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ABSTRACT

Background: High water cut increases operating costs and reduces oil recovery. Gravity-driven
redistribution of oil and water during well shut-in periods has been proposed for reducing water cut;
however, laboratory methodologies for investigating this phenomenon in core samples remain limited.
Aim: To develop a laboratory methodology for evaluating gravity segregation in oil-water saturated
cores under controlled conditions.

Materials and methods: The methodology is based on epoxy-sealed cores fixed inside a sleeve,
providing a practical and cost-effective core holder capable of accommodating pressure ports. Two
experimental scenarios are considered: early water breakthrough caused by an unfavorable mobility
ratio, and breakthrough induced by a high-permeability channel. After water breakthrough, flooding is
suspended, the core is aged in a vertical position, and water injection is subsequently resumed. Effluent
analysis is performed using a gravimetric oil-water separation technique based on the adhesion of oil
to polyethylene. The methodology enables qualitative and quantitative assessment of fluid redistribution
caused by gravity.

Results: Fractional flow analysis demonstrates that, when viscous oils are used, a significant fraction
of mobile oil remains in the core after water breakthrough, whereas artificial high-permeability channels
can be used to preserve low-viscosity mobile oil within the matrix for subsequent redistribution by gravity
segregation.

Conclusion: The developed methodology provides a reliable and inexpensive platform for investigating
gravity segregation in cores and may support the development of field technologies aimed at reducing
water cut and improving oil recovery.
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OpurmHanbHoe uccrnegoBaHue

MeTtoguka npoBeaeHUA PUNbLTPALUOHHBLIX IKCMEPUMEHTOB
Ha KepHax Ans OueHKN rpaBMTaLlUOHHOrO pasgeneHus Boabl
M HedhbTU B NOPUCTOM cpene

M. CarbiHaukoB'?, U. N'yceHoB'?, E. Menuc', X. Matkup'

"MHCcmumym rionumepHbIX Mamepuasnos u mexHonoaut, e. Anmamsl, KasaxcmaH
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AHHOTALMUA

O6ocHoBaHue. Bbicokas 06BOOHEHHOCTb CKBaXXMH MPUBOAMT K MOBLILUEHHbIM 3aTpaTtam W CHUXEHUIO
[obblun  Hedptn. [paBMTaUMOHHOE pasgeneHne Boabl M HedTU B nfacte Mocrne BpPeMEHHON
OCTaHOBKM CKBaXXWMHbl paccMaTpuBaeTcd KaK OaWH W3 METOOOB CHMXKEeHWs 0BBOOHEHHOCTU.
[nsa oueHkn 3hHEKTUBHOCTU AaHHOIO MeToAa B NEPBYI0 odepedb Heobxoammo pa3paboTaTb METOAMKY
nabopaTopHbIX IKCMEPUMEHTOB Ha KEPHOBOM MaTepuarne.

Llenb. Pa3paboTka MeToankn npoBegeHns unbTpaLmoHHbIX 9KCNEPVMEHTOB Ha KepHax Ans U3yyYeHus
NpOLIECCOB rPaBUTaLMOHHOIO pasdeneHns Boabl U HedTU B NOPUCTON cpeae.

Martepuanbl u metoabl. B gaHHo pabote Mcnonb3yeTcs NpakTUYHbBIA U NPOCTON B U3rOTOBMEHWUU
3MOKCUAHBIN KepHodepXaTenb C MPOMEXYTOYHbIMU AaTyukamu AaeneHus. Paccmartpusatotcs gBa
CLUEeHapus: paHHUI NPOpbIB BOAbI, BbI3BaHHbIA BbICOKMM KO3(MULMEHTOM MNOABMXHOCTU, N MPOPbLIB
BOAbl 4epe3 BbICOKOMPOHMUAeMbI KaHan. [locne npopbiBa BoAbl uNbTpauus OCTaHaBMBaETCS,
KEpH BbIOEPXMBAETCA B BEPTMKANbHOM TMOMOXEHUW, 3aTeM 3akauyka BoAbl Bo306HoBnsAetcs. AHanus
cdmnbTpata OCyLLECTBNSETCA C MCMNOMb30BAHUMEM TPaBUMETPUYECKOTO MeToda pasgeneHus HedpTu
1 BOAbI, OCHOBAHHOTO Ha afre3vnn HedT K MOBEPXHOCTM NonmaTuneHa. Metoauka no3Bonser oueHnBaTb
BNUsIHWE BbIAEPXKKN KEPHA B BEPTUKAINbHOM MOMOXEHUN Ha AUHAMWKY 06BOAHEHHOCTU, 0OYCMNOBINEHHYO
nepepacnpegeneHvem HedTU U BoAbl B NOpax KepHa nod AENUCTBUEM CUMbl TSHKECTH.

