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ASSESSING SATURATION-DEPENDENT MATERIAL
PROPERTIES IN POROUS MEDIA

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.

SatuDict can calculate the phase distribution for the two types of phase
displacement, namely Drainage and Imbibition.

A Drainage displacement occurs where a non-wetting invading fluid enters the
porous media and displaces a wetting fluid, which was saturating it.

-~y

Material Information:
O ID 00: Water [Wetting Phase]
O ID 01: Quartz

W ID 02: Oil [Non-Wetting Phase] ——r—>—>——>

B ID 03: Water [Residual Wetting Phase]

Drainage process

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, displacing it.

TR, -

Material Information:
W ID 00: Oil [Non-Wetting Phase]
O ID 01: Quartz

O ID 02: Water [Wetting Phase] ——————>

W ID 04: Oil [Residual Non-Wetting Phase]

Imbibition process
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Assessing saturation-dependent material properties

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 (Residual Wetting Phase) or, after
Imbibition, a residue of the non-wetting phase (Residual Non-Wetting Phase) can
remain trapped in the porous media.

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.

PORE MORPHOLOGY METHODS

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

The Quasi-Static Pore Morphology Method [1] calculates the stationary
distribution of wetting and non-wetting phases for a given capillary pressure and it
is applicable when

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

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

B only two-phase systems are considered.

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

20
r = —cos(a) (D

C
The contact angle a can be different at each solid phase inside the porous medium
[2] and, thus, variable wettability can be incorporated.

The Quasi-Static Pore Morphology Method 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 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.
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Pore Morphology Methods

With this new method, for imbibition processes, additionally, thin wetting layers can
be considered by 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 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 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 one
saturation point is computed between a saturation of 20% and 80%.

x10"

Pressure / (Pa)

ol

1.0 0.8 06 0.4 0.2 0.0
Saturation (Oil)/ (1)

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.
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Assessing saturation-dependent material properties

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.

><104

Pressure / (Pa)

.

: | | | ™

1.0 0.8 0.6 04 0.2 0.0
Saturation (Qil) / (1)

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. The performance of the method was increased for the last
service packs of GeoDict 2021 and the runtimes with GeoDict 2022 are similar with
the quasi-static method.

This method 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.
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Pore Morphology Methods

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 hon-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.

x10

Pressure / (Pa)

IR T

1.0 0.8 06 0.4 0.2 0.0
Saturation (Qil)/ (1)

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 strcture 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
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Assessing saturation-dependent material properties

MODEL FITS

THOMEER MODEL

In GeoDict 2023, for drainage simulations without residual of the replaced fluid, a
Thomeer model [5] can be fitted to the capillary pressure curve.

The Thomeer Model is designed for Mercury Intrusion Capillary Pressure (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

G
Snwp = Sa * exp| ————5— | (2)

log (%)

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

This feature requires a special license. Please contact our support at
support@math2market.de for more information.

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 solid is strongly wetting for the replaced fluid (e.g. Water (Brine)) and
therefore the replaced fluid would leave a thin film on the solid surface. Another
condition would be that the thin film still have 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 replaced 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 replaced
fluid / invading fluid and replace fluid / solid. The thin film allows to maintain
previously existent non-zero conductivity.

The new conductivitiesk,,; and K,, of the thin film porous voxels at the solid
boundary and invading fluid is determined by the following formula:

t-0.5 h—t-0.5 t-0.5 h—t-0.5
ws = A Ky + A K, Kwo = A Ky + A K, 3)

where K,, is the conductivity of the replaced fluid (e.g., 5 S/m), K, 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).

This feature requires a special license. Please contact our support at
support@math2market.de for more information.
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SatuDict computations

SATUDICT COMPUTATIONS

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)).

Regarding the permeability, the values computed with SatuDict 2023 and displayed
in the GDR result file include the relative permeability and the saturation-dependent
permeability (shown as Effective Permeability under the Results-Report tab). See
the GDR result file in detail below on page 46.

The absolute permeability is given as the permeability of the completely saturated
medium (K;, s = 1), whereas the saturation-dependent or effective
permeability is the permeability of the medium at given saturation levels (K, s €
[0,1]). The permeability is 0 at saturation 0 (K; =0, s =0).

The relative permeability is a dimensionless measure, defined as the ratio of the
saturation-dependent permeability to the absolute permeability. The relative
permeability must be between zero and one:

K
where Ks is the saturation-dependent permeability and K; is the absolute
permeability.

SatuDict can be used to:

B Determine the capillary pressure curve using the pore morphology method
or the dynamic pore morphology method to evaluate the distribution of non-
wetting and wetting phases for a given (quasi-stationary) capillary pressure P,
and, in this way, determine the saturation s. The capillary pressure curve, P.(s),
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.

B Determine relative and saturation-dependent (effective) permeability
for different saturations. The pore morphology method 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.

To calculate the permeability K, of the wetting phase, the non-wetting phase is
treated as an unmovable obstacle. The flow calculation treats it as a solid.

To calculate the permeability K, of the non-wetting phase, the wetting phase is
treated as an unmovable obstacle.

Thus, flow only takes place in the pores filled with the corresponding fluid,
whereas the other pores are ignored. Specifically, no movement of bubbles is
simulated.

The permeability values are then determined as described in the Flow
permeability section of the FlowDict handbook. The resulting permeability value
is now dependent on the saturation.
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Assessing saturation-dependent material properties

To determine the whole curve K,,(s), it is necessary to calculate the permeability
for several different saturations.

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.

B Calculate saturation-dependent (relative) gas diffusivity using the pore
morphology method or results of a previously simulated drainage or imbibition
process. SatuDict calculates the saturation-dependent diffusivity as in DiffuDict
(see the DiffuDict handbook). 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.

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.

B Determine saturation-dependent (relative) thermal conductivity, and
resistivity index. SatuDict calculates the saturation-dependent thermal
conductivity and the resistivity index as in ConductoDict (see [4] and the
ConductoDict handbook. The thermal conductivity or 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, equations of purely
diffusive heat transport are set, and solved. Advection or radiation is not
considered.

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 saturation 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
saturation simulation.
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SatuDict section

SATUDICT SECTION

SatuDict starts when selecting Predict —» SatuDict in the menu bar. The pull-down
menu in the SatuDict section gives access to the choice of available computations:
Capillary Pressure Curve, Relative Permeability, Relative Gas Diffusivity,
Relative Thermal Conductivity, Resistivity Index and Two-Phase Flow
GeoApps. Note that not all commands are visible and some of them require a special
license!

Satu
Relative Permeabilioy
Capillary Pressure Curve = Relative Gas Diffusivity
Relative Thermal Conductivity
Options Edit_ Resistivity Index

Twio-Phase Flow Geolpps

Help Record Record

—_>
Run in Cloud Run Run & Record

The Options for the SatuDict computations can be modified through the Options
Edit... button.

When the parameters for the selected SatuDict computational process have been
entered, clicking the Run button in the SatuDict section starts the computations.

When recording a macro, the Record button becomes active, and the Run button
changes to Run & Record.

The parameters entered in the Options dialog boxes can be saved into *.gps
(GeoDict Project Settings format) files and/or loaded from them. Remember to
restore and reset your (or GeoDict’s) default values through the icons at the bottom
of the dialog box when needed and/or before every SatuDict run. Resting the mouse
pointer over an icon prompts a tooltip showing the icon’s function.

Ehn @. @ E Fﬂ oK Cancel
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Assessing saturation-dependent material properties

CAPILLARY PRESSURE CURVE

When selecting Capillary Pressure Curve from the pull-down menu, the Wetting
Parameters needed for running this process can be entered (or modified) through
the Edit... button.

The name for the result file is entered in the Result File Name box. Keep the default
name or rename it according to your current project, to differentiate the results of
sets of SatuDict computations. The resulting GDR result file is placed inside the
chosen project folder.

The wetting parameters are grouped under four tabs: Constituent Materials,
Saturation Experiment, Boundary Conditions, and Solver Parameters. The
last tab Equations & References provides further information about the equations
used in this calculation.

CONSTITUENT MATERIALS

All material properties of invading and replaced fluid can be defined on the
Constituent Materials tab.

