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Abstract

Fluid dispersion directly influences the transport, mixing, and efficiency of hydrogen
storage in depleted gas reservoirs. Pore structure parameters, such as pore size, throat
geometry, and connectivity, influence the complexity of flow pathways and the interplay
between advective and diffusive transport mechanisms. Hence, these factors are critical
for predicting and controlling flow behavior in the reservoirs. Despite its importance, the
relationship between pore structure and dispersion remains poorly quantified, particularly
under elevated flow conditions. To address this gap, this study employs pore network
modeling (PNM) to investigate the influence of sandstone and carbonate structures on
fluid flow properties at the micro-scale. Eleven rock samples, comprising seven sandstone
and four carbonate, were analyzed. Pore network extraction from CT images was used
to obtain detailed pore structure parameters and their statistical measures. Pore-scale
simulations were conducted across 60 scenarios with varying average interstitial veloc-
ities and water as the injected fluid. Effluent hydrogen concentrations were measured
to generate elution curves as a function of injected pore volumes (PV). This approach
enables the assessment of the relationship between the dispersion coefficient and pore
structure parameters across all rock samples at consistent average interstitial velocities.
Additionally, dispersivity and n-exponent values were calculated and correlated with pore
structure parameters.

Keywords: carbonate; sandstone; dispersion; pore network modeling; hydrogen storage

1. Introduction

Understanding fluid flow and dispersion is crucial for hydrogen storage in depleted
gas reservoirs. Particularly, the in situ mixing (or dispersion) of the injected hydrogen
and resident gas strongly affects the quality hydrogen during its recovery stage and,
thus, increases the cost of the surface purification of contaminated hydrogen. Unlike the
simple flow paths in capillaries, the complex geometry of porous media leads to significant
variations in velocity profiles, which in turn affect fluid dispersion [1-3]. These complexities
make predicting fluid behavior in subterranean formation challenging, as the intricate pore
structures result in non-uniform velocity fields and complex dispersion patterns.

Dispersion in porous media is governed by the following two primary mechanisms:
mechanical dispersion and effective molecular diffusion [4]. Mechanical dispersion arises

Energies 2025, 18, 3693

https://doi.org/10.3390/en18143693


https://doi.org/10.3390/en18143693
https://doi.org/10.3390/en18143693
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-9129-8700
https://doi.org/10.3390/en18143693
https://www.mdpi.com/article/10.3390/en18143693?type=check_update&version=2

Energies 2025, 18, 3693

2 of 20

from the inherent variability in pore sizes and the complex pathways fluid particles navi-
gate within a porous network. The effects of mechanical dispersion become increasingly
significant at higher flow velocities, where the velocity contrasts amplify fluid front spread-
ing [5,6]. Molecular diffusion describes the movement of particles from regions of higher
concentration to regions of lower concentration, driven by concentration gradients [7].
In porous media, molecular diffusion is also influenced by the complex pore structures
and flow dynamics [8,9]. Under high-velocity flow conditions, mechanical dispersion,
driven by flow variability, typically dominates and overshadows the influence of diffusion.
These interactions require an integrated model that accurately captures both dispersion
and diffusion behavior in porous media [10].

Despite the significance of fluid dispersion mechanisms, much of the existing research
relies on simplified assumptions or idealized models to study flow in porous media. The
assumption of homogeneity or isotropy can lead to inaccuracies when predicting dispersion
in realistic systems [11-13]. While molecular diffusion is effective in driving fluid mixing
in both capillaries and porous media, the structural intricacies of porous media introduce
additional complexity, particularly under varying flow velocities. The heterogeneity of
porous media results in non-uniform flow velocities and diffusion behavior [14,15]. For
instance, El-Zehairy et al. developed and validated a pore-network model (PNM) using
X-ray computed tomography data to examine the impact of micro-scale heterogeneity
on non-Darcy flow in porous media [16]. The results showed that heterogeneous porous
media exhibit nonlinear flow at lower Reynolds numbers, primarily due to stagnant regions
created by poorly connected zones, which reduce flow area and trigger inertial effects at
lower pressure gradients.