PesynbraTtbl. PacyéTtbl NoKkasbiBaloT, YTO B 3KCNEpPUMEHTAx C BA3KMMU HeddTAMMU 3HauuTenbHas AoNs
NOABWKHOM HEYTU OCTAETCA B KepHe Mocrie NpopbiBa BOAbI, TOrAa Kak Npyu UCNOMb30BaHNM MaroBs3KuX
HedpTen HeobXoOWMbl UCKYCCTBEHHbIE BbLICOKOMPOHMUAEMblEe KaHamnbl, T.K. OHW CnocobCTByHOT
COXpPaHeHWIo NOABMXKXHON HedTU B MaTpuLie AN AanbHEWLero pacnpeaeneHns 3a CHET CUNbl THKECTU.
3aknryeHue. PaspaboTaHHasi MeToamka npeacTtaensieT cobor HagéxHbIi cnocob Anst nccnegoBaHus
rpaBUTaLMOHHON cerperauuyM B KepHax U MOXET CNyXWUTb OCHOBOW ANA CO3[AaHWA MPOMbICIOBbIX
TEXHOIMOTMI, HanpaBMeHHbIX HA CHKEHNE 0OBOAHEHHOCTU M MOBbILLIEHWE A0ObIYY HEDTH.

Knroyeenle croea: epasumayuoHHas cezspeaayusi, 06800HEHHOCMb, pacxod ¢hunbmpayuu, obpasey,
KepHa, KepHoOepxamerlb.
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TynHycka 3epTTey

KeyekTi opTagafbl Cy MeH MyHanablH rpaBUTauuanbIK 6eniHyiH
Oaranay yLWiH KepH ynrinepiHae cy3sriney (pbunbrpaumanbik)
3KCnepuMEHTTEepiH Xyprisy agictemeci

M. CarbiHaukoB'?, U. N'yceHoB"?, E. Menuc', X. Matkup'

"MMonumepriik Mamepuarndap xaHe mexHornoausinap UHcmumymsl, AfiMamsl Kanacsl, Kasakcma
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AHOATNA

Herizgey. ¥HrbiManapapblH, Kofapbl CynaHybl LWbIFbIHAAPALIH, KOFapblnayblHa XeHe MyHal eHAipyAiH
TemeHaeyiHe okenepfi. YHfFbIMaHbl YakblTLla TOKTaTKaHHaH KemniH kabaTTafbl Cy MeH MyHanablH,
rpaBuTaumanblk GeniHyi cynaHyabl asamTy aicTepiHiH Oipi peTiHae kapacTeipbinagel. byn apicTiH
TMiMainiriH Gafanay ywWwiH eH angbiMeH Herisri KepH maTtepuanbliHaa 3epTxaHanblk 9KCMepuMeHTTep
9iCiH Xacay Kaxer.