[ capillary Pressure Wetting Parameters O x

GEoODICT

Result File Name (*.gdr) CapilaryPressureDrainage.gdr

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

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

Constant Contact Angle - used for post-processing on

Interfacial / Surface Tension / (Nfm 0.07275 - PErT—T—
! / (N/m) Multiple Contact Angle - used for fluid distribution
Invading Fluid O Ol (Fluid)... True Contackt Angle - used for fluid distribution
Replaced Fluid Water -
Edit Material Database
+ Material Contact Angle

ID Mame . Invading Fluid CA / (*) Replaced Fluid CA / (7}

o0 | ©  Water (Fluid)... =] This fluid will be replaced

o1 [ Quartz (Sold)... | |F 140 40

Eha E‘l @ E :“n oK Cancel

CONTACT ANGLE MODE

Depending on the number and type of solid phases, the Contact Angle Mode can
be selected as:

1. Constant Contact Angle. In this default setting, 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 replaced fluid. The given contact angle is considered for the
computation of the capillary pressure, but a contact angle of 0° is used for the
distribution of the fluids!
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SatuDict - Capillary Pressure Curve

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 replaced 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.

. True Contact Angle. In the same way as for Multiple Contact Angle, contact
angles for every solid material with the invading and the replaced 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 between the invading and replaced fluid
or use the default value corresponding to the surface tension between water and air.

INVADING FLUID AND REPLACED FLUID

The Invading Fluid invades the current structure and displaces the Replaced
Fluid. The invading fluid can be selected through the Material Selector dialog box,

by clicking on the button for the material.

Invading Fuid | & Ol (Fluid)... |
Replaced Fluid Water >
3 Material Selector O x

Material Type Fluid Search

Fluid il Group by | Type -

Information Name —

* Fluid
Manual
Air Gas, Filtration
Carbon Dioxide (C02) Gas, Electrochemistry, QilAndGas
Electrobyte (Solvionic) Liquid, Battery, Electrochemistry
Electrolyte Liquid, Battery, Electrochemistry
Helium Gas, Electrochemistry, OlandGas
Hydrogen Gas, Electrochemistry, QilAndGas
Mercu Liquid
1
Oxygen Gas, Electrochemistry, OlandGas
Water (Bring) Liguid, QilAndGas
Water (Distilled) Liguid, QilandGas
Water Liquid, Firation
Edit Material Database Pore
0K Cancel

The Replaced Fluid must already be present in the model of the structure currently
in memory. Choose the replaced fluid from the pull-down menu.
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Assessing saturation-dependent material properties

MATERIAL AND CONTACT ANGLE

The Contact Angle can be entered 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).

In the Material tab, the material of each material ID can be selected. The Contact
Angle tab shows which fluid will be replaced (here, Water will be replaced).

Material Contact Angle

ID Mame Invading Fluid CA / (°) Replaced Fluid CA& [/ (*)
00| ©  Water (Fluid)... =, This fluid wil be replaced

o1 [ Manual (Soid).. | (B 7 (40 140

02 B Manual (Solid)... | | & 40 140

The Invading Fluid CA (Contact Angle) and the Replaced 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.

Non-Wetting Fluid

f Wetting Fluid

Material
Click the Material Report button to see the

relevant parameters for the material with a ID Mame

selected ID. :
00 | ©  water (Fluid)... | | T%
01 [ Quartz (Solid)... | &
3 Report for Material with 1D 00 o X 3 Report for Material with 1D 01 O *
Key Unit Value .
= i Key Unit Valge
T Solid
Information
~  FluidProperties Information
CurrentLaw 1
NumberOfLaws 1
~ | MaterialLawl
MName Pressure = 1.01325 bar (1 atm) —_—
Densty  |kg/m™3 998.206092 | Close |
Viscosity ka/(ms) |0.00100160533 -
| Close |
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Capillary Pressure Curve result file

SATURATION EXPERIMENT

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

53 Capillary Pressure Wetting Parameters O *

GeoDiIcT

Result File Mame (*.gdr) |CapillaryPressureDrainage.adr
Constituent Materials | Saturation Experiment | Boundary Conditions =~ Solver Parameters | Eguations & References
Experiment

Imbibition (spontaneous) | Drainage (forced)

Connectivity
| Invading Fluid must be connected to a Reservoir
v Replaced Fluid can leave a Residual
Ignore Closed Pores
| Use Dynamic Pore-Morphology Method
v | Mon-Monotonic Capilary Pressure
Transition Radius / (vox) 100
Thin Wetting Layers
Thin Wetting Layer Distance / (vox) 32
Fit Models

Compute Thomeer Model

Ehﬂ E'l- @ E- :"EI oK Cancel

EXPERIMENT

It is shown here which kind of experiment is performed. This depends on the choice
of the contact angles made in the Constituent Materials tab.

In some cases, both Imbibition and Drainage are conducted and the user can
decide to execute only one of them.

If all contact angles of the invading fluid are above 90° then a Drainage experiment
will be performed. If all contact angles of the replaced fluid are below 90° then a
Imbibition experiment is performed. In mixed-wet cases where the contact angles
of the invading fluid are above and below 90° then both options can be enabled.

CONNECTIVITY

The pore size and the pore connectivity to the wetting phase (WP) reservoir or non-
wetting phase (NWP) reservoir determine the final distribution of the phases.

Check Invading Fluid must be connected to a Reservoir to connect the invading
fluid continuously to a phase reservoir at a given spatial location outside of the
domain (defined in the Boundary Conditions tab, see page 15). If this is

GeoDict User Guide 2023 13




Assessing saturation-dependent material properties

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.

Check Replaced Fluid can leave a Residual if the replaced fluid is allowed to leave
a residual in pores that are separated from the replaced fluid reservoir, e.g., by the
invading fluid. In this case, the replaced fluid needs to be connected to a reservoir,
also defined in the Boundary Conditions tab, see page 15. The residual of the
replaced fluid is assigned a new material ID. If this option is not checked, pores that
have no connection to the replaced fluid reservoir and contain the replaced fluid are
ignored and have after the simulation the same material ID as before.

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. 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 of the drainage and imbibition processes.

v | Use Dynamic Pore-Morphology Method
MNon-Monotonic Capillary Pressure
Transition Radius | (vox 100
Thin Wetting Layers

Thin Wetting Layer Distance / (vox 32

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

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 dynamically switch between
both algorithms multiple 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.

To consider a modified connectivity check for thin wetting layers, check Thin
Wetting Layers and define a Thin Wetting Layer Distance in voxels. Like this,
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.

FIT MODELS

For drainage simulation without the option Replaced Fluid can leave a Residual,
the option Compute Thomeer Model can be selected.

This option computes the Thomeer Model based on the computed capillary pressure
curves, see page 6.
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Capillary Pressure Curve result file

Fit Models

Compute Thomeer Model

BOUNDARY CONDITIONS

The Boundary Conditions define if a side of the sample (X-, X+, Y-, Y+, Z-, and
Z+) is connected to the Invading Fluid Inlet or the Replaced Fluid Outlet.

If a side is not connected to a reservoir, e.g. if the porous medium continues in that
direction, SatuDict determines pore sizes and checks connectivity using symmetric
boundary conditions in these directions, i.e. the pore structure is mirrored at this
side.

The boundary conditions are greyed out and cannot be edited, if there is no invading
fluid reservoir. Then, symmetric boundary conditions are used.

] capillary Pressure Wetting Parameters O x

GEODICT

Result File Mame (*.gdr) |CapilaryPressureDrainage.gdr
Constituent Materials Saturation Experiment Boundary Conditions Solver Parameters Equations & References

Boundary Conditions

X- X+ Y- Y+ z- Z+
Invading Fluid Inlet L]
Replaced Fluid Qutlat @
Symmetric L @ L] L]

Minirmal Pressure of Interest

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

Ehﬂ E'l- @ ﬂ E‘ﬂ 0K Cancel

By checking Minimal 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.

v | Minirmal Pressure of Interest

Pressure Drop Increase 300 Pa -

Simulation Domain / (Voxels) 200 x 200 x 571
Estimated Required Memory: 326.729 MB
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SOLVER PARAMETERS

The Solver Parameters define the settings for the solver run, and also the format
of the output files is entered here.

STEP Si1zE (PORE DIAMETER)

Capillary Pressure Wetting Parameters O X

GeoDicT

Result File Marme (*.gdr) |CapilaryPressureDrainage.gdr
Constituent Materials Saturation Experiment Boundary Conditions Solver Parameters Equations & References

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

1ir ik

Interface Step Size / (Voxel) 64

Neighborhood Mode Face, Edge or Vertex -

Parallelization <local max. - 12x> Face
Face, Edge or Vertex

Stopping Criterion

Stop at Radii / (Voxel) 2 - 20 = Find Max.

