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Abstract 
Pore geometry affects the water-oil relative permeability and oil recovery efficiency by determining the 
preferential pathways taken by fluids in the porous medium. This study examines the impact of pore 
geometry on three different sized homogeneous and heterogeneous samples based on sand and sand 
with 20% clay on laboratory-measured porosity, relative permeability, and oil recovery. Every 
experiment was carried out in a laboratory setting. The oil relative permeability varied according to the 
results, increasing with grain size (0.643D for 500 μm, 0.535D for 250 μm, 0.503D for 125 μm, and 
0.654D for the polymodal sample). The polymodal sample also showed a drop in oil relative 
permeability from 0.654D to 0.510D because of the presence of clay. Thirteen milliliters (13 ml) of 
additional oil were found in the polymodal sample. The work's findings can help make decisions that 
will enhance oil recovery and enhance our understanding of the preferred pathways taken by fluids in 
extremely heterogeneous reservoir rocks. 
Keywords: Pore geometry; grain size, polymodal medium; preferential pathway; relative permeability; oil recovery. 

1. Introduction

Multiple natural and industrial processes involve multiphase flow in porous medium [1-2]. It
is crucial to comprehend the pore-scale fluid displacement in these processes, as it is influ-
enced by pore geometry [3]. Recently, multiphase flow in porous medium has been studied by 
combining sample flooding experiments with pore geometry evaluation [4-5]. Pore geometry, 
grain sizes distribution and topology are the main factors influencing relative permeability 
behavior. Predicting the behavior of oil-water flow in complex rocks with wide pore size distri-
butions is particularly challenging [6-8]. Prior experimental investigations at the pore scale have 
predominantly focused on multiphase flow in homogeneous sandstone formations character-
ized by unimodal pore size distributions [9-10]. Only a limited number of experimental works 
exist on intricate rock’s grain geometries, particularly those frequently observed in carbonates 
[11-12]. For complex porous medium, mainly increase water saturation reduces relative perme-
ability [13-14]; the influence of geometry can vary significantly, particularly due to the interac-
tion between flow through microporosity and macropores. Moreover, the relative permeability 
in all these works has not been comprehensively evaluated concerning measurement uncer-
tainty [15]. Therefore, our work differs from previous research in that it uses a new experi-
mental approach of complex reconstituted matrix based on sand and clay particles and sim-
ultaneous oil-water injection to evaluate multiphase flow permeability’s and the incremental 
oil volume recovered in order to prove the relationship between pore geometry distribution 
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and its effect on oil-water relative permeability. The results of the study support better deci-
sion-making when it comes to the use of secondary recuperation by water flooding or gas 
flooding in order to avoid oil retention in the porous medium due to pore geometry distribution. 

2. Materials and methods 

2.1. Sand 

Hassi Messaoud sandstone formations are characterized by good porosity and permeability 
properties. Hydrocarbons in Hassi Messaoud's reservoir rocks consist of a mixture of common 
oil and natural gas. We formed sand samples with three different grain sizes for various studies 
such as porosity and permeability measurements, grain size analysis, fluid saturation studies, 
and rock-fluid interactions. In addition, sand is known for its sensitivity to water, which makes 
it easier to put in place in general. 

The sample was identified by two principal analysis conducted in the University Scientific 
and Technical Research Center for Physical and Chemical Analysis (CRAPC):  

SEM (Scanning Electron Microscopy): enables high-resolution imaging at magnifications 
ranging from a few times to several hundred thousand times of the surface morphology of 
geological samples. It offers comprehensive details on characteristics like texture, shape, and 
size of the grain. 

EDX (Energy Dispersive X-ray Spectroscopy): When analyzing the elemental composition 
of geological samples, EDX offers both qualitative and quantitative information. It helps in 
mineral identification, elemental distribution mapping, and the comprehension of geological 
processes by being able to detect and measure the presence of different elements. 

2.2. Brine 

The brine used in all of the trials was created in the laboratory. To make this brine, dissolve 
250g of NaCl in 1 litter of distilled water. This brine is utilized for the liquid/liquid displacements 
of the samples during the drainage and imbibitions tests. 

2.3. Diesel 

The diesel was used as oil in all monophasic and diphasic flow experiments, as well as 
imbibitions tests. Table 1 displays diesel’s characteristics. 