Makcatbl. KeyekTi opTagafbl Cy MeH MyHanablH rpaButaumanblk 6eniHy npouecTepiH 3epTTey YLliH
KepH ynrinepiHae cysriney (ounsTpaumnsanbik) aKCNepUMEHTTEPIH XYPridy aaicTeMeciH a3iprey.
Martepuanpgap MeH ogicTtep. Byn XymbicTa apanblk KbiCbiIM AaTyukTepi Gap npakTukanblk
)XeHe KapanalbiM 3MOKCUATI KepH yCTafblll KonaaHbinagbl. Exi cueHapuii kapacTbipblnagbl: Xofapbl
KOSFanfFbILTBIK KO3(MULMEHTIHEH TyblHAAFaH CyAblH €pTe Kapbifybl XOHEe >XOFapbl OTKI3ril KaHan
apKbinbl cyablH xapbinybl. Cy xapblfiFaHHaH KeWiH cy3y TokTaTbinaabl, KepH Tik Kyiiae yctanagbl, coaaH
KewiH cy anpay kawTta >xanfacagpl. PuneTpaTtThl Tangay MyHangblH nonuatuneH GeTiHe agresvsicbiHa
HerisaenreH MyHa MeH cyabl 6enyaiH rpaBUMeETPUsNbIK 84iCIH KonaaHy apKbinbl Xy3ere acbipbiniagpl.
Byn apgicteme ayblpnblk Kylli 8cepiHeH KepH KeyekTepiHAeri MyHam MeH cyablH kanTa GeniHyiHeH
TYbIHAANTBIH CynaHy AMHaMuKacbiHa KepHAi TiK KanbinTa ycTan TypyablH acepiH Garanayra MyMKiHAIK
Oepegi.

HaTtuxenepi. Ecenteynep kepcetkeHaen, TyTKblp MyHaw TaxipubenepiHae >XblmKbIManbl MyHaWablH
epnayip beniri cyablH, Oy3binybiHaH KeliH ©3eKTe kanagpl, an TYTKbIPAbIFbl TOMEH MyHaWabl NanganaHFaH
Kesge >KacaHObl KOfFapbl OTKI3rill apHanap KaxeT, eMTKeHi onap ayblprblK Kyl apkbinbl api kapaw
TapaTy YLWiH MaTpuuagarbl XblhKbiManel MyHanabIH cakTanyblHa biknan eTeqi.

KopbITbIHAbLI. O3ipneHreH aficTeme KepHAepAeri rpaBUTauUsnbIK cerperauusiiel 3epTTeyaid ceHimai
Kypanbl 6onbin Tabbinagbl XeHe cynaHyabl TOMeHOETYre api MyHaw eHAipyai apTTbipyFa GarbiTTanfaH
KaCinwinik TexHonorusanapael a3ipneyre Heris 6ona anagpl.

Hezizzi ce3dep: epasumayusifibik ceepeaayusi, cynaHy, Cy3y WhblfbiHbl, KEPH Yeici, KEpHyCmMarbIl.
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Introduction

The low oil recovery and high water cut in the pe-
troleum industry presents a significant challenge,
impacting both operational efficiency and economic
viability [1]. Many studies have explored various
aspects of this problem and potential mitigation
approaches [2—4].

The high water cut observed in production wells
is primarily attributed to a combination of geolog-
ical and operational factors. One significant geo-
logical factor is the presence of complex reservoir
structures, such as fractures and vugs, which facil-
itate water ingress and contribute to increased wa-
ter production. For example, Zhao M., et al., high-
lighted that in fracture-vuggy carbonate reservoirs,
the mechanisms leading to high water cut include
the connectivity of fractures and vugs, which enab-
les water to bypass oil zones and consequently
increases water production levels [5].

Polymer gels are among the most well-known tech-
nologies widely applied for fracture plugging and wa-
ter cut reduction [6-8]. However, this technology has
several significant disadvantages, including ther-
mal and salinity degradation, possible formation
damage, high chemical cost, and environmental
concerns [9-11].

At the same time, the literature has reported
that in cases where aggressive production rates
cause severe water or gas coning, temporarily shut-
ting in the well or reducing the production rate may
help stabilize fluid contacts [12]. This stabilization
process is expected to involve the effect of gravi-
ty on the redistribution of oil and water saturations
within porous media.

Gravity segregation is commonly considered during
gas injection processes. For instance, in-situ visual-
ization studies of CO, flooding revealed pronounced
gravity segregation and viscous fingering caused
by the significant differences in density and viscosity
between CO, and oil [13]. However, a similar phe-
nomenon also occurs between water and oil phases
in porous media, despite the much smaller densi-
ty difference between these fluids. For example,
the authors of [14] demonstrated that the balance
between viscous forces and gravitational segrega-
tion strongly affects the vertical sweep efficiency
during water flooding (Fig. 1). In low-permeability
models (e.g., 500 mD), higher viscous resistance
suppresses gravity segregation, allowing the injec-
ted water to more effectively sweep oil from the up-
per parts of the reservoir and resulting in lower
residual oil saturation. In contrast, in high-perme-
ability models (e.g., 2800 mD), reduced viscous
resistance enhances gravity segregation, causing
injected water to preferentially flow through the lower
part of the model while leaving a significant amount
of unswept oil in the upper zones near the produc-
tion well [14].