Stop at Saturation [ (%) 80

Output

Write Steps to .gdt Files Write Al .gdt -
Write All .gdt

Write Only Changed .gdt
Write Mo Files

Write Pore Filing Saturation to .pas File

Write Pore Filing Pressure to .pas File

Ehﬂ E'l- @ ﬂ E‘ﬂ oK Cancel

The pore diameter, together with the connectivity rule based on the Neighborhood
Mode and the defined contact angles, determine the distribution of the wetting and
non-wetting phases.

The pore sizes to be considered for the calculations can be defined by entering the
Step Size. The algorithm increases or decreases the pore 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 is 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.
Checking Face is more restrictive than choosing Face, Edge, or Vertex. See more
details on the neighborhood mode in the MatDict handbook (Connected Components)
and the ProcessGeo handbook (Cleanse command) of this User Guide.
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Capillary Pressure Curve result file

PARALLELIZATION

Calculations can be parallelized if the user’s license and hardware allow it. The
Parallelization Options dialog opens when clicking the Edit... button, to choose
between Local, Sequential, Local, Parallel or Local, Maximum.

Parallelization <local max. - 8x> /_)d.u: .
N

Parallelization Options

E Parallelization Options

GEO

Local, Sequential Local Computation

e Local, Parallel Threads 1 -

Local, Maximum Max. Available 12

GEO

Local, Sequential Local Computation

Local, Parallel Mumber of Used Processes: 12

® Local, Maximum Max. Available 12

Max. Licensed 32 Max. Licensed 32

0K Cancel 0K Cancel

For Local, Sequential only one Process is used for the computation.

When Local, Parallel is selected, the Number of Processes can be entered. Then
the maximum number of available processors and the maximum number of licensed
parallel processes is shown in the dialog.

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
Replaced Fluid, and the Residual Replaced 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. This leads to a reduced hard drive memory
consumption and a slightly reduced runtime.

Select Write No Files if no intermediate .gdt files should be saved.
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Assessing saturation-dependent material properties

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 in the
result viewer (see page 26). Depending on the checked options, either the Saturation
of the invading fluid, the pressure at which a pore is filled or both are written in the
.pas file.
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Capillary Pressure Curve result file

CAPILLARY PRESSURE CURVE RESULT FILE

General details on the result viewer are found in the Result Viewer handbook of this
User Guide. Here, only the special features for SatuDict Capillary Pressure are shown.

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.

Material Information:
[1ID 00: Water
ID 01: Quartz

GmbH
6:0
epth: 000

The GDT files corresponding to the computational steps (Step_000000.gdt, etc.) are
stored in the automatically created result folder with the name of the result file name
in the project folder.

l . O - | CapillaryPressureDrainage

File

Home Share View

<« A « Sat.. » Capill... v O 2 Search CapillaryPressureDrainage

£

D PressureSaturation.pas

© Step_000000.gdt
© Step 000007.gdt
© Step_000002.gdt
© Step_000003.gdt
© Step 000004.gdt
© Step_000005.gdt
© Step_000006.gdt

101 items

© Step_000007.gdt
© Step_000008.gdt
Q@ Step_000009.gdt
© Step_000010.gdt
© Step_000011.gdt
© Step_000012.gdt
© Step_000013.gdt
© Step_000014.gdt

© 5tep_D00015.gdt
© Step_D00016.gdt
© Step 000017.gdt
© Step_D00018.gdt
© Step_D00019.gdt
© Step 000020.gdt
© Step_D00021.gdt
© Step_D00022.gdt

© Step_000023.gdt
© Step_000024.gdt
Q@ Step_000025.gdt
© Step_000026.gdt
© Step_000027.gdt
Q@ Step_000028.gdt
© Step_000029.gdt
© Step_000030.gdt

© 5tep_D00031.gdt
© Step_D00032.gdt
© 5tep 000033.gdt
© Step_D00034.gdt
© Step_000035.gdt
© 5tep 000036.gdt
© 5tep_D00037.gdt
© Step_D00038.gdt

© Step_000039.gdt
© Step_000040.gdt
© Step_000041.gdt
© Step_000042.gdt
© Step_000043.gdt
© Step_000044.gdt
© Step_000045.gdt
© Step_000046.gdt

>

==

This is only done if Write All .gdt or Write Only Changed .gdt was selected in the
Solver Parameters tab, see page 17). This folder also contains the
PressureSaturation.pas file and the Structure.gdt file, with the original structure,
before the drainage simulation is started.

After the solver has finished, the Result Viewer opens immediately.
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Assessing saturation-dependent material properties

m Result Viewer

‘ T, Open... | File Module Command

GEoDICT

Up Down | Combine Results |

Swap Selected

collapse and expand | |#Rase uan window

Synchronize Tabs

MiMrz 15 2023 (2023 Build 62250) .../ SatuDict2023/ CapilaryPressureDrainage.adr
Dormain Size: 1 x 512 x 512 Voxel Length: 740 nm | Load Structure | [ ]

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

Fit Options Report | Plots | Map
-
Show Thomeer Model Saturation | Saturation Pore Non- Non- Monotonic | Monotonic
(invading) | (replaced) | Diameter / toni toni Mean Capillary
Graph Options (m) Mean Capillary | Curvature | Pressure /
Curvature | Pressure [ | /[ (1/m) (Pa)
Graph Type |Pre55ure over Saturation ~ | f (1/m) (Pa)
Phase Selection | Imadng Fud  ~ | 0.0515302 | 0.94847 9.2500e-05 |2.1622e+04 | 1.2050e+03 |2.1622e+04 |1.2050e+03
Ssturation Unt  |Reltve < 0.0546205 |0.945379 | 9.2500e-05 |2.1622e+04 |1.2050e+03 |2.1622e+04 |1.2050e+03
Reference Volume | Pore Space @ J05796 | 0.940204 | B.9540e05 | 2.2336e+04 | 1.24482+03 | 2.23362+04 | 1.2448e+03
Invert Saturztion 4,[].061067 0.938933 8.6580e-05 | 2.3100e+04 | 1.2874e+03 | 2.3100e+04 | 1.2874e+03
0.0616402 0.93836 8.3620e-05 | 2.3918e+04 | 1.3320e+03 | 2.3018e+04 | 1.3329e+03
| Apply... |

0.0623463 | 0.937654 8.0660e-05 | 2.4795e+04 | 1.3818e+03 | 2.4795e+04 | 1.3818e+03

0.101017 0.898983 7.7700e-05 | 2.5740e+04 | 1.4345e+03 | 2.5740e+04 | 1.4345e+03

0.10164 0.89836 7.7700e-05 | 2.5740e+04 | 1.4345e+03 |2.5740e+04 | 1.4345e+03
| Plot Options -| || 0.104572 0.895428 | 7.4740e-05 |2.6759e+04 | 1.4013e+03 | 2.6759e+04 |1.4013e+03 | _
| Manage Data || Load Input Map il Export ~|| Close

The computational results are accessed through the tabs Input Map, Log Map,
Post Map, Results, Data Visualization, Create Videos and Metadata.

INPUT MAP

The Input Map provides a simplified overview of all data entered in the Wetting
Parameters dialog.

m Result Viewer
MiMrz 15 2023 (2023 Build 62250) .../ SatuDict2023/ CapilaryPressureDrainage.gdr
Dornain Size: 1 x 512 x 512 Voxel Length: 740 nm | Load Structure | [ ]

Input Map LogMap = PostMap | Results  Data Visualzetion = Create Videos — Metadata
Unit  Value

frue
frue
frue
False
32
64
True
100
False

Pa 150
Voxel|2

False
Voxel[2
Voxel| 20

M
ME
M
M

v
=
m

o = ==

REPLACED_FLUID_OUTLET
INVADING_FLUID_INLET
False

False

| Manage Data || Load Input Map I Export || Close
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Capillary Pressure Curve result file

LoG MAP

The Log Map provides information about the solver runtime, the memory usage and

the hardware.

