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ARTICLE INFO ABSTRACT

Keywords: Dispersion is influenced by the complex interplay between rock heterogeneity, flow dynamics, and thermody-

Gas dispersion namic conditions. Previous studies have shown that factors like heterogeneity and injection rate affect how fluids

Eaiborfi‘te mix and spread in geological formations. However, the role of system pressure and flow regime in shaping
olomite

dispersion characteristics, particularly under unstable flow conditions, remains less understood. This study ex-
amines the effects of system pressure and flow rate on the dispersion of COz and CH. in Indiana limestone and
Silurian dolomite, two carbonate rocks with distinct pore structures. Experiments were conducted at pressures of
300, 600, and 900 psi, with flow rates of 1.69 x 10* m/s, 2.12 x 10™ m/s, and 3.39 x 10™* m/s, to evaluate how
dispersion characteristics evolve under varying conditions. The results indicate that under stable flow, pressure
has minimal impact on dispersion. However, under unstable flow, increasing pressure alters velocity distribu-
tions and enhances fluid mixing, leading to deviations in the dispersion coefficient beyond the effects of rock
heterogeneity alone. In more homogeneous media, a threshold is observed where dispersion under unstable flow
is lower relative to stable flow. These findings demonstrate that pressure amplifies dispersion primarily under
unstable flow governed by the fluid density contrasts, and that heterogeneity can either enhance or dampen these

Rock heterogeneity
Flow instability

effects.

1. Introduction

The mixing of fluids in porous media plays a critical role in subsur-
face flow and transport processes, influencing applications such as
geological carbon or hydrogen storage, enhanced gas recovery, and
contaminant transport [1,2]. Physical dispersion is governed by two
primary mechanisms: mechanical dispersion and molecular diffusion
[3]. Mechanical dispersion arises from variations in pore sizes and flow
pathways, causing velocity differences that stretch the fluid front and
enhance mixing. This effect becomes more significant at higher flow
velocities, where velocity contrasts amplify fluid spreading [4,5]. In
contrast, molecular diffusion is constrained by tortuous pore geometries,
which can either enhance or impede transport [6-8]. At high flow ve-
locities, mechanical dispersion dominates, whereas at low velocities,
diffusion plays a more significant role in smoothing concentration gra-
dients, leading to a composite dispersion behavior.

System pressure influences dispersion by altering fluid properties
such as density, viscosity, and compressibility, which in turn affect
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velocity distributions and flow stability. Pressure-dependent changes in
gas viscosity impact the relative contributions of advective transport and
molecular diffusion. At lower pressures, reduced fluid density can sup-
press small-scale instabilities, leading to more stable flow regimes where
dispersion is primarily controlled by pore-scale heterogeneity [9,10].
This stabilization effect decreases velocity contrasts and may lower the
dispersion coefficient. In contrast, under unstable flow conditions,
increasing pressure can intensify velocity fluctuations, resulting in more
chaotic mixing and an elevated dispersion coefficient beyond the effects
of heterogeneity alone.

The influence of pressure also depends on the heterogeneity of the
medium [11]. In relatively homogeneous rocks, where pores and throats
are more uniform, lowering the system pressure would reduce velocity
differentials across pores. This occurs because compressibility effects are
minimized and the velocity field becomes smoother, resulting in a nar-
rower distribution of flow pathways. Since there are fewer velocity
contrasts to stretch and mix the solute front, dispersion decreases. In
contrast, highly heterogeneous formations, characterized by wide
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variations in pore size, throat size, and connectivity, respond differently
to pressure. At elevated pressures, density and viscosity contrasts be-
tween displacing and displaced gases become more pronounced. These
contrasts amplify local velocity fluctuations, which interact with the
heterogeneous pore structure to generate more complex pathways.
These mechanisms are particularly relevant for gas storage operations
that rely on injection and production from the same well, where alter-
nating flow directions can repeatedly disrupt established concentration
profiles and promote enhanced mixing. Such cycling can alter disper-
sion, particularly near the wellbore where flow rate is much higher than
that in the far field region, which would impact storage efficiency, gas
recovery, and the predictability of breakthrough times.

