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1 SatuDict

SatuDict is the GeoDict module for the computation of saturation-dependent material
parameters in porous media. In many applications, the porous media is partly saturated, so
that part of the pore space is filled with water and part with air, gas, or oil. Oil-water, water-air,
or other two-phase systems are possible. Generally, one of the fluids preferably wets the media
surfaces and is therefore called the wetting phase, whereas the other fluid, with less affinity for
the media, is called the non-wetting phase. It is not unusual that water is the non-wetting
phase fluid. For example, in a gas-diffusion layer (GDL) with hydrophobic fibers water is the
non-wetting phase while air is the wetting phase. In contrast are rock samples where water is
the wetting phase and oil is the non-wetting phase.

Saturation alters the values of material properties of the porous media, such as flow
permeability, diffusivity, and thermal or electrical conductivity. These material properties
(constant for one-phase systems) come to depend on its saturation. In the SatuDict GUI, these
saturation-dependent properties are named as relative: Relative Permeability, Relative Gas
Diffusivity, and Relative Thermal Conductivity and Relative Electrical Conductivity (Resistivity
Index).

This process can be calculated and then visualized in various ways in the GeoDict Result Viewer
from the result files saved in the project folder during the simulation.

New in GeoDict 2026

e It is now possible to simulate Dynamic Contact Angles[ s i.e., advancing
and receding contact angles, in the SatuDict Capillary Pressure command.
Two models are implemented - one for liquid/gas and one for
liquid/liquid systems. These models take the capillary number as input
which is evaluated for each simulation step. Therefore, the density,
viscosity, surface tension, and flow-rate is now taken into account for
distribution of the fluids into the pore space.

Learn to use SatuDict

e Theoretical Backgroundm
Learn about the Pore Morphology Method and the Fit Models used in SatuDict.

e Capillary Pressure Curvels]
Simulate Imbibition or Drainage processes and determine the capilllary pressure curve.

e Mercury Porosimetry & Capillary Pressurelss)
Simulate mercury intrusion and extrusion, a special case of the capillary pressure curve

computations, suited to measure pore sizes.

o Relative Permeability/es|
Compute the relative and effective permebaility at different saturation steps.

o Relative Gas Diffusivity[ s
Compute the relative diffusivity at different saturation steps.
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Learn to use SatuDict

e Relative Thermal Conductivityzol
Compute the relative thermal conductivity at different saturation steps.

e Resistivity Index (Relative Electrical Conductivity)[+ol
Compute the resistivity index and the relative electrical conductivity at different saturation
steps.

e Two-Phase Flow GeoAppslie)
Use the pre-installed GeoApps for specific applications.

o References|issl
See the references for more relevant literature.

e Join the conversation

Visit the Community on GeoDict Forum to be inspired and get answers to top
questions.

Find illustrative application examples on the website.

Our tutorials and seminar videos give you a first hands-on experience. They are
collected in the Learning Center.

Send your Support Request to our technical Support.



https://forum.math2market.de/index.php
https://www.math2market.com/geodict-software/geodict-base-modules/simulation/satudict.html
https://www.math2market.com/service-support/learning-center.html?format=tutorials_seminar-recordings&module=satudict
https://www.math2market.com/service-support/technical-support.html

1.1 Theoretical Background
Governing equations and explanations

e Pore Morphology Methods| s
Read more about the Pore Morphology Method used in SatuDict.

e Dynamic Contact Angles| o'
The approaches to model dynamic contact angles for capillary pressure simulations are
explained.

Find here the equations of different fit models, e.g., fits to the capillary pressure curve.

1.1.1 Pore Morphology Methods

SatuDict uses the Pore Morphology method to determine the distribution of the two phases
inside the porous media.

The Pore Morphology Method (Hilpert and Millers) calculates the stationary distribution of
wetting and non-wetting phases for a given capillary pressure and it is applicable when:

e gravity and viscous forces are negligible compared to capillary forces,

e the material is homogeneous, i.e., there exists a well-defined contact angle between material
surface and phase boundary, and

¢ only two-phase systems are considered where fluids do not mix.

For such systems, the pore space accessible to the non-wetting phase is given by the Young-
Laplace equation,

20 (1) Young-
r = —cos(a) Laplace
¢ equation

where ¢ is the surface tension, a the contact angle, P is the capillary pressure and r defines the
minimum radius of accessible pores. Thus, the problem is reduced to a purely geometrical
problem. The contact angle a can be different at each solid phase inside the porous medium
(Schulz et. al. (2008)@1) and, thus, variable wettability can be incorporated.

Two versions of the pore morphology method are available in GeoDict: The Quasi-Static Pore
Morphology Method and the Dynamic Pore Morphology Method.

In the Quasi-Static Pore Morphology Method, the capillary pressure is increased (or
decreased) strictly monotonically. This has the drawback, that for a drainage simulation, the
whole structure is filled instantly after the invading fluid passed the narrowest pore throat. For
an imbibition simulation, the whole structure is filled instantly, if the invading wetting phase
filled the biggest pore. Since GeoDict 2021, the Dynamic Pore-Morphology Method is
therefore available in SatuDict. It allows for a dynamic simulation of the drainage and
imbibition processes, even with non-monotonic capillary pressure curves. Like this, the capillary
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pressure can drop down during a drainage simulation when the non-wetting phase passes a
pore-throat. During an imbibition simulation, the capillary pressure is not monotonically
decreasing, but can rise again, when the wetting phase passes a big pore. Even without the
option of non-monotonic capillary pressure curves selected, several intermediate steps are
computed for the same pressure value, to avoid instant filling of the whole structure.

With this new method, thin wetting layers can also be considered for imbibition processes by
means of modified connectivity checks. Wetting residuals near the invading wetting phase
front are always treated as connected. The distance from the invading wetting front considered
for this modification is user-defined and constant during the simulation.

In the following, an example of the resulting capillary pressure curve of a drainage simulation
with all three methods is shown below.

“Quasi-Static Pore Morphology Method

With this method, the capillary pressure for a drainage simulation is strictly
monotonically increasing. At each simulation step, the capillary pressure is increased by
a fixed value. This leads to the effect that large pores beyond small pore throats are
filled at once when the pressure is high enough to pass the pore throat.

For an imbibition simulation, the capillary pressure is strictly monotonically decreasing.
At each simulation step, the capillary pressure is decreased by a fixed value. This leads
to the effect, that small pores beyond big pore bodies are filled at once when the
capillary pressure is small enough.

Both effects are visible in the capillary pressure curve and responsible for large
saturation jumps. Thus, there are sometimes too less computed saturation points in the
saturation range between 20% and 80%. In the example shown below, only six
saturation points are computed between a saturation of 20% and 80%.
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This method is useful for the prediction at which capillary pressure the breakthrough
occurs and provides detailed information about fluid distributions for high and low
saturated structures. If the detailed fluid distribution at a broad range of saturations is
of interest, this method should not be used anymore. However, for structures with a
layered distribution of pore sizes, the method provides detailed fluid distributions. E.g.,
if pores are large at the top and getting smaller toward the bottom and a drainage
process is simulated from top to bottom.

“Dynamic Pore-Morphology Method with Monotonic Capillary Pressure

For drainage simulations, the capillary pressure is monotonically increasing. At each
simulation step, the capillary pressure may be increased or it can stay the same.

For imbibition simulations, the capillary pressure is monotonically decreasing.
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This method avoids large saturation jumps and provides many intermediate saturation
steps. The interface between the two fluids is displaced by a small (interface) step size,
defined in the Solver parameters. The method tries to move the interface according to
this parameter. In the example shown, also in the range between 20% and 80%
saturation, some intermediate saturation steps are computed and the wetting fluid
invades without big jumps.

This method predicts a more accurate fluid movement compared to the quasi-static
pore morphology method. It should be used if a detailed fluid distribution at a broad
range of saturations is of interest.

However, certain physical phenomena, e.g., formation of water droplets above a fiber
structure with large pore space at the top, cannot be modelled with this method. This
requires that the capillary pressure can have a non-monotonic behavior.

“Dynamic Pore-Morphology Method with Non-Monotonic Capillary Pressure

For drainage simulations, the capillary pressure is non-monotonically increasing. At
each simulation step, the capillary pressure may be decreased or it stays the same, if
possible, otherwise the pressure is increased.

For imbibition simulations, the capillary pressure is non-monotonically decreasing. At
each simulation step, the capillary pressure may be increased or it stays the same if
possible, otherwise the pressure is decreased.



If this method is selected, it provides two capillary pressure curves in the result file. One
for the monotonic and one for the non-monotonic behavior, shown below for the

example.
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The non-monotonic method avoids large saturation jumps as well, but can predict
many more intermediate saturation steps. It allows to model more complex physical
phenomena, e.g., the formation of water droplets above a fiber structure with large
pore space at the top. The method is more precise than the other two methods, but
also the runtime is higher. The interface step size is used in the same way as for the
monotonic method, described above.

1.1.2 Dynamic Contact Angles

If you compare a static two-phase system with a moving two-phase system, you will observe
that the interface, defined by the contact line, between the fluids is deformed in the moving
system. A simple example would be a water drop running down a wall. The strength of this

deformation scales with the Capillary Number

nv (2) Capillary

Ca Number
)4

where 1 is the viscosity, V is the contact line speed, and Y is the surface tension. It is the ratio of
viscous forces to surface tension forces. For capillary numbers near 0 flow through porous
media is dominated by capillary forces, while for higher values the viscous forces dominate.


https://en.wikipedia.org/wiki/Capillary_number
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SatuDict with static contact angles assumes that the capillary number is almost zero, which
means that the velocity of the contact line is assumed to be almost zero, too (as the viscosity is
always positive). Thus, stationary distributions of two fluids are considered.

When checking Use Dynamic Contact Angles for the Dynamic Pore Morphology Method[21in
the Capillary Pressure command, non-zero capillary numbers are allowed.

Know how! The option to use dynamic contact angles is new in GeoDict 2026!

This means the velocity of the contact line is not zero anymore which leads to an advancing
contact angle (maximum angle when the contact line moves forward) and a receding contact
angle (minimum angle when it retreats). Both differ from the static contact angle because
viscous stresses bend the interface as it slides over the solid while the surface tension tries to
maintain the equilibrium shape. Thus, we now have dynamic contact angles which depend on
the velocity of the contact line and thus on the capillary number.

If you want to use the dynamic contact angles, you need to enter additional input in the
options dialog compared to the static contact angles.

To define the velocity of the contact line you have to give the flow rate on a flow area in the
Saturation Experiment[2s1tab. Additionaly, you need to predefine the viscosity of the fluids in
the Constituent Materials[+ tab. SatuDict always takes the viscosity of the denser fluid, e.g., for
both Air-Water and Oil-Water systems, the viscosity of Water is taken.

To determine the phase distributions SatuDict computes the resulting dynamic contact angle.
As shown by R.L. Hoffmann (1974)[+s] by plotting measured dynamic contact angles, the
dynamic contact angle 04 can be written as a function of the capillary number Ca and a shift
factor related to the static contact angle .

0, = F(Ca + G(6y)) 3)

The fact that for Ca = 0 the static and dynamic contact angles have to be the same, yields that
G = F~* has to be the inverse function of F. The function F is called the Hoffmann function and
the dynamic contact angle 61 can now be written as

(4) Hoffmann
model

0,=F(Ca+F '(6y))

with F~! being the inverse function of F.

Important! Hoffmann's correlation matches well at low to moderate capillary
numbers (e.g., Ca < ~0.01) but can deviate at higher velocities (e.g., due to inertial
effects) which was found in experimental studies.

There are two methods implemented to determine the dynamic contact angle based on the
above described input parameters. They are developed by Kistler (1993)[+s! and Cox (1986) (!
and depend on the aggregate state of the two incorporated fluids.



VKistler (gas-liquid systems)

Kistler has found an expression for the Hoffmann function F by fitting the original graph in
Hoffmann's paper:

X 0.706 (5) Kistler
F(x) = arccos{l —2 tanh[5.16(1 131 x°-99) ]} model

This model is only valid for liquid-gas interfaces.

W Cox (liquid-liquid systems)

Cox uses different formulas describing the dynamics at the contact line and, with some
assumptions such as very small capillary number, derives another formula. We use the
formula simplified by Chan (2020)+s}, which gives an expression for the inverse of the
Hoffmann function:

6 sinz ¢ (6) Cox model

Ol dep

o 3G(¢,M)

The function G depends on the viscosity ratio M

. Ndisplaced (7).Viscosity
o ratio

M
ninvading

of invading and displaced fluid and is defined as

2sin®0 M°F(6) +2ME,(6) + F(r—6)  ©

SO == MR )R- 6) + Rt — 0)R6)

with the additional functions

F(0) = 6% —sin* 0 ©)

E,(0) =60 —sin6 cos6 (10)

and
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E,(8) = 6(x — 6) +sin° 6 (I

Moreover, the Hoffmann model is slightly modified:

(12)

6, = F(Ca : 1n(§) + rl(es))

where R is the outer macroscopic scale (e.g., radius related to the interface curvature) and 4
is the inner microscopic scale (e.g., slip length of the more viscous fluid).

This model is only valid for liquid-liquid systems.

1.1.3 Model Fits

“Thomeer Model

The Thomeer Model (Thomeer (196O)|1_se?l) is designed for Mercury Intrusion Capillary
Pressurel 41 (MICP) experiments and predicts the unresolved porosity, a G-shape factor,

and the displacement pressure.
The saturation of the non-wetting phase is described by the exponential function:
(13) Thomeer
G Model
Sywp =S €exp| — —
log(P—C)

d

The parameters G (Pore Geometric Shape Factor), Fy (Displacement Pressure) and Sq
(Displacement Saturation) are fitted from the simulated capillary pressure curve.

Important! This feature requires a special license. Please contact our support
at support@math2market.de for more information. Without a special license,
this option is not accessible.

VLET Model

For Relative Permeability computations an LET Model (Lomeland and Ebeltoft|+ss]) can
be used to approximate relative permeability curves.

The LET-type approximation is described by 3 parameters L, E, and T. The correlation
for water relative permeability with water injection is thus:


mailto:support@math2market.de

_ B 4
(Swn)LW + Ew(l - Swn)TW

rw

and

_ K =Su) )
(1 - Swn)Lo + Eo(Swn)To

row

for the oil relative permeability, where:

(16)

L Sw ~ Swir Normalizatio

saturation

is the normalized water saturation value Sw. Only S wir (irreducible water saturation),
Swor (irreducible oil saturation), Xrot (maximal oil permeability), and Krwr (maximal
water permeability) have direct physical meaning.

The parameters L, E and T are empirical. The parameter L describes the lower part of
the curve. The parameter T describes the upper part (or the top part) of the curve in a
similar way that the L-parameter describes the lower part of the curve. The parameter E
describes the position of the slope (or the elevation) of the curve.

VCorey Model

The Corey correlations of the relative permeability for oil and water are
Krow(Sw) = K., (1 — Swn)NO (7
and
Knw(Sw) = Krwr(swn)NW (18)
The empirical parameters No and Nw are called Corey exponent.

“Thin Film Model

When computing the Relative Electrical Conductivity in the Resistivity Index command
the usage of the Thin Film Model can be enabled. This is recommended when the
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solid is strongly wetting for the displaced fluid (e.g., Water (Brine)) and therefore the
displaced fluid would leave a thin film on the solid surface. Another condition would
be that the thin film still has a significant non-zero conductivity and the invading fluid
has a very low conductivity. Without modelled thin film, the electrical conductivity
would suddenly drop to zero when the voxel connectivity is lost.

With this feature, a thin film of displaced fluid, which is conductive, is added between
the solid and the invading fluid. This film has a thickness which is much smaller than the
voxel length. Thus, the thin film is modelled as mixed (porous) voxel of displaced

fluid / invading fluid and displaced fluid / solid. The thin film allows the previous non-
zero conductivity to be maintained.

The new conductivities Kws and Kwo of the thin film porous voxels at the solid
boundary and invading fluid is determined by the following formula:

(19) New
_t-0.5 K h—t-0.5 K conductivity
ws T w + h s at solid
boundary
(20) New
_t-0.5 h—t-0.5 conductivity
wo ™ p wt h @ invading
fluid

where K is the conductivity of the displaced fluid (e.g., 5 S/m), Ks is the conductivity of
the solid, K is the conductivity of the invading fluid (e.g., 0 S/m), h is the voxel length
and t is the thickness of the thin film (e.g., 5 nm).

Important! This feature requires a special license. Please contact our support
at support@math2market.de for more information. Without a special license,
this option is not accessible.
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1.2 Capillary Pressure Curve

Determine the Capillary Pressure Curve using a pore morphology method| s'1to evaluate the
distribution of non-wetting and wetting phases for a given (quasi-stationary) capillary pressure
F and, in this way, determine the saturation s. The capillary pressure curve F(5) is determined
by repeating this calculation for a variety of capillary pressures. The capillary pressure curves
for drainage and imbibition are usually not identical but show a hysteresis effect.

SatuDict can calculate the phase distribution for the two types of phase displacement, namely
Drainage and Imbibition. Below, they are shown with a digital rock, where the Oil reservoir is
at the top and the Water reservoir is at the bottom. The left and right sides of the structure
have symmetric boundary conditions.

Invading Fluid Inlet Invading Fluid Inlet Invading Fluid Inlet

Displaced Fluid Outlet Displaced Fluid Outlet Displaced Fluid Outlet

Drainage process

Drainage displacement occurs when a non-wetting infiltrating fluid (here Qil) enters the
porous media and displaces a wetting fluid (here Water) that has saturated the media.

Material Information:

O ID 00: Water [Displaced]

O ID 01: Quartz

W ID 02: Oil [Invading]

B ID 03: Water [Residual Displaced]

Displaced Fluid Outlet Displaced Fluid Outlet Displaced Fluid Outlet

Invading Fluid Inlet Invading Fluid Inlet Invading Fluid Inlet

Material Information:

IO ID 00: Water [Invading] =

O 1D 01: Quartz Imbibition process
/M ID 02: Oil [Displaced]

W ID 03: Oil [Residual Displaced]

The opposite case, Imbibition, occurs when a wetting fluid invades the space around the
material and the material surface, which had been occupied by a non-wetting fluid, displaces
it (here, Water displaces Oil).
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Not only the pore size, but also the connectivity of the phases to a phase reservoir, determines
the final distribution of the phases and has to be accounted for. After Drainage, a residue of
the wetting phase or, after Imbibition, a residue of the non-wetting phase can remain trapped
in the porous media as Residual Displaced. The Residual is the part of the displaced fluid that
is not connected to the displaced fluid outlet anymore during the simulated process.

The mechanisms of the displacements in drainage and imbibition are quite different and the
two cases should not be confused. Typically, in drainage the invading non-wetting fluid only
enters a pore if the capillary pressure is equal to or greater than the threshold pressure of that
pore. The threshold pressure corresponds to the capillary pressure in the narrowest part of the
pore. However, in imbibition at low injection rate the invading wetting fluid enters the
narrowest pores before any other pore is considered.

The Capillary Pressure Curve command

. Optionsm
Set the parameters for the calculation.

e Results[ s
View the computed results.

e Capillary Pressure with Hysteresis Effect[s)
We explain how you can manually set up a Hysteresis where Drainage and Imbibition

simulations are performed alternately.

1.2.1 Options

The Capillary Pressure Curve dialog opens when clicking the Edit... button and includes the
Constituent Materials tab, the Saturation Experiment tab, the Boundary Conditions tab, the
Solver Parameters tab, and the Equations & References tab, which cites several
references] resl

At the top of the dialog, enter the Result File Name (*.gdr). The result file is saved in the
chosen project folder (File = Choose Project Folder in the menu bar).
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GeoDicT

Result File Name (*.gdr) | CapillaryPressureResult.qdr

Constituent Materials Saturation Experiment | Boundary Conditions | Solver Parameters | Equations & References

Contact Angle Mode True Contact Angle - used for fluid distribution -

Interfacial / Surface Tension / (N/m) 0.07275

Invading Fluid

Name Density |/ (ka/m3) =~ | Dyn. Viscosity / (ka/(m s)) Temp. Range / (°C)
IS vzter . | | Pressure = 1.01325 ~ | 998.206 0.00100161 0.1,99.9
Displaced Fluid Water -
Temperature -273.15 = |20 < 1000.00 |°C = Open & Edit Materizal Database
+|| Material Fluid Density / Viscosity | Contact Angle
ID MName & Invading Fluid CA / {) Displaced Fluid CA [ (=)
00 | © Water.. =l 9 Residual phase
o1 I Quarz... | (B 140 40
4 *
2 Bk @-BER | ok || Cance

b

The built-in default icon comes with a selection of different presets. Clicking on the little arrow
shows several additional preset options.

The usual built-in default settings will load the settings according to the current GeoDict
edition. You can change the current GeoDict edition from the Settings menu as described in
the Graphical User Interface chapter.

2 Fal @B
@ Load built-in default settings
Load built-in default settings '0il and Gas'

In SatuDict - Capillary Pressure find edition-specific presets for the Standard Edition and the
Oil and Gas Edition.

In the Oil and Gas edition, the default Invading Fluid is changed from Water to Oil, which
means that the surface tension is adjusted accordingly. In the Solver Parameters tab, the Step
Size is reduced from 2 to 1.

Tabs of the Capillary Pressure Curve dialog

e Constituent Materials[+1
Select the materials in the structure and their properties, including the selection of invading
and displaced fluid.

SatuDict 17
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Tabs of the Capillary Pressure Curve dialog

e Saturation Experiment] 1
Choose the settings for the conducted saturation experiment.

e Boundary Conditions 21
Set the domain boundary conditions.

e Solver Parameters| -1
Define the settings for the solver and the output files.

Constituent Materials

All material properties of invading and displaced fluid can be defined in the Constituent
Materials tab.

m Satulhct — Capillary Pressure Curve

GEoDICT
Result File Name (*.qdr) |CapillaryPressureDrainzge.gdr
Constituent Materials Saturation Experiment Boundary Conditions Solver Parameters Equations & References

Contact Angle Mode Constant Contact Angle - used for post-processing only -

Interfacial / Surface Tension / (MN/m) 0.03

Invading Fluid

Mame Density |/ (ka/m2) = | Dyn. Viscosity / (kg/(m s)) Temp. Range / (°C)
Oil. ||Material Law 1 ~ | B39.4 0.04998 -25,25
Displaced Fluid Water v
Temperature -273.15 < |20 < 1000.00 |°C = Open & Edit Material Database
+ || Material Fluid Density / Viscosity | Contact Angle
ID MName Invading Fluid CA [ (*) Displaced Fluid CA / (%)
00 | &  Water. 1=l This fluid will be displaced
o1 N Quartz... | (B || (140 40
2 E'hﬂ @z @ - E- E‘ﬂ oK Cancel

“Contact Angle Mode

Three options for the Contact Angle Mode are available:

18 SatuDict




1. Constant Contact Angle: For the Pore Morphology method, a single (constant) contact
angle is assumed between all solid materials and the invading fluid, and another
constant contact angle between all solid materials and the displaced fluid. The given
contact angle is considered for the computation of the capillary pressure in the post
processing, but a contact angle of 0° is used for the distribution of the fluids!

2. Multiple Contact Angle: For a more general Pore Morphology method, different
(multiple) contact angles are specified for every solid material with the invading fluid
and the displaced fluid. The contact angles of every material can be entered under the
Contact Angle tab on the right-hand side below. The different contact angles are
considered for the computation of the capillary pressure and for the distribution of the
fluids. Surfaces of solid materials are assumed to be planar for this approach.

3. True Contact Angle: In this default setting, the same way as for Multiple Contact Angle,
contact angles for every solid material with the invading and the displaced fluid can be
defined. To inscribe fluids with a more accurate contact angle, the curvature of the
surface of solid materials is considered. For contact angles near 90°, the artefacts
occurring for the Multiple Contact Angle method are avoided.

“Interfacial / Surface Tension

Enter the Interfacial / Surface Tension in N/m between the invading and displaced fluid or
use the (standard edition) default value of 0.07275 N/m corresponding to the surface
tension between water and air at 20°C. For the Oil and Gas edition, the default value of 0.03
N/m corresponds to the surface tension of oil and water at 20°C.

“Invading Fluid

The Invading Fluid invades the current structure and displaces the Displaced Fluid. The
invading fluid can be selected through the Material Selector dialog box, by clicking on the
button for the material.
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Invading Fluid

Name Density |/ (ka/m®) ~ | Dyn. Viscosity / (ka/(m s)) Temp. Range / (°C)
Oil_g |Material Law 1 ~ | 839.4 0.04998 25,125
3 Material Selector [m] X
GeoDicT

Material Type Fluid Search

Fluid oil el e .

Information |

Name | Topic
* Fluid
Manual
Air Gas, Filtration
Carbon Dioxide (CO2) Gas, Electrochemistry, OilAndGas
Crude Oil Liquid, QilAndGas
Electrolyte (Solvionic) Liquid, Battery, Electrochemistry
Electrolyte Liquid, Battery, Electrochemistry
Helium Gas, Electrochemistry, QilAndGas
Hydrogen Gas, Electrochemistry, OilAndGas
Mercury Liquid
Natural Gas Gas, OilAndGas
Nitrogen (N2) Gas, Electrochemistry, OilAndGas
Oil Liquid, Filtration
Oxygen Gas, Electrochemistry, OilAndGas
‘Water (Brine) Liquid, QilandGas
Water (Distilled) Liquid, OilandGas
Water Liquid, Filtration
Open & Edit Material Database | Pore
| ok Cancel

The pull-down menu gives access to selecting the desired material from the GeoDict
Material Database. When none of the materials available in the database fit the preferred
specifications, Manual should be chosen. Alternatively, a new material with the desired
specifications can be added to the Material Database (see the Material Database chapter).

[l Matenal Selector

GEODICT
Material Type Solid Search | |
Solid Manual
Group by |T}rpe N |
Information |
| MName Topic -
:  » Fuid
: | = Solid
105c1CesZ Fuel Cell, Electrochemistry
sZ Fuel Cell, Electrochemistry
: : BYSZ Electrochemistry, Fuel Cell
| Open & Edit Material Database | Aluminum (5083) Metal, StructuralMaterial -
| oK || cancel |

To match realistic material colors for visualization in a certain application, the default
material colors can be changed through the Color & Visibility tab of the GUI sidebar. For
more visualization options, see the Visualization chapter.

“Displaced Fluid




The Displaced Fluid must already be present in the model of the structure currently in
memory. Choose the displaced fluid from the drop-down menu. To change the fluid to
another one, select a different fluid in the Material panel below. The changes apply
automatically to the selection in this menu.

Displaced Fluid Water -

A Important! For materials with different material laws, the selection of a material
law is not updated. In this case, you have to choose the material law manually from
the drop-down menu.

Displaced Fuid Water (Brine) - Sea Water (3.5%) -
Water (Brine) - Sea Water (3.5%)
Water (Bring) - Low Salinity Water
Water (Brine) - Formation Water (20%)

“Material, Fluid Density / Viscosity and Contact Angle

Temperature -273.15 = |20 < 1000.00 |°C = Open & Edit Material Database
+ Material Fluid Density | Viscosity Contact Angle

ID Mame Density |/ (ka/m?) ~ | Dyn. Viscosity / (kg/(m s)) Temp. Range / (°C)
0o O Water.. © |Pressure ~ | 098,206 0.00100161 0.1,99.9

o1 N Quartz...

A | =

Set the Temperature applied for the calculation in the selected units below. Click Open &
Edit Material Database to edit the material properties in the Material Database if needed.

Underneath, the Material panel contains the Material IDs of the constituent materials
present in the current structure. By default, Material IDs that are not present in the structure
are not displayed under the Material tab, but they can be displayed by clicking on the “+"
symbol to the left of the Material tab. Click on the name of a material to change the
material of the corresponding Material ID in the Material Selector as explained above for
Invading Fluid.

Click the Material Report button | ™./ to see the relevant parameters for the material.




SatuDict: Capillary Pressure Curve

(5] Report for Material with ID 00

Key Unit Value
Type Fluid
Name Water
Information
= FluidProperties
CurrentLaw 1
NumberOfLaws 1
= [MaterialLawl
Name Pressure = 1.01325 bar {1 atm)
Density kag/m~™3 |998.206092
Viscosity  |kg/(ms) [0.00100160533

|  Close |

e a

In the Fluid Density / Viscosity panel you can see the physical properties density and
viscosity of the fluids in the structure. If available, you can select between different material
laws. For manual materials, define their properties directly in this panel.

Temperature -273.15 = |20 = 1000.00 |°C = Open & Edit Material Database
+ || Material Fluid Density / Viscosity | Contact Angle
ID Mame Invading Fluid CA / (*) Displaced Fluid C& / (*)
00 | O Water.. =1 = This fluid will be displaced
o1 N quarz.. | B 140 40

In the Contact Angle panel, enter the contact angle for all solid materials (after choosing
Constant Contact Angle as Contact Angle Mode) or for each solid material separately
(after choosing Multiple Contact Angle or True Contact Angle as Contact Angle Mode).
For fluids, it will be displayed if it has a role in the simulation, e.g., in this simulation Water
will be displaced.

The Invading Fluid CA (Contact Angle) and the Displaced Fluid CA values add up to 180°
and they are adjusted automatically when changing one of the two values. For a given solid
material phase, the fluid with a contact angle smaller than 90° is wetting and the other fluid
(with contact angle larger than 90°) is non-wetting.

A Important! For contact angles close to 90° we strongly recommend using the True
Contact Angle method. A contact angle equal to 90° is possible but very
challenging for the Pore Morphology method! For these cases, capillary forces may
not be dominant anymore which is a basic assumption of the method.



Saturation Experiment

The Saturation Experiment tab is divided into three groups: Experiment, Connectivity, and
Use Dynamic Pore-Morphology Method. Depending on the choices made before, some
options may not be editable.

E] Satulict — Capillary Pressure Curve

GeoDicT

Result File Name (*.gdr) |CapillaryPressureDrainage.gdr

Constituent Materials | Saturation Experiment | Boundary Conditions | Solver Parameters | Equations & References
Experiment

(forced) Drainage

Connectivity

+ Invading Fluid must be connected to a Reservoir

+ Displaced Fluid may leave 2 Residual Saturation

Ignore Closed Pores
v | Use Dynamic Pore-Morphology Method
| Non-Menotonic Capillary Pressure
Transition Radius [ (vox) 100
Use Dynamic Contact Angles

Dynamic Contact Angle Method Kistler Model (liguid/gas)

Flow Rate 0 Ifs on Flow Area |0 m2
Thin Wetting Layers
Thin Wetting Layer Distance [ {vox) |32
@@E@a@'ﬂ:’a oK Cancel

Experiment

Observe which kind of experiment is performed. This depends on the choice of the contact
angles made in the Constituent Materials/+ 1 tab.

If all contact angles of the invading fluid are above 90° then a Drainage experiment will be
performed, where the invading fluid is forced into the structure.

If all contact angles of the invading fluid are below 90° then an Imbibition experiment is
performed, where the invading fluid enters the structure spontaneously.

In mixed-wet cases, where the contact angles of the invading fluid are above and below 90°,
then spontaneous + forced Imbibition are computed.
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Connectivity

The pore size and the pore connectivity to the Invading Fluid reservoir or Displaced Fluid
reservoir determine the final distribution of the phases.