PosT MAP

m Result Viewer

Mi Mrz 15 2023 (2023 Build 62250)

.../ SatuDict2023/CapillaryPressureDrainage.gdr

Dormain Size: 1x 512 x 512 Voxel Length: 740 nm | Load Structure | o

Input Map | Log Map | Post Map

Results | Data Visualzation = Create Videos = Metadata

Key Unit Value

41.51

TotalRuntime 5
HosthName

LaptopAB

IM@@ 64 bit Windows
NumberOfCores 12

M MiB

32513

GeoDict MiB 494

ExternalProcesses MB |0

Total MiB 494

Manage Data '| |

Load Input Map [l

Export - | Close

The Post Map provides information about the plots shown under the Results tab.

m Result Viewer
Mi Mrz 15 2023 (2023 Build 62250} .../ SatuDict2023/ CapillaryPressureDrainage.gdr
Dormain Size: 1x 512 x 512 Voxel Length: 740 nm | Load Structure | ®
Input Map Log Map Paost Map Results Data Visualization Create Videos Metadata
Key Unit Value
~ |Parameters
GraphType 0
PhaseSelection INVADING_FLUID
ReferenceVolurme PORE_SPACE
ShowThomeerModel False
InvertSaturation False
SaturationUnit Relative
MNumberDfPlots 4
~ Plotl
PlotTitle Pressure-Saturation
XAxisLabel Saturation (0il}
YAxisLabel Pressure
XaodsUnit 1
YAxisUnit Pa
ChxisLabel
ChxisUnit
NumberQfGraphs 2
b |Graphl
b |Graph2
PlotGroup Pressure-Saturation
XAxisRange MinMax
YAxisRange Auto
ChAxisRange Auto
XAxisMinvValue 0
XAxisMaxValue 1
YAxisMinValue -6263.8
Y AxisMaxValue 1580091.7
ChdisMinValue -0.1
CAxisMaxvalue 0.1
XAxisLogScale False
YAxisLogScale False
CAxisLogScale False
PolarPlot False
+ | AdvancedOptions
» Plot2
b |Plot3
» | Plotd
| Manage Data ~||  Load Input Map [ Export - | Close
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RESULTS

The Results tab has the three subtabs Report, Plots, and Map.

Report

When clicking the Results - Report subtab, a detailed table with the calculated

values is shown.

For a typical capillary pressure result file, the table shows the Saturation of the
invading fluid, the Saturation of the replaced fluid, as well as the Pore Diameter, the
Mean Curvature and the calculated corresponding Capillary Pressure for every step
(pore size). If the Dynamic Pore-Morphology Method with the option Non-Monotonic
Capillary Pressure was used for the computation, Mean Curvature and Capillary
Pressure are shown both for the monotonic and non-monotonic capillary pressure

curve.

3 Result Viewer = O
MiMrz 15 2023 (2023 Build 62250) .../ SatuDict2023/ CapillaryPressureDrainage.gdr
Dormain Size: 1 x 512 x 512 Voxel Length: 740 nm | Load Structure

Input Map Log Map Post Map Results Data Visualization Create Videos Metadata
Report Plots Map
Saturation | Saturation Pore Non- Non- Monotonic | Monotonic
(invading) (replaced) Diameter / monotonic monotonic Mean Capillary
(m) Mean Capillary Curvature [/ | Pressure /
Curvature / | Pressure [ (1/m) (Pa)
(1/m) (Pa)
0.0515302 0.94847 9.2500e-05 2.1622e+04 1.2050e+03 2.1622e+04 1.2050e+03
0.0546205 0.945379 9.2500e-05 2.1622e+04 1.2050e+03 2.1622e+04 1.2050e+03
0.059796 0.940204 8.9540e-05 2.2336e+04 1.2448e+03 2.2336e+04 1.2448e+03
0.061067 0.938933 8.6580e-05 2.3100e+04 1.2874e+03 2.3100e+04 1.2874e+03
0.0616402 0.93836 8.3620e-05 2.3918e+04 1.3329e+03 2.3918e+04 1.3329e+03
0.0623463 0.937654 8.0660e-05 2.4795e+04 1.3818e+03 2.4795e+04 1.3818e+03
0.101017 0.898983 7.7700e-05 2.5740e+04 1.4345e+03 2.5740e+04 1.4345e+03
0.10164 0.89836 7.7700e-05 2.5740e+04 1.4345e+03 2.5740e+04 1.4345e+03
0.104572 0.895428 7.4740e-05 2.6759e+04 1.4913e+03 2.675%9e+04 1.4913e+03
0.109856 0.890144 7.1780e-05 2.7863e+04 1.5528e+03 2.7863e+04 1.5528e+03
0.112198 0.887802 6.8820e-05 2.9061e+04 1.6196e+03 2.9061e+04 1.6196e+03
0.150578 0.849422 6.5860e-05 3.0367e+04 1.6924e+03 3.0367e+04 1.6924e+03
0.153137 0.846863 6.2900e-05 3.1797e+04 1.7720e+03 3.1797e+04 1.7720e+03
1.154657 N.845343 5.9940e-N15 3.33067e+04 1.8595e+03 3.3307e+04 1.8595e+03
Manage Data b Load Input Map Export b Close

X

Warnings in the Result File:

If the Contact Angle Method Multiple Contact Angle was used for the computation
of the saturation pressure curve (see page 11), a warning may appear in the result

file created.
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Capillary Pressure Curve result file

Warning: The multiple contact angle method requires that the rafio behween pore
diameter and structure dismeter (e.q. fiber or grain dizmeter) 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.

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 ingredients of the multiple contact angle method are a dilation and an
erosion process. For high contact angles, the dilation radius can get much higher
than the erosion radius. For solid objects in the structure with diameter much smaller
than the maximum pore diameter, this can lead to artefacts in the fluid distribution,
like contact angles higher than desired, larger saturation steps and fewer saturation
steps. This happens if the ratio between pore diameter and diameter is larger than

%. With the new True Contact Angle method, this problem can be avoided.

Plots

Click the Results - Plots subtab to observe the tabular results of the Report subtab
as a diagram in the Pressure- Saturation subtab.

At the left side of the Result Viewer, the user can modify the way the graph is
displayed by selecting Graph Type (Pressure over Saturation or Saturation over
Pressure), Phase Selection (Invading Fluid or Replaced Fluid), Saturation Unit

ﬂ Result Viewer = O X
MiMrz 15 2023 (2023 Build 52250) .../ SatuDict2023/ CapillaryPressureDrainage.gdr
Dormain Size: 1 x 512 x 512 Voxel Length: 740 nm |Load Structure [ ]

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

Fit Options Report | Plots | Map
Show Thomeer Model Pressure-Saturation Layered Saturation
Graph Options Pressure-Saturation
5
Graph Type Pressure over Saturation - x10
—»— Capill P
Phase Selection Invading Fluid - apifiary res;ure )
1.4 1 ---- Non-Monotonic Capillary Fressure
Saturation Unit Relative -
Reference Volume | Pore Space - 127
Invert Saturation 104
& A
Apply... 5 0.8+ |
2
8 0e |
0.4 '

) ; ; ) 4
Pressure-Saturation » Edit: Axis Settings 4
Layered X Saturation » Edit Graph Styles
Layered Y Saturation » l T T T T

0.0 0.2 0.4 0.6 0.8 1.0
Layered Z Saturation 4 Saturation (Oil) /(1)
Plot Options
Manage Data A Load Input Map Export - Close
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(Relative or Absolute) and Reference Volume (Pore Space, Pore Space (Thomeer),
or Total Sample Volume). The option Pore Space (Thomeer) is only available after a
Drainage simulation without residual of the replaced fluid was performed.

If a Thomeer Model is fitted, see page 6, this model can be shown by checking Show
Thomeer Model under Fit Options.

Check Invert Saturation to show the values of the saturation in decreasing instead
of increasing order.

As usual, right clicking on the plot opens a small dialog box with the possibility to
modify the axis settings, the graph styles or to save the graph in different ways.
With Edit Axis Settings, e.g., the scale of the X- and Y-axis can be changed to
compare plotted results from different capillary pressure curve calculations side by
side. From GeoDict 2022 on, the options Edit Axis Settings and Edit Graph Styles,
can be accessed also by choosing Plot Options>Pressure-Saturation at the
bottom of the left panel.

In the example, at the beginning of the drainage process, the porous structure is
saturated (100%) by the Water. As the pressure increases, the Oil starts invading
the structure and forces the Water out of it. Thus, the saturation of the OQil is
increasing. By the end of the drainage process, where the pressure is at its highest
level, the structure is 83% saturated with Oil and 17% 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%.

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

[ Result Viewer = O X

........