The role of pore structure has also been examined in recent works
using advanced imaging techniques and pore-network modeling. High-
resolution micro-CT studies have shown that pore coordination num-
ber, aspect ratio, and connectivity strongly influence local velocity dis-
tribution and therefore mechanical dispersion [12,13]. These studies
suggest that even subtle differences in pore geometry can induce sig-
nificant variations in mixing behavior, especially under dynamic gas
storage conditions. OpenPNM and lattice-Boltzmann-based models have
been widely employed to capture these effects, providing insights into
the coupling between pore-scale architecture and macroscopic transport
properties [14-16]. Emerging research is also exploring the coupling
between dispersion and geochemical processes, such as the dissolution
of CO: into formation brine or the adsorption of gases in organic-rich
formations. These reactive transport effects can feed back into the
flow field by altering fluid properties and pore structure, which would
influence dispersion behavior over time [17,18]. Such couplings are
especially relevant for long-term CO: storage scenarios, where both
chemical and mechanical effects evolve concurrently.

In addition to the influence of flow velocity and heterogeneity,
several studies have demonstrated the role of thermophysical properties
of gases and pore-scale processes in controlling mixing in porous media.
For instance, the compressibility and the phase portioning of the injec-
ted gas can alter local pressure gradients and flow paths, which in turn
affect both the longitudinal and transverse components of dispersion
[19-21]. This is particularly critical for underground gas storage, where
cyclic injection and withdrawal lead to repeated non-equilibrium con-
ditions and complex flow patterns [19,20]. Gas compressibility and real
gas effects are of growing interest because they influence the transition
between diffusion- and advection-dominated mass transfer regimes. For
non-ideal gas mixtures such as CO>-CHa or H>—CO2, compositional ef-
fects introduce additional complexity, as species-dependent diffusion
coefficients and variable density gradients create differential migration
and non-Fickian diffusion [22-24]. This non-Fickian behavior occurs
when multi-component interactions cause fluid mixing to deviate from
the proportional relationship between component mass flux and con-
centration gradient [23]. This leads to the development of localized
concentration fronts and preferential channels that are not predicted by
classical dispersion models. Nazari et al. investigated the dispersion
behavior of non-ideal binary gas mixtures during underground
hydrogen storage (UHS). Numerical modeling, supported by experi-
mental validation, shows that dispersivity during gas injection and
production is influenced not only by the properties of the porous me-
dium but also significantly by gas-specific thermodynamic factors such
as compressibility and diffusivity. Unlike Newtonian fluids, gases
exhibited non-unique dispersion coefficients that vary between injection
and production, particularly in systems with high non-ideality such as
H>-CO:. To account for this, a gas-specific correction factor for dis-
persivity was introduced based on a strong correlation with the
compressibility factor ratio of advancing and receding gases.

While previous research has examined dispersion under different
flow rates and rock heterogeneities, the effect of system pressure on
dispersion remains less understood. Previous studies have primarily
focused on how pressure influences permeability, relative permeability,
and multiphase flow behavior in porous media, but its role in modifying
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dispersion dynamics and flow stability has received limited attention
[10-14]. Particularly the extent to which pressure stabilizes or de-
stabilizes flow, and its impact on fluid mixing, has not been systemati-
cally explored. This study addresses these gaps by investigating the
effects of pressure and flow rate on gas dispersion in Indiana limestone
and Silurian dolomite using CO2 and CHa as the working gases. CO2 and
CH. have distinct physical properties, including differences in density
and viscosity, which influence their dispersion behavior under varying
flow and pressure conditions. Experiments were conducted at pressures
of 300, 600, and 900 psi with flow rates of 1.69 x 10™ m/s, 2.12 x 10™
m/s, and 3.39 x 10~ m/s to assess how dispersion characteristics change
under different conditions.to assess how dispersion characteristics
change under different conditions.

