIXOJIaMH, € 31CTABHUMHU MK
co00I0 B MEKax MPUUHATUX BUXITHUX AaHUX. Jis 'HaTIBCHKOro po/ioBHUIla CepeaHE
3Ha4YCHHS Koe(illieHTa BHUTICHEHHS 32 CTOXAaCTUYHHMH peami3ailisaMu IS
yI0CKOHajeHoro JitodariansHoro miaxonay bakmi—JleBeperra—Benre 3 ypaxyBaHHsIM
rpagiTaiiii craHoBuTh 0,6485, crannaptae BiaxuiaeHHs — 0,0253, koeditieHT Bapiariii
— 3,904 %. BigHOCH1 BIAMIHHOCTI MK CEpEIHIMU 3HAYCHHSIMH 33 PO3TIISTHYTUMHU
CTOXAaCTUYHUMHU CIIEHapisIMU He nepeBULytoTh 1,913 %. Lle cBimuuTh Npo 31CTaBHICTh
OTPUMAaHMX PE3YJIbTATIB 32 PI3HUMU aHATITHYHUMHU M1IX0AaMH, TOA1 SIK YOCKOHAJIeHA
METO/MKA JO0JaTKOBO BpaxoBye nitodamiaibHy OynoBy Iwiacta, dariecnenudivni

(bIbTpaliTHO-EMHICHI BJIACTUBOCTI Ta IPaBITAIlIMHUN BIUIMB.



[IpakTuuHe 3HAYEHHS OJIEPKAHUX PE3YJbTATIB TOJSTa€ y CTBOPEHHI
PO3pPaxXyHKOBOTO I1HCTPYMEHTApPil0 I TONEPEAHBOTO 1HXKEHEPHOTO OIIHIOBAHHS
e()EeKTUBHOCTI 3aBOJIHCHHS JIITOJIOTTYHO HEOTHOPIAHUX KOJIEKTOPIB. 3anpOINOHOBaHUI
IiIX17] 3aiiMae MPOMIDKHE MICIIE MK CIPOIICHUMH aHATNITUYHUMU 3QJICKHOCTSIMU Ta
MOBHOMACIITAOHUM TPUBUMIPHUM TAPOJAMHAMIYHUM MOJEIIOBaHHAM. BiH fae 3mory
BUKOHYBaTH amiecnenuiuauil  aHali3 Mpolecy BUTICHEHHS 3a HasSBHOCTI
HEOOX1IHUX TEOJIOTIYHUX, JIAOOPATOPHUX, METPOPIZUYHUX 1 TEXHOJOTIUYHUX JAHUX.
PesynbraTtun pobotn BrnpoBakeHo y AisibHICTE TOB «Hadrorasreopossinkay, 11
«YxpuaykareoueHTp» 1 TOB «/JITEK Hadtoras».

KitouoBi cmoBa: koeirieHT BUTICHEHHsI Ha)TH, 3aBOJHEHHS, MeTOj baxmi—
JleBeperta—Benre, miTojOriuHa HEOMHOPIAHICTH, ((dalfiagbHe PO3UICHYBAHHS,
reocTaTUCTUYHE MojentoBaHHs, JIHinpoBceko-JloHenbkuii OaceiiH, nabopaTtopHi
TOCTIKEHHs, (GUIBTpaIliiiHi  mpoiecu, Ha(pTOHOCHI TIIACTH, BITHOCHI (a3oBi

IPOHUKHOCTI, 3aJIMIIIKOBA BOJIOHACUYEHICTh, CTOXaCTHYHI peati3allii.



ABSTRACT

Martus O.V. Improvement of prediction of oil displacement efficiency with
accounting of lithological distribution. - Qualifying scientific work as manuscript.

The thesis for the degree of Philosophy Doctor on specialty 185 «Petroleum
Engineering and Technologies» (18 - Production and Technologies). - National
University «Yuri Kondratyuk Poltava Polytechnicy, Poltava, 2026.