If this phenomenon occurs in porous media,
as demonstrated by the above-mentioned laboratory
studies and the previous work by the authors [15],

Figure 1. Visualization of the effect of gravity
on the distribution of water and oil in 2D
laboratory models with varying permeability
(500-2800 mD) [14]

it may theoretically be exploited to achieve oil-water
segregation in the vicinity of a production well during
temporary shut-in periods. Such shut-ins may pro-
mote restoration of the pressure profile and redis-
tribution of fluid saturations near the wellbore due
to gravitational forces. However, before practical
application, comprehensive core flooding experi-
ments must be conducted to demonstrate the effect
of gravity-driven oil-water segregation in core sam-
ples of varying length and permeability.
This article presents a methodology for construct-
ing cost-effective epoxy core holders and describes
a core flooding experimental methodology using
both low- and high-viscosity oils.

Materials and methods

Preparation of core samples

Both sandstone and limestone core samples can
be used. The cores may be either cut along the axis
to simulate a fracture or drilled internally to a cer-
tain depth to represent a high-permeability anom-
aly. At this stage, an important factor to consider
during core preparation is that, when using cores
from real reservoirs (as opposed to outcrop cores
such as Berea sandstone or artificial cores), drill-
ing perpendicular to the bedding planes is strongly
recommended (Fig. 2). This approach is more rel-
evant to the objectives of the study, particularly
for investigating vertical gravity segregation of fluids
in porous media.

Figure 2. Drilling the core plug perpendicular
to the bedding
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After drilling, the sides of the core should be ma-
chined to be flat and parallel to each other using
a standard stone cutting saw or a lathe (Fig. 3).

Figure 3. Sandstone core plugs after being
machined using a standard lathe

Before placing the core sample inside a metal sleeve
for casting with an epoxy—clay material, the samples
must be coated with a 4-minute epoxy adhesive
to encapsulate the core and prevent the casting
material from penetrating into the porous medium.
Fig. 4 shows the composite core sample before
and after coating with the 4-minute epoxy. ABRO
4 Minute KWIK-SET epoxy was used for this pur-
pose (Fig. 4).

a) b)

Figure 4. Composite core sample before and after
coating with ABRO 4 Minute KWIK-SET epoxy
a) before coating; b) after coating

Casting the core

Fig. 5 illustrates the casting holder: (1) long threaded
bolts (minimum length), (2) base holder, (3) sleeve
casting base, (4) sleeve, (5) spacer, and (6) stabi-
lizer. The stabilizer, shown separately in Fig. 5 (b),
consists of a large metal disk with two pour holes,
a threaded bolt, two washers, three nuts, a wing nut,
and a spring. The screw—spring assembly maintains
the core in a centered position and applies sufficient
downward force to prevent flotation during casting.

DOI: 10.54859/kjogil1 08985

The system is adjustable and can accommodate
cores of varying heights.

a) b)

Figure 5. Casting holder
a) setup for casting; b) stabilizer

After pouring the casting material into the annular
space and waiting for 24 hours which is necessary
for the epoxy-clay composite to cure the casting
holder can be disassembled and the core can be
taken to a machine shop for facing off (Fig.6).

a)

b)

Figure 6. Core before and after facing off by using
a standard lathe in the machine shop
a) before; b) after
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Assembling the core

After drilling the pressure ports, if required, and in-
stalling the adapters for the pressure measurement
lines, the core can be assembled using end caps
with O-rings, along with bolts, washers, and nuts
(Fig. 7). The threads of the adapters may be coat-
ed with a thick layer of ABRO 4 Minute KWIK-SET
epoxy, which acts as a sealant. Fig. 8 presents
a technical drawing according to which the end caps
can be fabricated in a machine shop using a stan-
dard lathe.