Check Invading Fluid must be connected to a Reservoir to enforce that the invading fluid is
continuously connected to a phase reservoir at a given spatial location outside of the domain
(defined in the Boundary Conditions| 1 tab). If this is unchecked, it models the sudden
appearance of the wetting phase as condensation on the surface of the material in the
structure. If a Drainage simulation is performed, Invading Fluid must be connected to a
Reservoir cannot be unchecked.

The option Displaced Fluid may leave a Residual Saturation allows to leave a residual in
pores that are separated from the displaced fluid reservoir, e.g., by the invading fluid. In this
case, the displaced fluid needs to be connected to a reservoir, also defined in the Boundary
Conditions( 1 tab. The residual of the displaced fluid is assigned a new Material ID. In general,
it is recommended to enable this option.

Know how! Disabling this option is done for mercury intrusion capillary pressure
=  experiments where mercury invades the pore space and displaces vacuum. Use the

Mercury Porosimetry & Capillary Pressurels1command for simulating MICP
experiments.

Check Ignore Closed Pores to fill only the open pores with the invading fluid. Open pores are
connected to the inflow and outflow region. All pores not connected to the domain boundary
(closed pores) are pores without fluid at the beginning of the simulation. These closed pores
are ignored and considered as solid regions during the simulation and in the post processing
when computing saturations. After the simulation they are assigned to a separate material ID.

Dynamic Pore-Morphology Method

Check Use Dynamic Pore-Morphology Method to use this method for dynamic simulation[ s
of the drainage and imbibition processes.

Important! This option is required for mixed-wet cases! If you enter mixed-wet
contact angles, the dynamic pore-morphology method is automatically activated.




v Use Dynamic Pore-Morphology Method

v | Non-Monotonic Capillary Pressure
Transition Radius [ (vox) 100
Use Dynamic Contact Angles
Dynamic Contact Angle Method Kistler Model (liguid/gas)
Flow Rate 0 Ifs on Flow Area |0 m?
Thin Wetting Layers

Thin Wetting Layer Distance | (vox) [32

Select Non-Monotonic Capillary Pressure to allow the capillary pressure to drop down
during a drainage simulation as the invading fluid passes through a pore-throat. During an
imbibition simulation, the capillary pressure can rise again, when the invading fluid passes a
big pore body.

The option to define a Transition Radius is only available for mixed-wet cases, where there is
a transition from imbibition to drainage algorithm. With the Non-Monotonic Capillary
Pressure option, it is possible to switch dynamically between the two algorithms several times
(automatically done during calculations). In this case the Transition Radius determines at
which interface curvature radius (in voxel) corresponding to the fluid-fluid interface the switch
happens.

Check Use Dynamic Contact Angles allow for the entered contact angles to change
dynamically. See Dynamic Contact Angles| s for more details. Below, choose the one of the
Dynamic Contact Angle Models, Kistler (for liquid/gas systems) or Cox (for liquid/liquid
systems), depending on the aggregate state of the fluids in the structure. For both models, the
Flow Rate of the invading fluid on a Flow Area must be given. These settings can be based on
the experimental conditions you are trying to recreate, i.e., based on the Flow Rate of an
injection pump for the specific fluid and the Flow Area of the injection piston (commonly 1 -
1.5 inch?). This will ensure that the simulations are nearing the experimental setups the most.

To consider a modified connectivity check for thin wetting layers, check Thin Wetting Layers
and define a Thin Wetting Layer Distance in voxels. When enabled, wetting residuals not
more than the defined distance away from the invading wetting phase front are always treated
as connected. In addition, new wetting residual layers may emerge in small pores near the
invading wetting front. This option is only available for imbibition processes.

Boundary Conditions

The Boundary Conditions tab is divided into two groups: Domain Boundary Conditions and
Minimum Pressure of Interest.
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E SatuDict — Capillary Pressure Curve

GeoDicT

Result File Name (*.adr) |CapillaryPressureResult. gdr

Constituent Materials Saturation Experiment Boundary Conditions Solver Parameters Equations & References

Domain Boundary Conditions

- X+ - Y+ Z- Z+
Invading Fluid Inlet ®
Displaced Fluid Qutlet ®
Symmetric L) [) ) ®

Minimum Pressure of Interest

Pressure Drop Increase 150 Pa
Simulation Domain / (Voxels) 1 x 512 x 512
Estimated Reguired Memory: 3.750 MiB

@@E@a@'ﬂpﬂ OK Cancel

e, A

Domain Boundary Conditions

Define if a side of the sample (X-, X+, Y-, Y+, Z-, and Z+) is the Invading Fluid Inlet or the
Displaced Fluid Outlet. The Invading Fluid Inlet are the domain sides where the invading
fluid can enter the domain from a reservoir, while the Displaced Fluid Outlet are the domain
sides where the displaced fluid can leave the domain.

If a side is not connected to a reservoir, e.g., if the porous medium continues in that direction,
select Symmetric boundary conditions in these directions, i.e. the pore structure is mirrored at
this side.

In some cases, depending on the choices in the Saturation Experiment tab, the boundary
conditions are grayed out and cannot be edited, e.g., if there is no invading fluid reservoir.
Then, symmetric boundary conditions are used.

Minimum Pressure of Interest

By checking Minimum Pressure of Interest, the size of the original simulation domain
(voxels) is artificially increased in the direction(s) of the flow (here Z). The effect is to improve
the capillary pressure results at least down to the desired value, by increasing the structure size
such that a sphere, corresponding to the minimal pressure, fits into the whole structure. The
cost for this increased accuracy is that it is increasing the memory requirements for the
calculations as well.



The size of the increased Simulation Domain (in voxels) and the Estimated Required
Memory for this are shown.

| Minimum Pressure of Interest

Pressure Drop Increase 300 Pa v

Simulation Domain / (Voxels) 1x 512 x 1014
Estimated Required Memory: 7.427 MiB

Solver Parameters

The Solver Parameters define the settings for the solver run and the output files.

E SatuDict — Capillary Pressure Curve

GEODICT

Result File Name (*.adr) |CapillaryPressureResult. gdr

Constituent Materials Saturation Experiment Boundary Conditions Solver Parameters Equations & References

Step Size (Pore Diameter) / (Voxel) |2

Interface Step Size / (Voxel) 64
Meighborhood Mode Face, Edge, or Vertex -
Parallelization 12 Threads (Automatic Maximum) Edit...

Stopping Criterion

Stop at Radii / (Voxel) 1 I 10 Find Max.
Stop at Saturation [ (%) B0
Output
Write Steps to .gdt Files Write All .gdt -

v | Write Pore Filling Saturation to .pas File

Write Pore Filling Pressure to .pas File

@@E@a@'ﬂpﬂ OK Cancel

Step Size (Pore Diameter)

The pore diameter, together with the connectivity rule based on the Neighborhood Mode and
the defined contact angles, determine the distribution of the invading fluid and displaced fluid
phases.

SatuDict 27
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The pore sizes to be considered for the calculations can be defined by entering the Step Size.
The algorithm increases or decreases the sphere diameter (and thus changes the capillary
pressure) from step to step by this amount. Small values increase the accuracy of the result but
lead to longer calculation times.

Interface Step Size

This feature is only available if the Dynamic Pore Morphology Method| s used. It specifies
how far the interface between the phases is allowed to move within one simulation step and
like this influences the accuracy of the simulated capillary pressure curve. The Dynamic Pore
Morphology Method tries to approximate the specified interface distance, but in some cases
smaller interface distances are realized. If the Interface Step Size is small, then the accuracy
and thus the number of simulation steps is increased but it also increases the overall runtime.

Neighborhood Mode

The Neighborhood Mode determines how the voxels of the material occupying the pore
space in the porous media are perceived as belonging to a connected group.

The different Neighborhood Modes are explained using this example.

Two voxels can be connected through faces, edges, and vertices (corners). Voxels that share a
face, do also share edges and corners, as you can observe for the red and the blue voxel. The
blue and the green voxel share an edge and the corner points of this edge. Finally, the blue
and the voxel share only one vertex (corner point).

Thus, checking Face is more restrictive than choosing Face or Edge, and this is more limiting
than selecting Face, Edge, or Vertex.

When choosing the Neighborhood Mode Face only the red and the blue voxel are connected.

28 SatuDict




When choosing Face or Edge the red and the blue voxel and the blue and the green voxel are
connected.

Finally, if Face, Edge, or Vertex is chosen, the red and the blue voxel, the blue and the green
voxel and the blue and the voxel are connected.

Parallelization

Control how many threads are used for the computation. Parallelization is possible if your
license and hardware allow it.

The Parallelization Options dialog opens when clicking the Edit button and you can choose
between Sequential, Parallel (Shared Memory), or Automatic Maximum of Threads.

Parallelization 12 Threads (Automatic Maximum) | Edit... |

Selecting Sequential will not apply parallelization and only one thread is used for the
computation.

E] Parallelization Options

GeoDicT

& Sequential
Parallel (Shared Memory)

Automatic Maximum of Threads

| oK | Cancel

L A

When Parallel (Shared Memory) is selected, the Number of Threads can be entered. Below,
the Number of CPU Cores that the current machine has, the maximum number of Licensed
Threads and the number of those licensed threads that are available (Available Threads) are
shown in the dialog. Of course, the maximal number of parallel processes you can use, is the
smallest of those three numbers.
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E] Parallelization Options

GeoDicT
() Sequential Thread Parallel
(®) Parallel {Shared Memary) Mumber of Threads |8 B

1 Automatic Maximum of Threads
Number of CPU Cores 12

Licensad Threads 32
Available Threads 32

| 0K | Cancel

LY e

If Automatic Maximum of Threads is selected, the number of parallel processes is
automatically selected for optimal speed, based on the CPU cores and licensed parallel
processes.

E] Parallelization Options

GEODICT
I Sequential Automatic Local Maximum
Parallel (Shared Memory) Automatic Number of Threads 12
(®) Automatic Maximum of Threads  Number of CPU Cores 12
Licensed Threads 32
Available Threads 32
| oK | Cancel

The Automatic Local Maximum of processes is automatically selected, which is the minimum
of Number of CPU Cores, Licensed Threads, and Available Threads.

Stopping Criterion

If the check box Stop at Radii / (Voxel) is enabled, the simulation stops if either the minimal
pore radius is reached (for a Drainage) or the maximal pore radius is reached (for an
Imbibition).

Click Find Max to find the maximum pore radius present in the structure. The value found by
Find Max is inserted automatically in the right box.

For a Drainage simulation, only the minimum radius can be set. If an Imbibition is computed,
only the maximum radius can be set.



When Stop at Saturation / (%) is checked, the simulation stops if the invading fluid has
reached this saturation value.

Output

Under the Output group it can be defined which information should be written as output files.
If Write All .gdt is selected, the computed phase distributions are also saved as GDT files that
can be imported for visualization.

The Material IDs and colors of the Invading Fluid, the Residual Invading Fluid, the Displaced
Fluid, and the Residual Displaced Fluid are chosen automatically from the set of free Material
IDs.

Depending on inlet and step size, different steps might lead to the same .gdt file. With Write
Only Changed .gdt selected, only .gdt files that differ from previous ones are written to the
hard drive. The result is a reduction in hard disk space consumption and a slight reduction in
battery life.

Select Write No Files if no intermediate .gdt files should be saved.

If one of the options Write Pore Filling Saturation to .pas File and Write Pore Filling
Pressure to .pas File is checked a .pas (pressure and saturation) file is written and saved in the
result folder. This is a volume file and can be loaded from the result viewer in the Data
Visualizationl :s1tab. Depending on the checked options, either the saturation at which a voxel
was filled, the pressure at which a voxel was filled, or both are written in the .pas file.

1.2.2 Results

The result file (*.gdr) is opened in the Result Viewer after the computation is finished. Only the
tabs listed below are described in detail, for the other tabs look into the Result Viewer chapter.

In the example, the calculations of Capillary Pressure Curve are run on a porous structure with
54% SVF, originated from Berea sandstone. A 2D cross-section view of the structure is shown
below. The invading fluid oil is non-wetting and displaces the wetting fluid water during a
drainage simulation.
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»

Capillary Pressure Curve Results
e Results Tabl[ ]

Learn about the resulting reports and plots.

» Data Visualization[s7]
Load results for a graphical visualization.

e Create Videos[ s
Use a predefined macro to generate a video.

X

Results Tab

The Results tab is the central point analysis of the results. It is grouped in three subtabs:
Report, Plots, and Map. The Report tab shows the residual saturation and the diameters,
curvatures and capillary pressure values for each saturation step. The Plots tab contains plot
options for the analysis of the results. The Map tab contains all resulting data from the
Capillary Pressure run. This data is the basis for the tables in the Report tab and for the plots in
the Plots tab.

Report



m Result Viewer

Tue Jan 6 2026 (2026 Build 93212) -..{SatuDict2026/CapillaryPressureDrainage. gdr
Domain Size: 1% 512 x 512 Voxel Length: 740 nm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Create Videos Metadata

Report Plots Map

Residual Saturation

Saturation | Volume Fraction
Residual Displaced Fluid | 0.1487 0.0683
Residual Invading Fluid | 0.0000 0.0000
Capillary Pressure
- | Saturation (invading) | Saturation (displaced) | Pore diameter [ (m) | Non monotonic mean Non monotonic Monotonic mean Monotonic capillary
g curvature [ (1/m) capillary pressure [ curvature [ (1/m) pressure [ (Pa)
(Pa)
0 1 inf 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
0.0311315 0.948869 1.8426e-04 2.1708e+04 4.0889%e+02 2.1708e+04 4.0880e+02
0.0352519 0.944748 1.8426e-04 2.1708e+04 4.0889%e+02 2.1708e+04 4.0880e+02
0.0600037 0.939996 1.7834e-04 2.242%e+04 5.1345e+02 2.242%e+04 5.1545e+02
0.0608344 0.939166 1.7242e-04 2.319%e+04 5.3315e+02 2.319%e+04 5.3315e+02
0.0615488 0.938451 1.6650e-04 2.4024e+04 5.5210e+02 2.4024e+04 5.5210e+02
':':"," Help Manage Data - Load Input Parameters Export - Close

First, the Residual Saturation of invading and displaced fluid at the end of the simulation is
given. Both the Saturation (using the pore space as reference volume) and Volume Fraction
(relating to the total sample volume) are displayed.

For a typical capillary pressure result file, the table shows the Saturation of the invading fluid,
the saturation of the displaced fluid, the Mean curvature and the calculated corresponding
Capillary pressure for every step (pore size). The mean curvature approximates the fluid-fluid
interface curvature.

If the Dynamic Pore-Morphology Method with the option Non-Monotonic Capillary Pressure
was used for the computation, mean curvature and capillary pressure values are shown for
both the monotonic and non-monotonic capillary pressure curve.

For computations with the Contact Angle Method Constant Contact Angle also the Pore
diameter is shown in the table. This is the diameter of the pores filled in this saturation step.

Note! If the Contact Angle Method Multiple Contact Angle[«1was used for the
computation of the saturation pressure curve, a warning may appear in the result file
created.

Warning: The multiple contact angle method requires that the ratio between pore
diameter and structure diameter e.q. fiber or grain diameter) does not become too
large.

In detail, (Pore Diameter)/(Structure Diameter) should always be smaller than
2*cos(theta)/(1-cos(theta)), where theta is the wetting phase contact angle.

For the current geometry, this requirement is not met and the solution may contain
numerical artifacts!

Recommendation: Use smaller contact angles or use the true contact angle method so
resolve that issue.
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The reason is that the defined contact angle for the invading fluid is close to 90° and
the diameter of pores in the structure is high compared to the diameter of
components of the structure.

Two main components of the multiple contact angle method are a dilation and an
erosion process. At high contact angles, the dilation radius can become much larger
than the erosion radius. For solid objects in the structure with diameters much smaller
than the maximum pore diameter, this can lead to artifacts in the fluid distribution
such as higher than desired contact angles, larger saturation steps and fewer
saturation steps.

This happens if the ratio between pore diameter and diameter is larger than

cos(0@
*Tgsaﬂ)' With the True Contact Angle method, this problem can be avoided.

Plots

Pressure-Saturation

Observe the tabular results of the Report subtab as a diagram in the Pressure-Saturation
subtab.

On the left, the Post-Processing Widget allows you to fine-tune this graph. Collapse the Post-
Processing Widget by pulling it to the left.

Select the Graph Type (Pressure over Saturation or Saturation over Pressure), Phase Selection
(Invading Fluid or Displaced Fluid), Saturation Unit (Relative or Absolute), and Reference
Volume (Pore Space or Total Sample Volume). Check Invert Saturation to show the values of
the saturation in decreasing instead of increasing order.

Click Apply to modify the plot according to the chosen settings.




E] Result Viewer

Tue Jan 6 2026 (2026 Build 93212) .../SatuDict2026/CapillaryPressureDrainage.gdr
Domain Size: 1 x 512 x 512 Voxel Length: 740 nm | Load Structure @

Input Map Log Map Post Map Results Data Visualization Create Videos Metadata

Graph Options Report | Plots | Map
Graph Type Pressure over Saturation = Pressure-Saturation | Layerad saturation
Phase Selection | Invading Fluid - Pressure-Saturation
Saturation Unit | Relative - ®10°
Reference Volume | Pore Space - 257 Capillary Pressure K
. ---- Neon monotonic capillary pressure
Invert Saturation
2.0
Apply -
a
V| Back-up result file = 1.5 7
g
3
7]
§ 101
o
T T T T T
0.0 0.2 0.4 0.6 08
Saturation (Oil) / (1)
Plot Options -
@ Help Manage Data - Load Input Parameters Export - Close

In the example, at the beginning of the drainage process, the porous structure does not
contain the invading fluid Oil. It is saturated (100%) with Water. As the pressure increases, the
Oil starts invading the structure and forces the Water out of it. Thus, the saturation of the QOil is
increasing. By the end of the drainage process, where the pressure is at its highest level, the
structure is 85% saturated with Oil and 15% saturated with Water (Residual). The non-
monotonic increase of the pressure value for the simulation with the Dynamic Pore-
Morphology Method is visible, especially for saturation values between 70% and 80%.

Layered saturation

In the subtab Layered saturation, the saturation along each of the three axes (X-, Y-, and Z-
axis) is shown.

From the drop-down menu choose the direction to observe. For each layer, the occupied space
of the invading fluid relative to the pore volume of this layer is plotted. This can be done for
several steps of the calculation, which corresponds to different saturations of the whole

structure. By right-clicking into the plot area, the curves of different saturation steps can be
selected.
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m Result Viewer
Tue Jan 6 2026 (2026 Build 93212) .../SatuDict2026/ CapillaryPressureDrainage. gdr
Domain Size: 1% 512 x 512 Voxel Length: 740 nm | Load Structure ®

Input Map Log Map Post Map Results Data Visualization Create Videos Metadata
Report Plots Map

Pressure-Saturation Layered saturation

Layered 7 Saturation v
1.0
0.5
G
=
E S 0.6
E e
i |
2
'E 0.4
g
0.2 = .
—— Saturation {Invading) 0.258
—— Saturation {Invading) 0.518
0.0 4 —— Saturation {Invading) 0.808
T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Z-layers / (m) %10 "
@ Help Manage Data = || Load Input Parameters Export - Close

Map

The Results - Map subtab gives access to the computed values. It contains also the values
from the Report and Plots subtabs.

For the capillary pressure curve, it lists, e.g., the calculated Pressure, Diameter, and Saturation
values. The name of the *.pas file for the visualization of results is also given. The Invading
Fluid ID (here, 2 is Oil) shows the assigned Material ID of the invading fluid.




B Result Viewer

Tue Jan 6 2026 (2026 Build 93212) .../ SatuDict2026/CapillaryPressureDrainage.gdr
Domain Size: 1x 512 x 512  Voxel Length: 740 nm | Load Structure | ®

Input Map Log Map Post Map | Results | Data Visualization Create Videos Metadata

Report | Plots | Map |

Key Unit Value

inf, 9.213e-05, 9.213e-05, 8.917e-05, 8.621e-05, 8.325e-05, 8.029e-05, 7.733e-05, 7.733...
inf, 124.5, 124.5, 120.5, 116.5, 112.5, 108.5, 104.5, 104.5, 100.5, 96.5, 92.5, 88.5, 84.5,
0, 0.05113145478, 0.05525187745, 0.06000365521, 0.06083438559, 0.06154881372, 0. .
1, 0.9488685452, 0.9447481225, 0,.9395963448, 0.9391656144, 0.9384511863, 0.93711...
0, 0.02347946167, 0.02537155151, 0.02755355835, 0.02793502808, 0.02826309204, 0....
0.459197993, 0.4357185364, 0.4338264465, 0.4316444397, 0.43126297, 0.430934906, 0...
0, 498.8892408, 408,8852498, 5154498888, 533.1477391, 552.1041031, 572.4581715, ...
0, 21708.45544, 21708.45544, 22429.06807, 23199.16483, 24024.02402, 24909.70233, .
0, 498.8892498, 408.8852498, 5154498888, 533.1477391, 552.1041031, 572.4581715, .
0, 21708.45544, 21708.45544, 22429.06807, 23199,16483, 24024.02402, 24909.70233, ...
0.1487422742

0.06830215454

0
0
PressureSaturation.pas
58.59392436
0.459197993

2

0
0
0

| () Help | | Manage Data - | | Load Input Parameters | | Export - | | Close

Data Visualization

In the Data Visualization tab, you can load the *.pas file and the step-by-step images of the
computed process.

E] Result Viewer

Tue Jan & 2026 (2026 Build 93212) .../SatuDict2026/CapillaryPressureDrainage. gdr
Domain Size: 1x 512 x 512 Voxel Length: 740 nm | Load Structure | ®
Input Map Log Map Post Map Results ‘ Data Visualization | Create Videos Metadata
Solution File: PressureSaturation.pas | Load |
|Step_[]ﬂ[]ﬂ[ﬂ].gdt Pressure: 0 Pa, Saturation: 0 - | | Load gdt |
| () Help | | Manage Data  ~ | |Loa|:l Input Par‘ameters| | Export - | | Close
L. -

SatuDict
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Visualization of Pressure and Saturation (pas file)

Click Load to access the pressure and saturation field data saved in the
PressureSaturation.pas file.

Depending on the choice made in the Solver Parameters tab under the output options| s the
Pore Filling Pressure and the Pore Filling Saturation (Invading) can be selected for the
visualization. Click OK to load the selected fields.

E] Leading volume file PressureSaturation.pas

GEoODICT

Select Volume Field View File Header

Select components to load / compute:

v Pore Filling Pressure:Pore Filling Pressure
| Pore Filling Saturation (Invading):Pore Filling Saturation (Invading)

Allow Clipping by Distance

Check all Uncheck all

| oK | Cancel

., i

The initial visualization, in 2D view or 3D rendering, is done using default settings which you
can modify to visualize the imbibition and drainage results obtained with SatuDict.

These parameters can be found under the Volume Field tab in the Visualization Panel, above
the Visualization Area. For more information on a particular visualization setting, see the
Visualization chapter.

Switch between the two components of the results (Pore Filling Pressure, Pore Filling Saturation
(Invading)) through the Color By pull-down menu.

View Controls

Camera | Structure v/ Volume Field Streamlines Particles Triangles Schlieren Arrows Tensors
Color by Paore Filing Pressure - Transparency Threshold by | Pore Filing Saturation (Invading) = Smooth
Color Map Default = Edit... < * | |0.0511 _F
Interpolation | None - Visible on Material IDs 0,1 -

For the 3D rendering, we now present a clever way to visualize the data in the pressure and
saturation solution file.
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Select Pore Filling Pressure from the Color by and Pore Filling Saturation (Invading) from
the Threshold by pull down menus.

With these settings, the voxels are displayed in the color corresponding to the pressure at
which this voxel was filled. The volume field legend shows which color represents which
pressure value. The pressure values are shown dependent on the saturation level of the
invading fluid, because Threshold by Pore Filling Saturation is chosen. The Threshold slider
combined with the Clip mode determines in which voxels the pressure is displayed:

e Threshold Slider / Box: The intrusion process is observed when moving the threshold slider
from left to right or entering increasing values from 0 to 1 in the clip box. This parallels the
increasing saturation of the invading fluid (from 0% to 100%) in the porous structure. The
beginning of the process is observed with the slider all the way to the left. By moving it to
the right or by entering increasing values in the threshold slider box, the intrusion process is
visualized forward and at the end the clip slider is all the way to the right. Observe, that in
the example shown here, the solution was computed till a saturation of 85%.

e Clip Mode: This makes the dual visualization of pressure values and distribution of phases
possible because it links them based on the capillary pressure saturation curvela 1

o By selecting | 2 ” |, color is shown in the pore space where the invading fluid occupies
the structure only at a higher saturation than the Pore Filling Saturation (Invading) set in
the threshold slider. This shows the locations where the displaced fluid is still in the
structure at this saturation or below.

o By selecting | = " |, color is shown in the pore space where the invading fluid is already
present for a saturation below the value for Pore Filling Saturation (Invading) set in the
threshold slider. This shows the locations where the invading fluid has already entered the
structure and replaced the displaced fluid.

This leads to a twofold visualization, since for a given invading fluid saturation level (threshold
value), the capillary pressure at particular locations in the structure is shown, together with the
distribution of the two phases. While the color gradation refers to the capillary pressure values
as displayed in the color bar, the distribution of the phases is given by the presence or absence
of colored voxels in the pore space, without relation to the color bar scale.

The following are two examples of the effect of setting the Threshold slider/box and Clip
Mode.
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Threshold by | Pore Filing Saturation (Invading) ~ Threshold by | Pore Filing Saturation (Invading) ~ |

e * | 0.2

< ~|lo.2 |
Pore Filling Pressure / (Pa)
24.75-103 ‘
20.00 102 —
15.00 103 —
10.00-103 ]
5.00-103 ]
0.00
Plot Range:
max 24.75-103
min 0.00
Data Range:
max 24.84-10°3
min 0.00
x10°
251 —»— Capillary pressure 5
—— Non monotonic capillary pressure
2.0 1
©
& 154
2
@
g 10 N K
a
0.5 *
0.0 4
0.0 0.2 04 06 08 1.0

Saturation (Oil) / (1)

20% saturation of invading fluid
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Threshold by | Pore Filing Saturation (Invading) ~ Threshold by | Pore Filing Saturation (Invading) ~ |

e * | 0.6

< ~ |06 \

Pore Filling Pressure / (Pa)
24.75-103

20.00-103
15.00-103
10.00-103

5.00-103

mooa

0.00

Plot Range:

max 24.75-103
min 0.00
Data Range:

max 24.84-10°3
min 0.00

4

x10

251 —»— Capillary pressure

—— Non monotonic capillary pressure
2.0 1

1.5

1.0 ¢ K

0.5 1

Pressure / (Pa)

0.0 1

0.0 0.2 0.4 06 0.8 10
Saturation (Oil) / (1)

60% saturation of invading fluid

Visualization of intermediate states (gdt files)

Finally, the computed process can be visualized step-by-step with GDT files saved during the
capillary pressure curve calculation. This is only possible if Write All .gdt or Write Only
Changed .gdt was selected in the Solver Parameters[s1tab. The GDT files corresponding to
the computational steps (Step_000000.gdt, etc.) are stored in the automatically created result
folder.

To analyze these results, make sure that the visualization of the Structure is switched on (View
— Structure, in the menu bar).
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m Result Viewer

Tue Jan 6 2026 (2026 Build 93212) .../SatuDict2026/CapillaryPressureDrainage. gdr
Domain Size: 1x 512 x 512 Voxel Length: 740 nm | Load Structure | ®

Input Map Log Map Post Map Results | Data Visualization | Create Videos Metzdata

Solution File: PressureSaturation.pas | Load |
|Step_t]ﬂﬂﬂﬂ-ﬂ.gdt Pressure: 0 Pa, Saturation: 0 - | | Load gdt |
Step_000000.gdt Pressure: 0 Pa, Saturation: 0 -

Step_000001.gdt Pressure: 498.8892498 Pa, Saturation: 0.05113145478
Step_000002.gdt Pressure: 498.8892498 Pa, Saturation: 0.05525187745
Step_000003.qdt Pressure: 515.4498888 Pa, Saturation: 0.06000365521
Step_000004.gdt Pressure: 533.1477391 Pa, Saturation: 0.06083438559
Step_000005.gdt Pressure: 552.1041031 Pa, Saturation: 0.06154881372
Step_000006.gdt Pressure: 572.4581715 Pa, Saturation: 0.06288628963
Step_000007.gdt Pressure: 594.3704446 Pa, Saturation: 0.1008506679
Step_000008.gdt Pressure: 594.370446 Pa, Saturation: 0.1020884562
Step_000009.qdt Pressure: 618.0269811 Pa, Saturation: 0.1052535389 -

| (?) Help | | Manage Data - | | Load Input Parameters| | Export | Close |

. A

Select one of the GDT files, where the file names correspond to the simulation step in which
the GDT file was saved. Also, the pressure und saturation of the invading fluid in this step are
shown, which is the same as in the corresponding row of the table in the Results-Report tab.

Click Load gdt to open the desired file which is displayed in the visualization area.

The GDT file Step_000001.gdt (Pressure: 499 Pa, Saturation: 0.0511) corresponds to the
beginning of the intrusion process. The structure appears (almost fully) saturated by the
displaced fluid.

The GDT file Step_000049.gdt (Pressure: 2179 Pa, Saturation: 0.325) corresponds to an
intermediate part of the intrusion process. The structure appears partly saturated by the
invading fluid and the displaced fluid.

|Step_UUUUUl.gdt Pressure: 498.8802498 Pa, Saturation: 0.05113145478 ~ | \ Step_000049.gdt Pressure: 2179.358302 Pa, Saturation: 0.324873729 v \

Material Information:

[ ID 00: Water [Displaced]

@ ID 01: Quartz

W ID 02: Oil [Invading]

W ID 03: Water [Residual Displaced]

4
d!d
il




Create Videos

Generate a video showing an animation of the drainage or imbibition process from the Create
Videos tab. The exemplary video shows which information will be contained in the video. On
the left the changing distribution of invading and displaced fluid during the saturation
simulation is animated, and on the right, the corresponding capillary pressure curve is shown.
For a better visualization, only a part of the structure is set to visible.

In the Create Videos tab, a *.mp4 file with an animation of the drainage or imbibition process
can be created. Follow the steps listed on the right panel:

1. Make sure that you are in 3D mode,
2. Set the colors of solid and fluid materials to your preferred ones,
3. Choose your favorite camera position.

Select Edit Parameters to change the duration of the video.

E Geochpp — Capillary Pressure Animation

GeoDicT

Video Duration / (s) |5

o @ BE| ok || Conce

r

With Open Macro File it is possible to open a text editor with the python file used for the
video creation in order to modify it.

Click Create Video, to create and save the video capillaryPressureVideo.mp4 in the result file
folder.
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m Result Viewer
Mon Dec 8 2025 (2026 Build 92634) .../SatuDict2026/ CapillaryPressureDrainage.gdr
Domain Size: 1% 512 x 512 Voxel Length: 740 nm |Load Structure ®

Input Map Log Map Post Map Results Data Visualization Create Videos Metadata

Capillary Pressure Animation -

Before running the Geolpp:
. 1} Make sure that your are in 3D visualization mode.
2} Please set the solid material and fluid colors according
to your favorite colors.
3) Choose your favorite camerz position.
Hint: The solid structure is made invisible on the rear half
s of the X-axis.

