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Abstract. Relationship between capillary pressure (Pc) and water saturation (Sw), i.e., Pc curve, is essential
for reservoir characterization. Pc curve measurement via centrifugation is a routine industry core analysis
practice, as it is quick and non-destructive. The test, however, is almost always performed at ambient
conditions, requiring calibration to in-situ stress for subsurface applications. The objective of this study is
to develop a model to convert ambient Pc data to reservoir-stress Pc curve. To achieve this, carbonate and
sandstone samples with porosity ranging from 16%-20% and permeability of 24-232 mD were evaluated.
Pc curves were first measured using centrifugation at ambient conditions. The samples were then cleaned
and prepared for measurements at a designated stress condition (i.e., 3,000 psi) using the porous-plate
method. The high-stress Pc curves, at 3,000 psi, showed a shift towards higher water saturation compared
to the ambient results. Using the acquired data, a previously developed model was improved to convert
ambient Pc curves to reservoir stress conditions. The modified model proved robust for both carbonate and
sandstone lithologies. These findings provide a practical method to convert conventional ambient Pc curves

to reservoir stress; also valuable for quality control of Pc measurements at reservoir conditions.

1 Introduction

Knowledge of the relationship between capillary pressure
(Pc) and water saturation (Sw), i.e., the Pc curve, in
porous media is important as it controls the distribution
and flowing of reservoir fluids [1-5]. In modelling
saturation height function during primary drainage, Pc can
be expressed as:

C
Pc =B, = By = (pw = po)gh = ¢-0ocosf )

Where P,, and P, are water and oil phase pressures, o is
the oil-water interfacial tension (IFT), © is the contact
angle, p, and p, are the water and oil densities,
respectively, g is the acceleration due to gravity, /4 is the
height of the fluid column above the free water level
(FWL), Rt is the characteristic size of pore throats, and C
is a constant depending on the shape of pore throats [6-8],
for example C=1 for flat sheet pores and C=2 for circular
pores [9].

Various laboratory techniques exist to determine rock Pc
curves, including mercury injection capillary pressure
(MICP), centrifuge, and porous plate methods [1-2].
Besides these physical experiments, digital rock physics
has emerged in the last decades as a viable tool for
predicting capillary pressure behavior of porous media
[10-14].
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From Eq 1, it is obvious that Pc depends on rock
properties (C, Rt), fluid property (IFT), and property of
fluid-rock interaction (0) [15-16]. Beyond these factors,
reservoir confinement stress is another parameter that
affect Pc curves significantly [17]. This often leads to
reduced oil relative permeability as well as oil
displacement efficiency [18-19]. In addition, in tight gas
sand reservoirs, petrophysical properties have been shown
to shift considerably based on the specific stress and pore
pressure conditions at the time of measurement [20-23].

To systematically study effects of stress, we measured Pc
curves using outcrop Indiana limestone samples with
consistent petrophysical properties, under both ambient
and confining stress to simulate reservoir conditions. Our
findings indicated that high confining stress significantly
restricts water desaturation, leading to irreducible water
saturations up to 10% higher than at ambient condition
[12-13]. A robust correlation between low and high
stressed Pc curves was established. Consequently, the
primary objective of this study is to investigate the
universality of the developed correlation [13] across a
broader range of lithologies with diverse pore geometries.
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2 Materials and Techniques

2.1 Rock Samples

Nine outcrop samples, with different lithologies
(limestone, dolostone, and sandstone) were used for this
study (Table 1). The helium porosity and nitrogen
permeability were measured using a Coretest AP-608
machine, under minimum stress of 500 psi. The samples
were divided into three sets with different permeability
ranges; Set 1 with a higher permeability of about 200 mD,
Set 2 an intermediate permeability of about 60 mD, and
Set 3 a lower permeability of about 20 mD.

Table 1. Rock samples and their properties.