2. Background
2.1. Longitudinal dispersion coefficient

The dispersion process can be described by the 1-dimensional
advective-dispersion equation [15]. This equation accounts for both
the advection of a chemical species (referred to as a solute) by the fluid
flow and its diffusion due to concentration gradients:

aC oC C
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where C is the concentration of the solute, u(%) is the interstitial ve-

locity, t(s) is the time, Q <m73> is the volumetric 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

expressed by Eq. 3, where D, (’"{) is the molecular diffusivity, a (m) is
the dispersivity, and n is the exponent [2].
K; =D, +au" 3)

The molecular diffusivity is a function of pressure, while the dis-
persivity quantifies the extent of mechanical dispersion due to variations
in fluid velocity within pore spaces [2]. In this work, K;was determined
by first fitting the observed concentration profiles obtained from the
core-flooding experiments to the solution of the 1D advection-diffusion
(Eq. 3) to determine Peclet number [16,17].
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where Cy <Tn—‘§l) is the inlet concentration, C is the concentration at the

given time 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 me-
dium, P, is the experimental Peclet number, xp = x/L is the dimen-
sionless length, tp = ut/L is the dimensionless time. The Peclet number is
used to calculate the longitudinal dispersion coefficient according to Eq.
4,

KL = (5)
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2.2. Flow stability

Flow stability is particularly relevant, as instabilities can enhance
mixing and dispersion beyond what is predicted by classical Fickian
models [6,18,19]. Flow instabilities occur when perturbations in ve-
locity fields are amplified due to rock heterogeneity or unfavorable
viscosity and density contrasts. These instabilities can lead to prefer-
ential flow pathways, bypassing certain regions while enhancing mixing
in others. One of the fundamental descriptions of fluid instability in
porous media is given by the Saffman-Taylor instability, which occurs
when a less viscous fluid displaces a more viscous fluid in a porous
medium [20]. This instability leads to the formation of finger-like pat-
terns at the interface, enhancing mixing and dispersion beyond what
would be expected from molecular diffusion and mechanical dispersion
alone. In a steady-state system with a vertical upward velocity u and a
horizontal interface between the two fluids, the interface remains stable
for small deviations from the steady state if:

A
(k2 )ut (2= >0, @

and unstable if:

Ha P _
(kz kl>u+ (p2—p1)8 <0, (5)

where the suffix 1 refers to the displaced fluid and suffix 2 refers to the
displacing fluids. Additionally, u (Pa e s) is the fluid viscosity, k(m?) is

the permeability, p (%) is the fluid density, and g(m;) is the acceleration

due to gravity. The viscosity and the density of CO: is always higher than
that of CHa at the pressures and temperature evaluated in this work.
Hence, the system is considered stable when CO: displaces CHa, while it
is deemed unstable when CHa displaces CO2. A summary of the calcu-
lation performed for flow stability is shown in Table A5 in the Appendix.

3. Experiments

This section describes the gas dispersion experiments, including the
materials, the core-flooding apparatus, and the experimental procedure.
The materials section details the rock samples and gases used in the
study. The apparatus section covers the core-flooding setup, including
instrumentation for pressure regulation, flow control, and effluent
analysis. The procedure details the experimental workflow, from sample
preparation to data collection and processing. Section 3 presents the
analysis of results, followed by discussion of the findings in Section 4.

3.1. Materials

The experiments were conducted on two carbonate rock samples that
were selected for their distinct pore structure while retaining the same
porosity and permeability. These cores were prepared into cylindrical
samples with a diameter of 0.0254 m and a length of 0.3048 m, detailed
in Table 1. The working gases, CO2 and CHa, were supplied by Praxair.
The methane was ultra-high purity with a mole fraction of 0.99995,
while the liquid COz had a mole fraction purity greater than 0.999. To
ensure gas was the only phase present, the core samples were thoroughly
dried before testing to eliminate any residual moisture that could affect

Table 1
A summary of core samples used in this study.
Rock  Porosity E:rr:eability E:rrrllfeability Diameter  Length
0,
Type (%) (md) m?) (m) (m)
ILS 15 5.5 5.43 x 107 1° 0.0254 0.3048
SD 15 5.1 5.03 x 1071° 0.0254 0.3048
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gas flow. Additionally, prior to each experiment, the rock samples were
vacuum-dried and saturated with CHa up to the targeted experimental
pressure (300, 600, 900 psi) to establish initial conditions.