This GeoApp File combines animation of:
- - 3D images from your Capillary Pressure Results
- Capillary Pressure Curve
) The resulting video will be called
. N capillaryPressureVideo.mp4 and will be placed in the

pp | results folder of the simulation.
Edit Parameters...
Open Macro File
(=} Create Viden... i Video not available
@ Help Manage Data - Load Input Parameters Export - Close

If the video was created successfully, the grayed-out Video not available button, is enabled
and changes to a Play Video button. Click Play Video on the bottom right opens the video file
in the default video player.

1.2.3 Capillary Pressure with Hysteresis Effect

A generalization of the pore morphology method allows considering structures in which the
invading fluid is already present in the structure. This makes the simulation of primary and
secondary drainage experiments possible, as well as primary and secondary imbibition
experiments. We illustrate this Hysteresis effect on the structure shown below, which has 17%
porosity and is saturated with Water at the beginning.
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Material Information:
w ID 00: Water (Brine)
ne ID 01: Quartz

Saturation Experiment
Use Dynamic Pore-Morphology Method
Constituent Materials | Saturation Experiment */ Boundary Conditions | Solver Parameters __Equations & References
— Boundary Conditions
Contact Angle Mode | True Contact Angle - used for flud distribution \ - s TG
Interfacial / Surface Tension / (N/m) 0035 NG | " = v Yo > =
Invading Fluid Invading Fluid Inlet e
Name Density (7 Tkaim®) ~ | Dyn. Viscosity / (kg/(m s)) Temp. Range / (°C) Displaced Fluid Outlet (® O O O O
W Oil.. | | Material Law 1 ~ | 830.4 0.04998 -25,25 SminIins
Displaced Fluid | Water (Brine) - Sea Water (3.5%) 3
Temperature -273.15 < |20 | <1000.00 [=c ~ ] Open & Edit Material Database | e
[#]| waterial | Fluid Density { Viscosity | Contact Angle | Step 50s (Fore Diameten) ] (VoweD [1
D Name Invading Fluid CA / (%) Displaced Fluid CA / (°) Interface Step Seze / (Voxel & [z
00 Water (Brine)... | [ This fiuid will be displaced
& eriemne - 15 Tlulg will be dispiac Neighborhood Mode Face, Edge, or Vertex ]
o1 [ Quartz_ ] @) (150 ] (30 |
2 B e-BR [ o || concd |

To perform a follow-up imbibition simulation, the final state of the previous drainage
simulation (Step_000053.gdt with 93333 Pa) is loaded from the Data Visualizationl s 1tab in the

result viewer as starting state for the imbibition simulation.
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[ Result Viewer = o Material Information:
ID 00: Water (Brine) [Displaced]

Tue Jan 6 2026 (2026 Build 93212) o fSatuDict2026/CapillaryPressureResult_1_D: d ID 01: Quartz

ue Jan uil .../Satubi illaryPressureResul rainage.gdr Ny .

2 - F=20 ID 02: Oil [Invading]

Domain Size: 100 x 100 x 100 Voxel Length: 3 um | Load Structure| ® ID 03: Water (Brine) [Residual Displaced]

InputMap | LogMap | PostMap | Results | Data i | create videos | metadata

Solution File: unavailable Load

| Step_000053.gdt Pressure: 93333.33333 Pa, Saturation: 0.930294309  ~ | | Load gdt

by
| () Help || Managepata - | |Load Input Parameters| | Export - || Close

N
Then, open the Capillary Pressure Curve Options dialog to change the parameters for the

imbibition simulation. Change the name for the result file from
CapillaryPressureResult_1_Drainage.gdr to CapillaryPressureResult_2_Imbibition.gdr.

In the Constituent Materials| 1 tab, select the Invading Fluid to be Water (Brine) and the
Displaced Fluid to be Oil. Set the Invading Fluid CA to 30°, the contact angle for the
displaced fluid will automatically be changed.

Under the Saturation Experiment tab, the Experiment has automatically changed to
Imbibition. Check that Invading Fluid must be connected to a Reservoir is selected. In this
example we leave the Dynamic Pore Morphology Method unchecked.

In the Boundary Conditions tab, switch the reservoirs boundary conditions of invading and
displaced fluid in Z-direction.

B satubict - Capillary Pressure Curve
GEeoDicT Saturation Experiment
Result File Name (*.qdr) |CapillaryPressureResult_2_Imbibgiaeefd — —— | Use Dynamic Pore-Morphology Method
Constituent Materils | _Saturation Experiment *_Boundary Conditions_Solver Parameters _Equations & References .
—
Contact Angle Mod True Contact Angle - d for fluid distributi v
ontact Angle Mode |rue Contact Angle - used for fiuid distribution \ | e
Interfacial / Surface Tension / (N/m) |0.035 TN | Dormain Boundary Condiins
Tnvading Fluid x - = = 7 -
Name Density [/ (ka/im*) ~ | Dyn. Viscosity / (kg/(m )) Temp. Range / (°C) Invading Fluid Inlet O
[IESE Water (Brine)... | |Sea Water (3.5%) ~ | 1025 0.00109 0,30 Displaced Fluid Outlet (® O O O O
Symmetric
Displaced Fiuid |oil - | N
Tempersture -273.15 < |20 | = 100000 [°c - || Open & Edit Material Database | \
[+]| materal | FlLid Density / Viscosity | Contact Angle | Solver Parameters
D Name Tnvading Fluid CA / {°) Displaced Fluid CA / (*) Step Size (Pore Diameter) / (Voxel) 1
00 |_Q  Water (Brine) [Displaced] ] (@) Residual phase =
o1 [N Quartz. IBLA] (30 ] (150
02 AN Ol [fnvading]. | [BL] 7 This fluid will be displaced Neighborhood Mode Face, Edge, or Vertex
03 QM Water (Brine) [Residual Displaced]... | [T Residual phase
@ BE @-BR ox |[ concd |

Confirm the settings with OK and click Run in the SatuDict section to start the simulation.

The Result Viewer of the result file opens at the end of the computations. Load the GDT files as
explained in Data Visualization[«to observe the imbibition process.

Observe that, step-by-step, the oil is displaced by the invading water, which reconnects with
the water previously trapped in the structure (Residual Invading Phase in dark blue) from the
earlier drainage simulation.

SatuDict




Step_000006.gdt Pressure: 7179.487179 Pa, Saturation: 0.1084037209 ~ | Step_000024.gdt Pressure: 1904.761905 Pa, Saturation: 0.66635405 -

Material Information:

m ID 01: Quartz

W ID 02: Oil [Displaced]

O ID 04: Water (Brine) [Invading]

M ID 05: Oil [Residual Displaced]

W ID 06: Water (Brine) [Residual Invading]

As previously for the Drainage simulation also during the Imbibition simulation parts of the
displaced fluid (here Qil) get trapped in the structure.

You can repeat the process of loading the final state of the imbibition simulation and setting
up a secondary drainage simulation with the same settings as for the first drainage.

Then, combine the three result files and observe the combined capillary pressure curves, that
show a typical hysteresis effect.

SatuDict
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E Result Viewer

--------

Tue Jan 6 2026 (2026 Build 93212) ../ SatuDict2026/ combined GDR_HysteresisEffect.gdr

@
Input Map Log Map Post Map Results Compare Maps
Report Plots Map

Pressure-Saturation Layerad saturation

Pressure-Saturation

x10°
—— CapillaryPressureResult_1_Drainage
—— CapillaryPressureResult_2 _Imbibition
87 —— CapillaryPressureResult_3_Drainage
E
=
2 41
v
o
2 -
0 —
T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Saturation (Water (Brine)) / (1)
@ Help Manage Data ~ |  Load Input Parameters Export - Close

As this process of loading files, changing simulation parameters and combining result files
requires a lot of manual work and is prone to errors, we developed the Hysteresis for Qil-
Water Setups| 1 GeoApp (for special setups in the oil&gas industry) and the Hysteresis[ )

GeoApp (more general version for other industry areas) to help you setting up the whole
simulation easily.
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1.3 Mercury Porosimetry & Capillary Pressure

This command is similar to the Capillary Pressure Curvel+s1command, but especially designed
to simulate mercury invading a structure within a vacuum. This method is often called Mercury
Porosimetry and is used to derive pore size from measured pressure values.

In GeoDict you can simulate Mercury Intrusion Capillary Pressure (MICP), where mercury is
invading the structure, and (optional) Mercury Extrusion Capillary Pressure (MECP), where
mercury leaves the structure. In the both cases the Pore Morphology Method[ s1and the
Young-Laplace equationl s are used.

The MICP simulation results provide information about the pore throats sizes, while the MECP
measures the size of the pore bodies. Additionally, the residual mercury remaining in the pore
space is determined. For mercury intrusion it is possible to apply the Thomeer model[+«1to
predict the non-resolved porosity.

The Mercury Porosimetry & Capillary Pressure command

e Options| s
Set the parameters for the calculation.

e Results/ =1
View the computed results.

1.3.1 Options

The Mercury Porosimetry & Capillary Pressure dialog opens when clicking the Edit... button
and includes the Experiment Options tab and the Equations & References tab, which cites
several references|esl

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File — Choose Project Folder in the menu bar).
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E] Satubict — Mercury Porosimetry 8 Capillary Pressure

GEODICT
Result File Name (*.gdr) |MICPResult.gdr
Experiment Options Equations & References
Mercury Experiments
+ Mercury Intrusion (Injection)
Mercury Extrusion
Mercury Injection / Extrusion Sides
K- - W 7-
X+ W+ W 2+
Check all
Materials
(Pore/Fluid Material IDs: 00)
Contact Angle Mode True Contact Angle - used for fluid distribution v
Use Dynamic Contact Angle and Surface Tension
Fit Models
Compute Thomeer Model
Solver Parameters
Step Size (Pore Diameter) / (Voxel) |1
Parallelization L2 Threads (Automatic Maximum) Edit...
Qutput
Write Steps to .gdt Files | Write All .gdt -
v | Write Pore Filling Saturation to .pas File
| Write Pore Filling Pressure to .pas File
kz.f @E @a @ E- E‘E oK Cancel

Mercury Experiments



The option Mercury Injection is always selected and cannot be unchecked. You can
additionally choose to compute also the Mercury Extrusion.

Mercury Injection / Extrusion Sides

Similar to the Boundary Conditions[2s1in Capillary Pressure Curve, you have to choose from
which domain sides the mercury can enter the structure and leave the structure if Mercury
Extrusion is computed.

For ease of use you can click on the button Check All if the mercury can intrude from all sides.

Note! In Contrast to the Capillary Pressure Curve command, you cannot chose a
domain side to be the displaced fluid outlet because no residual remains in the
structure.

Materials

The shown Material IDs are the pores that will be filled with mercury during the simulation.

Below, you choose the Contact Angle Mode used for the distribution of the mercury and the
computation of the capillary pressure. The same options as for the Capillary Pressure Curvel+s
are available, but an angle of 140° for the invading fluid is assumed for all solid materials.

With Use Dynamic Contact Angle and Surface Tension the assumed contact angle is not
fixed anymore. Based on Rigby and Edler (2002)[+! it is assumed that contact angle and
surface tension vary with pore size and the contact angle additionally depends on whether
mercury is advancing or retreating.

According to Kloubek[ss} the product ¥ * €0s 0 in the Young-Laplace equationl s 1is replaced

by:
—0.739 (21) For
ycosf, =—302.533 + — advancing
4 mercury
—235.561 (22) For
ycosf, =—68.366 + ——— receding
4 mercury

0 Note! This is only valid for pore radii between 4 nm and 100 nm.

Fit Models



SatuDict: Mercury Porosimetry & Capillary Pressure

Select if you want to compute the Thomeer Model[ ;1 based on the computed capillary
pressure curves. The Thomeer Model can also be computed afterwards as post-processing
stepl s 1in the Result Viewer.

Solver Parameters

Step Size (Pore Diameter / Voxel)

The algorithm increases or decreases the sphere diameter (and thus changes the capillary
pressure) from step to step by this amount. Small values increase the accuracy of the result but
lead to longer calculation times. The same option is also available in the Capillary Pressure
Curve[21 command.

0 Note! The value for the step size is allowed to be smaller than 1.

Parallelization

Control how many threads are used for the computation. Parallelization is possible if your
license and hardware allow it.

The Parallelization Options dialog opens when clicking the Edit button and you can choose
between Sequential, Parallel (Shared Memory), or Automatic Maximum of Threads.

Parallelization 12 Threads (Automatic Maximum) | Edit. |

Selecting Sequential will not apply parallelization and only one thread is used for the
computation.

E] Parallelization Options

GEODICT

® Sequential

Parallel (Shared Memory)

Automatic Maximum of Threads

| OK | Cancel

k., o

When Parallel (Shared Memory) is selected, the Number of Threads can be entered. Below,
the Number of CPU Cores that the current machine has, the maximum number of Licensed
Threads and the number of those licensed threads that are available (Available Threads) are
shown in the dialog. Of course, the maximal number of parallel processes you can use, is the



smallest of those three numbers.

E] Parallelization Options

GEoDIcT
) Sequential Thread Parallel
‘@) Parallel (Shared Memory) mnbiernt i o -

) Automatic Maximum of Threads
Mumber of CPU Cores 12

Licensad Threads 32
Available Threads 32

| 0K | Cancel

L A

If Automatic Maximum of Threads is selected, the number of parallel processes is
automatically selected for optimal speed, based on the CPU cores and licensed parallel
processes.

E Parallelization Options

GeoDicT
() Sequential Automatic Local Maximum
Parallel (Shared Memory) Automatic Number of Threads 12
() Automatic Maximum of Threads  Number of CPU Cores 12
Licensed Threads 32
Available Threads 32
| 0K | Cancel

The Automatic Local Maximum of processes is automatically selected, which is the minimum
of Number of CPU Cores, Licensed Threads, and Available Threads.

Output

The same options as for the Solver Parameters[s1in Capillary Pressure Curve are available. The
saved result files can be loaded from the Data Visualizationle' tab in the result viewer.

1.3.2 Results

After the solver run has finished, the Result Viewer opens immediately. The results are similar
as seen for the Capillary Pressure Curve[s"), but some more options are additionally available
which are special for the MICP, such as the pore throat size distribution.
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In the example, the calculations of Mercury Porosimetry & Capillary Pressure are run on a
porous structure with 54% SVF, originated from Berea sandstone. A 2D cross-section view of
the structure is shown below.

»

L
el

The Results tab is the central point analysis of the results. It is grouped in three subtabs:
Report, Plots, and Map. The Report tab shows diameters, curvatures and capillary pressure
values for each saturation step. The Plots tab contains plot options for the analysis of the
results. The Map tab contains all resulting data from the run. This data is the basis for the
tables in the Report tab and for the plots in the Plots tab.

’i

Mercury Porosimetry & Capillary Pressure Results

e Results Tab/ s

Learn about the resulting reports and plots.

o Data Visualization[e]
Load results for a graphical visualization.

Results Tab

Report




In the Report tab, if Compute Thomeer Modell ;1 was checked in the options tabm the
results are shown at the top of the Reports tab. This can also be computed as a post-

processing step [
Thomeer Model

Thomeer model | Original image

Porosity 5, / % 45.98 (hidden 0.05) | 45.92

Displacement pressure P,/ Pa | 1.7300e+05 -

Pore geometrical factor G 0.0029 -

Thomeer model equation: Syye = Ss * exp(-G [ loa(P. [ P4))
According to: Thomesr 1.H.M., Introduction of 2 Pore Geometrical Factor defined by the
Capillary Pressure Curve, 1960, 1 Pet Technol 12 {3): 73-77. SPE-1324-G.

If an additional Mercury Extrusion was computed, the Residual Saturation of the mercury at
the end of the extrusion simulation is given. Both the Saturation (using the pore space as
reference volume) and Volume Fraction (relating to the total sample volume) are displayed.

Residual Saturation

Saturation | Volume Fraction

Residual Mercury | 0.6434 0.2955

Then, for the Mercury Injection and, if selected, the Mercury Extrusion a table shows the
saturation of the mercury (Saturation (Mercury)), the Mean curvature / (1/m), and the
calculated corresponding Capillary pressure / (Pa) for every step (pore size). The mean
curvature approximates the fluid-fluid interface curvature.
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m Result Viewer
Tue Dec 2 2025 (2026 Build 92634) of SatUDICt2026/MICPResult.gdr
Domain Size: 1% 512 x 512 Voxel Length: 740 nm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map

Mercury Injection
Saturation (Mercury) | Pore diameter / (m) | Mean curvature [/ (1/m) | Capillary pressure [ (Pa)
0 inf 0.0000e+00 0.0000e+00
0.0529009 1.8574e-04 2.1535e+04 1.5837e+04
0.0553017 1.8426e-04 2.1708e+04 1.59642+04
0.0597461 1.8278e-04 2.1884e+04 1.6094e+04
0.0597461 1.8130e-04 2.2063e+04 1.6225e+04
0.060095 1.7982e-04 2.2244e+04 1.63592+04
0.0603609 1.7834e-04 2.2429e+04 1.6494e+04
0.06066082 1.7686e-04 2.2617e+04 1.6632e+04
@ Help Manage Data = | | Load Input Parameters Export - Close

b, o

For computations with the Contact Angle Method Constant Contact Angle also the Pore
diameter / (m) is shown in the table. This is the diameter of the pores filled in this saturation
step.

Plots

Pressure-Saturation

Observe the tabular results of the Report subtab as a diagram in the Pressure-Saturation
subtab.

On the left, the Post-Processing Widget allows you to fine-tune this graph. Collapse the Post-
Processing Widget by pulling it to the left.

Select the Graph Type (Pressure over Saturation or Saturation over Pressure), the Saturation
Unit (Relative or Absolute) and Reference Volume (Pore Space or Total Sample Volume).
Check Invert Saturation to show the values of the saturation in decreasing order instead of
increasing order.



m Result Viewer

Tue Dec 2 2025 (2026 Build 92634) «of SatuDict2026/MICPResult.adr

Domain Size: 1x 512 % 512 Voxel Length: 740 nm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Fit Options Report | Plots | Map
Show Thomeer Model Pressure-Saturation Layerad saturation Pore Throat Size Distribution
Graph Options Pressure-Saturation
- %10
Graph Type Pressure over Saturation -
Saturation Unit Relative v 124
Reference Wolume |Pore Space v 0
V| Invert Saturation =
VR
Apply o
2 0.6
V| Back-up result file @
T g4+
0.2 1
0.0 1
T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Saturation (Mercury) / (1)
Plot Options -
@ Help Manage Data - Load Input Parameters Export - Close

In the example, at the beginning of the injection process, the porous structure does not contain
the invading fluid Mercury. As the pressure increases, the Mercury starts invading the structure
and the saturation of the Mercury is increasing. By the end of the injection process, where the
pressure is at its highest level, the pore space of the structure is 100% saturated with Mercury.

If a Thomeer Model[ 2 1is fitted, this model can be shown by checking Show Thomeer Model
under Fit Options. In this case, the Reference Volume is automatically set to Total Sample
Volume and Pore Space can not be selected.

SatuDict
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—— Injection
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27 | A =V
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0.46 0.45 0.44 0.43 0.42

olume fraction (Mercury) / (1)

Layered saturation

In the subtab Layered saturation, the saturation along each of the three axes (X-, Y-, and Z-
axis) is shown.

From the drop-down menu choose the direction to observe. For each layer, the occupied space
of the invading fluid relative to the pore volume of this layer is plotted. This can be done for
several steps of the calculation, which corresponds to different saturations of the whole

structure. By right-clicking into the plot area, the curves of different saturation steps can be
selected.
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m Result Viewer

Wed Dec 3 2025 (2026 Build 92634) wfSatuDict2026/MICPResult.gdr

Domain Size: 1% 512 x 512 Voxel Length: 740 nm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map

Pressure-Saturation Layered saturation Pore Throat Size Distribution

Layered Z Saturation -

1.0 1
- 0.8 1
—
=
E 0.6 = Saturation (Intrusion} 0.101
g Saturation {Intrusion) 0.522
a — Saturation (Intrusion) 0.71
'E 0.4 —— Saturation (Intrusion) 0.951
3

0.2

0.0 1

T T T T T T T T
0.0 0.5 1.0 1.9 2.0 2.5 3.0 3.5
Z-layers / (m) %107
@ Help Manage Data - Load Input Parameters Export - Close

Pore Throat Size Distribution

Using the Washburn / Young-Laplace Equation| s1the resulting capillary pressure values are
related to a Pore Throat Diameter. The resulting distribution is shown in two plots, which are
very similar to the plots of PoroDict-Porosimetry.
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B Result Viewer

Wed Dec 3 2025 (2026 Build 92634) .../SatuDict2026/MICPResult.gdr
Domain Size: 1x 512 x 512 Voxel Length: 740 nm | Load Structure
Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map
Pressure-Saturation Layered saturation Pore Throat Size Distribution
Pore Throat Size Distribution
74.8,/12.4
9“0 A
m =
£ 8
F2 5 |
L5
G e A
oo
o- _ _/\_A_L | -
T T T T T
0 20 40 (=] B0
i Pore Throat Size Distribution (Washburns
: Equation) / (um)
Cumulative Pore Throat Size Distribution
100 1
1 = _.—7-_'_/—_—__’_——
HE 5
E = —— pores smaller than diameter
= 5 a0 .
IE 3 —— pores larger than diameter
2S5 35
= 7] -1
0 -
T T T T T
0 20 40 &0 80
Fore Throat Size Distribution (Washburns
Equation) / (um)
@ Help Manage Data - Load Input Parameters Export - Close

Data Visualization

In the Data Visualization tab, you can load the *.pas files for the intrusion and, if selected, the

extrusion, and the step-by-step images of the computed process.
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Wed Dec 3 2025 (2026 Build 92634) .. SatuDict2026/MICPResult_IntrusionExtrusion.gdr
Domain Size: 1x 512 x 512 Voxel Length: 740 nm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Solution File: PressureSaturationIntrusion.pas Load
Solution File: PressureSaturationExtrusion.pas Load
Injection_000000.gdt Pressure: 0 Pa, Saturation: 0 v Load qgdt

@ Help Manage Data - Load Input Parameters Export - Close

Visualization of Pressure and Saturation (pas file)

Click Load to access the pressure and saturation field data saved in the
PressureSaturation.pas file.

Depending on the choice made under the output options|«1the Pore Filling Pressure and the
Pore Filling Saturation (Invading) can be selected for the visualization. Click OK to load the
selected fields.

EJ Leading volume file PressureSaturationIntrusion.pas

GeoDicT

Select Volume Field View File Header

Select components to load [ compute:

v| Pore Filling Pressure:Pore Filling Pressure
V| Pore Filling Saturation (Invading):Pore Filling Saturation (Invading)

Allow Clipping by Distance
Keep Existing Volume Fields

Check all Uncheck all

| oK | Cancel

LY r

The initial visualization, in 2D view or 3D rendering, is done using default settings which you

can modify (see the Data Visualization in Capillary Pressure Curvels1for an example). These
parameters can be found under the Volume Field tab in the Visualization Panel, above the
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Visualization Area. For more information on a particular visualization setting, see the
Visualization chapter.

Visualization of intermediate states (gdt files)

Finally, the computed process can be visualized step-by-step with GDT files saved during the
MICP calculation. This is only possible if Write All .gdt or Write Only Changed .gdt was
selected in the Qutput Options| 41 section. The GDT files corresponding to the computational

steps (Injection_000000.gdt, Extrusion_000000.gdt etc.) are stored in the automatically created
result folder.

To analyze these images, make sure that the visualization of the Structure is switched on (View
— Structure, in the menu bar).

E Result Viewer
Wed Dec 3 2025 (2026 Build 92634) . SEtUDIck2026/MICPResult_IntrusionExtrusion.gdr
Domain Size: 1% 512 % 512 Voxel Length: 740 nm | Load Structure ®

Input Map Log Map Post Map Results Data Visualization Metadata

Solution File: PressureSaturationIntrusion.pas Load
Solution File: PressureSaturationExtrusion.pas Load
Extrusion_000160.gdt Pressure: 15772.61152 Pa, Saturation: 0.3565910148 w Load gdt
Injection_000157.gdt Pressure: 305246.4229 Pa, Saturation: 0.9985292049 -

Injection_000158.qdt Pressure: 345945.9459 Pa, Saturation: 0.9997009371
Injection_000159.gdt Pressure: 399168.3992 Pa, Saturation: 0.999916927
Injection_000161.gdt Pressure: 576576.5766 Pa, Saturation: 1
Extrusion_000000.gdt Pressure: 576576.5766 Pa, Saturztion: 8.307303781e-06
Extrusion_000001.gdt Pressure: 471744.4717 Pa, Saturation: 9.968764538e-05

Extrusion_000003.gdt Pressure: 345945.9459 Pa, Saturation: 0.0007144281252
Extrusion_000004.gdt Pressure: 305246.4229 Pa, Saturztion: 0.001063334884
Extrusion_000005.gdt Pressure: 273115.2205 Pa, Saturation: 0.001262710175
Extrusion_000006.gdt Pressure: 247104.2471 Pa, Saturation: 0.001478700073 =

@ Help Manage Data = | | Load Input Parameters Export - Close

b,

Select one of the GDT files, where the file names correspond to the simulation step in which
the GDT file was saved. Also, the pressure and saturation of the invading fluid in this step are
shown to easier identify a specific step.

Click Load gdt to open the desired file which is displayed in the visualization area.




1.4 Relative Permeability

Determine Relative and Saturation-dependent (Effective) Permeability for different fluid
saturations. The pore morphology method| s1can be used to determine the distribution of the
phases (then it is assumed to be stationary) or saturation results of a previously simulated
wetting process can be used.

The Saturation-dependent or Effective Permeability is the permeability at given saturation
levels (Ks, s € [0,1]), whereas the Absolute Permeability is given as the permeability of the
completely saturated medium (Ks, s = 1), The permeability is 0 at saturation 0 (Ks = 0,s = 0),

The Effective Permeability can be calculated for the invading fluid or the displaced fluid. In
both cases, the unconsidered fluid is treated as an unmovable obstacle and the flow
calculation treats it as a solid. Thus, flow only takes place in the pores filled with the
corresponding fluid, while the other pores are ignored. Specifically, no movement of bubbles
is simulated. To determine the whole effective permeability curve, it is necessary to select
several different saturations and both invading and displaced fluid for the computation. After
the computation, in a post-processing step, you can calculate an LET fit[« or a Corey fit[+1 for
the effective permeability curves.

The permeability values are then determined as described in the Flow permeability section of
the FlowDict chapter. Similar as in FlowDict, a volume field containing velocity and pressure
values at each voxel is saved for each saturation step.

The Relative Permeability is a dimensionless measure, defined as the ratio of the Saturation-
dependent Permeability (Ks) to the Absolute Permeability (1). The relative permeability
thus lies between zero and one:

(23) Relative

S
—€]0,1 ili
Kl [0,1] Permeability

Important! This feature requires a special license. Please contact our support at
support@math2market.de for more information. Without a special license, this option
is not accessible.

The Relative Permeability command

. Optionsm
Set the parameters for the calculation.

e Results[«]
View the computed results.



mailto:support@math2market.de

SatuDict: Relative Permeability

1.4.1 Options

The Relative Permeability dialog opens when clicking the Edit... button and includes the
Wetting Parameters tab, the Constituent Materials tab, the Boundary Conditions tab, the
Solver tab, and the Equations & References tab, which cites several references| sl

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File — Choose Project Folder in the menu bar).

The Equations & References tab shows the formulas that are used for the solver which are
described in the FlowDict chapter:

e Momentum balance,

e Mass conservation,

e No-slip boundary condition.

No parameters can be edited on this tab.

Tabs of the Relative Permeability dialog

e Wetting Parameters| o]
Select how the fluid distribution is determined and choose the saturation steps for the

permeability calculations.

o Constituent Materials[es
Select the materials in the structure and their properties, including the selection of invading
and displaced fluid.

e Boundary Conditions/es
Set the boundary conditions for the flow calculations.

e Solver[7
Select a flow solver and its settings.

Wetting Parameters

The Wetting Parameters tab is divided into three panels: Phase Distribution, Saturation
Steps, and Flow Phase.
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GEODICT

Result File Name (*.qdr) |RelPermeability.gdr
Wetting Parameters Constituent Materials Boundary Conditions Solver Equation & References
Phase Distribution
® by Pore Size (Imbibition)
by Pore Size (Drainage)

from Simulated Wetting Process Browse...

Saturation Steps

5 - | '® Guess All Manual

Saturation (invading phase)
1|0

2|0.25
3|05
4| 0.75

51

Flow Phase

v | Invading Phase
Displaced Phase

2 By R @ - BB oK Cancel

Phase Distribution

The calculation of phase distribution can be based on the pore size alone (by Pore Size
(Imbibition) or by Pore Size (Drainage)), corresponding to a saturation experiment with
Invading Fluid must be connected to a Reservoir unchecked. The same calculation as for the
capillary pressure command is performed, but without a connectivity check. Only the pore sizes
are considered. For by Pore Size (Imbibition) a contact angle of 0° for the invading fluid is
assumed. When choosing by Pore Size (Drainage), the invading fluid contact angle is assumed
to be 180°.
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However, the phase or fluid distribution at different saturation points can be taken from a
previously simulated imbibition or drainage process. Select from Simulated Wetting Process
and click Browse... to choose a result file (GDR file) of a Capillary Pressure Curvel 1
computation on the same structure.

B SatuDict — Relative Permeability

GEODICT

Result File Name (*.adr) |RelPermeability.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equation & References
Phase Distribution

by Pore Size (Imbibition)

by Pore Size (Drainage)

&) from Simulated Wetting Process | CapillaryPressureDrainage. gdr Browse...

Saturation Steps

3 ~| (® Guess All Manual %10®
Saturation (invading phase) —#— Original
1lo 27 —%— Selected
e
2| 0.215865 23
[S L
5 o
3 0.421662 o
4(0.631314
T T T T T
5/0.851258 0.0 0.2 04 0.6 0.8
Saturation (invading
phase)
Flow Phase
v Invading Phase
Displaced Phase
2 e @-B B oK Cancel

Saturation Steps

The permeability is calculated at different saturation steps of the invading fluid. In the
Saturation (invading phase) table the chosen steps are shown or can be edited. There are
three different modes to select the saturations:

' Guess
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5 - | '® Guess

The number of guessed saturation points is specified in the box to the left.

o If the Phase Distribution is set to by Pore Size, the saturation steps are chosen
uniformly between 0 and 1.

e If the Phase Distribution is set to from Simulated Wetting Process, the saturation
steps are chosen from the provided GDR file. An internal selection process tries to
find representative saturation steps based on the saturation and capillary pressure.
The plot to the right shows the original saturation points and the selected saturation
points. With a right-click the plot can be modified with the usual options from the
result viewer (see also the Result Viewer chapter). This way you can control if the
guessed saturation points are indeed representative.