Table 1. Properties of gasoil. 

Density at 15˚C 0.828 g/cm3 Pour point - 14˚C 
Dynamic viscosity at 20˚C 5.6 mPa s Initial boiling point 152˚C 
Surface tension at 20˚C 30 mN/m Final boiling point 320˚C 
Flash point 88˚C   

2.4. Clay 

Clay is a type of fine-grained sedimentary material consisting of very small mineral parti-
cles, it can act as a sealant or barrier in geological formations, affecting fluid flow properties 
such as permeability, the clay used in the experiences was also identified by the SEM and EDX 
methods.  

3. Experimental procedures 

3.1. Sample preparation 

The experiments were carried out on sand samples. Prior to use, the sand sample under-
goes different preparative steps as shown in Figure 1 as follows: 

Washing: sand sample is washed in order to remove fine particles and impurities that could 
affect experimental results by clogging spaces between sand grains. 

Drying: after washing, the sand was dried to ensure consistent moisture content, prevent-
ing interference with the measurements. Essentially, it’s about ensuring the sand sample is 
clean and uniform to conduct accurate measurements. 

2



Petroleum and Coal 

                          Pet Coal (2025); 67(1): 1-15 
ISSN 1337-7027 an open access journal 

 
Figure 1. The used sample sand undergoes sequential preparation tests. 

Sieving: the objective is to segregate the sand sample into distinct particle size fractions 
that aids in the identification and collection of sand particles of specific diameters, that essen-
tial for subsequent analysis of each diameter in our experiment process; sand sample under-
went sieving using a HAVER BOEKHER type D-59302 OELDE sieve shaker. Initially, the sieves 
were positioned within the sieve shaker. Subsequently, the instrument was activated, with 
due consideration given to the configuration of key parameters. Specifically, the agitation 
mode was set to continuous agitation, accompanied by agitation amplitude of 2500 pulses per 
minute, and agitation duration of 5 to 10 minutes. Once these parameters were meticulously 
adjusted, the sand sample was introduced into the topmost sieve column. Finally, the instru-
ment was activated by engaging the on/off button, commencing the sieving operation with a 
methodological rigor and experimental precision. 

Fractions collection and weighing: following sieving, sand fractions corresponding to dis-
crete diameters were meticulously collected. Each fraction underwent mass determination us-
ing a precision balance to ascertain its weight accurately. 

Cumulative assessment: the weights of sand fractions were used to compute cumulative 
weights for distinct diameters, contributing to the establishment of a comprehensive dataset. 
of particular focus were diameters measuring 500 micrometers, 250 micrometers, and 125 
micrometers, identified for inclusion in forthcoming experimental investigations. 

Sand-clay sample preparation: a quantity of 20% of clay is added to some of the same 
chosen sand grain’s diameters to form a heterogeneous sample. Sand with 20 % clay (The 
majority of Hassi Messaoud's petroleum reservoirs contain from 15% to 30% of clay).  

3.2. Designed sand-based micromodels 

Diameters of 500, 250, and 125 micrometers will be separately inserted into cylindrical 
cells with diameters of 2.15 cm and a length of 9.3 cm. Because of this variated arrangement, 
the particle distribution inside the micromodels can be visualized and examined, providing 
insights or simulation of porous media of rock reservoirs and their variety influence on its 
properties. Furthermore, by integrating all three diameters into a single cellule, a composite 
micromodel will be created.  

3.3. Oil recovery determination tests 

Commence the saturation process of the micromodel by introducing brine into the system, 
establishing initial conditions where the porous medium exhibits 100% water saturation (Figure 2). 
Inject oil to displace the brine until the first drop of oil is recovered. The primary objective at 
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this stage is to achieve irreducible water saturation (Swi).Determine the volume of oil satura-
tion within the system, indicating the amount of oil present in place. Imbibe the system by 
reinjection of brine. Cease brine injection upon recovery of the first drop of brine. 

 
Figure 2. Drainage and imbibitions installation: (1) water injection reservoir, (2) oil injection reservoir, 
(3) valves, (4) manometers, (5) sample core holder, (6) graduated cylinder. 