Sample Set Lithology [c];n] IcIr)n] I‘(’z | [n:(D]
DSI-1-11 Dolomite 4.582 3.799 14.43 207.1
SGB-2-4 1 Sandstone 4.891 3.793 19.73 214.8
IND-X-1-10 Limestone 4.865 3.799 18.03 232.4
DGU-2-1 Dolomite 4.954 3.807 11.51 53.2
SS-1-8 2 Sandstone 4.929 3.789 20.6 69.2
IND-X-1-18 Limestone 4.911 3.796 17.93 62.5
DGU1-5 Dolomite 4.839 3.814 10.29 19.2
PR1-5 3 Sandstone 4.951 3.81 17.19 24.2
IND-135-1-3 Limestone 4.322 3.812 16.44 24.0

Thin sections were also prepared (Figure 1). All images

are of the same magnification.

e The dolomite samples show inter-crystalline pores.
Anhedral dolomite crystals appear coalesced, which
reduces porosity and permeability of the sample.

e  The limestone samples are made of bioclastic grains.
Intergranular pores are shown in blue, with grains
being cemented with sparry calcite cement.

e Sandstone samples, with a majority of quartz grains,
shows intergranular primary pores in blue. Organic
matter appears in black, while cement present as
calcite and iron oxide appears in brown to reddish
spots. Quartz overgrowth can also be observed.

Dolomites

DGU 1-8 DGU 2-1

DS 1-1-10

Limestones

IND X1-18

IND 135 1-3 IND X1-10

Sandstone

PR1-5 SGB 2-4 SS1-8

Fig. 1. Thin section images of the studied samples of
dolostone, limestone, and sandstone.

2.2 Fluids

NaCl brine of 150 kppm and Soltrol-130 from Chevron
Phillips were used as the two immiscible fluids for the
experimentation. The fluids densities measured at 20°C
are 1.110 g/cc and 0.749 g/cc, respectively. Refined oil
Soltrol-130 was used to ensure that rock wettability is not
one of the factors that would affect the Pc measurements,
to simplify the problem, i.e., data generated from this
study are for water-wet systems; applicable to primary
drainage of water by oil that a zero receding contact angle
may be used [24].

2.3 Experimental Procedures

The experimental procedures used in this study are listed

below,

1. Prepare of core and fluid samples,

2. Measure rock properties at 500 psi,

3. Saturate the core samples with the prepared brine,

4, Use a centrifuge to conduct Pc curve tests by
desaturating water with Soltrol-130, at ambient stress

5. Clean the core samples using standard Soxhlet
cleaning procedures.

6. Re-measure rock properties at 500 psi and 3,000 psi,

Saturate the core samples with the prepared brine,

8. Use porous plate method to conduct Pc curve
measurement by desaturating the brine with Soltrol-
130, at a high stress.

~

2.4 Centrifuge Pc Tests At Ambient Stress

To conduct a Pc test by using the centrifuge method, a set
of three samples in core holders separated by 120 deg is
used to ensure a balanced centrifugation. For a primary
drainage, the brine saturated samples are placed in the
centrifuge and rotated at an RPM (revolutions per minute)
increasing from low (close to zero) to the designed
maximum. The centrifugal force displaces the brine with
oil in the sample. The volume of produced brine at each
RPM is measured to calculate the average water
saturations, Swavg.

Pc, the pressure at the inlet face of the core, is calculated
using the below equation

w?ap(ry?-r2)

P. = E

O]

where Ap is the density difference of the two fluids used,
12 is the arm length from the rotor to the outer face of the
core sample, r; is the arm length from the rotor to the inner
face of the sample, and w is the angular velocity (radians
per second), which is RPM*n/30.

Using the procedures discussed in our recent publication
[13], a pseudo Pc curve is generated from the raw data,
by plotting Pc (Eq.2) vs Sy,ave. Water saturation at the inlet
face, Sw, corresponding to Pc, needs to be inverted from
Sw.avg using methods such as Hassler-Brunner model [13].
This study isolates key variables by focusing exclusively
on the standard Hassler core holder configuration,
building on previous model evaluations [25].
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dSwav
SW(PC) = alswavg +a; PcTcg'i'E (3)

where al, a2 and E are correction coefficients and often
defaulted to 1, 1 and 0, respectively.
dSavg (Pc1)
dPcy
regression was applied to the Sy ave versus Pc data.

To calculate the derivative , a power-law

Swavg = CPcb 4

The derivative of the fitted power-law equation can then
be obtained, i.e.

dSway —
Tcg = bc Pcb 1 (5)
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Fig. 2. Schematic of primary drainage capillary pressure
measurement by using a centrifuge at ambient stress

2.5 Porous Plate Pc Tests at Reservoir Stress

Using the same samples from the centrifuge tests, Pc
curves were measured via the porous plate (PP) method
under high stress conditions. The samples were initially
saturated with the prepared brine, before being loaded into
a pressure cell at a confining pressure of 3,000 psi. Water-
wet porous plates were used, allowing only the wetting
phase (brine) to pass through. Pressurized Soltrol-130 was
then introduced to displace the brine through the porous
plate. The displaced brine volume was recorded and
monitored at each capillary pressure step to determine the
saturation equilibrium. Figure 3 shows a schematic of the
experimental porous plate system.