VAl

This option is only available when the Phase Distribution is set to from Simulated
Wetting Process. Then, all saturation steps provided in the GDR file are used.

Important! This can lead to very long computation times, depending on the
number of saturation steps contained in the capillary pressure result file.

“Manual

In manual mode, you can modify the table at will and enter your desired saturation
steps.

Flow Phase

In the Flow Phase panel, choose the phase (Invading Phase and/or Displaced Phase) for
which the Relative Permeability will be calculated.

e If you select Invading Phase, the displaced fluid will be treated as solid and flow only takes
place in the invading fluid.

e If you select Displaced Phase, the invading fluid will be treated as solid and flow only takes
place in the displaced fluid.

You can also select both phases, then, for each saturation step, two flow calculations will be
made: one for each phase as described above.
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Constituent Materials

Under the Constituent Materials tab, the Invading Fluid and Displaced Fluid can be entered.
The tab is similar to the one for Capillary Pressure Curvel+1but some properties cannot be
entered (e.g., surface tension and contact angle).

If the phase distribution under the Wetting Parameters tab is chosen by Pore Size, the
displaced fluid must be present in the structure and can be chosen from the drop-down menu.
If the phase distribution is taken from Simulated Wetting Process, then both fluids are
defined by the capillary pressure curve result file.

E Satullict — Relative Permeability

GeoDicT
Result File Name (*.gdr) |RelPermeability.gdr
Wetting Parameters Constituent Materials Boundary Conditions Solver Equation & References
Invading Fluid
Name Density [/ (ka/m3) = | Dyn. Viscosity / (ka/(m s)) Temp. Range / (°C)
Water__ | | Pressure = 1.01325 bar (1 atm) ~ | 998.206 0.00100161 0.1, 99.9
Displaced Fluid Air d
Temperature -273.15 £ |20 £1000.00 [°C = Open & Edit Material Database
+ || Material Fluid Density / Viscosity | Permeability -
ID Name Density |/ (ka/m3®) = | Dyn. Viscosity / (ka/(m s)} Temp. Range / (°C)
00| © Ar. = Material Law 1 ~ | 1.204 1.834e-05 -10, 427
o1 N Quartz... | [
2 @E E‘l- @ -BR | oK | Cancel

In the Permeability panel define the permeability for porous materials in the structure.

Boundary Conditions

The Boundary Conditions tab is divided into five panels: Computational Directions, Domain
Boundary Conditions in Longitudinal Direction, Experiment Input / Output, Domain
Boundary Conditions in Transverse Direction, and Pore-Solid Boundary Conditions.

Note! The parameters are very similar to the parameters in the FlowDict Stokes(-
Brinkman) command.

To simulate the flow through the domain, GeoDict solves a boundary-value problem. In the
fluid-filled part of the domain, the flow is governed by a differential equation. The boundary
values describe what happens at the boundaries, and are a necessary and important part of the
problem description. Boundaries are the six faces of the cuboid (X-, X+, Y-, Y+, Z-, Z+), and the
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pore-solid walls within the structure.

For the six cuboid faces, FlowDict distinguishes between the domain faces in the
computational direction (also called flow direction or longitudinal direction) and the domain
faces in the two other space directions (called transversal or tangential directions). The
computational direction is the direction in which pressure drop and flow rates are measured.

E] SatuDict — Relative Permeability

GEODICT

Result File Name (*.gdr) |RelPermeability.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equation & References
Computational Directions

X Y vz

Domain Boundary Conditions in Longitudinal Direction

® Periodic

Symmetric (Dirichlet)

| Add Implicit Region / (Voxel): Inflow |10 = | Outflow | 10 -
Experiment Input / Output
® Pressure Drop 0.02 Pa -
Mean Velocity 0.0 my's
Flow Rate 60 [/min on Flow Area |100 cm?

Domain Boundary Conditions in Transverse Directions

® Periodic Symmetric MNo-Slip Expert

Pore—Solid Boundary Conditions
slip Slip Length / (m) 0
® No-Slip v Use Second Order No-Slip

Use Sharp Comer

2 BaE @ - B 0K Cancel

. -

¥ Computational Direction

As Computational Directions, select the directions for which you want to calculate the flow.
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To obtain the full 3x3 permeability matrix and a pressure drop value for each direction in
the results file, select all three directions.

For every selected direction, a boundary value problem is solved in which the Domain
Boundary Conditions in Longitudinal Direction and the corresponding Experiment
Input/Output are applied in the computational direction, and the Domain Boundary
Conditions in Transverse Directions are applied on the other two space directions.

Any directions not selected will not be calculated and will be marked as 'unknown' in the
permeability matrix in the Report tab of the result file.

Cornputational Directions

X Y Wz

“Domain Boundary Conditions in Longitudinal Direction
The Domain Boundary Conditions in Longitudinal Direction can be checked to be
Periodic or Symmetric (Dirichlet).

Use Periodic boundary conditions for periodically generated structure models and for non-
periodic structures with high porosity. The structure is internally repeated periodically at the
domain boundaries in the computational directions.

Use Symmetric boundary conditions for non-periodic structures if the percentage of solid
voxels is high at the inlet. The solver treats the structure as mirrored at the domain
boundaries in the computational directions.

L

Periodic b.c. Symmetric (Dirichlet) b.c.

Computational
Direction

i
h\
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The option to Add an Implicit Region is not available for Symmetric boundary conditions.
The size of the implicit region in the computational directions is given in voxel, where the
default added implicit inflow and outflow are 10 voxels, respectively.

Know how! The term implicit means that the region is only added by the solver
= internally. Thus, these regions do not contribute to the computed permeability and
flow resistivity.

0 Note! A warning may appear when trying to run flow computations without
adding an inflow region when the pore space at the domain boundaries in the
computational directions is less than 50%.

boundary conditions, 'Symmetric' or 'Periodic' boundary conditions with a implicit in- or out-flows
might be more accurate!
Do you want to proceed with 'Periodic’ boundary conditions?

o In computational direction (Z) less than 50% (2.5%) of the pore-space connects for 'Periodic’

(Click in the dialog to stop the countdown.)

The inlet and outlet are essential to avoid the possibility of closing the flow channels when
the structure is periodically repeated. In the example shown below choosing periodic
boundary conditions in the direction of the flow without adding an implicit region results in
the flow channels being artificially closed.
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Computational
Direction

0,
~\

"ﬂ 1S
fa\fa

Added implicit inflow and outflow
region of 10 voxels

;

To open the channels and enable flow, you can either add an inflow and/or outflow region,

or select symmetric boundary conditions. However, when possible, we recommend using
periodic boundary conditions, as these require less computational memory and take less
time to run.

“VExperiment Input / Output

In the Experiment Input / Output panel select which property is prescribed in the
computational direction. This will also define the property that will be computed. You

can prescribe the Pressure Drop and obtain the Mean Velocity as result. Alternatively,

you can prescribe the Mean Velocity or the Flow Rate and obtain the Pressure Drop
as result.

This selection corresponds to the typical experimental setup, where you either apply a

constant pressure drop over the media and measure the through flow rate or you apply

a fixed pump flow rate and measure the resulting pressure drop over the media.

Experiment Input / Output
® Pressure Drop 0.02 Pa -
Mean Velocity 0.1 my/s
Flow Rate 60 [/mmim * | on Flow Area [100 m? -
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The Pressure Drop is the difference between the inflow and outflow pressures.

The Mean Velocity is the average speed of the flow in the positive direction, i.e., from
Z- to Z+ if the Z-direction is the computational direction.

The Flow Rate on Flow Area is a volumetric flow rate. It is the fluid volume which
passes per unit time through a given area.

For each property, the desired unit can be selected from the pull-down menu.

It is possible to use the Mean Velocity or the Flow Rate as input because the Stokes(-
Brinkman) equation is linear. Thus, the solver can prescribe a pressure drop (SP) and
compute a mean velocity (sv). This mean velocity is not the desired mean velocity (ds)
entered in the Experiment Input / Output panel. Therefore, the velocity and pressure
field are rescaled by dv/sv. Then, the pressure drop (4P) is calculated by

dv (24)
dp = sp "

For example, if the desired velocity is twice the mean velocity used by the solver, the
computed pressure drop is doubled to obtain the pressure drop corresponding to the
desired mean velocity.

“Domain Boundary Conditions in Transverse Direction

The Domain Boundary Conditions in Transverse Directions can be Periodic,
Symmetric, No-Slip, or Expert.

Domain Boundary Conditions in Transverse Directions

& Perindic Symmetric No-Slip Expert

With Periodic boundary conditions, the structure is repeated in the transverse

directions.
' Computational

Direction

N

“\J

With Symmetric boundary conditions, the structure is mirrored at the domain
boundary. The LIR and EJ solver solve the symmetric boundary condition by using
Neumann (or zero flux) condition at the domain boundary.
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. Computalional
. Direction
\‘i

With No-Slip (or Encase) boundary conditions, the domain boundary is treated as
closed by solid material. When No-Slip is used, the solver internally adds a one-voxel
layer in the required direction and solves with periodic boundary conditions. This is
effectively equivalent to solving the structure with casing at both sides in the transverse
direction. So, the structure size in the corresponding transverse direction becomes
enlarged by one voxel internally.

' Computational
Direction

With Expert, it is possible to define different boundary conditions for each side in each
computation. The boundary conditions in the two directions transverse to the flow can
also be different by checking Expert boundary conditions. For example, when the fluid
is chosen to flow in the Z-direction, the boundary conditions could be chosen to be
No-slip in X-direction and Symmetric in the Y-direction.
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Computational Directions

X Y viZ

Domain Bounjdary Conditions in Transvdrse Directions

Periqdic Symmetric No-Slip J Expert
ExpertSetélgs ¢
v
Y Periodic X Periodic X | No-Slip -
Periodic
Z Periodic Z Periodic Y |Symmetric ~ EfuluEgle
No-Slip

“Pore-Solid Boundary Conditions

The Slip Length allows to include sliding effects in the flow simulation. Sometimes the
permeability of gases can be somewhat different from the permeability of liquids in
the same media. One difference is attributable to "slippage" of gas at the interface
with the solid when the gas mean free path is comparable to the pore size.

The default setting No-Slip corresponds to a flow velocity of zero along the structure.
Pore-Solid Boundary Conditions
Slip Slip Length / (m] 0
® No-Slip V| Use Second Order No-Slip

Use Sharp Comer

Flud —s
é

—
o

Solid

Two settings are available for the No-Slip boundary condition. Use Second Order No-
Slip is activated by default. This sets the tangential velocity to zero at the center of the
voxel surfaces and uses a second order approximation of the velocity field. The first
order setting, which is used when the box is left unchecked uses a linear approximation
(Harlow-Welch, 1965).

Use Sharp Corner can be used for digital rocks where permeability is usually
overestimated or cases where voxels represent exact geometry. Activating it sets the
tangential velocity to zero at the voxel corners. When the box is unchecked the default
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Round Corner is applied, which should be used for structures with round obstacles like
fibers or grains.

e No-Slip Condition

——————
’— I

- . - . ) o

Visualization of velocity profiles at Visualization of velocity profiles at
round corners sharp corners

Slip with a non-zero Slip Length simulates the sliding of the fluid along the solid,
increasing the fluid mean flux and thus, the permeability of the structure. This option
might be used when it is realistic for a given physical material. Currently, the same slip
length value must be set for all materials in the structure.

In earlier releases, this feature worked correctly for axis aligned walls only, but since
GeoDict 2020 the expression of the slip velocity, which assumes the slip velocity
proportional to the shear stress at the surface, is reformulated for different velocity
components when the angle of fiber surface is known, and reimplemented in the flow
solver. Thus, direct simulation of the slip flow is possible.

Pore—Solid Boundary Conditions

e Slip Slip Length / (m) 0.001
No-Slip ¥ Use Second Order No-Slip
Use Sharp Comner

. >
Flud ———
—
—
—
Solid
R.-8=0onT .(25) No.ﬂow
into solid
2.2 - = = 7 (26) Sllp flow
t-u An V(u t) onTl along solid

Here, i is the fluid flow velocity as it was introduced in Darcy's law and the Stokes
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equation, 11 is the normal direction to the solid surface, T is the fiber surface, 1 is the
Slip Length and t is any tangential direction with t - i = 0. For the same pressure drop,
the computed velocities for slip boundary conditions are higher than for no-slip
boundary conditions. Conversely, for a given velocity or equivalently, a given mass flux,
the pressure drop is lower when computed with slip boundary conditions.

For a straight channel structure, the two slip flow equations above become:

ou (27) Slip flow
u=A— in straight
ay channels

In this following example figure, the gray solid serves as a wall for a straight channel.
To obtain the flow velocity along the solid (Ylip) a coordinate system is defined by the

solid orientation.

[
u(y) |
1
—;?f" p
x uslip f
Y 4
Y
/
du
A. / / uslip = A'_
ay y=0

For a Slip Length of zero (1 = 0), the graph that describes the flow velocity in
dependence of the distance to the solid surface, would start at the surface of the solid.
However, for a positive Slip Length (1 > 0) it is shifted into the solid by 4 . Thus, the

flow velocity "stip is defined.

Solver

For Relative Permeability, the three flow solvers EJ, SimpleFFT, and LIR are available and can
be chosen from the pull-down menu. For structures with low porosity, the SimpleFFT or LIR
flow solver should be used for best performance, i.e., low runtimes.
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m SatuDict — Relative Permeability

GEODICT

Result File Marme (*.adr) RelPermeability.adr
Wetting Parameters Constituent Materials Boundary Conditions Sohver Equation & References
LIR =
S| SimpleFFT LIR
¥ | Error Bound - 0.01

| Stop Relative to Fully Saturated Permeability

Maximal Iterations 100000
Maximal Run Time [ (h} 240

Parallelization 8 Threads (Automatic) Edit...
Discard PDE Solver Files

¥ Advanced Options

&@E@:@ﬂpﬂ L Cancel

Parameters for all solvers

Stopping Criteria
The equations are solved by an iterative approach.

Iterative Solver

The basic idea of an iterative method is to

1. Start with some initial guess for the unknown values

2. Improve the current values in each iterative step

3. Repeat the iterative process until one of the stopping criteria is reached.
The iterative process is controlled by setting the values and activation for Error Bound,

Tolerance, Residual, Stop Relative to Fully Saturated Permeability, Maximal Iterations, and

Maximal Run Time (h). The stopping criteria apply for each computational direction
individually.

If multiple stopping criteria are selected, the first criterion that is reached causes the solver to
stop.
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The stopping criterion that has been reached can be viewed in the Result Viewer of the
GeoDict result file (*.gdr) under the Results Report tab.

The available stopping criteria apply to each single permeability calculation run, not to the
whole relative permeability prediction run. For each calculation, a different stopping criterion
may occur and cause the solver to stop. Thus, for Relative Permeability, the reached stopping
criterion is not printed in the result file.

“Error Bound (LIR and SimpleFFT)

The stopping criterion Error Bound uses the result of previous iterations, and predicts the
final solution based on linear and quadratic extrapolation. The solver stops if the relative
difference between computed and predicted solution is smaller than the specified error
bound. The stopping criterion recognizes oscillations in the convergence behavior and
prevents premature stopping at local minima or maxima. A damped convergence curve is
fit through the oscillating curve and the solver stops then regarding the damped
convergence curve.

A A
Remaining Iterations
* > Prediction
Solver still running! Solver stops now! \
Z z
= \ Error Bound Zone _,f————”‘J# =
o o
L] T
] (7]
E / £ N
™ =
[T} [
o [-%
Prediction
Previous Iterations
; A (Values are inside the error bound})
Previous Iterations
(Values are outside the error bound)
» N
»~ »
Iterations Iterations

If the Krylov method (under LIR - Advanced Options) is activated, the definition of Error
Bound is somewhat different. Here, no prediction is made, instead the continuity between
neighboring cells and the conservation of mass is checked. The maximal value is normalized
by the mean flow and if this value is smaller than the Error Bound the simulation stops.

“Tolerance

The Tolerance stopping criterion looks for stagnation of the method when the process
becomes stationary, i.e., the improvement in the permeability value becomes extremely
small from iteration to iteration.

In each iteration, the solver checks for the current computed value Xc against the values *c-i
of the last 100 iterations if there are any changes.

X-—X. (28)
max ——<¢=t < tolerance

i€[1,100] x,_;

The computation is stopped if the maximal relative change is smaller than the value entered
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for Tolerance. When there is doubt about the quality of the solution, decrease the
Tolerance value by a factor of ten. The drawback of this criterion is that the solver
sometimes might stop too early in case of slow convergence rate or at local extrema of
oscillatory convergence curves.

“Residual (EJ and SimpleFFT)

When the Residual stopping criterion is used, the iteration is stopped if the solution satisfies
the equation up to the required accuracy.

By setting the stopping criterion to Residual, the computations terminate as soon as the
relative norm drops below the selected residual threshold. The relative norm of the Schur
Complement residual is computed and displayed in the console window during the
calculations. The console is visible by clicking the double arrow button on the lower right
corner in the progress dialog.

ﬂ Structure.gdt (StokesResult}—GeoDict 2026—Standard Edition -

Explicitlump stationary Stokes equation solver S5 L-lisn :2L o ores. - -
es. 6.7 0 d res.
es. 6.37=-02 d res. 1.
MAT H www.math2market.com es. 6.292-02 d res. 1.
© 2013-2025 Math2Market GmbH. s - . - .
2 MARKET Al rights reserved. es. 6.32e-0z e res.
es. 6.7le-02 d 5. 1.80
FlowDict:SolveStokes (StokesResult-E).gdr)  Elapsed Time: 00:01:35 — Remaining Time: 00:00:32 es. 6.8%%e-02 d s. 1.6
9.42=-02 d 2.
0% 9.322-02 d 2.
Calculating Flow Remaining Time: 00:00:32 1.87=+00 d 5.
1.24e-01 d 3
3.78e-02 d 1.
3.34e-02 d 9
= . 3.20e-02 d s. 9.0
=~ 103 3.12e-02 d 8
3 3.11e-02 4 8
E 2.66 2 d 7.
w4 2.6 2 d T
2.7 2 d 7.
T i 1 T T T T T T 2 2 d 7.
5 10 15 20 25 30 k-] 40 45 9 1 A [
Iterations < - d 5
3 2 d 8.
..Is.py local stokes_fi_parallel SolverParameters_z.pde 8 1 machines.txt Remaining Time: 00:00:32 . _3 . :f a : )
- 1 )2 a =
- 1. 02 d 5.
. 1.8 02 d 5.
X Cancel B stop & Release Floaters &« ] >

|8

The recommendation to choose Tolerance or Residual for the EJ solver is based on the
structure’s porosity. Both give similar results for highly porous structures. For dense
structures, if using the Schur Complement Residual, the relative norm of the residual may be
small even though the correct permeability has not been reached. So, when in doubt, use
the Tolerance criteria — the default option.

VStop Relative to Fully Saturated Permeability

The option to Stop Relative to Fully Saturated Permeability is only available in the
Relative Permeability[e] command of SatuDict and relaxes the chosen stopping
criterion for the computation of each partially saturated state.
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First, the absolute permeability for the structure is computed, this yields the highest
permeability value. For states with two fluids inside, the permeability of the selected
flow phasele’1 will be smaller than the absolute permeability.

For the computation not the entered stopping criterion will be used, but it will be
adapted to the absolute permeability. It is important to know how the stopping criteria
work to understand how this option works.

E.g. if Error Bound is chosen as stopping criterion, the solver estimates the final
solution and checks if the current solution is inside the error bound zone. An Error
Bound of 0.01 means that the difference between current solution and predicted
solution relative to the predicted solution must be smaller than 1% for the solver to
stop. With Stop Relative to Fully Saturated Permeability activated the error bound will
not be 1% of the predicted relative permeability in each run, but the error bound is a
bit higher. For the exact value of the error bound, the absolute value of 1% of the
absolute permeability is taken into account.

(29) adapted

e |vi — p| error bound
Isisk mpxr stopping
criterion
(30) adapted
max |Vi - v| tolerance
1<i<k \/vTr stopping
criterion
p current predicted permeability
v current computed permeability
(V) -0 U} last computed permeabilities
r

reference value (absolute
permeability)

The effect becomes most visible for low saturations. Here, the permeability is near zero
and the computation is much more expensive. With this option activated, the
computation is stopped earlier, because the stopping criterion is more relaxed and
thus earlier fulfilled.

“Maximal Iterations & Maximal Run Time

Use the Maximum lterations value or the Maximum Run Time (h) stopping criteria
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causes the solver to stop if the maximal number of iterations and/or the maximal
runtime (in hours) is exceeded.

When the solver stops because one of these criteria has been reached, no guarantee on
the quality of solution can be given. In this case, a warning is printed into the report.
The following possibilities might help:

= Check the corresponding .log file to see how large the residual values and the
permeability values are. If the permeability values are in reasonable range and they
do not have changed during the last iterations, you may decide to use the current
result.

= Double-check the structure and parameter values. Unphysical parameters or too
rough resolution of the structure (leading, e.g., to artificial unconnected components)
can cause an iterative solver to fail.

Parallelization
Control how many threads are used for the computation. Parallelization is possible if your
license and hardware allow it.

The Parallelization Options dialog opens when clicking the Edit button and you can choose
between Sequential, Parallel (Shared Memory), Automatic Maximum of Threads, or
Cluster (only available if EJ, SimpleFFT, or FeelMath were selected as solver).

Parallelization 12 Threads (Automatic Maximum) Edit...

The parallelization of the solvers is done with two technical methods: MPI Parallelization or
Thread parallelization. The following table shows the support of both parallelization

methods:
e [ e
MPI Parallel Thread Parallel
EJ v X
SimpleFFT v X
LIR X v
FeelMath v v
BEST X v
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Depending on the used parallelization method, the Number of Processes (MPI parallel) or the
Number of Threads (thread parallel) can be entered.

VSequential

Selecting Sequential will not apply parallelization and only one thread is used for the
computation.

E] Parallelization Options

GeoDicT

® Sequentizl
Parallel (Shared Memory)
Automatic Maximum of Threads

Cluster

| oK Cancel

“Parallel (Shared Memory)

When Parallel (Shared Memory) is selected, the Number of Processes or Number of
Threads can be entered. Below, the Number of CPU Cores that the current machine
has, the maximum number of Licensed Threads and the number of those licensed
threads that are available (Available Threads) are shown in the dialog. Of course, the
maximal number of parallel processes you can use, is the smallest of those three
numbers.

E] Parallelization Options

GEODICT
Sequential MPI Parallel
®) Parallel (Shared Memory) Mumber of Processes | g =

Automatic Maximum of Threads
Number of CPU Cores 12

Cluster Licensed Threads 32

Available Threads 32

| oK Cancel

% Automatic Maximum of Threads

SatuDict 83




SatuDict: Relative Permeability

If Automatic Maximum of Threads is selected, the number of parallel processes is
automatically selected for optimal speed, based on the CPU cores and licensed parallel
processes.

E] Parallelization Options

GEODICT
() Sequential Automatic Local Maximum
() Parallel (Shared Memory) Automatic Number of Processes 12
(#) Automatic Maximum of Threads  Number of CPU Cores 12
) Cluster Licensed Threads 32
Available Threads 32
| oK | Cancel

The Automatic Local Maximum of processes is automatically selected, which is the
minimum of Number of CPU Cores, Licensed Threads, and Available Threads.

M (Cluster

The Cluster parallelization requires that the solver supports the MPI Parallelization
method. Moreover, the choice of Cluster is for users of Linux systems only.

E] Parallelization Options

GEODICT
) Sequential Cluster Computation
I Parallel (Shared Memory) MNumber of Nodes p) =

[ Automatic Maximum of Threads Number of Processes per Node | 4

L

(@ Cluster
Licensed Threads 32
Available Threads 32
| 0K | Cancel

For details on how to set up and run parallel computations, consult the High
Performance Computing chapter.

Discard PDE Solver Files
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Checking Discard PDE Solver Files causes the deletion of all intermediate computation files,
such as log files and flow field files.

V| Discard PDE Solver Files

Only the content of the final GeoDict result file (*.gdr) is stored.

While having the benefit of saving hard disk storage place, discarding intermediate solver files
has also the effect of disabling the 3D visualization of the results.

SimpleFFT specific parameters (Advanced Options)

= Advanced Options

Thomas Algorithm Automatic v
Velodty relaxation Stable === | Fgst 1
Pressure relaxation Stable = | Fpct 1

“Thomas Algorithm

The tridiagonal matrix algorithm (Tdma), also known as the Thomas Algorithm, may
help to improve the convergence for high porosity structure, especially for Navier-
Stokes. The algorithm transforms the 3D flow problem to 2D. Thus, it leads to a shorter
runtime and increases the convergence speed.

Three options can be chosen from the pull-down menu: Automatic, NotUse Tdma or

Use Tdma.
Thomas Algorithm Automatic -
NotUseTdma
UseTdma

If Automatic is selected, the SimpleFFT solver decides if Tdma will be used, regarding
the porosity of the structure. Thus, Tdma is used if the porosity is high. For most cases it
is recommended to choose Automatic.

If a message dialog appears, displaying that NaN is detected in iterations, NotUse
Tdma should be tried.

If the structures porosity is very high, it might decrease the runtime a little bit to
explicitly choose Use Tdma. But for most cases Automatic will work well.

For more information about the Thomas algorithm see here.

“Velocity and Pressure Relaxation

Depending on the material parameters and geometrical structure of the structure, the
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underlying mathematical problem can vary in complexity, thus influencing the behavior
of the solver. This is directly related to the Reynolds number, an indication of the
complexity of the flow solver computations. The higher the Reynolds number, the more
Stable the flow solver settings should be, resulting in higher number of iterations,
slower time stepping, and longer flow solver run times. However, making the solver run
less iterations and, thus, faster (Fast), implies the risk that the solver does not

converge.

For the SimpleFFT solver, the management of this balance is done through the Velocity
relaxation: Stable <> Fast and Pressure relaxation: Stable < Fast slide bars.

Setting the balance of Stable versus Fast is a trial-and-error process. Although there is
no general rule to optimize it, the log files and the visualization of the structure might
help finding the balance. Non-sense structure visualization results indicate that a more
stable, slower solver is needed.

Velocity relaxation Stable Fast 1 ]

Pressure relaxation Stable Fast 1

LIR specific parameters (Advanced Options)

= Advanced Options
v | Write Compressed Volume Fields

COptimization Options

v | Use Multigrid Method

Use Krylov Subspace Method | Automatic v

Relzxation 1

Optimize for Speed v
Grid Options

Grid Type LIR-Tres v

v | Grid Refinement Method | A Posteriori Error Bound -

Threshold 0.03

Number of Grid Refinements |10
Allow Sub-Voxel Resolution

Allow Grid Re-Coarsening

“Write Compressed Volume Fields
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The LIR solver uses a very memory efficient adaptive grid structure for the simulations.

If the option Write Compressed Volume Fields is checked, then the adaptive grid is
used as compression method for writing out *.vap files. This option allows to save 80-
90% space on hard drive. The runtime for writing *.vap files is also reduced
significantly. But the runtime for loading and uncompressing of compressed *.vap is
increased by the amount of runtime that was saved for writing out compressed *.vap
files.

v Write Compressed Volume Fields

If the option Write Compressed Volume Fields is not checked, then a usual regular
grid is used for writing out *.vap files.

“Use Multigrid Method

The Multigrid Method (see, e.g., Wesseling, 2004) was introduced to speed-up the
computation and reduce the runtime significantly. The main idea of Multigrid is the
usage of multiple coarser adaptive grids to speed up convergence behavior but
requires only little more memory.

v Use Multigrid Method

The method is available to solve the Stokes and Stokes—Brinkman equations as well as
for solving mechanics, diffusion, thermal, and electrical conduction and is enabled by
default.

WUse Krylov Subspace Method

Another speed-up option to accelerate the convergence behavior of the LIR solver is
called Krylov Subspace Method.

The runtime of the LIR solver depends on many different properties of the structure and
the simulation parameters. The BiCGStab algorithm is used, which can reduce the
runtime for challenging simulation very drastically.

Note! Using the BiCGStab method approximately doubles the amount of
RAM needed for the computation.

Unfortunately, the Krylov method is not always faster than a simulation without the
Krylov method and therefore we introduced an Automatic mode which uses some
heuristics to choose the most efficient method based on structure, material parameters,
and boundary conditions automatically. Of course, it is possible to explicitly enable
(Enabled) or disable (Disabled) the method.
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Use Krylov Subspace Method | Automatic -
Enabled
Disabled

Note! In case that the Krylov subspace method (BICGStab) is used, the
Relaxation may also be adapted automatically.

“Relaxation

Depending on the material parameters and geometry of the structure, the underlying
mathematical problem can vary in complexity, thus influencing the behavior of the
solver. The more complex the problem is, the more stable the solver settings should be.

Relaxation 1

With the Relaxation number, the solver is adjusted from Stable (which results in higher
number of iterations, slower time stepping, and longer solver run times), to Fast, which
makes the solver run less iterations but implies the risk that the solver does not
converge. The Relaxation is a parameter of the SOR method and must be between 0
and 2 to ensure convergence. For relaxation values smaller than one (<1.0), the
simulation is more stable. For relaxation values larger than one (>1.0), the simulation
converges faster.

W Optimize For
The LIR solver can Optimize for Speed or Memory.
Optimize for Speed -
Memo
o If Speed is chosen, the solver constructs additional optimization structures. The

runtime is decreased by up to 30% but requires up to 50% more memory compared
to the other option.

¢ If Memory is chosen, the runtime is increased by up to 40% but the solver requires up
to 50% less memory.

VGrid Type

The Grid Type decides what kind of tree structure is used for the simulation.
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Grid Type LIR-Tree -
LIR-Tree
Regular Grid
The default option is LIR-Tree and should always be used. The solver uses an adaptive

grid structure called LIR-tree and needs up to 10 times less runtime and memory
compared to the Regular Grid option.

The solver can analyze the result field during the computation and improves the
adaptive grid in places where more accuracy is needed. The LIR solver splits cells where
a high gradient occurs.

“Grid Refinement Method

The solver can analyze the computed field and refines the adaptive grid during the
computation at locations where more accuracy is needed. The LIR solver splits cells
where a high gradients occur when the Grid Refinement Method is enabled. In this
case, the additional parameters Number of Grid Refinements, Allow Sub-Voxel
Resolution, and Allow Grid Re-Coarsening become available.

Select one of the three available refinement methods from the drop-down menu.

When A Posteriori Error Bound is selected, the solver targets the specified accuracy
Threshold. While the Error Bound (set as Simulation Stopping Criterion) determines
the relative error in the solution of the linear system, A Posteriori Error Bound refers
to the relative error estimated by comparing high-order and low-order discrete
solutions. The accuracy Threshold refers to the relative error to the analytical solution
and the value must be between 0.0 and 1.0.

V| Grid Refinement Method | A Posteriori Error Bound -

Threshald 0.05

Choosing Difference (Automatic) leads to computational cells being split when the
difference in values between neighboring cells exceeds a certain Threshold. The solver
automatically chooses all internal parameters based on the structure and simulation
settings. For this option, cells are split where the current gradient is greater than the
Threshold multiplied by the maximum gradient, where the threshold is determined
automatically.

| Grid Refinement Method | Difference (Automatic) -
Threshold 0.1
Selecting Difference (Manual) also causes the computational cells to be split when
the difference in values between neighboring cells exceeds the specified Threshold.