Do Mrz 16 2023 (2023 Build 62250) .../ Satubict2023/ 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
Report | Plots | Map

Pressure-Saturation Layered Saturation

Layered Z Saturation -

1.0

0.8 1

0.6

0.4 1

Layered Saturation / (1)

0.2
—— Saturation 0.257

el —— Saturation 0.52
: —— Saturation 0.834

0.0+

T T T T
0.0 0.5 1.0 1.5 20 25 3.0 3.5

Z Layers %10~

Manage Data - Load Input Map Export - Close
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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 simulations steps can be selected.

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 Phase ID (here, 2 is Qil) shows the assigned Material ID of the
invading fluid.

[ Result Viewer = O X
Do Mrz 16 2023 (2023 Build 62250) .../ Satubict2023/CapilaryPressureDrainage.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
Report Plots Map

Key Unit  Value
Diameter m 0.25e-05, 9.25e-05, 8.954e-05, 8.658e-05, 8.362e-05, 8.066e-05,...
DiameterVoxel ox [125, 125,121, 117,113,109, 105, 105, 101, 97, 93, 89, 85, 81,
‘SaturationInvading 0.05153020536, 0.05462052236, 0.05979597262, 0.0610669901,...
SaturationReplaced 0.9484697946, 0.9453794776, 0.9402040274, 0.9389330099, 0....

VolumeFractionInvading 1 0.02366256714, 0.02508163452, 0.02745819092, 0.0280418396,...
VolumeFractionReplaced 1 0.4355354309, 0.4341163635, 0.4317398071, 0.4311561584, 0....

Pressure Pa 1204.967205, 1204.967205, 1244.800832, 1287.358125, 1332.9 .

Curvature 1/m |21621.62162, 21621.62162, 22336.38597, 23100.0231, 23917.7

MonotonicPressure Pa  |1204.967205, 1204.967205, 1244.800832, 1287.358125, 1332.9..

‘MonotonicCurvature 1/m |21621.62162, 21621.62162, 22336.38597, 23100.0231, 23917.7
» LayeredSaturation

‘SolutionFile PressureSaturation.pas

MediumChordLength 58.59392436

Porosity 0.4591979498

InvadingFluidID 2

Manage Data - Load Input Map Export - Close

DATA VISUALIZATION

In the Data Visualization tab the *.pas file and the step-by-step images of the
computed process can be loaded.

[ Result Viewer = O x
Do Mrz 16 2023 (2023 Build 62250) .../ SatuDict2023/ CapillaryPressureDrainage.gdr
Dormain Size: 1 x 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_000000.gdt Pressure: 1204.967205 Pa, Saturation: 0.05153020536 ~ Load gdt
Manage Data - Load Input Map Export - Close
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Visualization of Pressure and Saturation

Under the Data Visualization tab, 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 (see page 17) the Pore Filling
Pressure and the Pore Filling Saturation (Invading) can be selected for the
visualization.

The initial visualization, in 2D view or 3D rendering, is done using default settings
that the user 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 handbook of this User Guide.

A color bar or color scale appears in the Visualization area near the structure during
the visualization of the results, indicating the gradation of pressure or saturation.

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

[ Loading volume file PressureSaturation.pas O *

While in 3D rendering, the GEO

progress of the drainage or Select Volume Field | View File Header
imbibition process can be followed
by SeleCting Pore Fllllng Pressure | Pare Filing Pressure:Pore Filing Pressure

from the Color By and Pore F||||ng | Pore Filing Saturation (Invading):Pore Filing Saturation (Invading)
Saturation (Invading) from the
Threshold By pull down menus.

Select components to load / compute:

Allow clipping by distance

Check all Uncheck all
oK Cancel
Statistics Camera V| Structure ¥ Volume Field Streamlines Particles Triangles Schlieren AITOWS Tensors
Color By Pare Filing Pressure = Threshold By | Pore Filing Saturation (Invading) Smooth Vv Clipx |0 = 1 = Invert
Pore Filing Pressure Pore Filing Pressure
PR ore Fling Pressure e | e — i : _ vicey [0 2 S
& Pore Filing Saturation (Invading) | Pore Filing Saturation (Invading P

Interpolation | Mo Interpolation - Transparency == erial IDs 0,1 - V| CipZ |0 = 512 5

L]

With these settings, the visualization is twofold because, 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.

For this dual visualization of capillary pressure level and distribution of phases, the
interplay of Threshold Slider and Clip Mode selection are essential:

B 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.
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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 83%.

B Clip Mode: makes the dual visualization of pressure values and distribution of
phases possible because it links them based on the capillary pressure saturation
curve (see page 23).

B By selecting '*= 7, 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 replaced fluid is still in the structure at this saturation or below.

® 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 replaced
fluid.

The following are two examples of the effect of setting the Threshold slider/box and
Clip Mode. Visualization of freeze-frame shots of displacement

Threshold By | Pore Filing Saturation (Invading) ~ 20% saturation of | Threshold By | Pore Filing Saturation (Invading) ~
>= v ||z invading fluid <= ~||o2

Pore Filling Pressure / (Pa)
30.00 103

25.00-103
20.00-103
15.00 103
10.00-103
5.00-103
0.00

Plot Range:
max 30.00-103

min 0.00
Data Range:
max 150.62-103
min -150.62-103

x10°

—»— Capillary Pressure

41— Mon-Menotonic Capillary Pressure

1.2 1
1.0 1

0.8 1

[
0.4 1 i
7 W
0.0 1

T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Saturation (Oil) /(1)

Pressure / (Pa)
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Threshold By | Pore Filing Saturation (Invading) ~ | 0% saturation of  Threshold By |Pore Filing Saturation (Invading) ~ |
[>=  ~|los . invading fluid <= ~|los |

Pore Filling Pressure / (Pa)
30.00 103

25.00 103
20.00 103
15.00-103
10.00-103
5.00-103
0.00

Plot Range:
max 30.00-103
min 0.00
Data Range:
max 150.62 103
min -150.62 103

5
X10
—»— Capillary Pressure
1.4 4 ' .
—— MNon-Monotonic Capillary Pressure
1.2
™ 1.0 1
=
-
o 0.8 A
5
@ 4
B 0.6
o
0.4 A
. W
0.0
T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Saturation (Oil) / (1)
Finally, the computed process can be visualized step-by-step with GDT files saved
during the capillary pressure curve calculation.

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

m Result Viewer

........

Do Mrz 16 2023 (2023 Build 62250) .../ SatuDict2023/ 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

Solution File: PressureSaturation.pas | Load |

|Step_000000.gdt Pressure: 1204.967205 Pa, Saturation: 0.05153020536 ~ | | Load gdt |
Step_000027.qdt Pressure: 2053.350993 Pa, Saturation: 0.1716953546 |-
Step_000028.qdt Pressure: 3073.895931 Pa, Saturation: 0.1725343922
Step_000029.gdt Pressure: 3204.700014 Pa, Saturation: 0.172800226

Step 000030.gdt Pressure: 3347.131125 Pa, Saturation: 0.1731906692
Step_000031.gdt Pressure: 3502.811643 Pa, Saturation: 0.1735977271
Step_000032.gdt Pressure: 3673.680503 Pa, Saturation: 0.1742041603
Step_000033.gdt Pressure: 3862.074375 Pa, Saturation: 0.1804761747
Step_000034.qdt Pressure: 4070.835152 Pa, Saturation: 0.1824948495
Step_000035.adt Pressure: 4070.835152 Pa, Saturation: 0.2151757825
Step_000036.qdt Pressure: 350&311643 Pa, Sat_uration: 0.2_568950@ -

Manage Data '| | Load Input Map | | Export * | | Close

28 GeoDict User Guide 2023



Capillary Pressure Curve result file

Select one of the GDT files , where the file hames 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 and the image from that step is displayed in
the visualization area.

The GDT file Step_000000.gdt (Pressure: 1205 Pa, Saturation: 0.0515) corresponds
to the beginning of the intrusion process. The structure appears (almost fully)
saturated by the replaced fluid.

| Step_000000.gdt Pressure: 1204.967205 Pa, Saturation: 0.05153020536 ~

Material Information:

] ID 00: Water [Replaced]

m ID 01: Quartz

W ID 02: Oil [Invading]

m ID 03: Water [Residual Replaced]

The GDT file Step_000049.gdt (Pressure: 5578.5 Pa, Saturation: 0.325) corresponds
to an intermediate part of the intrusion process. The structure appears partly
saturated by the invading fluid and the replaced fluid.

| Step_000049.gdt Pressure: 5578.551876 Pa, Saturation: 0.3250897189 ~ |

Material Information:

1 ID 00: Water [Replaced]

m ID 01: Quartz

m ID 02: Qil [Invading]

W ID 03: Water [Residual Replaced]

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.