3.2. Apparatus and procedure

The gas dispersion experiments were conducted using a controlled
core-flooding setup to investigate the effects of pressure, flow stability,
and rock heterogeneity on dispersion, shown in Fig. 1. The experimental
procedure began with core preparation, where the rock samples were
dried in an oven at 100°C for at least 24 h to remove any residual
moisture, ensuring that the only phase present during the experiment
was gas. The dried core was then placed inside a flexible rubber sleeve
within the core holder, and confining oil was pressurized to 100 psi
above the system pressure to prevent bypass flow. Before gas injection,
the core was vacuumed for one hour to remove any remaining gases.
Once prepared, ultra-high purity CHs was injected into the core at the
target system pressure (300, 600, or 900 psi) to fully saturate the pore
space. Following saturation, CO> was introduced at a controlled rate
(1.69 x 10* m/s, 2.12 x 10* m/s, and 3.39 x 10™ m/s) at 65 °C and
the target system pressure) using a high-precision Quizix pump to
displace CHy4. Pressure gauges at the inlet and outlet continuously
monitored pressure variations and the pressure drop across the core.
Effluent gas samples were collected and analyzed using a gas chro-
matograph to determine CHs and CO: concentrations over time. Note
that the repeatability of the coreflood experiments is high with a relative
standard deviation (RSD) is about 1.8%. This deviation was determined
based on 3 repetitions of a CO, displacing methane experiment at
900 psi and 65 °C. Moreover, the overall measurement accuracy of the
GC instrument used in this work evaluated through independent re-
covery studies was within the 98-102% range. These repeatability and
accuracy were used to estimate the experimental errors shown in the
figures in the Results and Discussion.

3.3. Data processing

The analysis of physical dispersion in rock samples requires data
processing to extract transport parameters from gas chromatography
measurements. First, the effluent from the core-flooding experiments
were analyzed using gas chromatography (GC) to determine CO2 and
CHa concentrations over time. The measured concentrations were then
plotted against injected pore volumes to generate an elution curve. To
quantify dispersion, the experimental elution curve was fitted to the
one-dimensional (1D) advection-dispersion equation (Eq. 3), allowing
for the determination of the experimental Peclet number. Finally, the
longitudinal dispersion coefficient was calculated using the fitted Peclet
number, as described in Eq. 4.

4. Results
4.1. The effect of pressure on dispersion

Fig. 2 shows the elution curves for Indiana limestone at an injection
rate of 2.12 x 10™* m/s under system pressures of 300, 600, and 900 psi.
For the same pore structure and injection rate, the curves overlapped.
This suggests that under stable flow conditions, the transport of gases
through the porous medium remains unaffected by pressure variations.

Additionally, the overlap in breakthrough profiles across different
pressures implies that dispersion is primarily controlled by pore struc-
ture rather than compressibility or viscosity changes at stable flow
conditions. At a given injection rate, the velocity field within the rock
remained unchanged across different pressures, which led to consistent
advective transport and mechanical dispersion characteristics. Since
both COz and CHa exhibit relatively low viscosities and similar diffusion
properties under stable flow, pressure-induced changes in molecular
diffusion and velocity gradients are to be minimal.
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Fig. 1. Experimental apparatus and its components.
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Fig. 2. Pressure effect on Indiana limestone at a rate of 2.12 x 10 m/s (CO- displacing CHy).

4.2. Flow stability

Variations in system pressure influence fluid properties such as
density and viscosity, thereby affecting the balance between advective
transport and dispersion. Figs. 4 and 5 present the elution curves for CO2
displacing CHa4 at an injection rate of 3.39 x 10™ m/s under system
pressures of 300 and 900 psi. At 300 psi, the elution curve for the un-
stable flow was steeper than that of the stable flow, indicating reduced
dispersion. This suggests that at lower pressures, flow instabilities
restricted transverse mixing and confined the displacement front.
Moreover, the combined effects of rock heterogeneity and lower pres-
sure may have dampened instability-driven fluctuations. In contrast, at
900 psi, the elution curve for the unstable flow was broader than that of
the stable flow, indicating enhanced dispersion. This suggests that flow
instabilities promoted mixing by increasing local velocity variation and
sensitivity to rock heterogeneity.