Content of the dissertation. The introduction substantiates the relevance of
improving the prediction of oil displacement efficiency during waterflooding of
lithologically heterogeneous reservoirs. It is shown that the use of averaged reservoir
characteristics in analytical calculations does not always make it possible to represent
differences in the filtration behaviour of individual lithofacies. The purpose of the
dissertation is to improve the reliability of predicting oil displacement efficiency during
waterflooding for fields with a complex geological structure by improving an approach
that accounts in detail for reservoir lithological heterogeneity.

The object of the study is the processes of oil displacement by water in
lithologically heterogeneous reservoirs. The subject of the study is the reliability of
forecasting the oil displacement coefficient with consideration of the influence of
lithological heterogeneity of reservoirs. The study is based on a combination of
analytical methods for forecasting the oil displacement coefficient, laboratory studies
of core material, interpretation of well logging data, three-dimensional geological and
stochastic modeling, algorithmization, programming, and comparative analysis of
calculation results obtained using different methodological approaches.

The scientific novelty of the obtained results lies in the improvement of the
methodology for forming facies-specific petrophysical parameters for forecasting the
oil displacement coefficient. Under conditions of limited laboratory information, this
methodology combines the lithofacies classification of core material, the determination

of representative relative permeability curves for individual lithofacies, and the use of



well logging data for their spatial correlation within the reservoir. It has been
established that, under identical geometrical and technological conditions and fluid
properties, different lithofacies are characterized by different effects of gravity on
fractional flow and by different velocities of the displacement front, which is caused
by differences in their permeability, porosity, and relative permeability curves. The
methodology for forecasting the oil displacement coefficient for lithologically
heterogeneous reservoirs has been improved on the basis of the analytical Buckley—
Leverett—Welge approach by separately calculating the coefficient for each lithofacies
and determining its integral value according to the shares of lithofacies in the oil-
saturated pore volume of the reservoir.

Chapter 1 analyzes modern analytical approaches to determining the recovery
factor and the oil displacement coefficient. The GSTU 41-00032626-00-022-2000
methodology, the classical Western approach to determining the Recovery Factor (RF)
and Displacement Efficiency (ED), and the analytical Buckley—Leverett—Welge
approach are considered. The features of their application, the set of input parameters,
and the degree to which they account for rock properties, fluid properties, relative
permeability, lithological heterogeneity, and gravitational influence are determined.
The influence of wettability, the oil-water viscosity ratio, porosity, permeability, initial
and residual saturations, and filtration velocity on the course of the waterflooding
process is analyzed. Based on the analysis, the analytical Buckley—Leverett—Welge
approach was selected as the basis for further improvement.

Chapter 2 presents the results of laboratory studies of core material and
substantiates the formation of a facies-specific petrophysical database for forecasting
the oil displacement coefficient. The core material was classified according to
lithofacies, which made it possible to separately characterize the reservoir properties
of medium-grained sandstone, fine-grained sandstone, siltstone, and the impermeable

component. The laboratory studies included sample preparation, determination of



porosity, absolute permeability, and residual water saturation by centrifugation. The
obtained laboratory values of residual water saturation were used in the construction
of facies-specific relative permeability curves.

In the same chapter, the use of the representative elementary volume concept is
substantiated for assessing the sufficiency of the laboratory sample within individual
lithofacies. Based on the results of laboratory studies, petrophysical interpretation, and
well logging data, sets of facies-specific parameters required for subsequent
calculations of the oil displacement coefficient were formed. Calculations using
correlations obtained in the American field unit system were performed with the
corresponding conversion of input data, while the results were presented in the SI
system.

Chapter 3 substantiates the sequence for calculating the oil displacement
coefficient for a lithologically heterogeneous reservoir. A transition is proposed from
the use of a single averaged set of petrophysical parameters to the separate
representation of permeable lithofacies. For each lithofacies, the application of
corresponding values of porosity, absolute permeability, initial and residual water
saturation, residual oil saturation, and relative permeability curves is provided. On this
basis, facies-specific fractional flow curves are formed and local oil displacement
coefficients are determined.