This study addresses these limitations by focusing specifically on the influence of
pore structures on mechanical dispersion that could strongly impact the in situ mixing
between the injected hydrogen and resident gas during geologic hydrogen storage and
recovery. Pore network modeling (PNM) was utilized to investigate fluid flow properties
in sandstone and carbonate at the micro-scale. Unlike previous works, this study directly
analyzes the microstructure of eleven rock samples (seven sandstone and four carbonate),
each with dimensions of 600 x 600 x 600 um. Five elevated velocities are examined, as
follows: 0.001 m/s, 0.005 m/s, 0.010 m/s, 0.015 m/s, and 0.020 m/s These velocities yield
the calculated experimental Peclet number of 261, 1305, 2610, 3915, and 5220, respectively.
By correlating dispersion coefficients with varying average interstitial velocities, the study
also derives dispersivity and n-exponent values for each sample, linking them directly to
pore structure. This is a novel aspect not extensively explored in previous works [17-20].

2. Background
2.1. Pore Structure Parameters

Thorough examinations of pore volume, pore radius, throat radius, throat length,
and pore coordination number are essential for quantifying the complex fluid flow within
porous media. Figure Al in Appendix A shows a schematic of the pore space characteristics
evaluated in this study. Each of these parameters impacts the velocity distribution and
mixing behavior of fluids, ultimately changing the overall dispersion process.

Pore volume influences dispersion behavior by affecting fluid accumulation and resi-
dence time [21]. Pore radius and throat radius affect fluid flow rates, with larger pores and
throats enabling higher flow rates and smaller ones creating bottlenecks. Additionally, het-
erogeneity in pore size distribution results in complex flow patterns, where faster-moving
fluids in larger pores coexist with slower-moving fluids in smaller pores [22,23]. Throat
length, or the distance between adjacent pores, can increase resistance to flow, particu-
larly in tortuous paths. This contributes to mechanical dispersion, as fluids take varying
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amounts of time to travel through different throats [24]. Lastly, the pore coordination
number, which refers to the number of throats connected to a single pore, directly impacts
the flow network’s complexity [25,26]. A higher coordination number indicates a more
interconnected network, reducing stagnation and enhancing dispersion, while a lower
coordination number may lead to preferential flow and less uniform dispersion.

The interplay between these pore structure parameters creates a highly complex
environment where fluid dispersion is governed by both the geometric arrangement of
pores and throats and the inherent heterogeneity of the medium. Recent studies have
shown the importance of accurately characterizing these parameters to predict fluid flow
and dispersion behavior more effectively [27-29].

2.2. Pore Structure Modelling

Recent advancements in imaging techniques, such as X-ray computed tomography
(CT), coupled with advanced computational tools, have enabled the detailed quantification
of these parameters. Pore network extraction was used to analyze three-dimensional CT
images of porous materials to identify pore and throat characteristics. The process began
with segmenting CT images to separate the solid matrix from the pore space. Algorithms
then binarized and extracted the pore network to a simplified model with interconnected
pores and throats [30,31]. PoreSpy was used for extracting and analyzing pore networks
from volumetric images to quantify geometric properties, such as pore and throat size distri-
bution and coordination number [32]. Then, OpenPNM simulated fluid flow and transport
processes in pore networks, including single-phase flow and diffusive transport [33]. This
integrated approach enabled a thorough analysis of how various pore structure parameters,
such as pore volume, pore radius, throat radius, throat length, and pore coordination
number, would influence dispersion coefficients.

2.3. Governing Equations

This study utilized OpenPNM to model fluid dispersion in porous media, which
employed the advection—diffusion equation to simulate hydrogen transport in an incom-
pressible flow. This equation accounts for both the advection of the hydrogen by the
fluid flow and its diffusion due to concentration gradients. The dispersion process can be
described by the 1D advective-dispersion equation [34], as follows:
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where C is the concentration of hydrogen, KL(mTZ) is the longitudinal dispersion

coefficient, u(2) is the volume-averaged velocity, t(s) is the time, Q (%) is the volu-
metric flow rate, A (m?) is the cross-sectional area perpendicular to the flow direction, and
¢ is the porosity of the porous medium. The dispersion coefficient K, is composed of an
effective molecular diffusion, De (%) , and a mechanical dispersion term. The mechanical
dispersion term is defined as the dispersivity, «(m), multiplied by the volume-averaged
velocity raised to the power n. These parameters are used to characterize the impacts of
dispersion in fluid mixing and is often expressed as follows:

Ky, = D¢ + o™ (3)
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Dispersivity quantifies the extent of mechanical dispersion due to variations in fluid
velocity within pore spaces. Typically, more heterogeneous structures typically exhibit
higher dispersivity due to complex flow paths and pronounced velocity variations. Ad-
ditionally, the n-exponent describes the extent of non-linearity between the dispersion
coefficient and the volume-averaged velocity. Since the effective molecular diffusion being
absent in this work, the dispersion coefficient equation reduces to the following:

Ky = od™ 4)

In this study, Ky, was determined by fitting the observed concentration profiles from
the simulation results to the solution of the 1D advection—diffusion equation [9]. The
dimensionless form is shown in Equation (5).

1 —t 1 t
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where Cp (F) is the inlet concentration, C (m—"l) is the concentration at the given time

m3
at the outlet, Cp is the dimensionless concentration defined as the ratio of C to Cp, L(m)
is the characteristic length of the porous medium, P. = uL/K{, is the experimental Peclet

number, xp = x/L is the dimensionless length, and tp = ut/L is the dimensionless time.

3. Methodology

The methodology began with micro-CT scans of 600 x 600 x 600 um samples with
a resolution of 2.25 um per voxel for sandstone and 1 um per voxel for carbonate. It is
noted that no resolution sensitivity analysis was conducted due to the limited availability
of micro-CT scan data. These images were processed and analyzed with PoreSpy to
characterize pore structure (i.e., pore volume, pore radius, throat radius, throat length,
and coordination number) and simplify the geometry of the pore space into a network of
interconnected spheres and cylinders. Next, fluid transport simulations were conducted
with OpenPNM through stokes flow and transient advection—diffusion algorithms. Then,
dispersion coefficient, dispersivity, and the n-exponent were quantified for all samples and
correlated to pore structure parameters.

4. Results and Discussion
4.1. Characterization of Pore Structure Parameters

Table 1 summarizes the pore structure parameters for the seven sandstone and four
carbonate samples analyzed in this study, respectively. The results revealed distinct differ-
ences in the pore structure between sandstone and carbonate and how they may impact
fluid dispersion. The sandstone samples displayed higher porosity, larger throat radii
and lengths, and a lower pore coordination number. In sandstone, higher porosity and
permeability may enable more uniform and efficient fluid flow. The larger pore and throat
radii facilitated smoother fluid movement, which minimized velocity differentials and re-
duce mechanical dispersion. Furthermore, the longer throat lengths in sandstone provided
more straightforward flow paths. Although sandstone tends to have a lower coordination
number, which could mean less interconnected flow networks; this effect was mitigated by
the overall homogeneity of the pore structure.

The carbonate samples exhibited lower porosity and permeability. This can result in
more constrained fluid flow and a higher potential for velocity variations. The smaller
pore and throat radii in carbonate might create narrower pathways, which increases flow
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resistance and amplifying velocity differentials. Additionally, the higher pore coordination
numbers suggested a more interconnected flow network. The combination of smaller pore
and throat sizes, along with shorter throat lengths in carbonate, might lead to more complex
flow patterns and greater dispersion behavior.

The following section analyzes the elution profiles and quantifies fluid dispersion
across various rock samples at a consistent average interstitial velocity. This approach
isolated the impact of varying pore structures on mechanical dispersion.

Table 1. Pore structure summary for sandstone and carbonate samples used in this study.