Measure the volume of oil recovered collected in the graduated cylinder. Calculate the vol-
ume of residual oil by: 
𝑉𝑉𝑜𝑜𝑜𝑜 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑉𝑉𝑜𝑜 (1) 

where 𝑉𝑉𝑜𝑜𝑜𝑜the residual oil volume (mL); 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 is the original oil in place (mL); and 𝑉𝑉𝑜𝑜 is the re-
covered oil volume (mL). 

3.4. Porosity measurements 

Porosity is measured by weighing the dry samples of each dimension across three tests, 
which is then completely saturated with brine after minor compaction of sand. Porosity is 
determined by [16]:   
ɸ =

𝑚𝑚𝑠𝑠 −  𝑚𝑚𝑑𝑑

𝑚𝑚𝑠𝑠
 (2) 

where ɸ is porosity (℅); 𝑚𝑚𝑠𝑠 is the saturated mass (g); and 𝑚𝑚𝑑𝑑 is the dry mass (g).  
The same procedure was applied for measuring the porosity of a sample containing clay.  

3.5. Permeability measurements 

Absolute permeability: the absolute permeability of the aqueous and oil phases is deter-
mined following sample preparation with the three different grain sizes and the polymodal. 
Subsequently, applying Darcy's law allows the calculation of the absolute permeability values 
for both phases:  

𝑄𝑄 =
𝐾𝐾𝑎𝑎  𝐴𝐴
𝜇𝜇

×
Δ𝑂𝑂
𝐿𝐿

 (3) 

where 𝑄𝑄 is the flow rate of the phase through the sample (cm3/s); 𝐾𝐾𝑎𝑎 is the absolute perme-
ability of the flowing phase (Darcy);  𝐴𝐴 is the fluid passage section (cm2); 𝜇𝜇 is representing 
fluid viscosity (cP); Δ𝑂𝑂 is the differential pressure (atm); and 𝐿𝐿 is the length of the sample 
(cm). Noting that 𝐾𝐾𝑎𝑎𝑜𝑜 and 𝐾𝐾𝑎𝑎𝑎𝑎  are absolute permeability of oil and water respectively (Darcy). 

Effective permeability: a displacement approach was applied to determine the effective 
permeability. It is conducted at 25ºC and across varying pressure levels, the experiment sub-
sequently entails measuring effective permeability across four samples (each for different 
grain sizes and one for the polymodal sample). The procedure initiates with saturating the 
sample with brine (100%) for water effective permeability measurement and with oil for oil 
effective permeability. Then, oil is used to drain the brine from the sample until irreducible 
brine saturation (Swi) is achieved. Brine is used to imbibe the oil from the samples until residual 
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oil saturation is achieved. Finally, both oil (𝐾𝐾𝑒𝑒𝑜𝑜) and water effective permeability (𝐾𝐾𝑒𝑒𝑎𝑎) at dif-
ferent pressure levels are determined according to the generalized Darcy's law:  

Qo =
𝐾𝐾𝑒𝑒𝑜𝑜  .𝐴𝐴
µ𝑜𝑜 .  𝐿𝐿

.𝛥𝛥𝑂𝑂𝑜𝑜 (4) 

Qw =  
𝐾𝐾𝑒𝑒𝑎𝑎 .𝐴𝐴
µ𝑎𝑎 .  𝐿𝐿

.𝛥𝛥𝑂𝑂𝑎𝑎 (5) 

where Qois the volumetric oil flow rate (cm3/s); Qwis the volumetric water flow rate (cm3/s); 
𝐾𝐾𝑒𝑒𝑜𝑜 and 𝐾𝐾𝑒𝑒𝑎𝑎 are the effective permeability of oil and brine respectively (mD); µ𝑜𝑜 and µ𝑎𝑎 are oil 
and water viscosity respectively (cP); 𝐿𝐿 is the length of the sample (cm); 𝐴𝐴 is the fluid passage 
section (cm2); and 𝛥𝛥𝑂𝑂𝑜𝑜 and 𝛥𝛥𝑂𝑂𝑎𝑎 are the differential pressures applied for oil and brine respec-
tively (atm). 