The integral oil displacement coefficient is calculated as a weighted average of
local coefficients, taking into account the contribution of each lithofacies to the oil-
saturated pore volume of the reservoir. A component accounting for gravitational
influence is included in the fractional flow equation, depending on absolute
permeability, reservoir dip angle, the difference in fluid densities, and water injection
intensity. The determination of the displacement front position, the moment of water
breakthrough, cumulative oil and water production, flow rates, and other indicators of

the waterflooding process is also considered.



Chapter 4 characterizes the geological structure of the studied objects of the
Hnativske and Novomykolaivske (Movchanivske) fields. Within the productive
horizons, medium-grained sandstone, fine-grained sandstone, siltstone, and an
impermeable component were identified. Based on core and well logging data, spatial
correlation of lithofacies was performed, and their volumetric shares, porosity, and
absolute permeability were determined. Deterministic geological models were
constructed, and input data for equiprobable stochastic realizations were prepared.

Chapter 4 also presents the software implementation of the developed
methodology in the Python programming language. The central component of the
software is a deterministic calculation module designed to determine the oil
displacement coefficient for one specified set of geological, petrophysical, geometrical,
fluid, and technological parameters. The module sequentially forms relative
permeability and fractional flow curves, determines the position of the displacement
front, indicators of the waterflooding process, and local oil displacement coefficients
for individual lithofacies, after which it calculates the integral oil displacement
coefficient.

The stochastic module was used as an auxiliary tool for batch processing of input
data for 100 equiprobable geological realizations under six calculation scenarios. In the
stochastic realizations, the spatial distribution of lithofacies, their volumetric shares,
porosity, and absolute permeability varied, whereas the facies-specific parameters of
the relative permeability curves were assumed to be constant. Based on the calculation
results, mean values, standard deviations, and coefficients of variation of the oil
displacement coefficient were determined.

According to the results of deterministic calculations, the integral oil
displacement coefficient obtained using the improved lithofacies-based methodology
founded on the Buckley—Leverett—Welge approach with consideration of gravity is

0.6485 for the segment of horizons V-26 and T-2 of the Hnativske field and 0.6644 for



horizon T-3 of the Novomykolaivske field. The calculated results were correlated with
the recovery factors provided in the Atlas of Oil and Gas Fields of Ukraine by
determining the corresponding sweep efficiency coefficients for the reservoir under
waterflooding.

Comparison of the obtained results showed that the values of the oil
displacement coefficient determined using different methodological approaches are
mutually comparable within the accepted input data. For the Hnativske field, the mean
value of the oil displacement coefficient obtained from stochastic realizations for the
improved lithofacies-based Buckley—Leverett—Welge approach with consideration of
gravity is 0.6485, the standard deviation is 0.0253, and the coefficient of variation is
3.904%. The relative differences between the mean values for the considered stochastic
scenarios do not exceed 1.913%. This indicates the comparability of the results
obtained using different analytical approaches, while the improved methodology
additionally accounts for the lithofacies structure of the reservoir, facies-specific
reservoir properties, and gravitational influence.

The practical significance of the obtained results lies in the development of a
computational toolkit for preliminary engineering assessment of the efficiency of
waterflooding in lithologically heterogeneous reservoirs. The proposed approach
occupies an intermediate position between simplified analytical correlations and full-
scale three-dimensional hydrodynamic modeling. It makes it possible to perform a
facies-specific analysis of the displacement process when the necessary geological,
laboratory, petrophysical, and technological data are available. The results of the work
have been implemented in the activities of LLC ‘“Naftogazgeorozvidka”, SE
“Ukrnaukageocenter”, and LLC “DTEK Naftogaz”.

Keywords: oil displacement coefficient, waterflooding, Buckley—Leverett—

Welge method, lithological heterogeneity, facies subdivision, geostatistical modeling,



Dnipro-Donets Basin, laboratory studies, filtration processes, oil-bearing reservoirs,

relative permeability, residual water saturation, stochastic realizations.