Figure 7. Assembling parts of the core holder

1/4” NPT

Figure 8. Technical drawing of a lid used
to assemble the core

Experimental procedure

The core flooding experiment was conducted
according to the following protocol:

1. The core was vacuumed to remove trapped air
and check for leaks.

2. The core was saturated with brine to determine
pore volume and porosity.

3. Brine was displaced with crude oil to establish
initial oil saturation, create connate water satura-
tion, and measure oil permeability at connate water
conditions.

4. Brine was injected at a constant rate until the wa-
ter cut at the outlet reached 50-90%.

5. The core was aged for at least one week to allow
gravity segregation, leading to increased oil satura-
tion in the upper part of the model.

6. Brine injection at a constant rate was then repeat-
ed.

Steps 3-6 were performed at the target reservoir
temperature.

Effluent samples were collected in plastic containers
and analyzed using a gravimetric method. Depend-
ing on oil properties and experimental conditions,
several oil-water separation techniques may be ap-
plied, including: (1) gravity separation in an overflow
glass column, (2) centrifugation, and (3) adhesion
of oil to polyethylene surfaces (Fig. 9).

QF e
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In this study, separation was carried out using
the polyethylene adhesion method as follows:

1. An empty polyethylene test tube (with cap) was
accurately weighed.

2. The effluent sample was collected in the tube.

3. The tube containing the sample was weighed.

4. The tube was gently rotated to maximize adhesion
of oil to the polyethylene surface.

5. Water was carefully decanted without disturbing
the adhered oil.

6. The tube containing only oil was weighed again.
At this stage, the remaining fluid consisted exclu-
sively of oil. The masses of oil, water, and total pro-
duced fluid were determined by difference.

If any oil was observed to be removed together
with the water during decanting, the drained lig-
uid was collected in a second polyethylene tube
and the procedure was repeated to ensure complete
separation. If residual water was suspected to re-
main in the original tube, the tube was heated (open)
at 40-60°C to evaporate the remaining water, leaving
only oil, after which the final weight was recorded.

Figure 9. Polyethylene test bottles used to collect
effluent from the core

Results and discussion

As shown in Fig. 10, during one hour after vacu-
uming, the pressure inside the core remained
at an average level of -0.9 atm, indicating good
integrity of the constructed model.

Further saturation was performed using a high-pres-
sure syringe pump. Depending on the permeability
of the sample, different flow rates may be applied
at this stage. For very low-permeability cores,
it is recommended to install an additional pres-
sure transducer at the outlet of the core holder,
as a fast increase in inlet pressure may be mis-
leading and suggest complete saturation, where-
as the saturating fluid may not yet have reached
the outlet of the core.

Fig. 11 shows that the measurement of pressure
at the center of the porous medium provides insight
into saturation dynamics that cannot be obtained
from inlet pressure alone. While inlet pressure
increases gradually, reflecting overall flow resis-
tance, the central pressure remains nearly constant
at the initial stage, indicating that the fluid has not yet
reached the core center and much of the medium re-
mains unsaturated. A sharp rise in central pressure
at approximately 8 minutes corresponds to the ar-
rival of the saturation front. After this point, central
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pressure increases alongside inlet pressure, indicat-
ing internal pressurization and continued front prop-
agation. Thus, central pressure serves as a reliable

Figure 10. Pressure inside of the core versus
time after vacuuming the core holder at room
temperature

Measuring water permeability after core saturation
can be challenging and may produce misleading
results if certain factors are not properly accounted
for. One important issue is the use of small-diam-
eter tubing combined with pressure measurement
devices positioned at a considerable distance
from the core or sand pack. This limitation is particu-
larly relevant in sand pack and fractured core expe-
riments, where relatively high flow rates are required
for pressure transducers to detect subtle pressure
variations.

indicator of front arrival and saturation progression
within the porous medium.

Figure 11. Pressure versus time during
the injection of brine at the flow rate
of 1 cm3/min into a 2.5 mD sandstone core
sample after vacuuming

As demonstrated in Table 1, even a short outlet
line (8 cm in length and 1.5 mm in diameter) intro-
duced a noticeable increase in the measured pres-
sure during brine injection at elevated flow rates
(100-220 cm?®/min). The growing discrepancy
with increasing flow rate can be explained
by the nonlinear rise in frictional pressure losses
within the narrow outlet tube. At higher flow rates,
inertial effects become significant, leading
to a disproportionate increase in pressure drop along
the outlet line and, consequently, a larger deviation
between the two measurement configurations.