. Pore Radius Throat Radius Throat Length Pore Coordination
Sample Porosity Permeability (um) (um) (1tm) Number
Name (md)
Mean STD Mean STD Mean STD Mean STD
Sandstone
anr‘i;ra 0.231 255.986 12.448 4848 5830 2752 35974 13217 3.831 2.444
Barea 0.203 490.428 14269 6969 7203  3.829 42350  18.568 3.642 2.439
Bar‘z‘rg}f’per 0.195 394.844 14194 6509 7235  3.604 41436  17.046 3.641 2.360
Bentheimer  0.265 1916.844 17367 10531 9739 5746 58012  29.752 3.727 2.714
Castlegate 0.263 1485.284 15567 8712 8017 4869  51.058  25.890 3.869 2.888
Kirby 0.205 441.430 14084 5585 6968  3.173  39.467  15.064 3.736 2.206
Leopard 0.194 1123.658 14107  7.726  7.367 4601  43.636  21.580 3.854 2,672
Carbonate
C1 0.173 14.181 6.648 3291 3202 1839  19.359  8.661 3.754 2677
2 0.252 75.489 5474 2576 2339 1383 16832  7.485 4.586 3.566
C3 0.361 210.914 6476  3.063 3074 1766  19.141 8.564 4.847 3.573
C4 0.245 117.385 6615 3561 3281 2197  20.048  10.676 4.486 3.505

4.2. Impacts of Pore Structure Parameters on Dispersion Coefficient

Figures 1 and 2 illustrate the elution curves for sandstone and carbonate, respectively,
at the same average interstitial fluid velocity, v(2), of 0.001 m/s, 0.005 m/s, 0.010 m/s,
0.015m/s, and 0.020 m/s. This velocity is defined as follows:

_ rviQ

Ve YQ ©

where v; (%) is the interstitial velocity, and Q; (%3) is the volumetric flow rate in each pore.
Despite the samples having the same average interstitial velocity, their volume-averaged
velocities are different. This is because the volume-averaged velocity averages the flow rate
over the entire cross-sectional area, including both the pore spaces and the solid matrix. As
a result, it yields a lower overall velocity, since it considers the entire volume, including
areas where fluid cannot flow.

The first observation is that all elution curves converged to a dimensionless concentra-
tion of 1. This shows that over the extended periods, all systems reached a state where the
hydrogen was distributed throughout the porous medium, and the concentration in the
effluent effectively reflected the concentration of hydrogen that was originally introduced
into the system. However, the lack of overlap between these curves through the injection
period, despite the identical average interstitial velocity, indicated the significant impact of
rock heterogeneity on fluid flow behavior.

The dispersion coefficient increased with the mean coordination number, shown in
Figure 3. Sandstone with lower coordination numbers, such as the Barea Upper Gray and
Kirby samples, tended to have lower dispersion coefficients. Moreover, sandstone with
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higher coordination number, such as the Bandera Gray and Castlegate sample, exhibited
higher dispersion coefficients. This is because a higher coordination number indicates
a greater number of pore throats connected to each pore. As fluid particles have more
pathways to traverse, the overall mixing and spreading of the fluid within the porous
medium become more pronounced. Figure A2 in Appendix A shows the correlations
between pore structure parameters and the dispersion coefficient for the sandstone at the
same average interstitial velocity. Evidently, no clear trends were observed for porosity,
permeability, mean pore radius, mean throat radius, or mean throat length.

Dimensionless concentration vs. Pore volume injected

Dimnensionless concentration
o
3

0 5 10 15 20 25 30

Pore volume injected

Bandera Gray =~ oeeeeeeeeees Barea Barea Upper Gray — = — — Bentheimer

————— Castlegate Kirby — -+ — Leopard

Figure 1. Elution profiles for seven sandstone samples.

Dimensionless concentration vs. Pore volume injected

Dimensionless concentration

15 20 25 30
PV injected

Cl  —meomee Q2 ----C3

Figure 2. Elution profiles for four carbonate samples.

Figure A3 in the Appendix A shows the correlation between pore structure parameters
and dispersion coefficient across four carbonate samples, where no clear trends were ob-
served. This absence of an obvious correlation in relation to the dispersion coefficient may
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be attributed to several factors. First, these parameters describe the average characteristics
of the pore network but do not fully capture the complexity of fluid flow paths. The disper-
sion coefficient is influenced by the detailed spatial distribution and arrangement of pores
and throats, which these average parameters alone may not represent adequately. Second,
the heterogeneity within the pore structure of these carbonate samples can overshadow
trends, as variations in both pore size and connectivity can affect dispersion in ways not
reflected by a single parameter. For example, high porosity might be offset by poor pore
connectivity, leading to inconsistent effects on dispersion. Additionally, the interactions
between these influencing factors and their collective impact on fluid flow dynamics may
also contribute to the lack of a clear trend for a singular relationship.