You can specify all parameters (Threshold and Number of Grid Refinements) for the
grid refinement manually. For this option, cells are split where the current gradient is
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greater than the Threshold multiplied by the maximum gradient. The Threshold value
must be between 0.0 and 1.0. The recommended value range is between 0.05 and 0.1.

v | Grid Refinement Method | Difference (Manual) -

Threshold 0.1

“Number Of Grid Refinements

The Number of Grid Refinements controls the maximum number of grid refinements
that the solver can perform during the simulation. The value should be set between 0
and 10, where a value of 0 means that no grid refinements will be made. Grid
refinements may increase the number of iterations, runtime, and memory requirements.

Number of Grid Refinements |10

“Allow Sub-Voxel Resolution

When Allow Sub-Voxel Resolution is enabled, the solver is allowed to split
computational cells to sizes smaller than the voxel length.

v Allow Sub-Voxel Resolution

This feature is beneficial for low-porosity structures for which the pore throats require
finer resolution or for modeling fast Navier-Stokes flows with strong vortices.

Enabling this feature may increase the number of iterations, runtime, and memory
requirements.

“Allow Grid Re-Coarsening

Check Allow Grid Re-Coarsening to allow the solver to automatically revert the grid
refinement and coarsen the computational cells.

| Allow Grid Re-Coarsening

This means, grid refinement is done temporarily. Afterwards, the cells are merged as
soon as accuracy is not needed anymore. This reduces the memory and runtime
requirements.

1.4.2 Results

The result file (*.gdr) is opened in the Result Viewer after the computation is finished. Only the
tabs listed below are described in detail, for the other tabs look into the Result Viewer chapter.
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Material Information:
w ID 00: Air [invis.]
n ID 01: Quartz

In the following, the results of the relative permeability calculated on a partially saturated
porous material with 17% porosity (83% SVF) are shown. Both the Invading Phase and the
Displaced Phase were selected as the flow phase (Wetting Parameters tab), and relative
permeability was calculated in Y- and Z-direction (Boundary Conditions tab). Computations
were run using the LIR solver.

Relative Permeability Results

e Results Tab[ o]
Learn about the resulting reports and plots.

e Data Visualization Tab[er ]
Load results for a graphical visualization.

Results Tab

Report tab

Under the Results-Report sub-tab, the Relative Permeability (dimensionless relative
permeability) and Effective Permeability (saturation-dependent permeability) tables are
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shown for the chosen saturation rates| e | (here, 0, 0.25, 0.50, 0.75, and 1), which are
approximated as best as possible (here, 0, 0.250136, 0.489804, 0.753896, and 1).

m Result Viewer
Wed Nov 26 2025 (2026 Build 92101) .../SatuDict2026/RelPermeability_Inv+Displ_YZ_LIR.qdr
Domain Size: 100 x 100 x 100  Voxel Length: 3 pm | Load Structure ®

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots. Map

Absolute Permeability
Absolute Permeability; | Absolute Permeability, | Absolute Permeability,

unknown B8.15096e-14 3.50223e-13

Relative Permeability (Invading fluid (Water))

Saturation (Invading fluid (Water)) | Relative Permeability; | Relative Permeability; | Relative Permeabilitys
il unknown i] i]

0.250136 unknown ] ]

0.489804 unknown 0.223343 0.0402024

0.753896 unknown 0.652859 0.301242

1 unknown 1 1

Relative Permeability (Displaced fluid (Air))

Saturation (Displaced fluid (Air)) | Relative Permeability, | Relative Permeability; | Relative Permeabilitys
1 unknown 1 1

0.749864 unknown 0 0.132036

0.510196 unknaown 0 0

0.246104 unknown 0 0

il unknown i] i]

Effective Permeability (Invading fluid (Water))

Saturation (Invading | Kys Kiz Kis Kz Kza Kzs Ka: Kaz Kas

fluid (Water))

0 unknown | 0 0 unknown | 0 0 unknown | 0 0

0.250136 unknown | 0 0 unknown | 0 0 unknown | 0 il

0.489804 unknown | 7.13502e-16 | 5.00565e-16 | unknown | 1.82048e-14 | -2.38766e-16 | unknown | -1.75983e-15 | 1.40798e-14
0.753896 unknown | 1.59456e-16 |-1.0128%9e-14 | unknown | 5.32143e-14 | -4.01629e-15 | unknown | -5.00557e-15 | 1.05502e-13
1 unknown | -4.81615e-15 | 3.44493e-14 | unknown | 8.15096e-14 | -1.05432Ze-14 | unknown | -1.43421e-14 | 3.50223e-13

Remark: Permeability values are given in m~2

Fffective Permeahilitv (Disnlaced fluid Air) s

@ Help Manage Data v Load Input Parameters Export - Close

14 i

“Absolute Permeability

The Absolute Permeability of the structure is shown at the top. This value is the same as the
effective permeability for the fully saturated structure.

“Relative Permeability




For each selected Flow Phase[e'l the saturation-dependent relative permeability of the
fluid is shown in the tables, where each row stands for one saturation level. The relative
permeability values of each direction are given in the corresponding column (1
corresponds to the X-direction, 2 to Y-direction, and 3 to Z-direction). For directions

which were not selected as Computational Direction[es the permeability value is
unknown.

Know how! In the example above, the relative permeability at 0% and 25%

= invading fluid saturation is zero in Z-direction, indicating that before the
structure is 49% saturated with the invading fluid, there is no flow path for the
invading fluid.

VEffective Permeability

For each selected Flow Phase[e the saturation-dependent effective permeability of the
fluid is shown in the tables, where each row stands for one saturation level. The values
of the whole permeability tensor at each saturation step are given in the columns.

In the example above, the entries K13, K33, K33 for the computation in Z-direction and
K1z, Kzz, K3 for the computation in Y-direction are given, the other values are unknown
as the computations were not carried out.

If Show LET Model or Show Corey Model was checked under Fit Optionsles 1in the Post-
Processing Widget, the corresponding tables are shown in the Report tab. There are individual
tables for invading and displaced fluid.

VLET Model

For the LET Model, the parameters L, E, and T for each Computational Directionles1are
given.

LET Model (Invading fluid (Water))
Ly Ls Ls

unknown | 4409637451 5.077262878

E; E- E:

&£

unknown | 0.152053833 0.7291030884

Ty Tz T3

unknown | 7.629394531e-06 | 0.197593589

k(S) = Kemee (S-/ (S - E (1 - 5)7)) (LET model)
L: describes the lower part of the curve

E: describes the position of the slope

T: describes the upper part of the curve
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“Corey Model

For the Corey Model the Corey exponent for each Computational Directionles 1is
shown.

Corey Model (Invading fluid (Water))
Exponent; | Exponent; Exponents

unknown | 2.100219727 | 4.502738953

k[Sj = I(-"rz:ﬂ: {(S - 5'ri|'|:| J'r {Srnz:i: - Smm::]}r {CGFE'}." mio I:lEl:l
S: Saturation
n: Corey exponent

Plots tab

In the Results-Plots subtab, the values of the Relative Permeability or Effective Permeability
table are shown in a graph. Also, the Layered Pressure in the computed directions is given.

Permeability Plot
The values of the permeability in all selected Computational Directionslesl and for the selected
Flow Phases[e] at the different saturation levels are shown in a graph.

On the left, the Post-Processing Widget allows you to fine-tune the Permeability plot.
Collapse the Post-Processing Widget by pulling it to the left.
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B Result Viewer

Tue Dec 2 2025 (2026 Build 92634) .../SatuDict2026/RelPermeability_Inv+Displ_YZ_LIR.gdr
Domain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]
Input Map Log Map Post Map Results Data Visualization Metadata
Graph Options Report | Plots | Map
Graph Type Permeability over Saturation ~ Permeability | Layered Pressure

Phase Selection | Invading Fluid - Permeability -direction

Permeability Unit | Effective [ (m~2) - o
x
) ] n = - 8 - .
Saturation Unit | Relative : Invading fluid (Water)
o — B —#— Displaced fluid (Air)
Fit Options = =
Show LET Model il 5
g 21
Show Corey Model @
ev = 0 T = T T T
Aopl ] 0.0 0.2 0.4 0.6 0.8 1.0
Y E Saturation (Water) / (1)

v Back-up result fila

Permeahility Z-direction

*10
E 3 —#— Invading fluid (Water)
o - —— Displaced fluid (Air)
= i
§s°
=]
mao 14
E
gj 01 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Saturation (Water) / (1)
Plot Options -
@ Help Manage Data - Load Input Parameters Export - Close
W Graph Options

On the left side in the expandable Graph Options, you can modify the way the
permeability graph is displayed by selecting

e the Graph Type (Permeability over Saturation or Saturation over Permeability),
e the Phase Selection (Invading Fluid or Displaced Fluid),

e the Permeability Unit (Effective permeability in m? or Relative permeability between
0and 1),

e and the Saturation Unit (Relative or Absolute).

Click Apply to change the graph shown according to the options selected.

VFit Options

Check Show LET Model to additionally show an LET fit[+21in the permeability plot.
After clicking Apply, the parameters are computed and displayed in the Report tab.
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Permeability Z-direction

®10

35 R, —»— Invading fluid (Water)
o 304 Y ---- Invading fluid {Water) (LET model)
E N —»— Displaced fluid (Air) K
:“5:“ 2.5 % ---- Displaced fluid (Air) (LET model) /’
% 2.0
:

1.5
i
E 1.0
i
T 05-

0.0

T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Saturation (Water) / (1)

Check Show Corey Model to to additionally show a Corey fit[1in the permeability
plot. The Corey exponent is computed and can be found in the Report tab.

Permeability Z-direction

*10

354 —»— Invading fluid (Water)
o 304 - Invading fluid (Water) (Corey model)
E —%— Displaced fluid (Air)
:“5:“ 2.5 -~------ Displaced fluid (Air) (Corey model)
% 2.0
:

1.5 1
i
.E 1.0
i
T 05-

0.0

T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Saturation (Water) / (1)

Layered Pressure
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In the Layered Pressure tab for each computational direction the pressure in each layer is
shown in a graph. The settings made under the Graph Options do not apply for these plots,
but the axis settings and graph styles can be changed under Plot Options.

Permeability Layered Pressure

Layered Pressure Z-direction

0.0200
00175
£ 0.0150 -
@ 00125
=
[75]
@ 0.0100 A
o
E 0.0075
@
0.0050
E‘ —— Saturation (Invading fluid {(Water)) 1
0.0025 4 —— Saturation (Invading fluid {\Water)) 0.754
—— Saturation (Invading fluid (Water)) 0.49
0.0000
T T T T T T T
0 50 100 150 200 250 300
Z-layers [ (um)

Data Visualization Tab

Under the Data Visualization tab, the .gdt and .vap files, corresponding to the saturation levels
computed, can be opened, as explained in the FlowDict chapter. No files are available if
Discard PDE Solver Files[s was checked in the Solver settings tab.

E Result Viewer

Wed Mov 26 2025 (2026 Build 92101) o/ SEUDICE2026/RelPermeability_Inv_LIR.gdr
Domain Size: 100 x 100 x 100  Voxel Length: 3 pm | Load Struchure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Structure_Invading_s0.489804 7 - Load .gdt and .vap

Structure
Structure_Invading_s0.489804 z

Structure_Invading_s0.753896_z
Structure_Invading_s1_z
Structure_z

® Help Manage Data = |  Load Input Parameters Export - Close
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For each selected Flow Phase[1and Computational Directionle | the solution files for the
saturation steps with non-zero permeability are saved and can be loaded by clicking on the
Load .gdt and .vap button.

In the structure file (.gdt) you can observe the fluid distribution, while the .vap file contains the
velocity and pressure values at each voxel.

Select Structure to load the original structure which is saturated with the displaced fluid. No
additional .vap file will be loaded.

Select Structure_z (z can be replaced by x ory, depending on the chosen computational
directions) to view the results of the absolute permeability computation.

Shown below is the .gdt file for a 49% invading fluid saturation level. The solid phase (Quartz)
is shown together with the Displaced fluid (Air) and the Invading Fluid (Water). The upper part
of the image shows the velocity field of the Water with transparent effect on the clipped
structure model.

Material Information:

w ID 00: Air [Displaced]
n ID 01: Quartz
& ID 02: Water [Invading]

Velocity / (m/s)

54.20-10-°
50.00-10—2° :I

45.00-10—2

40.00-10° —
35.00-10° —
30.00-10-9
25.00-10-9
20.00-10-9
15.00-10° —
10.00-10—2
5.00-10-2

0.00

Plot Range:

max 54.20-10-9
min 0.00

Data Range:

max 1.32-10°%
min 0.00

More information about the visualization parameters is available in the Visualization chapter.
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1.5 Relative Gas Diffusivity

Calculate Saturation-dependent (Relative) Gas Diffusivity for different fluid saturations. The
pore morphology method| s can be used to determine the distribution of the phases (then it
is assumed to be stationary) or saturation results of a previously simulated wetting process can
be used.

SatuDict calculates the saturation-dependent diffusivity as in DiffuDict. It is assumed that there
is no diffusion from the gas phase into the liquid phase and no transport of the gas within the
liquid phase (no-flux boundary conditions). It is also assumed that Knudsen diffusion can be
neglected. The saturation-dependent gas diffusion can be calculated for successive saturations
based on the gas/liquid phase distributions from the simulated drainage.

Important! This feature requires a special license. Please contact our support at
support@math2market.de for more information. Without a special license, this option
is not accessible.

The Relative Gas Diffusivity command

. Options@
Set the parameters for the calculation.

e Results[ ]
View the computed results.

1.5.1 Options

The Relative Gas Diffusivity dialog opens when clicking the Edit... button and includes the
Wetting Parameters tab, the Constituent Materials tab, the Boundary Conditions tab, the
Solver tab, and the Equations & References tab, which cites several references| sl

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File = Choose Project Folder in the menu bar).

The Equations & References tab shows the formulas that are used for the solver which are
described in the DiffuDict chapter:

e Laplace equation,

e Fick's first law,

e Tortuosity Definition.

No parameters can be edited on this tab.

Tabs of the Relative Gas Diffusivity dialog

o Wetting Parameters| ol
Select how the fluid distribution is determined and choose the saturation steps for the

diffusivity calculations.

e Constituent Materials[o1)
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Tabs of the Relative Gas Diffusivity dialog

Select the materials in the structure and their properties, including the selection of invading
and displaced fluid.

e Boundary Conditions/ |
Set the boundary conditions for the diffusivity calculations.

e Solver[ )
Select a diffusivity solver and its settings.

Wetting Parameters

The wetting parameters for the calculation of the Relative Diffusivity are the same as seen for
the Relative Permeability[e']

The diffusivity can only be calculated for one of the phases (set under Flow Phase).
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[ satubict — Relative Gas Diffusivity

GEODICT
Result File Name (*.gdr) |RelDiffusivity.gdr
Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References
Phase Distribution
® by Pore Size (Imbibition)
by Pore Size (Drainage)

from Simulated Wetting Process Browse...

Saturation Steps

5 - | (® Guess All Manual

Saturation (invading phase)
1|0

2(0.25
305
4|0.75

51

Flow Phase

# Invading Phase

Displaced Phase

2 [, @ BB oK Cancel

Constituent Materials

In the Constituent Materials tab, the Invading Fluid and the Displaced Fluid can be entered.

If the phase distribution under the Wetting Parameters tab is chosen by Pore Size, the
displaced fluid must be present in the structure and can be chosen from the drop-down menu.
If the phase distribution is taken from Simulated Wetting Process, then both fluids are
defined by the capillary pressure curve result file.

No more settings need to be done as the diffusivity is always set to 1.
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[] satuDict — Relative Gas Diffusivity

GEoDiIcT

Result File Name (*.adr) |RelDiffusivity.gdr |

Wetting Parameters | Constituent Materials | Boundary Conditions Solver Equations & References

Invading Fluid IS Water |
Displaced Fluid | Air - |

(The chosen fluid only defines the pores for the simulation.)

|E Material |

ID Name

o0 © amir. | [B]
o1 N Quartz... | (B2

2 Bhl @ B ok || cancel |

L% A

Boundary Conditions

The Boundary Conditions tab has two panels, Computational Directions and Boundary
Conditions in Diffusion Flux Direction. They are the same as in Simulate Diffusion in
DiffuDict.

[5] satuDict — Relative Gas Diffusivity

GeoDicT

Result File Name (*.gdr) |RelDiffusivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References

Computational Directions

X Y vz

Boundary Conditions in Diffusion Flux Direction

() Periodic (@) Symmetric (Dirichlet)

2 B @ B ok || cancel |

L% A

For the Computation Directions, choose the directions for which the diffusivity should be
calculated. To obtain the whole 3x3 diffusivity matrix in the result file, it is necessary to choose



all three directions. The directions that are not checked will not be calculated and will appear
as unknown in the diffusivity matrix in the result file.

When computing the relative gas diffusivity, Boundary Conditions in Diffusion Flux
Direction must be entered for the computations of the diffusion solver.

If Periodic is selected, the solution is computed assuming that the structure is periodically
repeated in the diffusion direction(s).

If Symmetric (Dirichlet) is selected, a constant concentration is ensured along both border
planes in the diffusion direction.

For highly porous structures, the difference between these two settings is not significant and
but it gets significant for low porous structures (e.g., digital rocks). In general, we suggest using
symmetric boundary conditions.

Solver

For Relative Gas Diffusivity, the two solvers EJ and LIR are available and can be chosen from
the pull-down menu. The solver settings are similar to those available in the DiffuDict module.

E] SatuDict — Relative Diffusion

GEoODIcCT
Result File Mame (*.gdr) |RelDiffusivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Sohver Equations & References

El -
Bl LIR
v | Tolerance - 0.001
Maximal Iterations 100000 =

Maxirmal Run Time / (h) |240
Parallelzation 8 MPI Processes (Automatic) Edit...

Discard PDE Solver Files

2 R R oK Cancel

Parameters for all solvers
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Stopping Criteria
The equations are solved by an iterative approach.

Iterative Solver

The basic idea of an iterative method is to

1. Start with some initial guess for the unknown values
2. Improve the current values in each iterative step

3. Repeat the iterative process until one of the stopping criteria is reached.

The iterative process is controlled by setting the values and activation for Error Bound,
Tolerance, Residual, Maximal Iterations, and Maximal Run Time (h). The stopping criteria
apply for each computational direction individually.

If multiple stopping criteria are selected, the first criterion that is reached causes the solver to
stop.

The stopping criterion that has been reached can be viewed in the Result Viewer of the
GeoDict result file (*.gdr) under the Results Report tab.

“Error Bound (LIR)

The stopping criterion Error Bound uses the result of previous iterations, and predicts the
final solution based on linear and quadratic extrapolation. The solver stops if the relative
difference between computed and predicted solution is smaller than the specified error
bound. The stopping criterion recognizes oscillations in the convergence behavior and
prevents premature stopping at local minima or maxima. A damped convergence curve is
fit through the oscillating curve and the solver stops then regarding the damped
convergence curve.

A A
Remaining Iterations
<+ > Prediction
Solver still running! Solver stops now! \

>

= l Error Bound Zone ______’_¢ E'

o a

(] ]

[ 7]

E / E N

= =

] 7]

a [-%

Prediction
Previous Iterations
: & (Values are inside the error bound)
Previous Iterations
(Values are outside the error bound)
. .
- r g - >
Iterations Iterations

If the Krylov method (under LIR - Advanced Options) is activated, the definition of Error
Bound is somewhat different. Here, no prediction is made, instead the continuity between
neighboring cells and the conservation of mass is checked. The maximal value is normalized
by the mean flow and if this value is smaller than the Error Bound the simulation stops.
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“Tolerance

The Tolerance stopping criterion looks for stagnation of the method when the process
becomes stationary, i.e., the improvement in the diffusivity value becomes extremely small
from iteration to iteration.

In each iteration, the solver checks for the current computed value Xc against the values *c-i
of the last 100 iterations if there are any changes.

X. — X, . (31
max —¢=L < tolerance
i€[1,100]  x,_

The computation is stopped if the maximal relative change is smaller than the value entered
for Tolerance. When there is doubt about the quality of the solution, decrease the
Tolerance value by a factor of ten. The drawback of this criterion is that the solver
sometimes might stop too early in case of slow convergence rate or at local extrema of
oscillatory convergence curves.

“Residual (EJ)

When the Residual stopping criterion is used, the iteration is stopped if the solution satisfies
the equation up to the required accuracy.

By setting the stopping criterion to Residual, the computations terminate as soon as the
relative norm drops below the selected residual threshold. The relative norm of the Schur
Complement residual is computed and displayed in the console window during the
calculations. The console is visible by clicking the double arrow button on the lower right
corner in the progress dialog.
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The recommendation to choose Tolerance or Residual for the EJ solver is based on the
structure’s porosity. Both give similar results for highly porous structures. For dense
structures, if using the Schur Complement Residual, the relative norm of the residual may be
small even though the correct diffusivity has not been reached. So, when in doubt, use the
Tolerance criteria — the default option.

“Maximal Iterations & Maximal Run Time

Use the Maximum lterations value or the Maximum Run Time (h) stopping criteria
causes the solver to stop if the maximal number of iterations and/or the maximal
runtime (in hours) is exceeded.

When the solver stops because one of these criteria has been reached, no guarantee on
the quality of solution can be given. In this case, a warning is printed into the report.
The following possibilities might help:

= Check the corresponding .log file to see how large the residual values and the
diffusivity values are. If the diffusivity values are in reasonable range and they do not
have changed during the last iterations, you may decide to use the current result.

» Double-check the structure and parameter values. Unphysical parameters or too
rough resolution of the structure (leading, e.g., to artificial unconnected components)
can cause an iterative solver to fail.

Parallelization

Control how many threads are used for the computation. Parallelization is possible if your
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license and hardware allow it.

The Parallelization Options dialog opens when clicking the Edit button and you can choose
between Sequential, Parallel (Shared Memory), Automatic Maximum of Threads, or
Cluster (only available if EJ, SimpleFFT, or FeelMath were selected as solver).

Parallelization 12 Threads (Automatic Maximum) | Edit... |

The parallelization of the solvers is done with two technical methods: MPI Parallelization or
Thread parallelization. The following table shows the support of both parallelization

methods:
e [ e
MPI Parallel Thread Parallel
EJ v X
SimpleFFT v X
LIR X v
FeelMath v v
BEST X v

Depending on the used parallelization method, the Number of Processes (MPI parallel) or the
Number of Threads (thread parallel) can be entered.

VSequential

Selecting Sequential will not apply parallelization and only one thread is used for the
computation.

E Parallelization Options

GEODICT

& Sequential
Parallel (Shared Memory)
Automatic Maximum of Threads

Cluster

oK Cancel
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“Parallel (Shared Memory)

When Parallel (Shared Memory) is selected, the Number of Processes or Number of
Threads can be entered. Below, the Number of CPU Cores that the current machine
has, the maximum number of Licensed Threads and the number of those licensed
threads that are available (Available Threads) are shown in the dialog. Of course, the
maximal number of parallel processes you can use, is the smallest of those three
numbers.

E] Parallelization Options

GEoDICT
") Sequential MPI Parallel
(@) Parallel (Shared Memory) Mumber of Processes | g =

) Automatic Maximum of Threads
Number of CPU Cores 12

Licensed Threads 32
Available Threads 32

Cluster

| oK Cancel

% Automatic Maximum of Threads

If Automatic Maximum of Threads is selected, the number of parallel processes is
automatically selected for optimal speed, based on the CPU cores and licensed parallel
processes.

m Parallelization Options

GeoDicT
) Sequential Automatic Local Maximum
Parallel (Shared Memory) Automatic Number of Processes 12
(®) Automatic Maximum of Threads  Number of CPU Cores 17
Cluster Licensed Threads 32
Available Threads 32
| oK | Cancel

The Automatic Local Maximum of processes is automatically selected, which is the
minimum of Number of CPU Cores, Licensed Threads, and Available Threads.
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“Cluster

The Cluster parallelization requires that the solver supports the MPI Parallelization
method. Moreover, the choice of Cluster is for users of Linux systems only.

E] Parallelization Options

GEoDICT
Sequential Cluster Computation
Parallel (Shared Memory) Number of Nodes 2 -
Automatic Maximum of Threads Number of Processes per Node | 4 -
& Cluster
Licensed Threads 32
Available Threads 32
| 0K | Cancel

L -

For details on how to set up and run parallel computations, consult the High
Performance Computing chapter.

Discard PDE Solver Files

Checking Discard PDE Solver Files causes the deletion of all intermediate computation files,
such as log files and flow field files.

V| Discard PDE Solver Files

Only the content of the final GeoDict result file (*.gdr) is stored.

While having the benefit of saving hard disk storage place, discarding intermediate solver files
has also the effect of disabling the 3D visualization of the results.

LIR specific parameters (Advanced Options)
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= Advanced Options

v | Write Compressed Volume Fields

COptimization Options

v | Use Multigrid Method

Use Krylov Subspace Method | Automatic v

Relaxation 1

Optimize for Speed v
Grid Options

Grid Type LIR-Tree v

v | Grid Refinement Method | A Posteriori Error Bound -

Threshold 0.05

Number of Grid Refinements |10
Allow Sub-Voxel Resolution

Allow Grid Re-Coarsening

VWrite Compressed Volume Fields

The LIR solver uses a very memory efficient adaptive grid structure for the simulations.

If the option Write Compressed Volume Fields is checked, then the adaptive grid is
used as compression method for writing out *.hht files. This option allows to save 80-
90% space on hard drive. The runtime for writing *.hht files is also reduced significantly.
But the runtime for loading and uncompressing of compressed *.hht is increased by the
amount of runtime that was saved for writing out compressed *.hht files.

v Write Compressed Volume Fields

If the option Write Compressed Volume Fields is not checked, then a usual regular
grid is used for writing out *.hht files.

WVUse Multigrid Method

The Multigrid Method (see, e.g., Wesseling, 2004) was introduced to speed-up the
computation and reduce the runtime significantly. The main idea of Multigrid is the
usage of multiple coarser adaptive grids to speed up convergence behavior but
requires only little more memory.

v Use Multigrid Method

The method is available to solve the Stokes and Stokes—Brinkman equations as well as



for solving mechanics, diffusion, thermal, and electrical conduction and is enabled by
default.

“¥Use Krylov Subspace Method

Another speed-up option to accelerate the convergence behavior of the LIR solver is
called Krylov Subspace Method.

The runtime of the LIR solver depends on many different properties of the structure and
the simulation parameters. The BiCGStab algorithm is used, which can reduce the
runtime for challenging simulation very drastically.

Note! Using the BiCGStab method approximately doubles the amount of
RAM needed for the computation.

Unfortunately, the Krylov method is not always faster than a simulation without the
Krylov method and therefore we introduced an Automatic mode which uses some
heuristics to choose the most efficient method based on structure, material parameters,
and boundary conditions automatically. Of course, it is possible to explicitly enable
(Enabled) or disable (Disabled) the method.

Use Krylov Subspace Method | Automatic -
Enabled
Disabled

Note! In case that the Krylov subspace method (BICGStab) is used, the
Relaxation may also be adapted automatically.

“Relaxation

Depending on the material parameters and geometry of the structure, the underlying
mathematical problem can vary in complexity, thus influencing the behavior of the
solver. The more complex the problem is, the more stable the solver settings should be.

Relaxation 1

With the Relaxation number, the solver is adjusted from Stable (which results in higher
number of iterations, slower time stepping, and longer solver run times), to Fast, which
makes the solver run less iterations but implies the risk that the solver does not
converge. The Relaxation is a parameter of the SOR method and must be between 0
and 2 to ensure convergence. For relaxation values smaller than one (<1.0), the
simulation is more stable. For relaxation values larger than one (>1.0), the simulation
converges faster.


https://en.wikipedia.org/wiki/Successive_over-relaxation
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VOptimize For
The LIR solver can Optimize for Speed or Memory.
Optimize for Speed -
Memo
o If Speed is chosen, the solver constructs additional optimization structures. The

runtime is decreased by up to 30% but requires up to 50% more memory compared
to the other option.

¢ If Memory is chosen, the runtime is increased by up to 40% but the solver requires up
to 50% less memory.

VGrid Type
The Grid Type decides what kind of tree structure is used for the simulation.

Grid Type LIR-Tree -
LIR-Tree
Regular Grid
The default option is LIR-Tree and should always be used. The solver uses an adaptive

grid structure called LIR-tree and needs up to 10 times less runtime and memory
compared to the Regular Grid option.

The solver can analyze the result field during the computation and improves the
adaptive grid in places where more accuracy is needed. The LIR solver splits cells where
a high gradient occurs.

“Grid Refinement Method

The solver can analyze the computed field and refines the adaptive grid during the
computation at locations where more accuracy is needed. The LIR solver splits cells
where a high gradients occur when the Grid Refinement Method is enabled. In this
case, the additional parameters Number of Grid Refinements, Allow Sub-Voxel
Resolution, and Allow Grid Re-Coarsening become available.

Select one of the three available refinement methods from the drop-down menu.

When A Posteriori Error Bound is selected, the solver targets the specified accuracy
Threshold. While the Error Bound (set as Simulation Stopping Criterion) determines
the relative error in the solution of the linear system, A Posteriori Error Bound refers
to the relative error estimated by comparing high-order and low-order discrete
solutions. The accuracy Threshold refers to the relative error to the analytical solution
and the value must be between 0.0 and 1.0.



v| Grid Refinement Method | A Posteriori Error Bound -
Threshold 0.05
Choosing Difference (Automatic) leads to computational cells being split when the
difference in values between neighboring cells exceeds a certain Threshold. The solver
automatically chooses all internal parameters based on the structure and simulation
settings. For this option, cells are split where the current gradient is greater than the
Threshold multiplied by the maximum gradient, where the threshold is determined
automatically.
¥ Grid Refinement Method | Difference (Automatic) -
Threshold 0.1
Selecting Difference (Manual) also causes the computational cells to be split when
the difference in values between neighboring cells exceeds the specified Threshold.
You can specify all parameters (Threshold and Number of Grid Refinements) for the
grid refinement manually. For this option, cells are split where the current gradient is
greater than the Threshold multiplied by the maximum gradient. The Threshold value
must be between 0.0 and 1.0. The recommended value range is between 0.05 and 0.1.

V| Grid Refinement Method | Difference (Manual) -

Threshald 0.1

“Number Of Grid Refinements

The Number of Grid Refinements controls the maximum number of grid refinements
that the solver can perform during the simulation. The value should be set between 0
and 10, where a value of 0 means that no grid refinements will be made. Grid
refinements may increase the number of iterations, runtime, and memory requirements.

Number of Grid Refinements 10

“ Allow Sub-Voxel Resolution

When Allow Sub-Voxel Resolution is enabled, the solver is allowed to split
computational cells to sizes smaller than the voxel length.

| Allow Sub-Voxel Resolution

This feature is beneficial for low-porosity structures for which the pore throats require
finer resolution or for modeling fast Navier-Stokes flows with strong vortices.

Enabling this feature may increase the number of iterations, runtime, and memory
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requirements.