The following figure shows a typical graph for primary drainage, imbibition, and
secondary drainage.
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100000 T
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Water Saturation [1]

After the primary drainage simulation shown in pages 19 ff. with the result file
obtained, perform a follow-up imbibition simulation where the WP displaces the NWP.

First, the final state of the previous drainage simulation (Step_000098.gdt with
150621 Pa) is loaded.

m Result Viewer

Do Mrz 16 2023 (2023 Build 62250) .../ SatuDict2023/ CapilaryPressuraDrainage.gdr
Domain Size: 1 x 512 x 512 Voxel Length: 740 nm |Lr.}ad Structure| o
Input Map Log Map Post Map Results | Data Visualization | Create Videos Metadata
Solution File: PressureSaturation.pas | Load [
| Step_000098.gdt Pressure: 150620.9006 Pa, Saturation: 0.8335382468 ~ | | Load gdt %—l
Manage Data || Load Input Map [l Export || Close

Material Information:

@ ID 01: Quartz

W ID 02: Oil [Invading]

W ID 03: Water [Residual Replaced]

Then, return to the main GeoDict GUI and click the Solver Options’ Edit... button
in the SatuDict section to select the wetting parameters for the capillary pressure
curve simulation.
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Change the name for the result file from CapillaryPressureDrainage.gdr to
CapillaryPressureImbibition.gdr.

In the Constituent Materials tab, select the Invading Fluid to be Water and the
Replaced Fluid to be Oil. Set the Invading Fluid CA to 40°, the contact angle for
the replaced fluid will automatically be changed.

E Capillary Pressure Wetting Parameters

GEODICT

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

Constituent Materials Saturation Experimant Boundary Conditions Sobver Parameters Equations & References

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

Interfacial / Surface Tension / (N/m) 0.07275

Invading Fluid ¢ Water (Fluid)...
Replaced Fluid 0l hd
Edit Material Database
+ Material Contact Angle
ID Mame Invading Fluid CA / (®) Replaced Fluid CA [ (°)
01 [ qQuartz (Solid)... -] | 40 140
02 0il (Fluid) [Invading]... B, This fluid wil be replaced
03 Water (Fluid) [Residual Replced]... | (5 | Residual phase
@E Etl, @ ﬂ FE 0K Cancel

Under the Saturation Experiment tab, the Experiment has automatically changed
to Imbibition. Check that Invading Fluid must be connected to a reservoir as
well as Replaced fluid can leave a residual are selected.

In the Boundary Conditions tab, switch the reservoirs boundary conditions of
invading and replaced fluid.

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 pages 29 ff. to visualize the imbibition process.

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

Step_000012.gdt Pressure: 5578.551876 Pa, Saturation: 0.1772446335 ~

Material Information:

O ID 00: Water [Invading]

O ID 01: Quartz

B ID 02: Cil [Replaced]

B ID 05: Water [Residual Invading]
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As previously for the Drainage simulation also during the Imbibition simulation parts
of the replaced fluid (here Oil) get trapped in the structure.

Step_000064.gdt Pressure: 1859.517292 Pa, Saturation: 0.4287482555 ~

Material Information:
O ID 00: Water [Invading]

O ID 01: Quartz .
B ID 02: Oil [Replaced]

B ID 04: Oil [Residual Replaced]
B ID 05: Water [Residual Invading]

CREATE VIDEOS

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 capillary pressure result file as input for the
video creation.

Click Create Video, to create the video capillaryPressureVideo.mp4 in the result file
folder.

m Result Viewer

Do Mrz 16 2023 (2023 Buid 62250) .../SatuDict2023/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
Capillary Pressure Animation bt

Before running the GeoApp:
- 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 camera position.
Hint: The solid structure is made invisible on the
- rear half of the X-axis.

This GeoApp File combines animation of:
. - 3D images from your Capilary Pressure Results
p - Capillary Pressure Curve
—— The resulting video wil be called

1 capillaryPressureVideo.mp4
" L and wil be placed in the results folder of the
simulation.
Edit Parameters...
Open Macro File
} Create Video... ¥ Video not avaiable
Manage Data - Load Input Map Export = Close
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The video shows the capillary pressure curve on the right, and the changing
distribution of wetting and non-wetting phase during the saturation simulation on
the left. For a better visualization, only part of the structure is shown.

If the video was created successfully, the grayed-out Video not available button,
is enabled and changes to a Play Video button. With Open Macro File it is possible
to open a text editor with the python file used for the video creation.
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RELATIVE PERMEABILITY

When selecting Relative Permeability from the pull-down menu in the SatuDict
section, the Solver Options needed for running this computation can be entered
(or modified) through the Edit... button.

In the Relative Permeability Parameters
dialog, the name for the result file is entered in
the Result File Name (*.gdr) box. Keep the
default name or rename it according to your Options Edit._.
current project to differentiate the results of

SatuDict computations. The resulting GDR file is

placed inside the chosen project folder (File —» Help Record
Choose Project Folder, in the Menu bar).

SatuDict

Relative Permeabilicy -

Run in Cloud Run

The Relative Permeability Parameters are

grouped under the Wetting Parameters,

Constituent Materials, Boundary Conditions, and Solver tabs. The last tab
Equations & References provides further information about the equations used in
this calculation. The settings in the tabs Constituent Materials, Boundary
Conditions and Solver are very similar to the solver options in FlowDict.
Explanations to these settings can also be found in the FlowDict handbook of this
User Guide.

[ Relative Permeability Parameters O X

GEODICT

Result File Narme (*.gdr) |RelPermeability_Inv_LIR.gdr
Wetting Parameters Constituent Materials Boundary Conditions Soher Equation & References
Phase Distribution
® by Pore Size (Imbibition)
by Pore Size (Drainage)

from simulated wetting process Browse...

Saturation Steps

5 > (® Guess Al Manual

Saturation (invading phase)

10
20,25
3|0.5
4|0.75

5(1
Flow Phase

v Invading Phase
Replaced Phase

@El E’l @ E FEI oK Cancel
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SatuDict - Relative Permeability

WETTING PARAMETERS

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 the 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°.

However, the phase or fluid distribution at different saturation points can be taken
from a previously simulated imbibition or drainage process by checking from
simulated wetting process and clicking Browse... to choose a result file (GDR
file) in your project folder.

] Relative Permeability Parameters O *

GEoDIcT

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

®) from simulated wetting process |CapilaryPressureDrainage.gdr Browse._.

Saturation Steps

ak

5 +| ® Guess Al Manual %10°
Saturation (invading phase) 1.5 Original 3
1/ 0.0515302 o —%— Selected
2| 0.256895 @
4
o
3/0.431024 =
o
40.613577 =3
o
&
5 0.833538

T T T
0.2 0.4 0.6 0.8
Saturation (invading phase)

Flow Phase

V| Invading Phase
Replaced Phase

E’hﬂ E’l- @ ﬂ E‘u 0K Cancel

SATURATION STEPS

The saturation steps of the non-wetting phase in the porous media, for which the
permeability is to be calculated, can be set in the Saturation (invading phase)
table.

There are three different modes to select the saturations:

B Guess: The number of guessed saturation points is specified in the box to the
left.
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B If the Phase Distribution is set to by Pore Size, the saturation steps are
chosen uniformly.

B 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. A plot shows the original saturation points and the
selected saturation points. This way the user can control if the guessed
saturation points are indeed representative.

B All 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.

B Manual: In manual mode, the table can be modified at will, and the desired
saturation steps can be entered.

FLow PHASE

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

CONSTITUENT MATERIALS

Under the Constituent Materials tab, the Invading Fluid and Replaced Fluid can
be entered. The tab is very similar to the one for capillary pressure (see page 10)
but some properties cannot be entered (e.g. surface tension).

If the phase distribution under the Wetting Parameters tab is chosen by Pore Size,
the replaced fluid must be present in the structure. If it is taken from simulated
wetting process, then both fluids can be changed and do not have to be already
present in the current structure.