Relative permeability: Relative permeability of oil and brine was determined by: 

𝐾𝐾𝑜𝑜𝑜𝑜 =
𝐾𝐾𝑒𝑒𝑜𝑜
𝐾𝐾𝑎𝑎𝑜𝑜

 (6) 

𝐾𝐾𝑜𝑜𝑎𝑎 =
𝐾𝐾𝑒𝑒𝑎𝑎
𝐾𝐾𝑎𝑎𝑎𝑎

 (7) 

where 𝐾𝐾𝑜𝑜𝑎𝑎 and 𝐾𝐾𝑜𝑜𝑜𝑜 are the relative permeability of brine and oil respectively (mD). 
For the sample containing sand and clay, absolute, effective, and relative permeability brine 

and oil were carried out by applying the same previous procedures. 

4. Results and discussion 

4.1. Sand particles analysis results 

SEM imaging results: all the SEM analysis imaging results of 500 µm, 250 µm, and 125 µm 
sand’s grain sizes, the polymodel medium, and clay are presented in Figures 3, 4, 5, 6, 7, and 
8, respectively. 

 
Figure 3. SEM imaging results of 500μm grain size magnified at 50x, 200x, 500x 1000x. 

For the 500 µm:  

50X magnification: the grains appear well-rounded and relatively smooth. There are visible 
intergranular spaces. 200X magnification: surface texture of the grains starts to show more 
details, revealing minor irregularities and some fine particles adhering to larger grains. 500X 
magnification: surface roughness is evident with the appearance of micro- pores and surface 
cracks. 1.00KX magnification: detailed observation of the grain surfaces shows distinct micro-
structures, with noticeable porosity and surface texture irregularities. 
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Figure 4. SEM imaging results of 250μm grain size magnified at 50x, 200x, 500x 1000x. 

For the 250 µm:  

50X magnification: grains are smaller and appear more angular compared to 500μm grains. 
Intergranular spaces are reduced. 200X magnification: surface texture reveals more pro-
nounced angularity and roughness. Fine particles are seen clinging to the surfaces. 500X mag-
nification: the surface structure is more complex, with visible micro-cracks and rough texture. 
1.00KX magnification: high magnification reveals intricate surface details, with significant 
roughness and microstructural features. 

 
Figure 5. SEM imaging results of 125μm grain size magnified at 50x, 200x, 500x 1000x. 
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For the 125 µm:  

50X magnification: grains are much smaller and appear very angular. The packing density 
seems higher due to smaller grain size. 200X magnification: the surface texture is highly 
irregular with sharp edge sand rough surfaces. 500X magnification: detailed surface features 
show significant angularity, with more visible cracks and pores. 1.00KX magnification: the 
microstructure is very complex, with highly detailed surface irregularities and a rough texture. 

 
Figure 6. SEM imaging results of polymodal medium magnified at 50x, 200x, 500x 1000x. 

For the polymodal medium:  

50X magnification: variety of grain sizes and shapes are visible, indicating a polymodal 
distribution. Grains appear densely packed. 200X magnification: surface textures of different 
grains show varying degrees of roughness and irregularities. 500X magnification: individual 
grains reveal complex surface structures with visible micro-cracks and pores. 1.00KX magni-
fication: high magnification shows intricate details of the surface morphology, with significant 
porosity and surface texture variations among different grains. 

 

 
Figure 7. SEM analysis imaging of clay magnified at 50x, 200x, 500x 1000x. 
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For the clay: 

50X magnification: clay particles appear very fine and densely packed. The surface is 
smooth at this magnification. 200X magnification: details of the clay particle surfaces are 
visible, showing minor roughness and fine aggregates. 500X magnification: the surface tex-
ture is more apparent, revealing micro-cracksand slight porosity. 1.00KX magnification: high 
magnification shows detailed microstructural features of the clay particles, including significant 
porosity and intricate surface irregularities. 

SEM imaging results: after performing the EDX analysis, the analytic results show that sand 
containing minerals such as significant quantity of Si, S, Ca, Mg, and Al as shown is Figure 8, 
and that clay contains Fe, K, Ca, Mg, and Al as shown in Figure 9. 

 
Figure 8.Energy dispersive X-ray spectroscopy results of sand. 

 
Figure 9. Energy dispersive X-ray spectroscopy results of clay. 
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Granulometric analysis results: from the different segregated sizes (Table 2) an intermedi-
ate range within the interval [125- 500] µm was chosen to obtain an average permeability 
value. The largest particles [1000 - 2000] µm give high permeability values. The finest parti-
cles [45-90] µm were eliminated as they obstruct the passage of fluids through the pipes and 
filter paper in the experimental liquid/liquid displacement device. 