Pore Pressure

Effiuent Receiving Pump

|— Water-wet porous plate

HYDROSTATIC
TEST VESSEL

Fig. 3. The porous plate system for capillary pressure
measurement at reservoir stress.

The PP test is a significantly slower process than
centrifugation, each desaturation step required about 1-3
weeks to reach equilibrium, in terms of the brine
production. The produced brine volume and the applied
capillary pressure are then used to construct the Pc curve
for the sample.

3 Results and Discussion

3.1 Centrifuge Pc Tests at Ambient Stress

In conducting centrifuge Pc tests, the samples were
centrifuged at nine pressure steps controlled by RPM. At
each RPM, the test took a minimum of 9 hrs to reach
equilibrium fluid distribution. Figure 4 shows the
generated curves with Pc calculated using Eq 2 and Sw
using Eq 3 (Table 2). The trends of the Pc curves are
typical, i.e., higher permeability samples generally show
lower final water saturation at the highest RPM; which
may be referred to initial water saturation, Swi, for the
purpose of discussions (Fig. 5), although the word of
irreducible may be debatable [26-27].

As illustrated in Figs. 4 and 5, the dolomite samples
reached a much lower Swi compared to sandstone
samples, while the limestone samples exhibited the
highest across all permeability ranges (high, intermediate,
and low). These results suggest probably that the dolomite
samples have more uniform or interconnected pore-
throats networks compared to sandstone and limestone
samples.
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High perm of about 200 mD Table 2. Results of centrifuge capillary pressure measurements.
100
- Set 1: High perm dolostone, sandstone, and limestone samples
-0 88 2 DSI-1-11 SGB-2-4 IND-X-1-10
%‘ Pc,psi | Sw,% | Pc,psi Sw, % Pc, psi Sw, %
g 60 0.0 100.0 0.0 100.0 0.0 100.0
£ 0.1 64.9 0.1 62.4 0.1 80.9
:: 40 1.8 25.8 1.9 55.4 1.9 42.7
- 2.6 19.0 2.7 45.7 2.7 38.6
“ 20 4.1 13.6 4.2 35.6 4.2 35.8
6.5 10.3 6.8 27.9 6.8 33.6
0  ERasm — 10.4 8.1 10.8 22.6 10.8 31.9
0 20 a0 60 80 100 19.6 6.8 20.5 18.0 20.4 29.4
Water Saturation [%] 333 6.8 34.7 15.5 34.6 26.1
DSl-1-11 —+-5GB-2-4 —=—IND-X-1-10 ;2? 23 ;gi ﬁj ;g? ?;g
Intermediate perm of about 60 mD Set 2: Intermediate perm dolostone, sandstone, and limestone
100 > samples
8 B9 DGU-2-1 SS-1-8 IND-X-1-18
7 80 Pc,psi | Sw,% | Pc,psi Sw, % Pc, psi Sw, %
S 60 0.0 100.0 0.0 100.0 0.0 100.0
@ 0.1 73.1 0.1 73.2 0.1 81.2
cg 40 1.9 37.8 1.9 67.2 1.9 53.5
= 2.7 29.8 2.7 64.4 2.7 48.9
g 4.3 25.6 4.3 51.7 42 45.1
0 . 6.8 20.7 6.8 40.5 6.8 42.5
o 20 0 60 80 160 10.9 18.5 10.9 33.0 10.9 40.3
e s (4 T 0 O T T
PeUZL 5518 = INDX-118 57.3 13.6 | 571 19.9 57.0 264
80.0 12.9 79.8 19.0 79.6 23.5
100 Low perm of about 20 mD Set 3: Low perm dolostone, sandstone, and limestone samples
3 h DGU-1-5 PR-1-5 IND-135-1-3
= 80 g ar Pc,psi | Sw,% | Pc,psi Sw, % Pc,psi | Sw, %
? 0.0 100.0 0.0 100.0 0.0 100.0
Z 60 0.1 732 0.1 76.5 0.1 78.0
& 1.9 36.7 1.9 70.6 1.7 67.0
g 2.7 30.6 2.7 63.6 2.9 53.8
EL 2 4.3 26.9 4.3 51.2 4.4 47.7
6.8 24.7 6.8 41.9 6.9 43.9
0 e N 10.9 21.9 10.9 34.6 10.8 40.4
0 20 a0 60 80 100 20.6 18.9 20.6 29.2 21.2 35.3
Water Saturation [%] 35.0 16.1 34.9 252 35.1 30.8
DGUALS = PRLS o IND1351.3 573 14.7 57.1 23.0 58.2 262
80.0 11.9 79.8 20.8 82.4 234
Fig. 4. Ambient centrifuge drainage capillary pressure curves 3.2 Porous Plate Pc Tests at Reservoir Stress