Table 1. Effect of a narrow outlet line on measured pressure at different flow rates

Pump rate 1-With outlet tube (L = 8 cm; D = 1.5 mm) 2-Without outlet tube
’ Mass of brine Time, | Measured flow rate, Mass of brine Time, | Measured flow rate,
rpm P, MPa - P, MPa :
produced, g sec cm®/min produced, g sec cm®/min
50 0.011 35.79 20 107.5 0.008 25.37 15 101.6
100 0.029 59.19 25 142.24 0.018 56.56 24 141.6
200 0.1 190.13 51 224 0.054 123.1 34 217.51
To minimize such errors, it is recommended taining the original in-situ oil and water saturation

to use tubing and fittings with larger diameters
so that they do not act as the primary flow restric-
tion. In addition, positioning pressure taps as close
as possible to the inlet and outlet of the core can
significantly improve the accuracy of pressure mea-
surements.

The injection of oil to establish initial oil and connate
water saturation should be continued until the pres-
sure stabilizes, indicating equilibrium conditions
within the core (Fig. 12). This step should be con-
ducted at reservoir temperature using native reser-
voir fluids and rock material to ensure representative
wettability and fluid—rock interactions. While some
methodologies recommend preliminary cleaning
of core samples via Soxhlet extraction with organ-
ic solvents, this approach may alter the native state
oftherock. Theauthorsofthisworkadvocateforthe use
of the core material in its preserved state, main-

without prior cleaning.

Figure 12. Injection pressure profile during oil
injection into a brine-saturated Berea sandstone core
Q=0.15 cm¥min, y =64 cP; D=297cm, L=3.8cm,

PV =4.56 cm®
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This approach offers several advantages. First,
it preserves the native wettability of the rock, which
is often irreversibly altered by solvent extraction.
Second, it maintains the original distribution of flu-
ids and surface-active components, including as-
phaltenes and polar compounds, which play a critical
role in fluid—rock interactions. Third, it avoids poten-
tial structural and chemical alterations of the pore
surface caused by aggressive solvents. As a result,
the experimental conditions more closely represent
actual reservoir behavior, improving the reliability
of permeability and displacement measurements
for field applications.

A proper pressure versus time (or injected volume)
curve during oil injection should resemble that
shown in Fig. 12. The example illustrates the injec-
tion of 64 cP oil into a short (3.8 cm) Berea sand-
stone core sample. The stabilized injection pressure
should be used to calculate the permeability to oil
at connate water saturation. This value is subse-
quently used to determine the oil mobility ahead
of the displacement front and, ultimately, to evaluate
the mobility ratio.

Prior to injection into the core sample, crude oil
should be filtered to remove particulate solids
and prevent plugging at the core inlet face. Omitting
this step may prevent pressure stabilization during

Figure 13. Relative permeability curves generated
by equations (1-2)

Figure 15. Results of fractional flow calculations
used to assess the water cut dynamics
for different oil viscosities

DOI: 10.54859/kjogi1 08985

injection, as suspended particles can accumulate
at the core entrance and progressively reduce per-
meability.

Water flooding is subsequently performed to dis-
place a portion of the mobile oil until water break-
through occurs. If the objective of the experiment
is to evaluate the extent to which gravity segrega-
tion can reduce water cut through the accumulation
of mobile oil in the upper part of the core, the inject-
ed water volume during this stage must be selected
carefully. Depending on the oil viscosity, different
relationships between the percentage of produced
mobile oil, water cut, and injected water volume may
be observed.

Fractional flow calculations based on the relative
permeability model (Fig. 13) described by Equations
(1) and (2) were used to demonstrate this behavior:

(1)
)
@)

when k., — relative permeability to water; ky, —
relative permeability to oil; S, — water saturation;
Swr — irreducible water saturation; S, — residual oil
saturation.