5. Discussion
5.1. Effect of pressure on flow stability and dispersion

Fig. 6 presents the dispersion coefficient as a function of interstitial
velocity for system pressures of 300, 600, and 900 psi in Indiana
Limestone, with values summarized in Tables A1-A2 in the Appendix. In
scenarios where CHy is displacing COo, higher pressures would enhance
instability-driven mixing. However, when COs is displacing CHy,
dispersion remains largely unaffected, aside from a minor reduction due
to decreased diffusivity. A distinct crossover point is observed where the
dispersion coefficient for unstable flow intersects that of stable flow,
with the velocity at this intersection decreasing as system pressure in-
creases. Additionally, for unstable flow, the slope of the dispersion co-
efficient curve increases with pressure, indicating a stronger dependence
on velocity.

For stable flow, the dispersion coefficient decreases slightly with
increasing pressure, and the slope of the stable flow curve remains un-
changed. This trend may be attributed to reduced molecular diffusivity
at higher pressures, which limits diffusion’s contribution to overall
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Fig. 4. Flow stability effect on Indiana limestone at a rate of 3.39 x 10 m/s and 300 psi.
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Fig. 5. Flow stability effect on Indiana limestone at a rate of 3.39 x 10 m/s and 900 psi.

dispersion [21]. Since stable flow is primarily governed by advective
transport and rock heterogeneity rather than instability-driven mixing,
the impact of pressure on dispersion remains minimal.

At lower pressures, the unstable flow curve lies below the stable flow
curve, suggesting reduced dispersion in the unstable regime. This may
result from the formation of preferential flow channels, where CHa ad-
vances through high-permeability pathways within the CO: phase,
limiting mixing [22]. In such cases, instability does not enhance
dispersion but instead localizes flow into distinct pathways. As pressure
increases, these effects diminish, and instability-driven mixing becomes
the dominant mechanism controlling dispersion. Higher pressures
amplify density and viscosity contrasts between CHa and CO-, increasing
velocity fluctuations from flow instabilities. This leads to broader
dispersion profiles, as unstable flow promotes more extensive mixing
compared to lower-pressure conditions.

5.2. Impact of heterogeneity on flow stability and dispersion

Silurian dolomite is widely recognized as more heterogeneous than
Indiana limestone, with broader pore-size distributions and more
irregular pore-throat connectivity. MICP and water NMR analyses per-
formed in previous studies confirm that dolomite exhibits a wider range
of pore throat sizes than the relatively uniform network of Indiana
limestone, producing stronger velocity contrasts and greater mechanical
dispersion [26,27]. By contrast, Indiana limestone is relatively homo-
geneous, with only modest millimeter-scale variability [28]. These dif-
ferences explain why pressure-dependent instabilities strongly affect
dispersion in Indiana limestone but contribute little additional effect in
Silurian dolomite.

Fig. 7 presents the dispersion coefficient as a function of interstitial
velocity for both rocks under stable flow, where CO: displaces CHa. The
values are also summarized in the Appendix. In both rocks, dispersion
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Fig. 6. Dispersion coefficient vs interstitial velocity for 300 psi, 600 psi and 900 psi in Indiana Limestone.

coefficients change only slightly with increasing pressure, reflecting the
limited influence of pressure under stable flow. For Silurian dolomite, in
particular, advective transport pathways are controlled mainly by pore
connectivity rather than compressibility effects. As a result, increasing
pressure reduces dispersion only marginally by lowering molecular
diffusivity, while the overall dispersion—velocity relationship remains
essentially unchanged.

Fig. 8 shows the dispersion coefficient plotted against interstitial
velocity for Indiana limestone and Silurian dolomite under unstable flow
conditions, where the effect of rock heterogeneity becomes even more
evident. In this flow regime, both the trend and magnitude of the
dispersion coefficient as shown in Fig. 8 vary with velocity and system
pressure. While pressure-dependent instabilities significantly enhance
dispersion in Indiana limestone (i.e. increase of KL value with pressure
at the highest velocity, Fig. 8-Indiana limestone), this effect is much less
evident in Silurian dolomite because of its greater heterogeneity (i.e. KL