of Set 1 (high perm), Set 2 (intermediate perm) and Set 3 (low

erm) samples of lithology dolostone, sandstone, and . .
perm) samp ' &y After the centrifugation tests, the samples were cleaned,

limestone. 5 . .
dried and their properties were re-measured (Table 3), at
both 500 psi and a applied reservoir confining pressure of
F 35 Perm-=24 3,000 psi. The re-measured properties at 500 psi show
= Perm=24.2 Perm=62.5 e e
§ 30 Perm=19.2 Perm=69.2 Sermegow comparable to those of the initial measurements (Table 1),
5 ez e indicating that the centrifuge tests did not measurably
© 15 parmeany. alter the samples’ physical integrity of their original state.
] 10
E 5 I Table 3. Rock properties after centrifuge Pc tests
E R o B Samole ®[%] | ®[%] | K[mD] [ K][mD]
= 2 g2 B2 g v = I X 2 p 500psi 3000psi 500psi 3000psi
z =z g DSI-1-11 14.57 14.36 199.97 198.73
) ) DGU-2-1 11.57 11.45 55.13 54.84
Dolomite Sandstone Limestone
DGUI-5 10.14 10.11 18.92 18.38
Fig. 5. Swi increases with decreaseF in permeability for each SGB-2-4 19.79 19.53 208.72 187.10
rock type of dolostone, sandstone, and limestone. SS-1-8 20.95 20.75 68.27 66.01
PR1-5 17.37 17.31 22.74 22.01
IND-X-1-10 18.19 17.90 242.06 238.43
IND-X-1-18 18.04 17.75 63.01 60.77
IND-135-1-3 16.31 16.21 23.94 22.60
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The nine samples were then saturated with the brine and
loaded in HPHT (high pressure high temperature) cells to
perform the PP tests, at 25°C. Once the applied confining
pressure of 3,000 psi is stabilized, Soltrol-130 oil was
introduced to the samples under various pre-set pressures,
i.e., Pc. For each Pc, the volume of produced brine was
recorded. Using the produced brine volume and the
applied pressure, the PP Pc curves was obtained (Fig. 6
and Table 4).
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Fig. 6. Reservoir stress (3000 psi) porous plate drainage
capillary pressure curves of Set 1 (high perm), Set 2
(intermediate perm) and Set 3 (low perm) samples of lithology
dolostone, sandstone, and limestone.

Table 4. Porous plate capillary pressure vs water saturation.

Set 1: High perm dolostone, sandstone, and limestone samples
DSI-1-11 SGB-2-4 IND-X-1-10

Pc, psi Sw, % Pc, psi Sw, % Pc, psi Sw, %
0.0 100.0 0.0 100.0 0.0 100.0
1.8 19.7 3.7 46.6 1.9 53.8
2.6 17.9 42 44.2 2.7 52.6
4.1 15.0 6.8 39.3 42 50.2
6.5 13.0 10.8 35.7 6.8 46.7
10.4 11.5 20.5 32.9 10.8 41.6
19.6 9.6 34.7 30.0 20.4 38.3
333 7.6 34.6 34.8

Set 2: Intermediate perm dolostone, sandstone, and limestone sam-
ples
DGU-2-1 SS-1-8 IND-X-1-18
Pc, psi Sw, % Pc, psi Sw, % Pc, psi Sw, %
0.0 100.0 0.0 100.0 0.0 100.0
1.9 33.6 1.2 92.4 1.7 73.5
2.7 29.7 2.7 82.8 2.8 66.1
4.3 27.1 4.2 61.1 4.3 60.8
6.8 24.4 6.7 45.7 6.7 56.1
10.9 21.8 10.9 39.2 10.5 53.5
20.6 19.9 20.5 349 20.5 50.0
35.0 17.5 34.8 32.0
Set 3: Low perm dolostone, sandstone, and limestone samples
DGU-1-5 PR-1-5 IND-135-1-3
Pc, psi Sw, % Pc, psi Sw, % Pc, psi Sw, %
0.0 100.0 0.0 100.0 0.0 100.0
1.9 34.1 3.9 55.7 1.7 68.3
2.7 329 43 52.9 2.9 574
4.2 29.3 6.8 45.2 44 534
6.7 26.9 10.9 39.6 6.9 50.4
10.8 25.4 20.6 343 10.8 47.1
20.3 21.3 35.0 31.2 21.2 41.3
35.1 353