5] Relative Permeability Parameters O X

GEODICT

Result File Mame (*.gdr) |RelPermeability_Inv_LIR.gdr
Wetting Parameters Constituent Materials Boundary Conditions Sobver Equation & References
Invading Fluid ©  Water (Fluid)...
Replaced Fluid Air -
Temperature -273.15 <= |20 <=1000.00 °C ~ Edit Material Database

Invading Fluid Density/Viscosity | Pressure = 1.01325 bar (1 atm) = | 998.206 0.00100161 273.25, 373.05

+ Material Fluid Density { Viscosity Permeability
1D Name Density |/ (ka/m?) ~ | Dyn. Viscosity / (kg/(ms)) Temp. Range / (°C)
00| &  Air (Fluid)... =] Material | = | 1.204 1.8342-05 -10, 427
01 [N Quartz (Solid)... | [T
E‘hﬂ @a @ ﬂ- E‘ﬂ oK Cancel
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BOUNDARY CONDITIONS

COMPUTATION DIRECTIONS

For the Computation Directions choose the direction of the calculated flow. To
obtain the whole 3x3 permeability matrix in the result file, it is necessary to choose
all three directions.

BOUNDARY CONDITIONS IN FLow DIRECTION

The Boundary Conditions in Flow Direction can be checked to be Periodic or
Symmetric. Periodic boundary conditions are recommended for periodically
generated structure models and for non-periodic structures with high porosity.

After checking Periodic boundary conditions in flow direction an implicit inflow
region (also called inlet) and outflow region (also called outlet) can be automatically
added by checking Add implicit region and entering its size in voxels. The default
added implicit inflow is 10 voxels and implicit outflow is 10 voxels. The inlet and
outlet are essential to avoid the possibility of closing the flow channels when the
structure is periodically repeated.

Relative Permeability Parameters | X

GEoDICT

Result File Name (*.gdr) RelPermeability_Inv_LIR.gdr
Wetting Parameters Constituent Materials Boundary Conditions Sobver Equation & References
Computation Directions

X Y v Z

Boundary Conditions in Flow Direction

® Periodic
Symmetric (Dirichlet)
v| Add implicit region / (Voxel): inflow | 16 = | outflow |0

Experiment Input / Output

® Pressure Drop 0.02 Pa -
Mean Velocity 0.1 my's
Flow Rate 60 f rmin on Flow Area (100 cm?

Boundary Conditions in Tangential Direction

®) Periodic Symmetric MNo-Slip Expert

EAREARN o W < 0K Cancel

EXPERIMENT INPUT / OUTPUT

In fluid dynamics, three experiments are typical:

¥ Measure the mean velocity for the applied pressure drop.
¥ Measure the pressure drop for a given mean velocity.
" Measure the pressure drop for a given mass flow rate.
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Input a prescribed Pressure Drop value and obtain the calculated Mean Velocity
in the result file as output. Alternatively, the input of the mean velocity results in the
output of pressure drop.

The Flow Rate on Flow Area in I/min per cm? (default) or in other units, can be
inputted to obtain the pressure drop at a given mean velocity. The volumetric flow
rate per flow area is the volume of fluid which passes per unit time through a given
area. For each property, the desired unit can be selected from the pull-down menu.

BOUNDARY CONDITIONS IN TANGENTIAL DIRECTION

The Boundary Conditions in Tangential Directions can be checked to be Periodic,
Symmetric, No-Slip, or Expert. With the default Periodic selected, the process of
periodic continuation is internally done during the run of the solver, repeatedly
adding the volume structure in the directions tangential to the flow direction. For
Symmetric, the volume structure is mirrored in the tangential directions. When No-
Slip is used, the solver internally adds a one-voxel layer in the required direction
and solves with periodic boundary conditions. That effectively is equivalent to solve
the structure with casing in two ends in the direction of interest.

The boundary conditions in the two directions tangential to the flow can also be set
to 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
Periodic in X-direction and Symmetric in the Y-direction.

SOLVER

Internally SatuDict solves several equations for values of permeability at each voxel
by using an 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. The improvement can be fast
or extremely slow depending on problem parameters,

3. Repeat the iterative process until one of the stopping criteria occurs.

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.

EJ

The EJ solver is assigned to compute the flow fields and relative permeability after
selecting EJ from the pull-down menu.

The iterative process is controlled by setting the values and activation for Tolerance,
Residual, Maximal Iterations, Maximal Run Time (h). The stopping criterions
can be enabled and disabled by the check boxes.

The default and recommended stopping criterion is Tolerance for the EJ solver. The
Tolerance stopping criterion looks for stagnation of the method when the process
becomes stationary. This occurs when from iteration to iteration the improvement in
the permeability value becomes extremely small.

By setting the stopping criterion to Residual, the computations terminate as soon
as the relative norm drops below the selected residual threshold. This stopping
criterion is only available for SimpleFFT and EJ.
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Relative Permeability Parameters O X

GEODICT

Result File Mame (*.gdr) |RelPermeability_Inv_LIR.gdr
Wetting Parameters Constituent Materials Boundary Conditions Solver Equation & References
El -
El SimpleFFT LIR

V| Tolerance 0.0001
Residual 0.0001
V| Stop Relative to Fully Saturated Permeability
Maximal Iterations 100000
Maximal Run Time / (h) 240
Parallelization <none - sequential= Edit...
Discard PDE Solver Files

Solver Type El-Stokes =

E’hﬂ @.. @ E E‘E oK Cancel

The option to Stop Relative to Fully Saturated Permeability alters the chosen
stopping criterion such that for low saturated states the solver stops relative to the
result of the computation where the structure was fully saturated. The fully saturated
structure has the highest permeability and decreases when lowering the saturation.
For low saturation states the permeability is almost zero and the computation is
much more expensive. This option significantly speeds-up the overall runtime and
stops the solver earlier for low saturation states while keeping the overall quality of
the result relative to the highest permeability.

The Relative Permeability solver allows setting the maximal number of steps
(Maximal Iterations, default value is 100000) or the maximum run time (Maximal
Run Time, default 240 h). However, when the solver stops because the Maximal
Iterations value or the Maximal Run Time / (h) has been reached, no guarantee
on the quality of solution can be given.

Parallelization

Calculations can be parallelized if the user’s license and hardware allow it. The
threads of the program can be executed concurrently. The Parallelization Options
dialog box opens when clicking the Edit... button, to choose between Local,
Sequential, Local, Parallel or Local, Maximum. When Local, Parallel is chosen,
the number of Processes to run can be entered. Local, Maximum sets the humber
of used processes to the maximum possible number, restricted by the hardware and
number of licensed processes.

The choice of Cluster is for Linux users with floating licenses only. See the High
Performance Computing handbook for information on how to setup GeoDict such that
these options can be used.
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Parallelization <none - sequential= Edit ...

E Parallelization Options

GeoDicT

® | ocal, Sequential

E] Parallelization Options

Local, Parallel G EO D | CT
Local, Maximum Local, Sequential Local Computation
m Parallelization Options
Cluster Local, Parallel Mumber of Used Processes: 8
G EO D ICT ® Local, Maximum  Max. Avaiable 8
— . Cluster . Li
| Local, Sequential Local Computation Max. Licensed 32
8 Local, Parallel Murnber of Processes | 4
Local, Maximum Max. Available 0K Cancel
Cluster Max. Licensed 32
(0]4 Cancel

Discard PDE Solver Files

The files with results (*.gdr) of the permeability computations are saved in the
chosen project folder (File —» Choose Project Folder, in the Menu bar). An
additional directory with the same name is created to keep the intermediate
computation files (PDE solver files).

Checking the Discard PDE Solver Files box causes the erasing of all intermediate
computation files, log-files, flow fields etc. stored in this folder. While having the
benefit of saving storage place, discarding these files has also the effect of disabling
the 3D visualization of the results. Only the result file *.gdr is saved.

Solver Type

For the flow computation with EJ solver, five different ways to implement no-slip
boundary conditions of the flow solver are available: EJ-Stokes, EJC-Stokes, EJ2-
Stokes, EJC2-Stokes, and FFF-Stokes.

Solver Type El-Stokes

E1C-Stokes
E12-Stokes
El1C2-Stokes
FFF-Stokes

The implementations describe how the no-slip boundary conditions are discretized,
i.e., at which discrete point the tangential velocity reaches zero.

The default EJ-Stokes (Explicit Jump-Stokes solver) sets the tangential velocity to
zero at the center of the voxel surfaces. It is a newer implementation of the Finite
Volume solver that solves moderately slower, but it is noticeably more accurate for
low porosity structures.