does not significantly increase with pressure at the highest velocity,
Fig. 8-Silurian dolomite). In the limestone, which is relatively homo-
geneous, changes in pressure alter density and viscosity contrasts be-
tween COz2 and CHa, which amplified velocity fluctuations. This
produced a clear separation between dispersion-velocity curves at
different pressures (Fig. 8-Indiana limestone). In contrast, Silurian
dolomite exhibits a broad distribution of pore and throat sizes, irregular
connectivity, and more complex flow pathways. As a result, additional
pressure-driven instabilities have little effect, and the dispersion-
velocity curves at 300, 600, and 900 psi nearly overlap (Fig. 8-Silu-
rian dolomite). This indicates that in highly heterogeneous formations,
dispersion is governed primarily by mechanical spreading imposed by
pore structure, whereas in more homogeneous rocks, pressure-driven
instabilities play a greater role in enhancing mixing.

While this study provides insights into the effects of system pressure,
flow stability, and rock heterogeneity on gas dispersion in carbonate



T. Pham et al.

Journal of CO2 Utilization 108 (2026) 103467

Indiana limestone: CO, displaces CH,

0.00001
_ B
2 27T
£ et i
7
0.000001
0.0001 0.001
Interstitial velocity (m/s)
ILS - 300 psi ILS- 600 psi - - #--1ILS-900 psi
Silurian dolomite: CO, displaces CH,
0.00001
e |
% i
T %
0.000001
0.0001 0.001
Interstitial velocity (m/s)
SD - 300 psi SD - 600 psi -+---5D-900

Fig. 7. K vs. average interstitial velocity for Indiana limestone and Silurian dolomite at 300, 600, and 900 psi, where CO, displaces CHy,

Indiana limestone: CH, displaces CO,

0.0001
=@
£ 0.00001
J .
N - p4
Sy
L
0.000001
0.0001 0.001
Interstitial velocity (m/s)
ILS - 300 psi ILS-600 psi - -4 - -ILS-900 psi
Silurian dolomite: CH, displaces CO,
0.0001
@
& sor i
£ 0.00001 . St =T
N g
0.000001
0.0001 0.001
Interstitial velocity (m/s)
SD - 300 psi SD-600psi - -4 --SD-900 psi

Fig. 8. K;, vs. average interstitial velocity for Silurian dolomite at 300, 600, and 900 psi.



T. Pham et al.

formations, several limitations remain. First, the analysis was limited to
Indiana limestone and Silurian dolomite, which do not fully capture the
diversity of all carbonate structures. Carbonates with fractures may in-
fluence dispersion differently [23-28]. Second, this study relied on
elution curves and longitudinal dispersion coefficients to characterize
gas transport, which provide macroscopic insights but do not resolve
pore-scale mechanisms. The observed trends suggest a complex rela-
tionship between pore structure, instability, and flow regime, but a
systematic investigation of pore connectivity, coordination number, and
pore-throat size distribution remains necessary.

High-resolution imaging techniques, such as X-ray micro-computed
tomography (micro-CT) combined with pore-scale simulations, could
better quantify how pore structure influences dispersion under varying
flow conditions. Future work will focus on isolating pore structure pa-
rameters to establish quantitative relationships and develop a scaling
law that links pore-scale to core-scale dispersion mechanisms, and aids
in upscaling these mechanisms to field.

6. Conclusions

This study examined the effects of system pressure, flow stability,
and rock heterogeneity on gas dispersion in carbonate formations using
CO:z and CH.. Elution curves and longitudinal dispersion coefficients
were analyzed for Indiana limestone and Silurian dolomite under stable
and unstable flow regimes at varying pressures and injection rates. The
influence of system pressure on dispersion depends on flow stability.
Under stable flow, pressure had little effect, suggesting that transport
was primarily controlled by pore structure. Additionally, higher pres-
sures slightly reduced the dispersion coefficient due to lower molecular
diffusivity. In contrast, under unstable flow, system pressure had a more
pronounced impact. At lower pressures, instability-driven mixing was
suppressed, causing CHa to displace CO: through preferential pathways,
thereby limiting dispersion. However, at higher pressures, greater den-
sity and viscosity contrasts intensified velocity fluctuations, enhancing

Appendix A

Table Al
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mixing driven by flow instabilities.