Table 2. Granulometric sand analysis results. 

Sieve diameter (µm) Mass (g) Not cumulative (%) Cumulative (%) 
2000 0.2 0.02 99.98 
1250 0.1 0.01 99.97 
1000 4 0.4 99.57 
500 346.5 34.65 64.92 
250 502.2 50.22 14.7 
125 120.8 12.02 2.68 
90 17.2 1.72 0,96 
63 1.9 0.19 0.77 
45 0.1 0.01 0.76 

4.2. Oil recovery results 

The OOIP, the recovered oil volume, and the residual oil volume are base on  the drainage 
and imbibitions results, which are presented in Tables 3 and 4, respectively. According to the 
results, the polymodel medium presents a high recovered oil volume of 13 ml from 19 mL of 
the OOIP in comparison with the other samples. This result can be explained by the hetero-
geneity of the sample in which oil can be produced through different intergranular pathways.  

Table 3. Drainage by oil results. 

Differential pressure 
(atm) 

OOIP (mL) 
500µm 250µm 125µm Polymodal 

1.0049 20 18 17.5 16 
1.0098 21.5 18.5 18 17 
1.0147 22.25 18.5 18 17.75 
1.01962 22.5 20 18.5 18.5 
1.024525 22 22 20.5 19 

Table 4. Imbibition by brine results. 

Differential 
pressure 

(atm) 

Recovered oil volume (mL) Residual oil volume (mL) 

500 µm 250 µm 125 µm Poly-
modal 500 µm 250 µm 125 µm Poly-

modal 
1.00490 13 10 10 10 7 8 7.5 6 
1.00891 14 10.5 11 9.75 7.5 8 7 7.25 
1.01470 13 13 11.5 12 9.25 5.5 6.5 11.75 
1.01962 14 12 9 10 8.5 8 9.5 8.5 
1.02453 14 13.75 12 13 8 8.25 8.5 9.25 

4.3. Porosity results 

Samples of each chosen size and a mixture of them representing the heterogeneous me-
dium (polymodal) and others mixed with clay are saturated with brine, and measurements of 
their dry mass (before saturation) and saturated mass are performed repeatedly to prove the 
accuracy of the data obtained. The results are shown in Tables 5, 6, 7 and 8. The results 
illustrate a clear relationship between grain size and porosity in both monomodal and poly-
modal samples. 

Monomodal samples: larger grains typically have fewer and larger pore gaps, reducing 
overall porosity. The porosity increases as the grain size decreases. Smaller grains pack more 
tightly, creating larger pore spaces per unit volume. The smallest grain size measured has the 
maximum porosity, as they have a larger surface area to volume ratio, allowing for more 
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empty spaces inside a given volume. Due to their ability to form densely packed structures 
with multiple tiny spaces. 

Table 5. Porosity results of 500µm grain size. 

Test Dry mass (g) Saturated mass (g) Porosity (%) 
01 255.400 284.419 10.2 
02 254.364 283.792 10.3 
03 252.278 285.804 11.7 

Average=10.73% 

Table 6. Porosity results of 250µm grain size. 

Test Dry mass (g) Saturated mass (g) Porosity (%) 
01 255.375 287.254 11.09 
02 255.513 289.735 11.8 
03 252.843 287.388 12 

Average=11.63% 

Table 7. Porosity results of 250µm grain size. 

Test Dry mass (g) Saturated mass (g) Porosity (%) 
01 249.900 283.209 11.76 
02 247.325 282.390 12.4 
03 250.402 283.411 11.7 

Average=11.95% 

Table 8. Porosity results of the polymodal sample. 

Test Dry mass (g) Saturated mass (g) Porosity (%) 
01 253.248 284.75 11.06 
02 257.99 287.28 10.19 
03 255.208 285.128 10.49 

Average=10.58% 

The polymodal sample demonstrated a lower porosity compared to the individual grain 
sizes. This is because the mixture of different sizes allows smaller grains to occupy the spaces 
between larger grains, thereby reducing overall porosity. This filling effect decreases the total 
volume of voids within the sample. 