W Allow Grid Re-Coarsening

Check Allow Grid Re-Coarsening to allow the solver to automatically revert the grid
refinement and coarsen the computational cells.

v Allow Grid Re-Coarsening

This means, grid refinement is done temporarily. Afterwards, the cells are merged as
soon as accuracy is not needed anymore. This reduces the memory and runtime
requirements.

1.5.2 Results

The result file (*.gdr) is opened in the Result Viewer after the computation is finished. Only the
tabs listed below are described in detail, for the other tabs look into the Result Viewer chapter.

Material Information:
ID 00: Air [invis.] |
n ID 01: Quartz

The results of the relative diffusivity calculated on a partially saturated porous material with
17% porosity (83% SVF) are shown. The Invading Phase was selected as the flow phase



(Wetting Parameters tab), and diffusivity was calculated in Z-direction with Dirichlet boundary
conditions (Boundary Conditions tab). Computations were run using the LIR solver.

Relative Gas Diffusivity Results

o Results Tabl sl
Learn about the resulting reports and plots.

e Data Visualization[)
Load results for a graphical visualization.

Results Tab

Report tab

Under the Results-Report sub-tab, the Relative Diffusivity (dimensionless saturation-
dependent diffusivity) table is shown for the chosen saturation rates| ool (here, 0, 0.25, 0.50, 0.75,
and 1), which are approximated as best as possible (here, 0, 0.250136, 0.489804, 0.753896, and
1).

m Result Viewer
Wed Nov 26 2025 (2026 Build 92101) ../ SatuDict2026/RelDiffusivity_Inv.gdr
Domain Size; 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map
Relative Diffusivity (Invading fluid (Water))

Saturation (Invading fluid (Water)) | Dy, Diy Dis Dy D3; Das Dy D4z D33
0 unknown | unknown | 0 unknown | unknown | 0 unknown | unknown | 0

E 0.250136 unknown | unknown | 0 unknown | unknown | 0 unknown | unknown | 0

0.489804 unknown | unknown | -0.00015891 | unknown | unknown | -0.000596044 | unknown | unknown | 0.00425534
0.753896 unknown | unknown | -0.00194536 | unknown | unknown | -0.00117378 | unknown | unknown | 0.0148711
1 unknown | unknown | 0.00136311 | unknown | unknown | -0.00162558 | unknown | unknown | 0.0331739

Remark: Diffusivity values are given in 1

@ Help Manage Data - Load Input Parameters Export - Close

For the selected Flow Phasel+w! the saturation-dependent relative diffusivity of the fluid is
shown in the table, where each row stands for one saturation level. The values of the whole
diffusivity tensor at each saturation step are given in the columns. For directions which were
not selected as Computational Direction[+2] the diffusivity value is unknown.

In the example above, the entries D13, D23, D33 for the computation in Z-direction are given, the
other values are unknown as the computations were not carried out.

Know how! In the example above, the relative diffusivity at 0% and 25% invading
fluid saturation is zero in Z-direction, indicating that before the structure is 49%
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saturated with the invading fluid, there is no path for the invading fluid.

Plots tab

In the Results-Plots subtab, the values of the Relative Diffusivity table are shown in a graph.
Also, the Layered Concentration in the computed directions is given.

Diffusivity Plot

The values of the diffusivity in all selected Computational Directionsl+zland for the selected
Flow Phase[wol at the different saturation levels are shown in a graph.

On the left, the Post-Processing Widget allows you to fine-tune the Diffusivity plot. Collapse
the Post-Processing Widget by pulling it to the left.

B Result Viewer
Tue Dec 2 2025 (2026 Build 92634) ../ SatuDict2026/RelDiffusivity_Inv.gdr
Domain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]
Input Map Log Map Post Map Results | Data Visualization Metadata
Graph Options Report | Plots | Map
Graph Type Diffusivity over Saturation - Diffusivity Layered Concentration
Phase Selection | Invading Fluid - Diffusivity Z-direction
Saturation Unit | Relative v
0.030
Apply
V| Back-up result file 0.025 4
=
>
= 0.020
w
=]
£
O 0.015
2
=
o 00101
0.005
0.000
T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Saturation (Water) / (1)
Plot Options
@ Help Manage Data v Load Input Parameters Export i Close
¥ Graph Options

On the left side in the expandable Graph Options, you can modify the way the
diffusivity graph is displayed by selecting



¢ the Graph Type (Diffusivity over Saturation or Saturation over Diffusivity),
¢ the Phase Selection (Invading Fluid or Displaced Fluid),
e and the Saturation Unit (Relative or Absolute).

Click Apply to change the graph shown according to the options selected.

Layered Concentration

In the Layered Concentration tab for each computational direction the concentration in each
layer is shown in a graph. The settings made under the Graph Options do not apply for these
plots, but the axis settings and graph styles can be changed under Plot Options.

Diffusivity | Layered Concentration

Layered Concentration Z-direction

1.0 9 —— Saturation (Invading fluid (Water)) 1
—— Saturation (Invading fluid {(\Water)) 0.754 p
—— Saturation (Invading fluid {\Water)) 0.49 /
. 0.8+ '
-
=
=]
0.6
B
[=
3]
g
_; 0.4
g
0.2 1
0.0 1
T T T T T T T
0 a0 100 150 200 230 300
Z-layers / (pm)

Data Visualization

Under the Data Visualization tab, the .gdt and .hht files, corresponding to the saturation levels
computed, can be opened, as explained in the DiffuDict chapter. No files are available if
Discard PDE Solver Files[5 was checked in the Solver settings tab.

SatuDict 117
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E] Result Viewer
Wed Nov 26 2025 (2026 Build 92101) .../ SatuDict202 6/RelDiffusivity_Inv.gdr
Domain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure ®

Input Map Log Map Post Map Results Data Visualization Metadata

Structurelnvading_s0.489804 7 o Load .gdt and .hht

Structure
StructureInvading_s0.489804_7

Structurelnvading_s0.753896_z
StructureInvading_s1_z

@ Help Manage Data~ | | Load Input Parameters Export - Close

By A

For the selected Flow Phaselwo] and Computational Directions|+2] the solution files for the
saturation steps with non-zero diffusivity are saved and can be loaded by clicking on the Load
.gdt and .hht button.

In the structure file (.gdt) you can observe the fluid distribution, while the .hht (homogenized
heat) file contains the concentration values at each voxel.

Select Structure to load the original structure which is saturated with the displaced fluid. No
additional .hht file will be loaded.

Shown below is the .gdt file for a 49% invading fluid saturation level. The solid phase (Quartz)
is shown together with the Displaced fluid (Air) and the Invading Fluid (Water). The upper part
of the image shows the concentration field of the Water with transparent effect on the clipped
structure model.
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Material Information:

w ID 00: Air [Displaced]
ID 01: Quartz

@ ID 02: Water [Invading]

Concentration / (1)

912.11-10-3
850.00-10-3
800.00-10—3

750.00-10—3 —
700.00-10—3 —
650.00-10—3 —
600.00-10—3 —
550.00-10-3
500.00-10-3
450.00-10-3
400.00-10-3
350.00-10-3
300.00-10—3
250.00-10—3 —
200.00-10-3
150.00-10-3
100.00-10-3
50.00-10-3
0.00

Plot Range:

max 912.11-10-3
min 0.00

Data Range:

max 1.00

min 0.00

More information about the visualization parameters is available in the Visualization chapter.
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1.6 Relative Thermal Conductivity

Determine Saturation-dependent (Relative) Thermal Conductivity as in ConductoDict (see

also Pfrang et. al.[1s)). The pore morphology method| s can be used to determine the
distribution of the phases (then it is assumed to be stationary) or saturation results of a

previously simulated wetting process can be used.

The thermal conductivity of the structure materials and of the fluid phases, and the direction(s)
of conduction, are entered. For each direction of interest, equations of purely diffusive heat
transport are set, and solved. Advection or radiation is not considered.

Important! This feature requires a special license. Please contact our support at
support@math2market.de for more information. Without a special license, this option
is not accessible.

The Relative Thermal Conductivity command

. Options|1_zo'1
Set the parameters for the calculation.

e Results[ ]
View the computed results.

1.6.1 Options

The Relative Thermal Conductivity dialog opens when clicking the Edit... button and includes
the Wetting Parameters tab, the Constituent Materials tab, the Boundary Conditions tab,
the Solver tab, and the Equations & References tab, which cites several references]es)

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File = Choose Project Folder in the menu bar).

The Equations & References tab shows the formulas that are used for the solver which are
described in the ConductoDict chapter:

e Poisson equation,
e Fourier's law.
No parameters can be edited on this tab.

Tabs of the Relative Thermal Conductivity dialog

e Wetting Parameters| 21
Select how the fluid distribution is determined and choose the saturation steps for the

conductivity calculations.

o Constituent Materials[+1]
Select the materials in the structure and their properties, including the selection of invading
and displaced fluid.

e Boundary Conditions] 2|


mailto:support@math2market.de

Tabs of the Relative Thermal Conductivity dialog
Set the boundary conditions for the conductivity calculations.

e Solver/ ]
Select a conductivity solver and its settings.

Wetting Parameters

The wetting parameters for the calculation of the Relative Thermal Conductivity are the same
as seen for the Relative Permeabilityrsﬁ, except that no Flow Phase needs to be selected.

[ satuDict - Relative Thermal Conductivity

GEODICT

Result File Name (*.gdr) |RelConductivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References
Phase Distribution
® by Pore Size (Imbibition)
by Pore Size (Drainage)

from Simulated Wetting Process Browse...

Saturation Steps

5 - | ® Guess All Manual

Saturation (invading phase)
1|0

2|0.25
3/0.5
4|0.75

51

2 By BB 0K Cancel

.,

Constituent Materials

Under the Constituent Materials tab, the Invading Fluid and Displaced Fluid can be entered
and their thermal conductivity (W/(mK)) can be defined. The tab is similar to the one for



SatuDict: Relative Thermal Conductivity

Capillary Pressure Curvel+1but some properties cannot be entered (e.g., surface tension and
contact angle).

If the phase distribution under the Wetting Parameters tab is chosen by Pore Size, the
displaced fluid must be present in the structure and can be chosen from the drop-down menu.
If the phase distribution is taken from Simulated Wetting Process, then both fluids are
defined by the capillary pressure curve result file.

[3 satuDict - Relative Thermal Conductivity

GEoDicT

Result File Name (*.qdr) |RelConductivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References

Invading Fluid

MName Material Law Long. / {(W/(mK)) Trans. 1/ (W/(mK)) Trans. 2/ (W/(mK)) Temp. Range / (°C)
IS viater. | |Iso. Law - | Isotropic 0.5861 0.5861 0.5861 5,95

Displaced Fluid Air -

Temperature -273.15 < |20 <1000.00 °C = Open & Edit Material Database

+ Material Thermal Conductivity Porosity / Tortuosity
ID Mame L Material Law Long. / (W/(mK)} Trans. 1/ (W/(mK)) Trans. 2 / (W/(mK)) Temp. Range / (°C) Mixing Rule Fluid Con. [ (W/(mK})
ool & Ar =} £ |Iso.Law ~ | Isotropic 0.0257 0.0257 0.0257 -150 , 400 Single Phase -
o1 [N Polyamide (PA 6).. =1 Iso. Law ~ | Isotropic 0.26 0.26 0.26 0,20 Single Phase -
& @E E’ln @ B e | OK | Cancel

Set the Temperature applied for the calculation in the selected units below. Click Open & Edit
Material Database to edit the materials properties in the material database if needed.

The table with the materials contained in the structure has the same entries and tabs as the
table in the Constituent Materials tab in ConductoDict (except for the Specific Thermal Contact
Resistivity tab).

Boundary Conditions

The choice of Boundary Conditions and the selection of Computation Directions for the
calculation of the Relative Thermal Conductivity are the same as seen for the Relative

Diffusivitymﬂ




[ satuDict — Relative Thermal Conductivity

GeoDicT

Result File Name (*.adr) |RelConductivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References

Computational Directions
X Y V| Z

Boundary Conditions in Heat Flux Direction

() Periodic (®) Symmetric (Dirichlet)

@@EEL@EFE oK || cancel |

Solver

For Relative Thermal Conductivity, the two solvers EJ and LIR are available and can be
chosen from the pull-down menu. The solver settings are similar to those available in the

ConductoDict module.

m SatuDict — Relative Thermal Conductivity

GeoDicT

Result File Name (*.qdr) |F‘.eICunducti1.r'rt'_.f.gdr |

Wetting Parameters Constituent Materials Boundary Conditions | Sohver | Equations & References

-

B
B [ ®
v| | Tolerance = | 10.001 |
Maximal Iterations | 100000 |:
Maximal Run Time / (h) |240 |
Parallelization 8 MPI Processes (Automatic) | Edit. |
Discard PDE Solver Files

2 bh @ B ok || cancel |
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Parameters for all solvers

Stopping Criteria
The equations are solved by an iterative approach.

Iterative Solver

The basic idea of an iterative method is to

1. Start with some initial guess for the unknown values
2. Improve the current values in each iterative step

3. Repeat the iterative process until one of the stopping criteria is reached.

The iterative process is controlled by setting the values and activation for Error Bound,
Tolerance, Residual, Maximal Iterations, and Maximal Run Time (h). The stopping criteria
apply for each computational direction individually.

If multiple stopping criteria are selected, the first criterion that is reached causes the solver to
stop.

The stopping criterion that has been reached can be viewed in the Result Viewer of the
GeoDict result file (*.gdr) under the Results Report tab.

“Error Bound (LIR)

The stopping criterion Error Bound uses the result of previous iterations, and predicts the
final solution based on linear and quadratic extrapolation. The solver stops if the relative
difference between computed and predicted solution is smaller than the specified error
bound. The stopping criterion recognizes oscillations in the convergence behavior and
prevents premature stopping at local minima or maxima. A damped convergence curve is
fit through the oscillating curve and the solver stops then regarding the damped
convergence curve.

A A
Remaining Iterations
* > Prediction
Solver still running! Solver stops now! \

>

= \ Error Bound Zone _'___”,_J# f:

o a

L] L

] (]

E / € N

= E

[ [

o [-%

Prediction .
Previous Iterations
5 " (Values are inside the error bound}
Previous Iterations
(Values are outside the error bound)
N N
R » R »
Iterations Iterations

If the Krylov method (under LIR - Advanced Options) is activated, the definition of Error



Bound is somewhat different. Here, no prediction is made, instead the continuity between
neighboring cells and the conservation of mass is checked. The maximal value is normalized
by the mean flow and if this value is smaller than the Error Bound the simulation stops.

“Tolerance

The Tolerance stopping criterion looks for stagnation of the method when the process
becomes stationary, i.e., the improvement in the conductivity value becomes extremely
small from iteration to iteration.

In each iteration, the solver checks for the current computed value Xc against the values *c-i
of the last 100 iterations if there are any changes.

X, —X._ . (32)
max ———¢=t < tolerance

i€[1,100] x,_;

The computation is stopped if the maximal relative change is smaller than the value entered
for Tolerance. When there is doubt about the quality of the solution, decrease the
Tolerance value by a factor of ten. The drawback of this criterion is that the solver
sometimes might stop too early in case of slow convergence rate or at local extrema of
oscillatory convergence curves.

“Residual (EJ)

When the Residual stopping criterion is used, the iteration is stopped if the solution satisfies
the equation up to the required accuracy.

By setting the stopping criterion to Residual, the computations terminate as soon as the
relative norm drops below the selected residual threshold. The relative norm of the Schur
Complement residual is computed and displayed in the console window during the
calculations. The console is visible by clicking the double arrow button on the lower right
corner in the progress dialog.
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The recommendation to choose Tolerance or Residual for the EJ solver is based on the
structure’s porosity. Both give similar results for highly porous structures. For dense
structures, if using the Schur Complement Residual, the relative norm of the residual may be
small even though the correct conductivity has not been reached. So, when in doubt, use the
Tolerance criteria — the default option.

“Maximal Iterations & Maximal Run Time

Use the Maximum lterations value or the Maximum Run Time (h) stopping criteria
causes the solver to stop if the maximal number of iterations and/or the maximal
runtime (in hours) is exceeded.

When the solver stops because one of these criteria has been reached, no guarantee on
the quality of solution can be given. In this case, a warning is printed into the report.
The following possibilities might help:

= Check the corresponding .log file to see how large the residual values and the
conductivity values are. If the conductivity values are in reasonable range and they do
not have changed during the last iterations, you may decide to use the current result.

» Double-check the structure and parameter values. Unphysical parameters or too
rough resolution of the structure (leading, e.g., to artificial unconnected components)
can cause an iterative solver to fail.

Parallelization

Control how many threads are used for the computation. Parallelization is possible if your




license and hardware allow it.

The Parallelization Options dialog opens when clicking the Edit button and you can choose
between Sequential, Parallel (Shared Memory), Automatic Maximum of Threads, or
Cluster (only available if EJ, SimpleFFT, or FeelMath were selected as solver).

Parallelization 12 Threads (Automatic Maximum) | Edit... |

The parallelization of the solvers is done with two technical methods: MPI Parallelization or
Thread parallelization. The following table shows the support of both parallelization

methods:
e [ e
MPI Parallel Thread Parallel
EJ v X
SimpleFFT v X
LIR X v
FeelMath v v
BEST X v

Depending on the used parallelization method, the Number of Processes (MPI parallel) or the
Number of Threads (thread parallel) can be entered.

VSequential

Selecting Sequential will not apply parallelization and only one thread is used for the
computation.

E Parallelization Options

GEODICT

& Sequential
Parallel (Shared Memory)
Automatic Maximum of Threads

Cluster

oK Cancel
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“Parallel (Shared Memory)

When Parallel (Shared Memory) is selected, the Number of Processes or Number of
Threads can be entered. Below, the Number of CPU Cores that the current machine
has, the maximum number of Licensed Threads and the number of those licensed
threads that are available (Available Threads) are shown in the dialog. Of course, the
maximal number of parallel processes you can use, is the smallest of those three
numbers.

E] Parallelization Options

GEoDICT
") Sequential MPI Parallel
(@) Parallel (Shared Memory) Mumber of Processes | g =

) Automatic Maximum of Threads
Number of CPU Cores 12

Licensed Threads 32
Available Threads 32

Cluster

| oK Cancel

% Automatic Maximum of Threads

If Automatic Maximum of Threads is selected, the number of parallel processes is
automatically selected for optimal speed, based on the CPU cores and licensed parallel
processes.

m Parallelization Options

GeoDicT
) Sequential Automatic Local Maximum
Parallel (Shared Memory) Automatic Number of Processes 12
(®) Automatic Maximum of Threads  Number of CPU Cores 17
Cluster Licensed Threads 32
Available Threads 32
| oK | Cancel

The Automatic Local Maximum of processes is automatically selected, which is the
minimum of Number of CPU Cores, Licensed Threads, and Available Threads.
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“Cluster

The Cluster parallelization requires that the solver supports the MPI Parallelization
method. Moreover, the choice of Cluster is for users of Linux systems only.

E] Parallelization Options

GEoDICT
Sequential Cluster Computation
Parallel (Shared Memory) Number of Nodes 2 -
Automatic Maximum of Threads Number of Processes per Node | 4 -
& Cluster
Licensed Threads 32
Available Threads 32
| 0K | Cancel

L -

For details on how to set up and run parallel computations, consult the High
Performance Computing chapter.

Discard PDE Solver Files

Checking Discard PDE Solver Files causes the deletion of all intermediate computation files,
such as log files and flow field files.

V| Discard PDE Solver Files

Only the content of the final GeoDict result file (*.gdr) is stored.

While having the benefit of saving hard disk storage place, discarding intermediate solver files
has also the effect of disabling the 3D visualization of the results.

LIR specific parameters (Advanced Options)
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= Advanced Options

v | Write Compressed Volume Fields

COptimization Options

v | Use Multigrid Method

Use Krylov Subspace Method | Automatic v

Relaxation 1

Optimize for Speed v
Grid Options

Grid Type LIR-Tree v

v | Grid Refinement Method | A Posteriori Error Bound -

Threshold 0.05

Number of Grid Refinements |10
Allow Sub-Voxel Resolution

Allow Grid Re-Coarsening

VWrite Compressed Volume Fields

The LIR solver uses a very memory efficient adaptive grid structure for the simulations.

If the option Write Compressed Volume Fields is checked, then the adaptive grid is
used as compression method for writing out *.hht files. This option allows to save 80-
90% space on hard drive. The runtime for writing *.hht files is also reduced significantly.
But the runtime for loading and uncompressing of compressed *.hht is increased by the
amount of runtime that was saved for writing out compressed *.hht files.

v Write Compressed Volume Fields

If the option Write Compressed Volume Fields is not checked, then a usual regular
grid is used for writing out *.hht files.

WVUse Multigrid Method

The Multigrid Method (see, e.g., Wesseling, 2004) was introduced to speed-up the
computation and reduce the runtime significantly. The main idea of Multigrid is the
usage of multiple coarser adaptive grids to speed up convergence behavior but
requires only little more memory.

v Use Multigrid Method

The method is available to solve the Stokes and Stokes—Brinkman equations as well as



for solving mechanics, diffusion, thermal, and electrical conduction and is enabled by
default.

“¥Use Krylov Subspace Method

Another speed-up option to accelerate the convergence behavior of the LIR solver is
called Krylov Subspace Method.

The runtime of the LIR solver depends on many different properties of the structure and
the simulation parameters. The BiCGStab algorithm is used, which can reduce the
runtime for challenging simulation very drastically.

Note! Using the BiCGStab method approximately doubles the amount of
RAM needed for the computation.

Unfortunately, the Krylov method is not always faster than a simulation without the
Krylov method and therefore we introduced an Automatic mode which uses some
heuristics to choose the most efficient method based on structure, material parameters,
and boundary conditions automatically. Of course, it is possible to explicitly enable
(Enabled) or disable (Disabled) the method.

Use Krylov Subspace Method | Automatic -
Enabled
Disabled

Note! In case that the Krylov subspace method (BICGStab) is used, the
Relaxation may also be adapted automatically.

“Relaxation

Depending on the material parameters and geometry of the structure, the underlying
mathematical problem can vary in complexity, thus influencing the behavior of the
solver. The more complex the problem is, the more stable the solver settings should be.

Relaxation 1

With the Relaxation number, the solver is adjusted from Stable (which results in higher
number of iterations, slower time stepping, and longer solver run times), to Fast, which
makes the solver run less iterations but implies the risk that the solver does not
converge. The Relaxation is a parameter of the SOR method and must be between 0
and 2 to ensure convergence. For relaxation values smaller than one (<1.0), the
simulation is more stable. For relaxation values larger than one (>1.0), the simulation
converges faster.


https://en.wikipedia.org/wiki/Successive_over-relaxation
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VOptimize For
The LIR solver can Optimize for Speed or Memory.
Optimize for Speed -
Memo
o If Speed is chosen, the solver constructs additional optimization structures. The

runtime is decreased by up to 30% but requires up to 50% more memory compared
to the other option.

¢ If Memory is chosen, the runtime is increased by up to 40% but the solver requires up
to 50% less memory.

VGrid Type
The Grid Type decides what kind of tree structure is used for the simulation.

Grid Type LIR-Tree -
LIR-Tree
Regular Grid
The default option is LIR-Tree and should always be used. The solver uses an adaptive

grid structure called LIR-tree and needs up to 10 times less runtime and memory
compared to the Regular Grid option.

The solver can analyze the result field during the computation and improves the
adaptive grid in places where more accuracy is needed. The LIR solver splits cells where
a high gradient occurs.

“Grid Refinement Method

The solver can analyze the computed field and refines the adaptive grid during the
computation at locations where more accuracy is needed. The LIR solver splits cells
where a high gradients occur when the Grid Refinement Method is enabled. In this
case, the additional parameters Number of Grid Refinements, Allow Sub-Voxel
Resolution, and Allow Grid Re-Coarsening become available.

Select one of the three available refinement methods from the drop-down menu.

When A Posteriori Error Bound is selected, the solver targets the specified accuracy
Threshold. While the Error Bound (set as Simulation Stopping Criterion) determines
the relative error in the solution of the linear system, A Posteriori Error Bound refers
to the relative error estimated by comparing high-order and low-order discrete
solutions. The accuracy Threshold refers to the relative error to the analytical solution
and the value must be between 0.0 and 1.0.



v| Grid Refinement Method | A Posteriori Error Bound -
Threshold 0.05
Choosing Difference (Automatic) leads to computational cells being split when the
difference in values between neighboring cells exceeds a certain Threshold. The solver
automatically chooses all internal parameters based on the structure and simulation
settings. For this option, cells are split where the current gradient is greater than the
Threshold multiplied by the maximum gradient, where the threshold is determined
automatically.
¥ Grid Refinement Method | Difference (Automatic) -
Threshold 0.1
Selecting Difference (Manual) also causes the computational cells to be split when
the difference in values between neighboring cells exceeds the specified Threshold.
You can specify all parameters (Threshold and Number of Grid Refinements) for the
grid refinement manually. For this option, cells are split where the current gradient is
greater than the Threshold multiplied by the maximum gradient. The Threshold value
must be between 0.0 and 1.0. The recommended value range is between 0.05 and 0.1.

V| Grid Refinement Method | Difference (Manual) -

Threshald 0.1

“Number Of Grid Refinements

The Number of Grid Refinements controls the maximum number of grid refinements
that the solver can perform during the simulation. The value should be set between 0
and 10, where a value of 0 means that no grid refinements will be made. Grid
refinements may increase the number of iterations, runtime, and memory requirements.

Number of Grid Refinements 10

“ Allow Sub-Voxel Resolution

When Allow Sub-Voxel Resolution is enabled, the solver is allowed to split
computational cells to sizes smaller than the voxel length.

| Allow Sub-Voxel Resolution

This feature is beneficial for low-porosity structures for which the pore throats require
finer resolution or for modeling fast Navier-Stokes flows with strong vortices.

Enabling this feature may increase the number of iterations, runtime, and memory
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requirements.

W Allow Grid Re-Coarsening

Check Allow Grid Re-Coarsening to allow the solver to automatically revert the grid
refinement and coarsen the computational cells.

v Allow Grid Re-Coarsening

This means, grid refinement is done temporarily. Afterwards, the cells are merged as
soon as accuracy is not needed anymore. This reduces the memory and runtime
requirements.

1.6.2 Results

The result file (*.gdr) is opened in the Result Viewer after the computation is finished. Only the
tabs listed below are described in detail, for the other tabs look into the Result Viewer chapter.

Material Information:
n ID 00: Air [invis.] e
w' ID 01: Polyamide (PA 6) S5

k r
=

¥

The results of the relative thermal conductivity calculated on a partially saturated fiber
material (with 70% porosity) made of polyamide PA6 are shown. The invading phase Water



displaces Air and conductivity was calculated in Z-direction with Dirichlet boundary conditions
(Boundary Conditions tab). Computations were run using the EJ solver.

Relative Thermal Conductivity Results

e Results Tab[ 1!
Learn about the resulting reports and plots.

e Data Visualization[)
Load results for a graphical visualization.

Results Tab

Report tab

Under the Results-Report sub-tab, the saturation-dependent Relative Thermal Conductivity
table is shown for the chosen saturation rates| 1] (here, 0, 0.25, 0.50, 0.75, and 1), which are
approximated as best as possible (here, 0, 0.256122, 0.519788, 0.742733, and 1).

m Result Wiewer
Thu Mov 27 2025 (2026 Build 92101) .../ SatuDict2026/RelConductivity_PAG.gdr
Domain Size; 100 x 100 x 100 Voxel Length: 1 pm | Load Structure ®

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map
Relative Thermal Conductivity =

Saturation (Invading fluid (Water)) | Byy [ Bis Bzs B Bz Bz Bz Baa

0 unknown | unknown | -0.000257168 | unknown | unknown | 0.000399844 | unknown | unknown | 0.0502307
0.256122 unknown | unknown | 1.79212e-05 | unknown | unknown | 0.000421221 | unknown | unknown | 0.126325
i 0.519788 unknown | unknown | -0.00315651 | unknown | unknown | -0.000406753 | unknown | unknown | 0.226314

0.742733 unknown | unknown | -0.00252221 | unknown | unknown | -0.00178244 | unknown | unknown | 0.332337

1 unknown | unknown | -0.000164613 | unknown | unknown | 0.000115047 | unknown | unknown | 0.464421

Remark: Thermal Conductivity values are given in W/{mk)

@ Help Manage Data - Load Input Parameters Export b Close

The saturation-dependent Relative Thermal Conductivity is shown in the tables, where each
row stands for one saturation level. The values of the whole thermal conductivity tensor at each
saturation step are given in the columns. For directions which were not selected as
Computational Direction[+2] the conductivity value is unknown.

In the example above, the entries [’)13, [’)23, B33 for the computation in Z-direction are given, the
other values are unknown as the computations were not carried out.

Plots tab




SatuDict: Relative Thermal Conductivity

In the Results-Plots subtab, the values of the Relative Diffusivity table are shown in a graph.
Also, the Layered Concentration in the computed directions is given.

Thermal Conductivity Plot

The values of the conductivity in all selected Computational Directions|+) at the different
saturation levels are shown in a graph.

On the left, the Post-Processing Widget allows you to fine-tune the Thermal Conductivity
plot. Collapse the Post-Processing Widget by pulling it to the left.

E Result Viewer
Tue Dec 2 2025 (2026 Build 92634) .../SatuDict2026/RelConductivity_PAS.gdr
Domain Size: 100 x 100 x 100  Voxel Length: 1 pm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Graph Options Report Plots Map
Graph Type Th. Conductivity over Saturation = Thermal Conductivity | Layered Temperature
Phase Selection |Invading Fluid - Thermal Conductivity Z-direction
Saturation Unit | Relative - §
® E 047
E=
Apply E
: 82 01
V| Back-up result file ° =
£ 2 02
2 3
E 0.1
T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Saturation (Water) / (1)
Plot Options
@ Help Manage Data - Load Input Parameters Export bt Close
L
“Graph Options

On the left side in the expandable Graph Options, you can modify the way the thermal
conductivity graph is displayed by selecting

e the Graph Type (Th. Conductivity over Saturation or Saturation over Th.
Conductivity),

e the Phase Selection (Invading Fluid or Displaced Fluid),
e and the Saturation Unit (Relative or Absolute).

Click Apply to change the graph shown according to the options selected.

Layered Temperature



In the Layered Temperature tab for each computational direction the temperature in each
layer is shown in a graph. The settings made under the Graph Options do not apply for these
plots, but the axis settings and graph styles can be changed under Plot Options.

Thermal Conductivity | Layered Temperature

Layeraed Temperature Z-direction

—— Saturation 1
T 2940 4 —— Saturation 0.742733
= —— Saturation 0.5197858
g p— —— Saturation 0.256122
o Saturation 0
a
E 2036 -
&
%‘ 2834 1
293.2 1
T T T T T T
0 20 40 &0 &0 100
ZHayers [ {pm)

Data Visualization

Under the Data Visualization tab, the .gdt and .hht files, corresponding to the saturation levels
computed, can be opened, as explained in the ConductoDict chapter. No files are available if
Discard PDE Solver Files[s) was checked in the Solver settings tab.