3.2 Pc Comparison: porous plate vs. centrifuge

Figs. 7, 8 and 9 compare the ambient stress centrifuge
drainage Pc curves (solid lines) with that of the reservoir
stress PP Pc curves (dashed lines), for the high
permeability Set 1, intermediate permeability Set 2, and
low permeability Set 3 samples. The divergence between
these curves is attributed to the effect of confining stress,
and can be summarized as.

e Generally, the Pc curves shift to the higher Sw
direction upon the application of stress, meaning that
increased confining pressure leads to higher water
retention across the Pc curve.

The magnitude of the stress effect varied significantly
among the three rock types. Larger effects were observed
for the sandstone and limestone samples compared to the
dolostone, irrespective of their permeability. This
variation is likely due to distinct mechanical properties of
each rock type; stiffer rocks such as dolostone [28] in this
study show more resistance to confining stress than more

“softer” lithologies. Consequently:

e The magnitude of the effect of stress on Pc curves
could be governed by the geomechanical
characteristics in addition to the petrophysical
properties. For further discussion of these
observations we refer to [12, 13].
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—o—Ambient - 3,000 psi Fig. 8. Drainage Pc curves at reservoir stress of 3000 psi (dash)
vs that at ambient (solid) for the intermediate permeability Set

2 samples.

Fig. 7. Drainage Pc curves at reservoir stress of 3000 psi (dash)
vs that at ambient (solid) for the high permeability Set 1
samples.
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Fig. 9. Drainage Pc curves at reservoir stress of 3000 psi (dash)
vs that at ambient (solid) for the low permeability Set 3
samples.

3.2.1 Effect of Stress on Pc- Beta Model

To convert the ambient stress centrifuge Pc curves to the
reservoir stressed PP Pc curves, we initially utilized the
model established by Al-Hamad et al. [13], which was
developed for Indiana limestone samples. For this
discussion, the established model is hereafter referred to
as the Beta model.

The empirical Beta model is written as

Sw=aP; +b (6)
Where
a =0.04P” (7)
b ==xP” (8)
x = 61.301 )
y =02 (10)

Applying Eqgs 6-10 to the limestone samples, the Pc
curves at 3,000 psi were validated at ambient stress
condition (Figure 10). The Beta model demonstrated high
accuracy for two of the three samples; however, a
noticeable discrepancy was observed for sample IND-X-
1-10 between the corrected and measured ambient data.
Thin-section analysis (Fig. 1) confirms consistent pore
network characteristics or similarities [29] across the
three limestone samples, suggesting that this deviation is
likely attributed to the limitation and the universality of
the Beta model rather than rock pore structure variations.
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Fig. 10. Stress-corrected Pc curves in comparison with the
centrifuge data for the limestone samples

Figure 11 compares the corrected and experimental
capillary pressure data for the sandstone samples. The
results indicate that, for this specific lithology, the Beta
model fails to properly correct the Pc curves under
elevated stress conditions. Given that these correlations
were originally derived from high-resolution micro-CT
data and digital rock simulations of limestone samples,
these discrepancies suggest that the Beta model lacks
universality across diverse rock types and mineralogy.

Additionally, the stress-adjustment method proposed by
Juhasz [30] which utilizes porosity-stress correction was
evaluated. When applied to carbonate sample IND-X-1-
18 (Fig. 10) and sandstone sample SS-1-8 (Fig. 11), the
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model failed to accurately account for the impact of stress.

These results suggest that:

e A simple porosity-dependent approach, such as
Juhasz model, is insufficient for converting ambient
Pc curves to reservoir-stressed conditions.
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Fig. 11. Stress-corrected capillary pressure data in comparison
with the centrifuge data for the sandstone samples

3.2.2 Effect of Stress on Pc- A General Model

Analysis of the centrifuge Pc data from this current study,
in comparison with the previous study [13] indicates that
the parameters x and y in Egs. 9 and 10 must be treated as
variables rather than constants to achieve a more robust
stress correction. Further evaluation of the sandstone
samples (Fig. 12) reveals that these variables are
dependent on the water desaturation profiles, which is a
function of rock mechanical stiffness (m). Each sample
showed to exhibit a unique value for the slope (y) and
intercept (x).

x = f.(Sw, Pc,m) (11)
y = f,(Sw, Pc,m) (12)
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Fig. 12. Water saturation versus capillary pressure for the
sandstone samples and high permeability limestone sample

By applying Egs 11 and 12, the conversion between
ambient and stress Pc curves was successfully achieved
(Table 5, and Figs. 13). Furthermore, this generalized
model (Eqs 11 and 12) effectively corrected the
previously mismatched limestone sample (Fig. 10), as
demonstrated in Fig. 14.