Figure 14. Results of fractional flow calculations
used to assess the oil displacement dynamics
for different oil viscosities

In fact, when highly viscous oils are used (i.e., un-
der unfavorable mobility ratio conditions), water
breakthrough may occur at an early stage of wa-
ter flooding. Fractional flow calculations (Fig. 14)
demonstrate that, for 500 cP oil, only approximately
40% of the mobile oil is displaced after the injec-
tion of 1 PV of water, while the water cut already
reaches about 95%. This indicates that a substantial
fraction of mobile oil (approximately 60%) remains
in the model and may subsequently be redistributed
by gravity during the shut-in period following water
breakthrough.

In contrast, when low- or moderate viscosity oils
(1-10 cP) are used, the injection of large water
volumes (>1 PV) is generally not recommended,
as it may result in the displacement of most
of the mobile oil from the core. As shown by the frac-
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tional flow calculations (Fig. 14 and 15), the injection
of 1 PV of water produces approximately 80-95%
of the mobile oil, while the water cut increases
to 95-97%. Under such conditions, the remaining
oil saturation may become too low to be reliably
quantified when displaced from the core using con-
ventional laboratory methods. Small residual oil
volumes may be lost due to spreading along the sur-
faces of the outlet tubing or may remain undetected
because of experimental uncertainties associated
with gravimetric measurements.

In general, the performed analysis indicates
that the injected water volume prior to shut-in must
be selected according to oil viscosity. For highly vis-
cous oils (500 cP), early water breakthrough at ~95%
water cut still leaves approximately 60% of the mo-
bile oil within the model, creating favorable conditions
for  gravity-driven  oil  redistribution  during
shut-in. In contrast, for low- and moderate-viscosity
oils (1-10 cP), the injection of only 1 PV of water
already displaces ~80—95% of the mobile oil, leaving
too little remaining oil saturation for reliable evalua-
tion of gravity segregation effects.

When dealing with low- or moderate-viscosity oils
(1-10 cP), a more appropriate laboratory approach
should ensure that a considerable amount of mobile
oil remains in the core after water flooding reach-
es high water cut values. If the core does not con-
tain any macroscale heterogeneity (e.g., a partially
penetrating fracture), the favorable mobility ratio will
result in a close to piston-like displacement, produc-
ing a steep relationship between oil displacement,
water cut, and injected water volume. In contrast,
if a high-permeability channel is artificially drilled
halfway into the core from the injection side
(Fig. 16), the injected water will preferentially flow
through this channel and bypass a significant
portion of the oil in the adjacent matrix (Fig. 17).
As a result, high water cut values may be reached
at the outlet while a substantial amount of oil still re-
mains in the first half of the core. During the subse-
quent shut-in and aging period, gravity segregation
may result in the redistribution of fluid saturations
within the core, with oil migrating upward and water
moving downward.

Figure 16. Core sample with a 3 mm diameter
channel drilled halfway into the core

Figure 17. Visualization of water bypassing oil
retained in the matrix adjacent to the channel

The developed laboratory methodology demon-
strated that gravity segregation in vertically aged
oil-water saturated cores strongly depends
on oil viscosity and flow heterogeneity. Frac-
tional flow analysis showed that for 500 cP oil,
water breakthrough at ~95% water cut still leaves
approximately 60% of the mobile oil inside the po-
rous medium after 1 PV of injected water, creating
favorable conditions for gravity-driven redistribu-
tion during shut-in. In contrast, for low-viscosity
oils (1-10 cP), injection of 1 PV displaced ~80-95%
of the mobile oil, leaving insufficient remaining satura-
tion for reliable segregation analysis unless artificial
high-permeability channels were introduced.
The proposed epoxy-sealed core assembly provides
a practical and low-cost platform for investigating
these processes and may serve as a laboratory
basis for field technologies aimed at reducing water
cut in highly watered wells.

Conclusion

* A low-cost epoxy-sealed core holder
methodology was developed for gravity segregation
studies;

+ For 500 cP oil, ~60% of the mobile oil
remained in the core after 1 PV injection at ~95%
water cut;

*» For 1-10 cP oils, 1 PV injection displaced
~80-95% of the mobile oil;

+ Artificial 3 mm channels promoted early water
breakthrough while preserving oil in the adjacent
matrix;

* During vertical aging, oil migrated upward
while water moved downward due to gravity
segregation;

* The methodology may support development
of shut-in technologies for reducing water cut
and improving oil recovery.
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