1.000E-05
2
= y =2.54x107%x - 8.56x10°°
?5/ R2=0.8254
g .
0 e O T UUUPUUTRRURR P DT S YA
g 1.000E-06 R .
pt @ L eeeessseeeeeettttt
g AP -
G
by
&
z
1.000E-07
3.6 3.7 3.7 3.8 3.8 3.9 3.9

Mean pore coordination number

Figure 3. Dispersion coefficient versus mean pore coordination number for seven sandstone samples
at a fixed average interstitial velocity of 0.01 m/s.

4.3. Impacts of Pore Structure Parameters on Dispersivity and n-Exponent

The differences in dispersivity and n-exponent across the samples evaluated in this
work demonstrates the role of pore structure in controlling fluid mixing. In media with high
dispersivity and n-exponent, fluid mixing is more efficient, leading to more thorough fluid
component transport. However, in porous media with lower dispersivity and n-exponent,
fluid flow is more predictable and controlled. Figures 4 and 5 show the correlations for
seven sandstone and four carbonate samples. The results indicate that as fluid velocity in-
creases, the spreading of hydrogen within the porous medium also expands and mechanical
mixing intensifies.

A power law function was applied to determine the dispersivity and n-exponent,
as shown in Figures A4 and A5 and summarized in Tables A3 and A4 in Appendix A.
Amongst the sandstone samples, Bandera Gray exhibited the highest dispersivity and
n-exponent, which indicates a pronounced tendency to mix and spread hydrogen. This
behavior can be directly related to its pore structure parameters, as Bandera Gray exhibited
the smallest pore radius, throat radius, throat length, and moderate pore coordination
number among the sandstone samples. Smaller pore and throat radii restrict fluid flow
to narrower channels, which enhances dispersion by intensifying the velocity gradients.
Additionally, the shorter throat lengths reduced the distance over which the fluid main-
tains a consistent flow velocity, leading to more frequent changes in flow direction. These
structural characteristics collectively create a more dynamic flow environment within the
Bandera Gray sample, which caused the heightened dispersivity and the steep velocity
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dependence of dispersion. Hence, the dispersion behavior is more sensitive to both pore
structure and velocity variations. This behavior aligns with previous studies on dispersion
in porous media, which have shown that increased heterogeneity and pore structure com-
plexity lead to higher dispersivity and more non-linear dispersion characteristics [35,36].
Conversely, the low dispersivity and n-exponent values observed in Barea suggest that
fluid dispersion in this sample was less influenced by variations in pore structure and flow
velocity. This behavior could be attributed to Barea’s larger pore radius, throat radius, and
throat length, which create wider and more uniform pathways for fluid flow. Additionally,
Barea’s lower pore coordination number further limited the complexity of the flow network
by inhibiting interactions between fluid streams at pore junctions.

1.00E-05
@
€ 1.00E-06
T
S
g
F  1.00E-07
b
&
=
1.00E-08
1.00E-05 1.00E-04 1.00E-03 1.00E-02
Volume averaged velocity (m/s)
---®--- Bandera Gray SRLIL S U Barea Barea Upper Gray =---0-=-- Bentheimer
---a&--- Castlegate -=-=pA--- Kirby Leopard

Figure 4. Dispersion coefficients versus volume-averaged velocities for sandstone samples.
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g > ‘!«9‘
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£ 1.00E-07 e
% ,,z/’::’,’.,'
A Pl
&
K
® 7
1.00E-08
1.00E-05 1.00E-04 1.00E-03 1.00E-02

Volume-averaged velocity (m/s)

--8---Cl ---&---C3 =--@---C4 ---8---C5

Figure 5. Dispersion coefficients versus volume-averaged velocities for carbonate samples.
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Figures 6 and A6 in Appendix A shows the correlations between pore structure pa-
rameters, dispersivity, and the n-exponent for sandstone samples. The analysis reveals that
both dispersivity and the n-exponent increase with pore coordination number (Figure 6).
This observation reinforces the idea that more interconnected pore structures lead to greater
non-linearity in dispersion as fluid velocity changes. However, no significant trends were
observed between dispersivity, the n-exponent, and other pore structure parameters, such
as porosity, permeability, pore radius, throat radius, and throat length, shown in Figure A6.
This suggests that while these parameters may influence fluid flow, they do not have a
consistent or direct impact on dispersion behavior in this set of sandstone samples.