4.4. Effect of clay on porosity results 

The porosity of the polymodal sample differs noticeably from 10.63% to 10.15% (Table 9) 
as a result of the presence of clay. The smaller pore spaces between the sand grains are 
typically occupied by clay particles, which are much smaller than the sand grains. Decreasing 
the pore volume and total storage capacity when some of the interstitial gaps that would 
normally contribute to porosity are filled and blocked by clay. While its contribution may ap-
pear minor, it can have a significant impact on large-scale reservoir performance. 

Table 9. Porosity results of the heterogeneous sand with clay sample. 

Test Dry mass (g) Saturated mass (g) Porosity (%) 
01 248.70 280.395 10.5 
02 252.247 280.790 10.56 
03 259.86 285.530 9.4 

Average=10.15% 
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4.5. Absolute permeability results 

Absolute permeability results are shown in Figures 10 and 11 for the heterogeneous poly-
modal sample. The obtained results show that the heterogeneous polymodal sample had a 
lower permeability to water (0.40 Darcy) than oil (0.45 Darcy), despite the oil test being 
conducted at a slightly higher differential pressure. This shows that the sample's structure 
makes oil flow more easily than water. The inclusion of clay most likely contributes to this 
discrepancy since it is more hydrophilic, allowing for better oil flow while potentially restricting 
water flow due to finer particle sand increasing capillary force. As a result, clay reduces water 
permeability more than oil permeability. 

 

 
Figure 10. Water absolute permeability as a func-
tion of differential pressure 

Figure 11. Oil absolute permeability as a function 
of differential pressure. 

4.6. Effective permeability results 

Effective permeability results are shown in Figures 12, 13, and 14. The curves demonstrate 
that permeability’s in sandstone decreases with increasing differential pressure across several 
grain sizes and a polymodal distribution.  

 
 

Figure 12. Water effective permeability as a func-
tion of differential pressure. 

Figure 13. Oil effective permeability as a function 
of differential pressure. 

Permeability of both fluids is initially higher for larger grain sizes (500µm and 250µm), this 
is because larger pores offer less resistance to fluid flow. The 125µm grain size has the lowest  
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Figure 14. Both, oil and water effective permeabil-
ity's in presence of clay as a function differential 
pressure. 

effective permeability among the three uni-
form grain sizes; this could be due to the 
fact that smaller pores are more easily com-
pressed under pressure, reducing permea-
bility more significantly. The mix of grain 
sizes likely results in more complex pore 
structures, which can impede flow more 
than uniformly larger grains, leading to 
lower permeability in the heterogeneous 
mixture compared to individual grain size. 
Grain size reduction exhibits more signifi-
cant permeability reduction for oil than to 
water due to its higher viscosity. 

The sandstone's clay particles function as 
microscopic barriers, drastically decreasing 
the size of the pores between the sand 
grains. Fluid flow is restricted by this reduc- 

tion in pore size. Since oil doesn't react with clay as strongly as it does with water, it is less 
restricted and its effective permeability is reduced less than that of water. 

4.7. Relative permeability results 

Relative permeability results are shown in Figure 15. Smaller pores restrict water flow due 
to capillary trapping, leading to a decrease in water relative permeability with decreasing pore 
volume. Conversely, larger pores favor oil flow by providing more connected pathways as 
water drains from them, resulting in an increase in oil relative permeability with decreasing 
pore volume. The polymodal sample, with a distribution of grain sizes, offers a more complex 
pore network. While it contains smaller pores that can trap water, it also possesses larger 
pores, thus createng a more favorable network for oil flow compared to the individual grain 
size samples, leading to the observed curves in relative permeability. 

 
Figure 15. Evolution of oil-water relative permeability's as a function of pore volume. 

Relative permeability for both oil and water as a function of water saturation are shown in 
Figures 16, 17, 18, 19. The relative permeability of water (Krw) increases with water satura-
tion, while the relative permeability of oil (Kro) decreases. This is because water occupies the 
smaller pores first, hindering the flow of oil. Medium grain sizes (250µm) show more gradual 
permeability changes, indicating a balance between fluid pathways, while smaller grain sizes 
(125µm) typically correspond to lower permeability due to a higher flow resistance caused by 
narrower pore throats with less risk of early breakthrough, though mobilizing then on-wetting 
phase (oil) could be more challenging. While the larger 500 µm curve indicates rapid changes 
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and high end- point permeability’s, suggesting strong preferential pathways and quick fluid 
displacement but potentially leading to an early breakthrough. 