E] Result Viewer
Thu Nov 27 2025 (2026 Build 92101) <o/ SatuDict2026/RelCondudctivity _PAG.gdr
Domain Size: 100 x 100 x 100  Voxel Length: 1 pm | Load Structure @

Input Map Log Map Post Map Results Data Visualization Metadata

Structure_Invading_s0.256122_z - | Load .gdt and .hht |

Structure
Structure_Invading_s0.256122_z

Structure_Invading_s0.519788_z
Structure_Invading_s0.742733_z
Structure_Invading_s0_z
Structure_Invading_s1_z

® Help Manage Data - | [Load Input Parameters Export - Close

SatuDict
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For each selected Computational Directionl+the solution files for the saturation steps with
non-zero conductivity are saved and can be loaded by clicking on the Load .gdt and .hht
button.

In the structure file (.gdt) you can observe the fluid distribution, while the .hht (homogenized
heat) file contains the temperature values at each voxel.

Select Structure to load the original structure which is saturated with the displaced fluid. No
additional .hht file will be loaded.

Shown below is the .gdt file for a 25% invading fluid saturation level. The right part of the
image shows the temperature field with transparent effect on the clipped structure model.

Material Information:
w ID 00: Air [Displaced] [invis.]
ws ID 01: Polyamide (PA 6)
w ID 02: Water [Invading]

Temperature / (K)

294.14
204.05 1
294.00

293.95
293.90
293.85
293.80
293.75
293.70
293.65
293.60
293.55
293.50
203.45
293.40
203.35
293.30
293.25
2093.20
293.15

Plot Range:
max 294.14
min 293.15
Data Range:
max 294.15
min 293.15

An Alternative is to change to the 2D cross-section view (View — Structure in the menu bar)
and to switch off the visualization of the structure and the transparent effect for the volume
field. Observe how the heat is distributed in the structure.
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Material Information:

[0 ID 00: Air [Displaced] [invis.]
O ID 01: Polyamide (PA 6)

[0 ID 02: Water [Invading]

Temperature / (K)

204.14
294.05 .
294.00

203.95 -
293.90
293.85
293.80
293.75
293.70
293.65
293.60
293.55
293.50
293.45
293.40
293.35
293.30
203.25

293.15

Plot Range:
max 294.14
min 293.15

Data Range:
max 294.15
min  293.15

More information about the visualization parameters is available in the Visualization chapter.




SatuDict: Resistivity Index (Relative Electrical Conductivity)

1.7 Resistivity Index (Relative Electrical Conductivity)

Determine Saturation-dependent (Relative) Electrical Conductivity (Resistivity Index) as in
ConductoDict (see also Pfrang etal.l1s). The pore morphology method| s1can be used to
determine the distribution of the phases (then it is assumed to be stationary) or saturation
results of a previously simulated wetting process can be used.

The electrical conductivity of the structure materials and of the fluid phases, and the
direction(s) of conduction, are entered. For each direction of interest, the Poisson equations is
solved. Advection or radiation is not considered.

Important! This feature requires a special license. Please contact our support at
support@math2market.de for more information. Without a special license, this option
is not accessible.

The Resistivity Index command

. Optionsm
Set the parameters for the calculation.

e Results[ s
View the computed results.

1.7.1 Options

The Resistivity Index (Relative Electrical Conductivity) dialog opens when clicking the Edit...
button and includes the Wetting Parameters tab, the Constituent Materials tab, the
Boundary Conditions tab, the Solver tab, and the Equations & References tab, which cites
several referencesssl

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File — Choose Project Folder in the menu bar).

The Equations & References tab shows the formulas that are used for the solver which are
described in the ConductoDict chapter:

e Poisson equation,
e Ohm's law.
No parameters can be edited on this tab.

Tabs of the Resistivity Index (Relative Electrical Conductivity) dialog

o Wetting Parameters| 1l
Select how the fluid distribution is determined and choose the saturation steps for the

conductivity calculations.

o Constituent Materials/ 1
Select the materials in the structure and their properties, including the selection of invading
and displaced fluid.
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Tabs of the Resistivity Index (Relative Electrical Conductivity) dialog

e Boundary Conditions/ )
Set the boundary conditions for the conductivity calculations.

e Solverl s
Select a conductivity solver and its settings.

Wetting Parameters

The wetting parameters for the calculation of the Resistivity Index are the same as seen for
the Relative Permeabilityls except that no Flow Phase needs to be selected.

E Satulict — Resistivity Index (Relative Electrical Conductivity)

GEODICT

Result File Name (*.gdr) |RelElectricConductivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References
Phase Distribution
by Pore Size (Imbibition)
® by Pore Size (Drainage)

from Simulated Wetting Process Browse...

Saturation Steps

5 | ® Guess All Manual

Saturation (invading phase)
1|0

2|0.23
3|05
40,75

51

IRCREARTIN < ) < oK Cancel

Constituent Materials

Under the Constituent Materials tab, the Invading Fluid and Displaced Fluid can be entered
and their electrical conductivity (S/m) can be defined. The tab is similar to the one for Capillary
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Pressure Curvel 1 but some properties cannot be entered (e.g., surface tension and contact
angle).

If the phase distribution under the Wetting Parameters tab is chosen by Pore Size, the
displaced fluid must be present in the structure and can be chosen from the drop-down menu.
If the phase distribution is taken from Simulated Wetting Process, then both fluids are
defined by the capillary pressure curve result file.

m SatuDict — Resistivity Index (Relative Electrical Conductivity)

GeoDicT

Result File Name (*.gdr) |RelElectricConductivity.adr

Wetting Parameters | Constituent Materials Boundary Conditions ~ Solver | Eguations & References

Invading Fluid
Name Material Law Long. / (S/m) Trans. 1/ (S/m) Trans. 2 / (S/fm) Temp. Range / (°C)
Oil.. ||Insulstor ~ | Isotropic 0 0 0
Displaced Fluid Water (Brine) - Sea Water (3.5%) v
| Thin Film Thickness / {nm) 5
Temperature -273.15 < |20 <1000.00 |°C = Open & Edit Material Database
+ Material Electrical Conductivity Porosity / Tortuosity
ID Name I Material Law Long. / (S/m) Trans. 1/ (S/m) Trans. 2 / (S/m) Temp. Range / (°C) Mixing Rule Fluid Con. / (5/m)
00 | water (Brine). B E Sea Water (3.5%) el Isotropic 4.7934 4.7934 4.7934 0,30 Single Phase -
o1 N Quartz.. B | [Insulator ~ | Isetropic 0 0 0 - Single Phase -
@ B @ BB [ ok || concel

The table with the materials contained in the structure has the same entries and tabs as the
table in the Constituent Materials tab in ConductoDict (except for the Specific Electrical
Contact Resistivity tab).

Additionally, by checking Thin Film Thickness, the Thin Film Model[+ can be used. The
thickness of the thin film must be smaller than the current voxel length.

Boundary Conditions

The choice of Boundary Conditions and the selection of Computation Directions for the
calculation of the Relative Electrical Conductivity are the same as seen for the Relative
Diffusivity[+2l and the Relative Thermal Conductivity.




m SatuDict — Resistivity Index (Relative Electrical Conductivity)

GeoDicT

Result File Name (*.gdr) |RelElectricConductivity.gdr

Wetting Parameters Constituent Materials Boundary Conditions Solver Equations & References

Computational Directions

X ¥ vz

Boundary Conditions in Electrical Flux Direction

() Periodic i®) Symmetric (Dirichlet)

@@E@@Epﬂ oK || Cancel |

Solver

For Relative Electrical Conductivity, the two solvers EJ and LIR are available and can be
chosen from the pull-down menu. The solver settings are similar to those available in the
ConductoDict module.

E SatuDict — Relative Electrical Conductivity

GeoDicT

Result Fle Name (*.gdr) |F‘.e|EIectricCunduct’r'.rit'_.f.gdr |

Wetting Parameters Constituent Materials Boundary Conditions | Soher | Equations & References

B -
B [
v| | Tolerance ~ | \0.001 |
Maxiral Iterations | 100000 |:

Maximal Run Time / (h) [240 |

Parallelization 8 MPI Processes [Automatic) | Edt.. |

Discard PDE Sobver Files

SIRRC R o | o ok || cancel |
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Parameters for all solvers

Stopping Criteria
The equations are solved by an iterative approach.

Iterative Solver

The basic idea of an iterative method is to

1. Start with some initial guess for the unknown values
2. Improve the current values in each iterative step

3. Repeat the iterative process until one of the stopping criteria is reached.

The iterative process is controlled by setting the values and activation for Error Bound,
Tolerance, Residual, Maximal Iterations, and Maximal Run Time (h). The stopping criteria
apply for each computational direction individually.

If multiple stopping criteria are selected, the first criterion that is reached causes the solver to
stop.

The stopping criterion that has been reached can be viewed in the Result Viewer of the
GeoDict result file (*.gdr) under the Results Report tab.

“Error Bound (LIR)

The stopping criterion Error Bound uses the result of previous iterations, and predicts the
final solution based on linear and quadratic extrapolation. The solver stops if the relative
difference between computed and predicted solution is smaller than the specified error
bound. The stopping criterion recognizes oscillations in the convergence behavior and
prevents premature stopping at local minima or maxima. A damped convergence curve is
fit through the oscillating curve and the solver stops then regarding the damped
convergence curve.

A A
Remaining Iterations
* > Prediction
Solver still running! Solver stops now! \

>

= \ Error Bound Zone _'___”,_J# f:

o a

L] L

] (]

E / € N

= E

[ [

o [-%

Prediction .
Previous Iterations
5 " (Values are inside the error bound}
Previous Iterations
(Values are outside the error bound)
N N
R » R »
Iterations Iterations

If the Krylov method (under LIR - Advanced Options) is activated, the definition of Error
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Bound is somewhat different. Here, no prediction is made, instead the continuity between
neighboring cells and the conservation of mass is checked. The maximal value is normalized
by the mean flow and if this value is smaller than the Error Bound the simulation stops.

“Tolerance

The Tolerance stopping criterion looks for stagnation of the method when the process
becomes stationary, i.e., the improvement in the conductivity value becomes extremely
small from iteration to iteration.

In each iteration, the solver checks for the current computed value Xc against the values *c-i
of the last 100 iterations if there are any changes.

X, —X._ . (33)
max ———¢=t < tolerance

i€[1,100] x,_;

The computation is stopped if the maximal relative change is smaller than the value entered
for Tolerance. When there is doubt about the quality of the solution, decrease the
Tolerance value by a factor of ten. The drawback of this criterion is that the solver
sometimes might stop too early in case of slow convergence rate or at local extrema of
oscillatory convergence curves.

“Residual (EJ)

When the Residual stopping criterion is used, the iteration is stopped if the solution satisfies
the equation up to the required accuracy.

By setting the stopping criterion to Residual, the computations terminate as soon as the
relative norm drops below the selected residual threshold. The relative norm of the Schur
Complement residual is computed and displayed in the console window during the
calculations. The console is visible by clicking the double arrow button on the lower right
corner in the progress dialog.
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ﬂ Structure.gdt (StokesResult}—GeoDict 2026—Standard Edition o

Explicitlump stationary Stokes equation solver noxm - 0L & ores. = =
norm 6. 2 d res. 1.
norm 6. 02 d res. 1.
M AT H www.math2market.com norm 6 02 d res. 1
© 2013-2025 Math2Market GmbH. T - . Lo
2 MARKET All rights reserved. porm - De SorEs. L.
norm 6. 02 d res. 1.
FlowDict:SolveStokes (StokesResult-E).gdr)  Elapsed Time: 00:01:35 — Remaining Time: 00:00:32 norm é. 02 d res. 1
norm 9. 02 d res. 2.
0% norm 9. 02 i res. 2.
Calculating Flow Remaining Time: 00:00:32 norm 1. 00 s res. 5.
norm 1. 01 s res. 3.
norm 3. 02 s res. 1.
norm 3. 02 s res. 9.
= . norm 3 02 s res. 9
= 10 3 norm o 3. 02 s res. 8
g norm o 3. 02 s s. 8.
E norm 2. 2 s res. 7.
" norm 2. 2 s res. 7.
10 3 N - - .
norm 2. 2 s res. 7.
i T i T T T T T T norm s. 2.75e-02 s res. 7.
5 10 15 20 25 30 35 40 45 herm 1 1 - res. 5
Iterations S B - - T
norm . 3. 2 s res. 8.
..Is.py local stokes_fi_parallel SolverParameters_z.pde 8 1 machines.txt Remaining Time: 00:00:32 neorm . 3 . :'f = res. : .
norm . 1. 02 s res. 5.
norm .1 02 s res. 5.
norm . 1.88e-02 s res. 5.
X Cancel B stop & Release Floaters &« r >

The recommendation to choose Tolerance or Residual for the EJ solver is based on the
structure’s porosity. Both give similar results for highly porous structures. For dense
structures, if using the Schur Complement Residual, the relative norm of the residual may be
small even though the correct conductivity has not been reached. So, when in doubt, use the
Tolerance criteria — the default option.

“Maximal Iterations & Maximal Run Time

Use the Maximum lterations value or the Maximum Run Time (h) stopping criteria
causes the solver to stop if the maximal number of iterations and/or the maximal
runtime (in hours) is exceeded.

When the solver stops because one of these criteria has been reached, no guarantee on
the quality of solution can be given. In this case, a warning is printed into the report.
The following possibilities might help:

= Check the corresponding .log file to see how large the residual values and the
conductivity values are. If the conductivity values are in reasonable range and they do
not have changed during the last iterations, you may decide to use the current result.

» Double-check the structure and parameter values. Unphysical parameters or too
rough resolution of the structure (leading, e.g., to artificial unconnected components)
can cause an iterative solver to fail.

Parallelization

Control how many threads are used for the computation. Parallelization is possible if your
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license and hardware allow it.

The Parallelization Options dialog opens when clicking the Edit button and you can choose
between Sequential, Parallel (Shared Memory), Automatic Maximum of Threads, or
Cluster (only available if EJ, SimpleFFT, or FeelMath were selected as solver).

Parallelization 12 Threads (Automatic Maximum) | Edit... |

The parallelization of the solvers is done with two technical methods: MPI Parallelization or
Thread parallelization. The following table shows the support of both parallelization

methods:
e [ e
MPI Parallel Thread Parallel
EJ v X
SimpleFFT v X
LIR X v
FeelMath v v
BEST X v

Depending on the used parallelization method, the Number of Processes (MPI parallel) or the
Number of Threads (thread parallel) can be entered.

VSequential

Selecting Sequential will not apply parallelization and only one thread is used for the
computation.

E Parallelization Options

GEODICT

& Sequential
Parallel (Shared Memory)
Automatic Maximum of Threads

Cluster

oK Cancel
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“Parallel (Shared Memory)

When Parallel (Shared Memory) is selected, the Number of Processes or Number of
Threads can be entered. Below, the Number of CPU Cores that the current machine
has, the maximum number of Licensed Threads and the number of those licensed
threads that are available (Available Threads) are shown in the dialog. Of course, the
maximal number of parallel processes you can use, is the smallest of those three
numbers.

E] Parallelization Options

GEoDICT
") Sequential MPI Parallel
(@) Parallel (Shared Memory) Mumber of Processes | g =

) Automatic Maximum of Threads
Number of CPU Cores 12

Licensed Threads 32
Available Threads 32

Cluster

| oK Cancel

% Automatic Maximum of Threads

If Automatic Maximum of Threads is selected, the number of parallel processes is
automatically selected for optimal speed, based on the CPU cores and licensed parallel
processes.

m Parallelization Options

GeoDicT
) Sequential Automatic Local Maximum
Parallel (Shared Memory) Automatic Number of Processes 12
(®) Automatic Maximum of Threads  Number of CPU Cores 17
Cluster Licensed Threads 32
Available Threads 32
| oK | Cancel

The Automatic Local Maximum of processes is automatically selected, which is the
minimum of Number of CPU Cores, Licensed Threads, and Available Threads.
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“Cluster

The Cluster parallelization requires that the solver supports the MPI Parallelization
method. Moreover, the choice of Cluster is for users of Linux systems only.

E] Parallelization Options

GEoDICT
Sequential Cluster Computation
Parallel (Shared Memory) Number of Nodes 2 -
Automatic Maximum of Threads Number of Processes per Node | 4 -
& Cluster
Licensed Threads 32
Available Threads 32
| 0K | Cancel

L -

For details on how to set up and run parallel computations, consult the High
Performance Computing chapter.

Discard PDE Solver Files

Checking Discard PDE Solver Files causes the deletion of all intermediate computation files,
such as log files and flow field files.

V| Discard PDE Solver Files

Only the content of the final GeoDict result file (*.gdr) is stored.

While having the benefit of saving hard disk storage place, discarding intermediate solver files
has also the effect of disabling the 3D visualization of the results.

LIR specific parameters (Advanced Options)
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= Advanced Options

v | Write Compressed Volume Fields

COptimization Options

v | Use Multigrid Method

Use Krylov Subspace Method | Automatic v

Relaxation 1

Optimize for Speed v
Grid Options

Grid Type LIR-Tree v

v | Grid Refinement Method | A Posteriori Error Bound -

Threshold 0.05

Number of Grid Refinements |10
Allow Sub-Voxel Resolution

Allow Grid Re-Coarsening

VWrite Compressed Volume Fields

The LIR solver uses a very memory efficient adaptive grid structure for the simulations.

If the option Write Compressed Volume Fields is checked, then the adaptive grid is
used as compression method for writing out *.hht files. This option allows to save 80-
90% space on hard drive. The runtime for writing *.hht files is also reduced significantly.
But the runtime for loading and uncompressing of compressed *.hht is increased by the
amount of runtime that was saved for writing out compressed *.hht files.

v Write Compressed Volume Fields

If the option Write Compressed Volume Fields is not checked, then a usual regular
grid is used for writing out *.hht files.

WVUse Multigrid Method

The Multigrid Method (see, e.g., Wesseling, 2004) was introduced to speed-up the
computation and reduce the runtime significantly. The main idea of Multigrid is the
usage of multiple coarser adaptive grids to speed up convergence behavior but
requires only little more memory.

v Use Multigrid Method

The method is available to solve the Stokes and Stokes—Brinkman equations as well as



for solving mechanics, diffusion, thermal, and electrical conduction and is enabled by
default.

“¥Use Krylov Subspace Method

Another speed-up option to accelerate the convergence behavior of the LIR solver is
called Krylov Subspace Method.

The runtime of the LIR solver depends on many different properties of the structure and
the simulation parameters. The BiCGStab algorithm is used, which can reduce the
runtime for challenging simulation very drastically.

Note! Using the BiCGStab method approximately doubles the amount of
RAM needed for the computation.

Unfortunately, the Krylov method is not always faster than a simulation without the
Krylov method and therefore we introduced an Automatic mode which uses some
heuristics to choose the most efficient method based on structure, material parameters,
and boundary conditions automatically. Of course, it is possible to explicitly enable
(Enabled) or disable (Disabled) the method.

Use Krylov Subspace Method | Automatic -
Enabled
Disabled

Note! In case that the Krylov subspace method (BICGStab) is used, the
Relaxation may also be adapted automatically.

“Relaxation

Depending on the material parameters and geometry of the structure, the underlying
mathematical problem can vary in complexity, thus influencing the behavior of the
solver. The more complex the problem is, the more stable the solver settings should be.

Relaxation 1

With the Relaxation number, the solver is adjusted from Stable (which results in higher
number of iterations, slower time stepping, and longer solver run times), to Fast, which
makes the solver run less iterations but implies the risk that the solver does not
converge. The Relaxation is a parameter of the SOR method and must be between 0
and 2 to ensure convergence. For relaxation values smaller than one (<1.0), the
simulation is more stable. For relaxation values larger than one (>1.0), the simulation
converges faster.


https://en.wikipedia.org/wiki/Successive_over-relaxation
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VOptimize For
The LIR solver can Optimize for Speed or Memory.
Optimize for Speed -
Memo
o If Speed is chosen, the solver constructs additional optimization structures. The

runtime is decreased by up to 30% but requires up to 50% more memory compared
to the other option.

¢ If Memory is chosen, the runtime is increased by up to 40% but the solver requires up
to 50% less memory.

VGrid Type
The Grid Type decides what kind of tree structure is used for the simulation.

Grid Type LIR-Tree -
LIR-Tree
Regular Grid
The default option is LIR-Tree and should always be used. The solver uses an adaptive

grid structure called LIR-tree and needs up to 10 times less runtime and memory
compared to the Regular Grid option.

The solver can analyze the result field during the computation and improves the
adaptive grid in places where more accuracy is needed. The LIR solver splits cells where
a high gradient occurs.

“Grid Refinement Method

The solver can analyze the computed field and refines the adaptive grid during the
computation at locations where more accuracy is needed. The LIR solver splits cells
where a high gradients occur when the Grid Refinement Method is enabled. In this
case, the additional parameters Number of Grid Refinements, Allow Sub-Voxel
Resolution, and Allow Grid Re-Coarsening become available.

Select one of the three available refinement methods from the drop-down menu.

When A Posteriori Error Bound is selected, the solver targets the specified accuracy
Threshold. While the Error Bound (set as Simulation Stopping Criterion) determines
the relative error in the solution of the linear system, A Posteriori Error Bound refers
to the relative error estimated by comparing high-order and low-order discrete
solutions. The accuracy Threshold refers to the relative error to the analytical solution
and the value must be between 0.0 and 1.0.



v| Grid Refinement Method | A Posteriori Error Bound -
Threshold 0.05
Choosing Difference (Automatic) leads to computational cells being split when the
difference in values between neighboring cells exceeds a certain Threshold. The solver
automatically chooses all internal parameters based on the structure and simulation
settings. For this option, cells are split where the current gradient is greater than the
Threshold multiplied by the maximum gradient, where the threshold is determined
automatically.
¥ Grid Refinement Method | Difference (Automatic) -
Threshold 0.1
Selecting Difference (Manual) also causes the computational cells to be split when
the difference in values between neighboring cells exceeds the specified Threshold.
You can specify all parameters (Threshold and Number of Grid Refinements) for the
grid refinement manually. For this option, cells are split where the current gradient is
greater than the Threshold multiplied by the maximum gradient. The Threshold value
must be between 0.0 and 1.0. The recommended value range is between 0.05 and 0.1.

V| Grid Refinement Method | Difference (Manual) -

Threshald 0.1

“Number Of Grid Refinements

The Number of Grid Refinements controls the maximum number of grid refinements
that the solver can perform during the simulation. The value should be set between 0
and 10, where a value of 0 means that no grid refinements will be made. Grid
refinements may increase the number of iterations, runtime, and memory requirements.

Number of Grid Refinements 10

“ Allow Sub-Voxel Resolution

When Allow Sub-Voxel Resolution is enabled, the solver is allowed to split
computational cells to sizes smaller than the voxel length.

| Allow Sub-Voxel Resolution

This feature is beneficial for low-porosity structures for which the pore throats require
finer resolution or for modeling fast Navier-Stokes flows with strong vortices.

Enabling this feature may increase the number of iterations, runtime, and memory
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requirements.

W Allow Grid Re-Coarsening

Check Allow Grid Re-Coarsening to allow the solver to automatically revert the grid
refinement and coarsen the computational cells.

v Allow Grid Re-Coarsening

This means, grid refinement is done temporarily. Afterwards, the cells are merged as
soon as accuracy is not needed anymore. This reduces the memory and runtime
requirements.

1.7.2 Results

The result file (*.gdr) is opened in the Result Viewer after the computation is finished. Only the
tabs listed below are described in detail, for the other tabs look into the Result Viewer chapter.

Material Information:
n ID 00: Water (Brine)
no ID 01: Quartz

The results of the resistivity index calculated on a partially saturated porous material with 17%
porosity (83% SVF) are shown. The invading fluid is Oil (0 S/m) and the displaced fluid is Water
(Brine) (5 S/m) while the only solid material in the structure is the non-conductive material



Quartz (Material ID 01) with 0 S/m. The relative electrical conductivity was calculated in Z-
direction with Dirichlet boundary conditions (Boundary Conditions tab). Computations were
run using the EJ solver.

Resistivity Index (Relative Electrical Conductivity) Results

e Results Tab[ss!
Learn about the resulting reports and plots.

e Data Visualizationls
Load results for a graphical visualization.

Results Tab

Report tab

Under the Results-Report sub-tab, the tables for Saturation exponent, Cementation
exponent, Resistivity index, and Relative Electrical Conductivity are shown for the chosen
saturation rates| ) (here, 0, 0.25, 0.50, 0.75, and 1), which are approximated as best as possible
(here, 0, 0.246104, 0.510196, 0.749864, and 1).

“Saturation Exponent

The resistivity index is empirically related to the water saturation by the Saturation
Exponent using Archie's equation.

Saturation exponent

Saturation exponent; | Saturation exponent; | Saturation exponents

unknown unknown 4.1007087 66

I=5."(Archie's equation)
I: Resistivity index

Swe Water saturation

n: Saturation exponent

¥ Cementation Exponent

The Cementation Exponent is used to determine how porosity affects resistivity in
fully water saturated conditions and it indirectly influences the interpretation of the
resistivity index.
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Cementation exponent

Cementation exponent; | Cementation exponent; | Cementation exponents

unknown unknown 2.375

F=R,/R,=aph™

F: Formation resistivity factor

R,: Resistivity of the sample filed with water
R.: Water resistivity

a: Tortuosity factor

phi: Porosity

m: Cementation exponent

WResistivity Index

The Resistivity Index compares the resistivity at a partial saturation to the resistivity at
full water saturation.

Resistivity index
Saturation (Invading fluid (Oil)} | Resistivity index, | Resistivity index; | Resistivity index;
0 unknown unknown 1
0.246104 unknown unknown 2.27908
0.510196 unknown unknown 8.12472
0.749864 unknown unknown 482.646
1 unknown unknown inf

I=R /R,

I: Resistivity index
Re: True resistivity
R.: Resistivity of sample only with water

“Relative Electrical Conductivity

The saturation-dependent Relative Electrical Conductivity of the fluid is shown in the
tables, where each row stands for one saturation level. The values of the whole
electrical conductivity tensor at each saturation step are given in the columns.

Relative Electrical Conductivity

Saturation By B B B B2z B B B Bas

(Invading fluid

(oil))

0 unknown | unknown | 0.00809212 | unknown | unknown | -0.00808147 | unknown | unknown | 0.152879
0.246104 unknown | unknown | -0.00729038 | unknown | unknown | -0.00487064 | unknown | unknown | 0.0670793
0.510196 unknown | unknown | 7.27543e-05 | unknown | unknown | -0.00193152 | unknown | unknown | 0.0188165
0.749864 unknown | unknown | -1.50913e-05 | unknown | unknown | -1.20096e-05 | unknown | unknown | 0.000316751
1 unknown | unknown | 0 unknown | unknown | 0 unknown | unknown | 0

Rermark: Electrical Conductivity values are given in 5/m



In the example above, the entries /’)13, 323, Bss for the computation in Z-direction are
given, the other values are unknown as the computations were not carried out.

Plots tab

In the Results-Plots subtab, the values of the Relative Electrical Conductivity table are shown
in a graph. Also, the Layered Potential in the computed directions is given.

Electrical Conductivity Plot

The values of the electrical conductivity in all selected Computational Directions|e! at the
different saturation levels are shown in a graph.

On the left, the Post-Processing Widget allows you to fine-tune the Electrical Conductivity
plot. Collapse the Post-Processing Widget by pulling it to the left.

B Result Viewer

Tue Dec 2 2025 (2026 Build 92634) .../Satubict2026/RelElectricConductivity_ThinFilms.gdr

Domain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Grzph QOptions Report | Plots | Map
Graph Type El. Conductivity over Saturation ~ Electrical Conductivity Layered Potential
Phase Selection Displaced Fluid v Electrical Conductivity Z-direction
El. Conductivity Unit | Index - ———
] —»— Resistivity index (R¢/Rq)
Saturation Unit Relative - IR ---- Archie's equation (5"
—_ 2
— 10
| Apply | =
Ead
| Back-up result file §
E‘
=,
@ 10 7
w
i
10” 4
3x10" 4x10" 6x10 10°
Saturation (Water (Brine)) / (1)
Plot Options -
@ Help Manage Data - Load Input Parameters Export - Close
¥ Graph Options

On the left side in the expandable Graph Options, you can modify the way the
diffusivity graph is displayed by selecting

¢ the Graph Type (El. Conductivity over Saturation or Saturation over El. Conductivity),

SatuDict
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¢ the Phase Selection (Invading Fluid or Displaced Fluid),
e the El. Conductivity Unit (Effective conductivity in S/m or Index),
e and the Saturation Unit (Relative or Absolute).

Click Apply to change the graph shown according to the options selected.

Layered Potential

In the Layered Potential tab for each computational direction the potential in each layer is
shown in a graph. The saturation values for each graph correspond to the saturation of the
invading fluid. The settings made under the Graph Options do not apply for these plots, but
the axis settings and graph styles can be changed under Plot Options.

Electrical Conductivity Layered Potential

Layerad Potential Z-direction

1.0 —— Saturation 0.749864
—— Saturation 0.510196
os - —— Saturation 0.246104
= —— Saturation 0
S 06
=
g
E 0.4
g
0.2
0.0
I I I I I I I
[N a0 100 150 200 250 300
Z-layers [ (pm)

Influence of Thin Films

We redo the computations, but without adding thin film voxels and compare the plots of the
resistivity index using a combined gdr file. Observe that for the structure without thin film
voxels there is no conductivity above an oil saturation of about 50%.
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B Result Viewer

Tue Dec 2 2025 (2026 Build 92634) ... SatuDict2026/ResistivityIndexCombined. gdr

®
Input Map Log Map Post Map Results Compare Maps
Report Plots Map

Electrical Conductivity Layered Potential

Electrical Conductivity Z-direction

—»%— RelElectricConductivity:Resistivity index (R¢/Rg)
—»%— RelElectricConductivity ThinFilms:Resistivity index (R¢/Rp)
= o100
ER -
E 1=
1| &
= ;
w10 3
g
10° 4
3%10 " 4%10 6x10 '
Saturation (Qil) / (1)
@ Help Manage Data =~ | |Load Input Parameters Export - Close

Data Visualization

Under the Data Visualization tab, the .gdt and .hht files, corresponding to the saturation levels

computed, can be opened, as explained in the ConductoDict chapter. No files are available if
Discard PDE Solver Files[+swas checked in the Solver settings tab.
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E] Result Viewer
Thu Nov 27 2025 (2026 Build 92101) o/ SatuDict2026/RelElectricConductivity_ThinFilms.gdr
Domain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Structure_Invading_s0.510196_z - Load .qdt and .hht

Structure
Structure_Invading_s0.246104 7

Structure_Invading_s0.510196_z
Structure_Invading_s0.749864_z
Structure_Invading_s0_z
Structure__z

® Help Manage Data = |  Load Input Parameters Export - Close

.,

For each selected Computational Directionl+2] the solution files for the saturation steps with
non-zero conductivity are saved and can be loaded by clicking on the Load .gdt and .hht
button.

In the structure file (.gdt) you can observe the fluid distribution, while the .hht (homogenized

heat) file contains the potential values at each voxel.

Select Structure to load the original structure which is saturated with the displaced fluid. No

additional .hht file will be loaded.