] 2
0.1 13
g -
N =
= |
Z 001 | :
g . $
S T ;
T L
................. .
()‘()L]l . ------------------- . . ()‘5
ceer y= 2E-16 e7-9629x
[ ]
R2=0.5642
0.0001 |
3.60 3.65 3.70 3.75 3.80 3.85 3.90

Mean pore coordination number

e  Dispersivity n-exponent seeeseee- Expon. (Dispersivity) Linear (n-exponent)

Figure 6. Correlations between pore mean pore coordination number to dispersivity and n-exponents
for seven sandstone samples.

Figure A7 in the Appendix A shows the correlations between pore structure parame-
ters, dispersivity, and the n-exponent for carbonate samples. For these samples, no clear
trend was observed between dispersivity, the n-exponent, and any of the pore structure
parameters. Despite the interrelationship among these parameters, the lack of a consistent
trend with dispersion suggests that other factors, or perhaps a combination of these factors,
may play a more significant role in determining the dispersion behavior.

5. Conclusions

This study utilized pore network modeling (PNM) to investigate how pore geometries
influence fluid dispersion at the microscale. A key aspect of this research is its direct exami-
nation of the relationship between pore structure parameters and dispersion across a range
of average interstitial velocities. Eleven rock samples, each measuring 600 x 600 x 600 um,
were analyzed. Pore-scale simulations and hydrogen concentration data were used to
generate elution curves, and dispersion coefficients were determined by fitting the 1D
advection—diffusion equation. Then, dispersivity and the n-exponent values were also de-
termined by employing a range of average interstitial velocities and repeating the analysis.

The results demonstrated that dispersion behavior in natural rocks is strongly in-
fluenced by pore structure characteristics, particularly pore coordination number. In
sandstone, dispersivity («) and the n-exponent (n) exhibited a positive correlation with
coordination number. Bandera Gray, with a mean coordination number of 3.831, had the
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highest dispersivity (« = 0.0095) and n-exponent (n = 1.45268). In contrast, Barea, with
a lower coordination number of 3.642, exhibited the lowest dispersivity (o« = 0.0005) and
n-exponent (n = 1.0535). The dispersion coefficient also increased with coordination num-
ber, as higher connectivity created more complex flow pathways, enhancing mixing and
velocity-dependent dispersion. However, no significant trends were observed between
the dispersion coefficient and other pore parameters, such as porosity (¢), permeability
(k), mean pore radius, mean throat radius, or mean throat length. This indicates that bulk
metrics alone do not fully capture dispersion behavior.

For carbonate samples, no clear relationships were observed between the dispersion
coefficient, dispersivity, and n-exponent and any pore structure parameter. This lack of
correlation is likely due to increased heterogeneity and variations in pore connectivity,
which may have a stronger influence on dispersion. Additionally, the absence of a consistent
trend suggests that additional factors, such as spatial variations in pore arrangement,
may play a more significant role in controlling dispersion in these samples. While pore
coordination number is a fundamental characteristic that directly impacts the pore network
conductivity, its influence on the complexity of flow paths in natural rocks and in situ fluid
mixing should be further investigated and validated with laboratory experiments on the
same rocks in future work.