  
Figure 16. Oil-water permeability's as function of 
water saturation (500μm). 

Figure 17. Oil-water permeability's as function of 
water saturation (250μm). 

 

  
Figure 18. Oil water permeability's as a function 
of water saturation. 

Figure 19. Oil-water permeability's as function of 
water saturation for heterogenous sample. 

The curve for the heterogeneous mixture exhibits a more gradual change in relative per-
meability due to the variation in pore throat sizes. Krw shows a sharp increase from Swi, indi-
cating rapid mobilization of water once it surpasses the initial saturation threshold, while Kro 
shows a steady decline, suggesting oil is gradually displaced by water. 

The irreducible water saturation (Swi) also increased with decreasing grain size: 21% for 
the 500µm size, 30% for 250µm, and 38% for the size of 125 µm, indicating that finer pores 
trap more water even at high oil flow rates due to stronger capillary forces. The residual oil 
saturation typically occurs at higher water saturations in smaller grains, reflecting the in-
creased difficulty in displacing oil as grain size decreases, as finer grains (125µm) exhibited 
lower residual oil saturation compared to coarse grains. 

While water has a higher mobility, the cross over will occur at water saturation more then 
0.5 oil occupies the large-size pores and will therefore be produced. This phenomenon is ex-
plained by the Jamin effect. The intersection points shifted to higher water saturations with 
decreasing grain size: 0.45 Darcy for 500 µm, 0.55 Darcy for 250 µm, and 0.65 Darcy for 125 
µm. This indicates that finer grains trap more water and retain less oil, requiring higher water 
saturations for water permeability to equal oil permeability. 
  

13



Petroleum and Coal 

                          Pet Coal (2025); 67(1): 1-15 
ISSN 1337-7027 an open access journal 

5. Conclusions  

This work developed new experimental approach for studying and simulating oil-water rel-
ative permeability based on reconstituted matrix mainly made of sand and clay particles to 
predict pore geometry distribution effect on relative permeability of oil-water displacement. 
Porosity, absolute permeability, effective permeability, relative permeability, and oil recovery 
were among the basic parameters that were used to evaluate the accuracy and performance 
of pore geometry impact and to compare it with earlier study. The findings of this work showed 
that, in comparison to previous researches, the experimental work using reconstituted matrix 
estimates and evaluate pore geometry and grain distribution effects on oil-water relative per-
meability and oil recovery under laboratory conditions with the highest accuracy. Moreover, 
different grain size samples flooding experiments were conducted to prove how the suggested 
reconstituted matrix affected the samples' oil recovery and relative permeability.  

Nomenclature 

Swi irreducible water saturation (%) 
𝑉𝑉𝑜𝑜𝑜𝑜 residual oil volume (ml)  
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 original oil in place (m) 
𝑉𝑉𝑜𝑜 recovered oil volume (ml). 
ɸ porosity (%) 
mS  saturated mass (g) 
md dry mass (g) 
𝑄𝑄 flow rate of the phase through the sample (cm3/s) 
𝐾𝐾𝑎𝑎 absolute permeability of the flowing phase (Darcy) 
𝐴𝐴 fluid passage section (cm2) 
𝜇𝜇 fluid viscosity (cP) 
𝐿𝐿  length of the sample (cm) 
𝐾𝐾𝑎𝑎𝑜𝑜 absolute permeability of oil (Darcy) 
𝐾𝐾𝑎𝑎𝑎𝑎 absolute permeability of water (Darcy) 
Qo volumetric oil flow rate (cm3/s) 
Qw volumetric water flow rate (cm3/s) 
𝐾𝐾𝑒𝑒𝑜𝑜 effective permeability of oil (mD) 
𝐾𝐾𝑒𝑒𝑎𝑎 effective permeability of water (mD) 
µo oil viscosity (cP) 
µw water viscosity (cP) 
Kro relative permeability of oil (Darcy) 
Krw relative permeability of water respectively (Darcy) 
L  sample length (cm) 

Greek letters  

∆P differential pressure (atm) 
∆Pw differential pressure of water (atm) 
∆Po differential pressure of oil (atm) 
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