Select Structure__z to load the reference solution (needed to calculate the Resistivity Index)
where the structure is fully saturated with Water (Brine).

!

Shown below is the .gdt file for a 51% invading fluid saturation level. The solid phase (Quartz)
is shown together with the Displaced fluid (Water) and the Invading Fluid (Qil). The right part

of the image shows the potential field of the Water with transparent effect on the clipped
structure model.
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Material Information:

w ID 00: Water (Brine) [Displaced]
ID 01: Quartz

@ ID 02: Oil [Invading]

& ID 04: Thin Film (Quartz + Water (Brine)) (Solid)

w# ID 05: Thin Film (Oil + Water (Brine)) (Fluid)

Potential / (V)

965.09-10-3
900.00-10-3
850.00-103

800.00-103 —
750.00-103 —
700.00-103 —
650.00-10-3 —
600.00-103 —
550.00-10-3
500.00-10-3
450.00-10-3
400.00-10-3
350.00-10-3
300.00-10-3
250.00-103 —
200.00-10-3
150.00-10-3
100.00-10-3
50.00-10-3
-3.67-10-3
Plot Range:
max 965.09-10-3
min -3.67-10-3
Data Range:
max 1.00
min -31.93-10-3

More information about the visualization parameters is available in the Visualization chapter.
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1.8 Two-Phase Flow GeoApps

Under Two-Phase Flow GeoApps, predefined computation settings can be chosen from the
pull-down menu. The SatuDict Two-Phase Flow GeoApps are GeoDict macros containing
combinations of SatuDict commands with certain default parameters to mimic experiments or
real observations.

SatuDict

Two-Phase Flow Geolpps -

Upscaling Mercury Injection Capillary Pressure =
Upscaling Mercury Injection Capillary Pressure
Upscaling Relative Permeability

Hysteresis

Hysteresis for Qil-Water Setups
Porous Plate Capillary Pressure
Trapping Curve

i s CUrve 1o

structure. The upscaling process requires
capillary pressure data for the unresolved

voxels

of the structure {porous voxels). This method
applies to structures where both non-resolved | =

Open Macro [ Script File

(?) Help @ Record
Cloud
P Run
Job Queue

By clicking the Edit... button, the corresponding parameter dialog box opens and the
parameters defining the saturation experiments are displayed and can be modified. After
choosing the options click OK to close the dialog, and then Run to execute the computation.

The Two-Phase Flow GeoApps

e Upscaling Mercury Injection Capillary Pressurees!
Conduct a MICP experiment for structures containing both resolved and unresolved porous

materials.

e Upscaling Relative Permeability[+e]
Predict relative permeability and capillary pressure curves for structures containing both
resolved and unresolved porous materials.

o Hysteresis[
This GeoApp executes the Drainage and Imbibition algorithms alternately.

e Hysteresis for Qil-Water Setups ]
Predict a Capillary Pressure Hysteresis Cycle in an oil-water setup.

e Porous Plate Capillary Pressure| s



The Two-Phase Flow GeoApps

Run a Porous Plate Capillary Pressure (PPCP) simulation.

e Trapping Curvel ol
Creates a trapping curve for the currently loaded structure and given contact angle.

Add Predefined Computations

Click the Open Macro / Script File button, to open the macro file containing all steps for the
predefined simulations with the default text editor. You can then check or edit the syntax of the
computation steps. The modified scripts can be added as custom GeoApp as described in the
GeoApps chapter.

1.8.1 Upscaling Mercury Injection Capillary Pressure

The Upscaling MICP GeoApp is a comprehensive solution for analyzing complex porous
media, effectively bridging the gap between small-scale, detailed experiments and large-
scale, practical applications. This capability is essential for improving the precision of
simulations, enhancing material performance predictions, and making informed decisions in
various industrial and research contexts.

This GeoApp computes the MICP on structures with unresolved porous materials. For those
materials, no exact fluid distribution can be calculated as the location of the pores is unknown.
However, you can determine or measure the capillary pressure curve of the porous material at
a higher scale and use this information for the computations in the GeoApp.

A Important! The structure you want to analyze must contain at least one porous
material phase.

A Modules needed to run this GeoApp:
SatuDict, GeoApp-Upscaling MICP
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E] Geoclpp — Upscaling Mercury Injection Capillary Pressure

GEoDICT
Result File Name Upscaling Mercury Injection Capillary Pressure
Inflow Side All-sides v

Load .gdrs to assign Capillary Pressure Curves to Porous Materials

Breakthrough considered at Saturation [ (2%) |15

Parallelization Maximum v

%R @ B e ok | conce

F)

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File — Choose Project Folder in the menu bar).

Below, choose from which domain sides the mercury may intrude the structure. Either All-sides
can be chosen, or one specific domain side (e.g., z+) is available.

Next, you have to define from which source the capillary pressure curve values are taken.

“Load .gdrs to assign Capillary Pressure Curves to Porous Materials

| Load .gdrs to assign Capillary Pressure Curves to Porous Materials

MaterialID01 Capillary Pressure

Capillary Pressure (*.gdr) Browse...

MateriallD02 Capillary Pressure

Capillary Pressure (*.gdr) Browse...

MaterialID02 Capillary Pressure

Capillary Pressure (*.gdr) Browse...
Ereakthrough Model Saturation -

Breakthrough considered at Saturation [ (%) |15

Load pre-computed result files of Capillary Pressure for all porous material phases
according to the Material IDs. For the materials you have to specify at which saturation
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the porous region is filled enough to establish a continuous pathway through the
material securing capillary connectivity.

With the Breakthrough Model you decide to either use a fixed Saturation (enter the
value under Breakthrough considered at Saturation), or the Thomeer/ 2 fit based on
the Capillary Pressure Curve result files is used.

VDefine capillary pressure values in the material properties

With this option you have to add and edit the porous material in the Material
Database. Enter the pressure and saturation values in the Metadata tab and use the
keys Pressure and Saturation, respectively.

B Material Database

search Material Database
Group by | Type - C:Jn‘Usgars,.l’IJIumt-:r,lr GeoDict2026/ Choose...
MaterialDataBase
Name
+ Solid G | lid i d i Metadat:
v Fluid enera Soli Porosity and Tortuosity etadata
~* Porous .
o Uk |Velue
| |Pressure [Pa  [1279677.387, 1393600.791, 1504886.47, 1682749.627, 1851362
: |Sd:uratil]n|1 |D.00131808181, 0.00346416964, 0.00584746651, 0.007443829...
4 3
Add Material Add
Copy Material  Porous\Water Copy ...
Edit Parameters
Delete Material Delete
(@) Help Save Database Close

In this case, no choice of Breakthrough Model is available, you can only enter a value
for Breakthrough considered at Saturation.

For the Parallelization of the execution either use the Maximum number of cores or enter a
Manual value.

Results

The result file shows the capillary pressure curve, where the resolved part, which could be

calculated with the Mercury Porosimetry & Capillary Pressure|ss') command, and the upscaled
(unresolved) part are marked.




SatuDict: Two-Phase Flow GeoApps

Report Plots Map

Pressure-Saturation Pore Throat Size Distribution (Washburns Equation)

Pressure-Saturation

%10
—— Capillary Pressure (Upscaled)
. 207 —— Capillary Pressure (Resolved)
e
= 1.5
g
? 1.0 -
5]
&
0.0 T ——
T T T T T
1.0 0.8 0.6 0.4 02 0.0

Saturation (Mercury) / (1)

Note! No residual is left in the structure, except the closed pores, which cannot be

filled with mercury as they are not connected to any inflow side. Thus, the mercury
saturation is not exactly 100%.

Additionally, the pore throat size distribution calculated with the Washburn equationm is
given as in the result file[ s3] of the MICP command.

Report Flots Map

Pressure-Saturation Pore Throat Size Distribution (Washburns Equation)

Pore Throat Size Distribution (Washburns Equation)

50 7 —— Pore Throat Diameter
= 407
=
230 A
i3]
e
i
@ 20 7
E
=
:?‘ 10

0~ 1 \—/\

T T T T T T
0.0 0z 04 06 08 1.0
Pore Throat Diameter / (um) x10”
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1.8.2 Upscaling Relative Permeability

The Upscaling Relative Permeability GeoApp allows you to compute relative permeability
and capillary pressure curves for structures containing both resolved and unresolved porous
materials. For the unresolved materials you need to pre-compute the capillary pressure curve
and relative permeability on a higher resolution scale.

A Modules needed to run this GeoApp:
SatuDict, GeoApp-Upscaling Relative Permeability
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E] Geoclpp — Upscaling Relative Permeability

GeoDicT
Result File Name UpscalingRelativePermeahbility
Inflow Side z- -
Invading Fluid Water (Distilled)...
Displaced Fluid G nir
Surface Tension 0.0728

Compute Relative Permeability for Saturations 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
Porous Material Properties

MaterialID01
Capillary Pressure (*.gdr) Browse...
Relative Permeability (*.qdr) Browse...
MaterialID02
Capillary Pressure (*.gdr) Browse...
Relative Permeability (*.gdr) Browse...
MaterialID03
Capillary Pressure (*.gdr) Browse...
Relative Permeability (*.qdr) Browse...

Breakthrough considered at Saturation / (%) |15

Fluid Phase

v | Invading Phase

| Displaced Phase

Parallelization Maximum -

%R @ B e [ ok || conce

r

At the top of the dialog, enter the Result File Name. The result file is saved in the chosen
project folder (File — Choose Project Folder in the menu bar).

Below, choose the Inflow Side, which defines from which domain side the invading fluid may

enter the structure.

SatuDict




The Invading Fluid and the Displaced Fluid must be chosen from the Material Selector. Note,
that the displaced fluid must be present in the loaded structure.

The Surface Tension between the fluids works as described for Capillary Pressure Curvel s

To Compute Relative Permeability for Saturations you enter the saturations as comma
separated list. They work in the same way as for the Relative Permeability[e 1 command.

For the Porous Material Properties you have to load a Capillary Pressure Curve and a Relative
Permeability result file (*.gdr) for each of the porous material phases. Up to three porous
materials can be present in the structure and they have to be assigned the Material IDs 01, 02,
or 03.

A Important! We strongly recommend, that the capillary pressure curve result files are
computed with the same fluids and surface tension as entered in this dialog. Otherwise
the phase distribution and thus the permeability may not be correct. The contact
angles of the fluids are taken from the capillary pressure curve result files.

A Important! For the relative permeability result files select the computational direction
according to the Inflow Side you want to choose in this dialog. This means if you
choose z- as inflow plane, you have to compute the relative permeability in Z
direction.

The two parameters, Breakthrough considered at Saturation and Parallelization are
explained in Upscaling Mercury Injection Capillary Pressure| sl

Additionally, you can check whether the Relative Permeability should be computed for the
Invading Phase and/or the Displaced Phase.

During the calculation, first a capillary pressure curve is computed, where the displaced fluid
can leave a residual. For the resolved pores, the saturation points from this run are taken for
the relative permeability calculation, where the entered saturation points are approximated as
in the Relative Permeability[sr1 command.

For the unresolved porous materials, the input result files are used for the capillary pressure
curve and the relative permeability values.

Results

In the result file, the Pressure-Saturation plot shows the capillary pressure curve with the parts
for the resolved and unresolved parts similar as in the Upscaling MICP GeoAppliesl
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Report Plots Map

Pressure-Saturation Permeability

Pressure-Saturation

%10°
—— Capillary Pressure (Upscaled)
. 207 —— Capillary Pressure (Resolved)
a
= 15
o
? 1.0 -
5]
o
L 0.5 \_
{]-{] — _-_-_-_-_-_-_-__—__‘

T T T T T
0.8 0.6 0.4 0.2 0.0

Saturation (Qil) / (1)

The Permeability plot is the same as for the Relative Permeability Plot/e:.

Report Plots Map

Pressure-Saturation Permeability

Permeability Z-direction

—»— Invading fluid
0.6 —— Displaced fluid
=
=
S 2 04
s 3
]
g
0.2+
i
0.0 P o o o e
! !

!
a1 0.2 0.3 0.4 0.5 0.6 o7 0.8 0.9
Saturation (Invading fluid) / (1)

1.8.3 Hysteresis

The Hysteresis GeoApp performs a hysteresis simulation of the SatuDict functionalities
Drainage and Imbibition (both with invading fluid connected to a reservoir and the displaced
fluid can leave a residual) in succession. This GeoApp repetitively runs the Capillary Pressure

command in the same way as it was explained in Capillary Pressure with Hysteresis Effect[ 1
until the chosen Number of Cycles is reached.

170

SatuDict




A Modules needed to run this GeoApp:
SatuDict

After clicking Edit..., enter the Hysteresis Result File Name and the necessary parameters.

E Geoclpp — Hysteresis

GEODICT
Hysteresis Result File Name (*.gdr) |Hysteresis.gdr Browse...

Hysteresis Cycle
Mumber of Cycles 3 -

| Start with Drainage

Use Dynamic Pore Morphology

Fluid phases
Wetting Phase Water (Brine)...
Non-Wetting Phase 0il...

Capillary Pressure Curve computation - Parameters

Interfacial Tension [ (N/m} 0.035

Contact Angle Mode True Contact Angle -
Contact Angle for Material ID 1/ (°) |20

Contact Angle for Material ID 2 / () |40

Contact Angle for Material ID 3 / (°) |50

Contact Angle for Material ID 4 / () |60

Boundary conditions

Drainage - invading phase boundary | z- -

Imbibition - invading phase boundary |z+ -
Parallelization Maximum -
hEe B oK Cancel

“VHysteresis cycle
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Enter the desired Number of Cycles, which means the number of SatuDict
computations. The minimum value is 2, so that at least one drainage and one
imbibition simulation will be performed. Check the box Start with Drainage? to first
compute a drainage simulation, otherwise an imbibition will be simulated at the
beginning. In the example shown above, 3 SatuDict simulations are done: first a
drainage, followed by an imbibition, and finally a secondary drainage.

You can decide to Use Dynamic Pore Morphglggym which has the same options as

in the Capillary Pressure Curve command. Additionally, you can set the Fluid Interface
Step Sizel 1 as in the Solver Parameters tab of Capillary Pressure Curve.

¥ Use Dynamic Pore Morphology

dk

Fluid Interface Step Size [ (voxel) | 64
Mon-Monotonic Capillary Pressure

Thin Wetting Layers

“Fluid phases

With Wetting Phase and Non-Wetting Phase select the fluids involved.

A Important! If you start the computations with a Drainage simulation, the
Wetting Phase must be present in the loaded structure. Similarly, if you decide
to start with an Imbibition simulation, the Non-Wetting Phase has to be
present at the beginning. The reason is, that in the simulations the
corresponding fluid will be displaced.

W Capillary Pressure Curve computation - Parameters

Set the Interfacial Tension, the Contact Angle Mode, and the Contact Angle with
respect to the Wetting Phase for up to four solid material phases. The parameters are
similar to those from Capillary Pressure Curvel ) except that the contact angle mode
Constant Contact Angle is not available here.

“Boundary conditions

Select the invading phase boundary for both Drainage and Imbibition. The other five
domain boundary sides are set to Displaced Fluid Outlet (see also Boundary

Conditions)@.

“Parallelization
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Choose to compute with Maximum parallelization or set a Manual number of threads.

Results

After the Hysteresis computation has finished, the Result Viewer opens. The Header section
box lists all the Imbibition and Drainage result files of each cycle. The hysteresis result file is an
automatically combined result file showing the Pressure-Saturation curves in a single plot.

m Result Viewer

_':I_'-a__.L Open... File Mt
- __.a/Hysteresis_1_Drainage.gdr | SatuDict G EO D I C T
- Up “* Down - _./Hysteresis_2_Imbibition.gdr | SatuDict

Combine Results
- _.a/Hysteresis_3_Drainage.gdr | SatuDict

..Flow GeoApps/Hysteresis.gdr ] Raise Main Window

*

Swap Selected

Synchronize Tabs i

Wed Jan 14 2026 (2026 Build 93212) .../ Two-Phase Flow Geolpps/Hysteresis.gdr

L
Input Map Log Map Post Map Results Compare Maps
Report Flots Map

Pressure-Saturation Layered saturation

Pressure-Saturation

®10°
— HysteresisData/Hysteresis_1_Drainage
8 — HysteresisData/Hysteresis_2_|mbibition
—— HysteresisData/Hysteresis_3_Drainage
1 @
-
1@
7 4
0
2
o
2 —
— —— e
0 p
T T T T
0.0 0.2 0.4 0.6 0.6 1.0
Saturation (Water (Brine)) / (1)
@ Help Manage Data = | |Load Input Parameters Export - Close
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1.8.4 Hysteresis for Oil-Water Setups

The Hysteresis for Oil-Water Setups GeoApp predicts a capillary pressure hysteresis cycle in
an oil-water setup with primary drainage, spontaneous and forced imbibition, and, if selected,
secondary drainage.

A Modules needed to run this GeoApp:
SatuDict

Click Edit to open the Hysteresis for Oil-Water Setups Parameters dialog.
Select a Result File Name fitting to the current project.
The parameters are organized into three groups:

“Properties of Hysteresis Cycle

Define the Properties of Hysteresis Cycle.

Select a material for the Drainage - Invading Phase and set the Primary Drainage -
Invading Side. Choose an Imbibition - Invading Phase and set the Imbibition —
Invading Side.

Properties of Hysteresis Cyde

Drainage - Invading Phase oil..

Primary Drainage - Invading Side | z- v
Imbibition - Invading Phase IS \ater (Brine)...

Imbibition - Invading Side i+ v

Compute Secondary Drainage

Select if also Secondary Drainage should be considered in the computation and
choose the invading phase boundary for it.

v| Compute Secondary Drainage

Secondary Drainage - Invading Side | z- -

“Two-Phase Flow Properties

Set the Two-Phase Flow Properties.

Define the Interfacial / Surface Tension in N/m between the two material phases, e.g.,
water and oil. At the beginning the structure is filled with water and all solids are
water-wet. For up to four solid materials the Water Contact Angle can be set. During
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the primary drainage simulation oil enters the structure. The contact angle of the solids
to the oil is 180° =0y, where 8 is the Water Contact Angle.

Two-Phase Flow Properties
Interfacial / Surface Tension / (N/m) 0.03
Water Contact Angle for Material ID 1/ (®) |40
Water Contact Angle for Material ID 2 / (®) |40
Water Contact Angle for Material ID 3 / (%) |40
Water Contact Angle for Material ID 4 / (%) |40

Wettability during imbibition WaterWet v

After the primary drainage, the wettability of the solids may change for the imbibition
and secondary drainage. The Wettability during imbibition can be selected from the
pull-down menu.

o If WaterWet is chosen, nothing changes after the primary drainage and all solid
surfaces remain water-wet.

e For MixedWet the wettability only changes locally after the primary drainage.

o If OilWet is selected, the wettability changes globally after primary drainage. All
solid surfaces that are covered by oil change from water-wet surfaces to oil-wet
surfaces. They are then non-wetting against water.

In the case of a changing wettability, the new contact angles for the oil-rock contacts
must be defined. Again, for up to four solid material IDs the Oil-Wet Contact Angles
can be defined.

Wettability during imbibition Dilwet -

Turn local Oil-Rock Contacts into non-wetting Phase (after Drainage - before Imbibition)

Oil-Wet Contact Angle for Material ID 1 /(=) (140
Oil-Wet Contact Angle for Material ID 2 / (*) 140
Oil-wet Contact Angle for Material ID 3 / (°) 140

Oil-Wet Contact Angle for Material ID 4 / (=) (140

For a MixedWet set-up additionally the distribution of the oil-wet solids must be
specified. First, select an Aging Method and then set the corresponding parameters.
The aging method introduces which surfaces change their wettability after the primary
drainage and before the imbibition.

For a Deterministic aging method, the wettability is changed at surfaces in large pores
and in contact with the invading oil. The Pore volume considered for "aging” defines
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the limit for the material reassignments to oil-rock surfaces in large pores. A geometric
pore size distribution is applied to determine the pore space that allows consideration
of oil-wet surfaces with adjusted contact angles. For example, a value of 70% means
that the largest 70% of the pores are changed from water-wet to oil-wet. A higher
percentage leads to more contact material changes and an increased saturation
change during forced imbibition, while the saturation changes during spontaneous
imbibition are decreased.

Woettability during imbibition MixedWWet v

Turn local Qil-Rock Contacts inte non-wetting Phase (after Drainage - before Imbibition)

Dil-Wet Contact Angle for Material ID 1 /(") (140
Oil-wet Contact Angle for Material ID 2 [ (%) |140
Dil-Wet Contact Angle for Material ID 3 / () (140

Oil-wet Contact Angle for Material ID 4 [ (%) |140

Aging Method Deterministic -

Distribute Contact Angles by Volume Percentage of largest Pores

Pore volume considered for "aging” [ (%) | 70

q Pk

A Stochastic aging method distributes the wettability changes using Gaussian random
fields. Define the Desired Oil-Wet Region Size, representing the standard deviation for
the applied Gaussian distribution. Additionally, enter the Desired Oil-Wet Solid
Volume Percentage.

Aging Method Stochastic -

Distribute Contact Angles by Gaussian Random Fields

Desired Qil-Wet Region Size [ {pm) 30

Desired Qil-Wet Solid Volume Percentage / (%) |25

Find out more about the aging methods in the Simulate Aging GeoApp chapter.

“Others

To compute the relative permeability during the imbibition check Compute Relative
Permeability for the Imbibition Process. Define the Number of Saturations for
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which to compute the relative permeability. The default number of 7 means that for
seven different saturations of the structure the permeability is computed. Increase the
number to obtain more data points on the relative permeability curve.

v | Compute Relative Permeability for the Imbibition Process

q Pk

Number of Saturations 7

Expert Settings

Finally, determine the Expert Settings. Here, define the Dynamic Pore Morphology
Method parameters and the Parallelization.

The Fluid Interface Step Size defines how many voxels the computed fluid interface
can move in each step. Lower values might increase the runtime significantly.

The imbibition starts with the spontaneous imbibition part. At some point, defined by
the Transition Radius, the imbibition changes from spontaneous to forced:

e For the Transition Radius Setting Automatic this point is determined automatically.

e For a Manual Transition Radius, you define the sphere radius in voxel at which the
dynamic transition from spontaneous to forced occurs. The meniscus of the water-
front can be interpreted as a part of a circle. If this circle has a radius larger than the
transition radius, the meniscus flips over, and the forced imbibition applies. This
parameter is experimental. Examine the results carefully, especially if contact angles
close to 90° are chosen.

For the Parallelization of the execution either use the Maximum number of cores or
enter a Manual value.

v Expert Settings

Dynamic Pore Morpholgy Method

q b

Fluid Interface Step Size / (voxel) | 32

Transition Radius Setting Automatic -

Parallelization Maximum -

Click OK to save the settings. Click Run to perform the hysteresis simulation.

Results

When the simulation is finished, the result file automatically opens in the Result Viewer.

The Results - Plots tab contains plots for Hysteresis, Relative Permeability, and Relative
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Permeability at irreducible Water (Brine) Saturation.

To obtain the Relative Permeability values, the permeabilities of the different saturation steps
are divided by the absolute permeability.

For the Relative Permeability at irreducible Water (Brine) Saturation the effective
permeability of the state with irreducible water saturation (at the end of the primary drainage)
is used for normalization.

%10

— Qi
I 0.8 - )
8 —— Primary Drainage —— Water (Brine)
6 — Spontanecus/Forced Imbibition =
ad ~—— Spontanecus/Forced Secondary Drainage > 064
w 3
€ 2 3
? E
@ 4 'ht_ i — 04 -
g £
§ 21 :
e ! 5 521
4
-6
-8 l 0.0 4
T T T T T T T T T T T T T
0.2 04 0.6 08 10 0.1 0z 0.3 04 0.5 0.6 07 0.8
Water (Brine) Saturation Saturation Water (Brine) / (1)

Several result files and result folders are generated and can be found in the project folder. The
prefix is based on the chosen Result File Name (default is Hysteresis).

Hysteresis_lmbibition Hysteresis_|mbibiticn_RelPerm
Hysteresis_PrimaryDrainage Hysteresis_SecondaryDrainage
CHIEDT PoreSizes_forForcedlmbibition
WaterEDT ) Hysteresis_Imbibition.gdr
€ Hysteresis_Imbibition_RelPerm.gdr © Hysteresis_PrimaryDrainage.gdr
3 Hysteresis_SecondaryDrainage.gdr B mixed-wet_geometry_forlmbibition.gdt
€ QilEDT.gdr € PoreSizes_forForcedimbibition.gdr
€ Structure.gdt & WaterEDT.qgdr

1.8.5 Porous Plate Capillary Pressure

The Porous Plate Capillary Pressure GeoApp fills the pore space of the current structure with
water. Then, air invades the structure from all but one side. The face in Z- direction is
connected to a porous plate. The Porous Plate Capillary Pressure app is similar to the
MICP[ 41 command, but here air displaces water.

A Modules needed to run this GeoApp:
SatuDict

Click Edit to open the Porous Plate Capillary Pressure Parameters dialog.
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E] Geoclpp — Porous Plate Capillary Pressure

GEODICT
Result File Name (*.qdr) PPCP_Result
Interfacial Tension 0.073

qp

Fluid Interface Step Size [ (voxel) | 32

%R @ B e ok || conce

A

Enter the Result File Name for the generated GeoDict result file (*.gdr) and the corresponding
result folder.

Two parameters can be defined:

¢ Set the Interfacial Tension in N/m between water and air. The given default value refers to
the value at 20°C for an air contact angle of 140°. The air contact angle cannot be changed.

¢ The Fluid Interface Step Size determines the range of voxels that can be maximally
saturated within one pressure step. Lower values might increase the runtime and the number
of saturation steps significantly, but give a more realistic development of the saturation
process.

Click Run to perform the porous plate capillary pressure simulation. The pore space is filled
with water, then air invades the structure from all sides except for Z-.

Results

After the simulation is finished, the result file is opened in the Result Viewer. Refer to the
Capillary Pressure Curve Results[sr1 chapter for more details regarding the results.
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EJ Result Viewer
Tue Dec 9 2025 (2026 Build 92634) .../ Two-Phase Flow GeoApps/PPCP_Result.gdr
Domain Size: 100 x 100 x 100 Voxel Length: 3 pm |Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Create Videos Metadata
Report Plots Map

Residual Saturation

Saturation | Volume Fraction

Residual Displaced Fluid | 0.3645 0.0622

Residual Invading Fluid | 0.0000 0.0000

Capillary Pressure

Saturation (invading) | Saturation (displaced) | Mean curvature [/ (1/m) | Capillary pressure [ (Pa)
; ] 1 0.0000e+00 0.00002+00
0.0564058 0.942594 1.8779e+04 2.7418e+03
0.0653447 0.934655 1.9324e+04 2.8213e+03
0.066769 0.933231 1.9900e+04 2.9055e+03
0.0707139 0.929286 2.0513e+04 2.99492+03
0.0721793 0.927821 2.1164e+04 3.08992+03
0.0726505 0.926349 2.1858e+04 3.1913e+03 -
@ Help Manage Data - | |Load Input Parameters Export i Close

1.8.6 Trapping Curve

The Trapping Curve GeoApp predicts a capillary pressure hysteresis cycle and creates a
trapping curve for the currently loaded structure and given contact angle. Initially, the pore
space is filled with water. Then, a primary drainage with a selected invading fluid is computed.
For a chosen number of saturation steps a secondary imbibition with water is computed.

A Modules needed to run this GeoApp:
SatuDict

Click Edit to open the Trapping Curve Parameters dialog.
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E] Geoclpp — Trapping Curve

GEoODICT

Result File Name (*.gdr) | TrappingCurve

Trapping curve parameters

Minimum Initial (Gas) Saturation |05

L

Mumber Of Saturations 5

Capillary Pressure Computation

L

Fluid Interface Step Size [ (voxel) 32
Interfacial / Surface Tension / (N/m) |0.05
Adjust expert settings
Primary Drainage Settings
Water Contact Angle [ (%) | 0

Invading Fluid (Drainage) 0il...

Imbibition Settings
Wettability during Imbibition | WaterWet -
@E @, @ o I o | oK Cancel

The parameters are organized in four groups:

“Trapping curve parameters
Set the Minimum Initial (Gas) Saturation to determine the trapping curve from fully
gas-saturated pore volume down to the given value between 0 and 1.

Define the Number Of Saturations, i.e., the number of imbibitions calculated for the
trapping curve.

The starting saturations of the invading fluid for the imbibition are distributed between
the value entered in Minimum Initial Saturation and 1.

SatuDict
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Trapping curve parameters

Minimum Initial (Gas) Saturation (0.5

q b

Mumber Of Saturations 4

W Capillary Pressure Computation

Define the Fluid Interface Step Size for the corresponding capillary pressure method.
The Fluid Interface Step Size determines the range of voxels that can be maximally
saturated within one pressure step. Lower values might increase the runtime and the
number of saturation steps significantly, but give a more realistic development of the
saturation process.

Set the Interfacial / Surface Tension between the invading and the displaced fluid.

Capillary Pressure Computation

q b

Fluid Interface Step Size [ (voxel) 32
Interfacial / Surface Tension / (N/m) |0.05

Adjust expert settings

The available expert settings include Parallelization, Transition Radius, and whether
Thin Wetting Layers and/or Non-Monotonic Capillary Pressure should be applied.
Refer to the Capillary Pressure Curvel 2] chapter for a detailed explanation of these
saturation experiment parameters.

| Adjust expert settings

Parallelization miaximum v
Transition Radius [ (voxel) | 1000 =

Use Thin Wetting Layers

MNon-Monotonic Capillary Pressure

“Primary Drainage Settings

By default, the initial pore fluid is water. Enter the Water Contact Angle that is used
for the primary drainage computation. Select the Invading Fluid for the primary
drainage from the Material Database.
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Primary Drainage Settings
Water Contact Angle / (°) |0 -

Invading Fluid (Drainage) ol

“Imbibition Settings

Set the Wettability during Imbibition as explained for the Hysteresis for Qil-Water
Setups[] GeoApp. Note, that here oil-wet means that the solid surfaces covered with
the invading fluid (not necessarily oil) change their wettability.

Imbibition Settings

Wettability during Imbibition | WaterWet h
MixedWet
Dilwet

Click Run to create the trapping curve.

Results

When the simulation is finished, the result file opens in the Result Viewer automatically.

The Results - Report subtab of the Result Viewer shows a table with the saturation of the
invading fluid at the beginning of the imbibition (Initial Gas Saturation) and after the
imbibition (Residual Gas Saturation).
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E] Result Viewer

Tue Jan 13 2026 (2026 Build 93212) ..., Two-Phase Flow GeolApps/TrappingCurve.gdr
®
Input Map Post Map Results Create Videos
Report Plots Map

Trapping Curve Results

Initial Gas Saturation | Residual Gas Saturation
0.917 0.241
0.844 0.231
0.537 0.118
0.497 0.118
@ Help Manage Data~ | | Load Input Parameters Export - Close

These values are also plotted in a Trapping curve available in the Plots subtab.

Trapping curve

0.24

0.22

0.20 A

Residual il
Saturation
=]

]

1

T T T T T
0.5 0.6 o7 0.8 0.9

Initial Cil Saturation
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