While this study provides valuable insights into the impact of pore structure parame-
ters on fluid dispersion in rock samples, several limitations should be noted. First, the use
of micro-CT scanning and subsequent image reconstruction introduces some resolution
constraints. Although high-resolution scans (600 x 600 x 600 um) were employed, certain
microstructural details may still be missed, which could affect the accuracy of pore net-
work extraction and characterization [37]. Second, the pore network model simplifies the
complex geometry of natural porous media (i.e., irregular pore shape, surface roughness,
and micro connected channels) into systems of ball-and-sticks. While this simplification
is useful for quantitative analysis, it may not fully capture the intricacies of the actual
pore spaces [31,38] that could significantly affect fluid dispersion. Furthermore, numerical
simulations are subject to the inherent limitations of the computational models used. While
PoreSpy and OpenPNM offer advanced capabilities for pore network modeling and fluid
transport simulations, their accuracy depends on the assumptions and parameters chosen
during the modeling process [33]. Finally, as macroscopic heterogeneity of reservoir rocks
is the variations of micro-heterogeneity at different scales, the modelling of species spread-
ing in a macroscopically heterogeneous reservoir requires an appropriate upscaling (i.e.,
averaging) of dispersion characteristics at the pore scale to an effective dispersion at the
continuum scale.
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Appendix A
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Figure A2. Dispersion coefficient versus pore structure parameters for seven sandstone samples at a
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Figure A3. Dispersion coefficient versus pore structure parameters for four carbonate samples at a
fixed average interstitial velocity of 0.01 m/s.
Table A1l. Dispersion coefficient values at variable average interstitial velocities for sandstone.
Name Average Interstitial Velocity (m/s) Peclet Number Dispersion Coefficient (m?/s)
0.001 120 493 x 1078
0.005 540 438 x 1077
Bandera Gray 0.010 1020 1.12 x 107
0.015 1560 1.92 x 10-°
0.020 2040 2.77 x 107°
0.001 120 6.10 x 1078
0.005 660 3.78 x 1077
Barea 0.010 1320 7.99 x 1077
0.015 1920 1.16 x 10~°
0.020 2580 1.50 x 107°
0.001 120 441 x 1078
0.005 540 3.25 x 1077
Barea Upper Gray 0.010 1140 7.14 x 1077
0.015 1680 1.10 x 10
0.020 2220 1.48 x 107
0.001 180 329 x 108
0.005 900 2.62 x 1077
Bentheimer 0.010 1800 7.05 x 1077
0.015 2700 1.13 x 107°
0.020 3600 1.44 x 10°°
0.001 180 5.40 x 10~8
0.005 900 5.50 x 10~
Castlegate 0.01 1800 1.41 x 10°°
0.015 2700 224 x 107°

0.020 3600 3.04 x 107
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Table Al. Cont.

Name Average Interstitial Velocity (m/s) Peclet Number Dispersion Coefficient (m?/s)
0.001 120 516 x 108
0.005 660 3.97 x 1077
Kirby 0.010 1380 9.42 x 1077
0.015 2040 1.54 x 107°
0.020 2760 215 x 107
0.001 180 6.77 x 1078
0.005 840 514 x 107
Leopard 0.010 1740 1.21 x 107°
0.015 2580 1.87 x 107
0.020 3480 247 x 107

Table A2. Dispersion coefficient values at variable average interstitial velocities for carbonate.

Name Average Interstitial Velocity (m/s) Peclet Number Dispersion Coefficient (m?/s)
0.001 35 1.85 x 1078
0.005 180 1.95 x 1077
C1 0.010 360 4.83 x 1077
0.015 540 7.84 x 10~7
0.020 720 1.10 x 107
0.001 60 291 x 108
0.005 360 1.81 x 1077
2 0.010 660 3.92 x 1077
0.015 1020 6.08 x 1077
0.020 1380 8.46 x 1077
0.001 50 1.58 x 10~8
0.005 240 1.29 x 10~7
C3 0.010 480 3.08 x 1077
0.015 720 511 x 1077
0.020 1020 7.61 x 1077
0.001 60 3.71 x 1078
0.005 360 2.15 x 107
C4 0.010 720 478 x 107
0.015 900 591 x 107
0.020 1200 8.25 x 1077

Table A3. Dispersivity and n-exponent values for sandstones.

Name Dispersivity (o) n-Exponent
Bandera Gray 0.0095 1.427
Barea 0.0005 1.054
Barea Upper Gray 0.0013 1.202
Bentheimer 0.0011 1.286
Castlegate 0.0057 1.414
Kirby 0.0013 1.192
Leopard 0.0015 1.225
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Figure A4. Dispersion coefficient versus volume-averaged velocity trends for sandstone samples
showing dispersivity and n-exponent.
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Figure A6. Correlations for pore structure parameters to dispersivity and n-exponents for sand-
stone samples.
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Figure A7. Correlations for pore structure parameters to dispersivity and n-exponents for carbon-
ate samples.
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