While pressure had little effect on dispersion in stable flow regimes,
it became significant under unstable conditions, which also varied with
rock heterogeneity. In stable flow, Silurian dolomite exhibited a higher
dispersion coefficient at lower pressures, suggesting that its complex
pore structure enhanced mixing. Under unstable conditions, heteroge-
neity suppressed pressure-dependent instability effects, resulting in
nearly the same relationship between dispersion coefficient and inter-
stitial velocity for all pressures studied in the present work. This in-
dicates a complex relationship between system pressure, injection rate,
and rock heterogeneity, where mechanical dispersion in highly hetero-
geneous rocks moderates the effects of pressure-driven instability.
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Longitudinal dispersion coefficient for Indiana limestone 300, 600, and 900 psi at stable flow condition

- . Ky, (m?/s) at
Interstitial velocity (m/s) 1 (m/s) a

Ky, (m?%/s) at Ky, (m?%/s) at

P = 300 psi P = 600 psi P =900 psi

1.69 x 10 2.89 x 107° 2.58 x 107® 2.64 x 107°

2.12 x 10 3.24 x 107 2.92 x 107° 2.87 x 107®

3.39 x 10~ 5.42 x 107° 5.43 x 107° 4.96 x 1076
Table A2

Longitudinal dispersion coefficient for Indiana Limestone for 300, 600, and 900 psi at unstable flow condition

2
Interstitial velocity (m/s) Ky, (m/s) at

K (mz/s) at Ky (mz/s) at

P = 300 psi P =600 psi P =900 psi
1.69 x 10 2.14 x 107° 1.63 x 107° 1.60 x 107°
2.12 x 10" 2.61 x 107°° 2.40 x 107 2.56 x 1076
3.39 x 10 3.90 x 107 5.43 x 107° 7.22 x 1076
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Table A3
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Longitudinal dispersion coefficient for Silurian Dolomite for 300, 600, and 900 psi at stable flow condition

2
Interstitial velocity (m/s) Ky, (m’/s) at

Ky (m%/s) at K (m%/s) at

P = 300 psi P = 600 psi P =900 psi

1.69 x 10~ 2.99 x 107° 2.79 x 107° 2.52 x 1076

2.12 x 10 3.79 x 107 3.63 x 107 3.37 x 107

3.39 x 10 6.46 x 10°° 5.83 x 107° 5.69 x 107°
Table A4

Longitudinal dispersion coefficient for Silurian Dolomite for 300, 600, and 900 psi at unstable flow condition

K, (m?/s) at
Interstitial velocity (m/s) 1 (m°/s)

Ky (m%/s) at Ky (m%/s) at

P = 300 psi P = 600 psi P = 900 psi
1.69 x 10 5.03 x 107° 3.40 x 107° 4.16 x 10°°
2.12 x 10 6.06 x 107° 7.40 x 107° 5.92 x 107°
3.39 x 10 157 x 1073 1.42 x 1073 1.38 x 107°
Table A5
Calculation of flow stability conditions from Eq. 5
Stable flow Unstable flow
density (k: H, density (k: Interstitial veloci
Pressure Snc;)z ensity (kg/ ;3; ensity (kg/ CO,, viscosity (Paes) CHj4 viscosity (Paes) Sr)l erstitial velocity (m/ (CO;, displaces (CH4 displaces
CHy) COy)
1.69 x 107* 1.51 x 10° -1.51 x 10°
300 3.49 x 10! 1.21 x 10 1.71 x 10°° 1.27 x 107 212 x107* 1.89 x 10° -1.89 x 10°
3.39 x 1074 3.02 x 10° -3.02 x 10°
1.69 x 107* 1.53 x 10° -1.53 x 10°
600 7.62 x 10! 2.46 x 10! 1.75 x 10°° 1.31 x 107 212 x107* 1.92 x 10° -1.92 x 10°
3.39 x 1074 3.07 x 10° -3.07 x 10°
1.69 x 107* 1.70 x 10° -1.70 x 10°
900 1.27 x 102 3.77 x 10! 1.85 x 10°° 1.35 x 107° 212 x107* 2.14 x 10° -2.14 x 10°
3.39 x 1074 3.41 x 10° -3.41 x 10°
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