Table 5. Converted Sw from 3,000 psi to ambient stress for the
selected samples using Eqs 6, 7, 8, 11 and 12

SGB-2-4
Pc £ X a b Sw_Corrected
[psi] [%0]
0.00 0.0000 0.00 100
3.70 0.0023 | 38.46 38.49
423 0.0022 | 36.41 36.44
6.78 0.408 | 65.583 | 0.0018 | 30.04 30.06
10.82 0.0015 | 24.82 24.84
20.46 0.0012 | 19.14 19.16
34.74 0.0009 | 15.42 15.44
SS-1-8
Pc £ < a b Sw_Corrected
[psi] [%]
0 0 0 100
1.19 0.363 | 84761 0.0038 | 79.57 79.63
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2.68 0.0028 | 59.26 59.30
4.24 0.0024 | 50.17 50.21
6.70 0.0020 | 42.49 42.52
10.90 0.0017 | 35.61 35.64
20.49 0.0013 | 28.32 28.34
34.77 0.0011 | 23.37 23.39
PR1-5
Pc f X a b Sw_Corrected
[psil [%o]
0 0 0 100
3.89 0.0026 | 53.04 53.08
4.26 0.0025 | 51.48 51.51
6.83 0.330 | 83.045 | 0.0021 | 44.05 44.08
10.90 0.0018 | 37.75 37.78
20.62 0.0015 | 30.59 30.61
35.01 0.0012 | 25.69 25.71
INDX-1-10
Pc f X a b Sw_Corrected
[psi] [%]
0 0 0 100
1.87 0.0036 | 42.68 42.74
2.70 0.0033 | 39.90 39.94
421 0.0031 | 36.76 36.81
6.76 0.184 1 47.895 0.0028 | 33.70 33.74
10.78 0.0026 | 30.92 30.96
20.39 0.0023 | 27.50 27.54
34.62 0.0021 | 24.95 24.98
90 SGB-2-4
80
— 70
% 50
E 50
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10
0
] 20 40 60 80 100
Water Saturation [%]
%0 $5-1-8
80
— 70
% 60
E 50
g 40 -e-Ambient
:; 30 3,000 psi
E 20 -e-Corrected
10
0
o 20 40 60 80 100
Water Saturation [%]
90 PR1-5
80
70
‘% 60
3 50
E 40 —o-Ambient
E 30 3,000 psi
E‘ 20 -e-Corrected
10
0
o] 20 40 60 80 100
Water Saturation [%]

Fig. 13. Stress-corrected vs measured ambient Pc curves for the

sandstone samples

Fig.

bl IND-X-1-10

70

a0 - Ambient
3,000 psi

+Corrected

Capillary Pressure [psi]

Water Saturation [%]

14. Stress-corrected vs measured ambient Pc curves for

IND-X-1-10.

4 Conclusions

This study builds upon our previous study [13], leading to
the following conclusions:

Increased confining stress consistently shifts Pc
curves towards higher water saturation direction,
indicating that water retention increases as a function
of applied stress.

A generalized Pc stress-correction model (Eqs 6, 7, 8,
11, and 12) was developed and validated using
ambient centrifuge Pc and 3,000 psi stressed porous
plate Pc curves. The model proved robust across
dolostone, limestone, and sandstone samples with
permeabilities of 20 mD to 250 mD and porosities
of 10% to 20%.

The impact of stress on Pc curves is primarily
governed by rock stiffness, rock mechanical
properties andthe petrophysical characteristics (e.g.,
permeability or porosity).
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6 Nomenclature

C  constant

h  height above free water level

m  rock mechanical properties; stiffness

P pressure

r distance from the centrifuge center to the core face
R pore throat radius

S saturation

x  model fitting parameter

p  fluid density

o water-oil interfacial tension

0  water-oil-rock contact angle

®  porosity

K permeability

Subscripts

1,2 inlet and outlet faces of centrifuge core samples
avg average

C  capillary

cf  confining pressure/stress

0 oil
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pore throat

W water
Superscript
y  model parameter
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