EJC-Stokes sets the tangential velocity to zero at the voxel corners.
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EJ2-Stokes sets the tangential velocity to zero at the center of the voxel surfaces
and uses a 2nd order approximation of the velocity field.

EJ2C-Stokes sets the tangential velocity to zero at the voxel corners and uses a
2nd order approximation of the velocity field.

FFF-Stokes sets the tangential velocity to zero at the voxel centers.

SIMPLEFFT

The SimpleFFT solver is assigned to compute the flow field after selecting SimpleFFT
from the pull-down menu.

[ relative Permeability Parameters O X

GEODICT

Result File Mame (*.gdr) RelPermeability _Inv_LIR.gdr
Woetting Parameters Constituent Materils Boundary Conditions Soher Equation & References
SimpleFFT -

El SimpleFFT LIR

| Error Bound 0.01
Tolerance 0.0001
Residual 0.0001

v Stop Relative to Fully Saturated Permeability
Maximal Iterations 100000
Maximal Run Time / (h) |240
Parallelization <local parallel - 4x= Edit_..

Discard PDE Sobeer Files

Thomas Algorithm NotUseTdma -

Velocity relaxation Stable Fast 1

Pressure relaxation Stable Fast 1
By € & B B oK Cancel

The explanations given in pages 38 ff. for the EJ solver, regarding Stopping
Criterion, Stop Relative to Fully Saturated Permeability, Parallelization, and
Discard PDE Solver Files apply also here for the SimpleFFT solver.

The recommended stopping criterion is Error Bound for the SimpleFFT and the LIR
solver. The Error Bound stopping criterion uses the result of previous iterations and
predicts the final solution. The solver stops if the relative difference with respect to
the prediction is smaller than the specified error bound.

Thomas Algorithm

The tridiagonal matrix algorithm (Tdma), also known as the Thomas Algorithm,
can help to improve the convergence for structures with high porosity and therefore
speedup the computation with SimpleFFT. Here, Automatic, NotUseTdma or
UseTdma can be selected. With UseTdma / NotUseTdma it can be switched on or
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off. Choosing Automatic makes the selection based on the porosity of the structure
and on the partial differential equation for the flow solver. For Stokes equation, which
is always solved in the Relative Permeability computations in SatuDict, Tdma is
always switched off for Automatic selected.

Velocity and Pressure Relaxation

The balance between stability and speed of the simulation can be specified by the
Velocity relaxation and Pressure relaxation: Stable « Fast slide bars. The
parameter has to be greater than 0.0 and less or equal to 1.0. Setting the balance
of Stable versus Fast is a trial-and-error process. There is no general rule to
optimize it but in most cases a value of 1 for both relaxation parameters is optimal.

LIR

The explanations given in pages 38 ff. for the EJ solver, regarding Stopping
Criterion, Stop Relative to Fully Saturated Permeability, Parallelization, and
Discard PDE Solver Files apply also here for the LIR solver.

[ Relative Permeability Parameters O x

GEoDICT

Result File Mame (*.gdr) |RelPermeability_Inv_LIR.gdr
Wetting Parameaters Constituent Materials Boundary Conditions Sohver Equation & References
LIR >
=) SimpleFFT LIR

| Error Bound n.01
Tolerance 0.0001
v'| Stop Relative to Fully Saturated Permeability
Maximal Iterations 100000
Maximal Run Time / (h) 240
Parallelization <naone - sequential> Edit...
Discard PDE Solver Files
v | Write Comprassed Volume Fields

Use Multigrid Method

Use Krylov Method Disabled -

Relaxation 1

Optimize for Speed -

Grid Type LIR-Tree -

Grid Refinement Disabled -
@EI El, @ E E‘E oK Cancel

Write Compressed Volume Fields

The LIR solver uses a very memory efficient adaptive grid structure for flow
simulations. If the option Write Compressed Volume Fields is checked, the
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adaptive grid structure is used as compression method for writing out velocity and
pressure (VAP) files to the hard drive as well.

v | Write Compressed Volume Fields

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 files is increased by the amount of runtime that was saved for
writing out compressed VAP files.

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

Use Multigrid Method

The main idea of Multigrid is the usage of multiple coarser adaptive grids to speed
up convergence behavior but requires only little more memory. The Multigrid
Method is explained in more detail in the section Solver Options of the FlowDict
handbook of this User Guide.

Use Krylov Method

The Krylov subspace method can reduce the runtime of the LIR solver significantly.
Since this is not always the case, dependent on the structure and boundary
conditions, and since it needs more memory, the method can be switched on and
off. Choose for Use Krylov Method Enabled or Disabled to use the method or
switch it off. Select Automatic for an automatic selection based on the structure
and the chosen boundary conditions. If Automatic is used, the relaxation parameter
will be chosen automatically by the solver as well.

Relaxation

The Relaxation parameter for the LIR solver is very similar to the Velocity
relaxation and Pressure relaxation for the SimpleFFT solver. The balance
between stability and speed of the simulation can be specified by the Relaxation.
The parameter must be between 0 and 2. The default value is 1 and usually provides
the best balance between stability and speed.

If the relaxation value is greater than 1, the solver needs less iterations and less
runtime, but this cannot be applied for all kinds of structures. If the relaxation value
is smaller than 1, the solver needs more iterations and more runtime, but the
simulation is more stable. To solve the Stokes equations, the Relaxation value
never needs to be smaller than 1.

Optimize for, Grid Type, and Grid Refinement

The Optimize for, Grid Type, and Grid Refinement parameters are special options
for the LIR solver. The defaults are already optimal for most applications.

A detailed explanation of these parameters can be found in the section Solver
Options of the FlowDict handbook.
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EQUATIONS & REFERENCES

The Equations & References tab shows the formulas that are used for the solver:
B Momentum Conservation

B Mass Conservation

B No-Slip Boundary Condition

No parameters can be edited on this tab. Also References relevant for this module
are given.
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RELATIVE PERMEABILITY RESULT FILE

Here, the results of the computation of the relative permeability of 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 relative
permeability was calculated in Z-direction (Boundary Conditions tab). Computations
were run using the LIR solver.

After the solver finishes, the calculation results immediately open in the Result
Viewer and are saved into a GDR file in the chosen project folder with the entered
Result File Name (here, RelPermeability_Inv_LIR.gdr).

[ Result Viewer = O X
T Open... Fila Module Command G EO D | CT
Up Bosn Combine Results
Swap Selected EXpand and COIIa pse 5 Raise Main Window
Synchronize Tabs
Do Mrz 16 2023 (2023 Build 62250) .../ SatuDict2023/RelPermeability_Inv_LIR.gdr
Domain Size: 100 % 100 x 100 Voxel Length: 3 pm |Load Structure [ ]

Materfal Information:
w ID 00: Air [invis. |
weID 01: Quartz

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

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

unknown unknown 3.50223e-13

Relative Permeability (invading fluid)

Saturation (invading fluid) | Relative Permeability; | Relative Permeability; | Relative Permeability;
unknown unknown 0 i
i 0.250136 unknown unknown 0 H,f,\
0.489804 unknown unknown 0.0402018 '
0.753896 unknown unknown 0.301225
1 unknown unknown 1

Effective Permeability (invading fluid)
Saturation (invading fluid) | Ky K Ki3 Ko Kz Kz Kz Kz Kaz

Manage Data v Load Input Map Export - Close

The results are accessed through the Input Map, Log Map, Post Map, Results,
Data Visualization, and Metadata tabs.

INPUT MAP, LOG MAP, AND POST MAP

The values under the Input Map, Log Map, and Post Map tabs are analog to those
for the Capillary Pressure Curve result file (see pages 19 ff.).
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RESULTS

Report

Under the Results-Report subtab, the Relative Permeability (dimensionless
relative permeability) and Effective Permeability (saturation-dependent
permeability) tables are shown for the chosen invading fluid saturation rates (here,
0.25, 0.50, 0.75) and the start and end saturations (0.0 and 1.0) in the chosen
computation directions (here, K13, K23, K33 for the computation in Z-direction). The
chosen saturation rates are approximated as good as possible (here, 0.25, 0.49,
0.75).

Having selected the Invading Fluid as the flow phase under the Wetting Parameters
tab, it is the permeability depending on the saturation of the invading fluid that is
shown in the tables.

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 path for the flow. The directions for which computations have not
been carried out appear as unknown in the permeability tables.

Repart Plots Map

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

unknown unknown 3.50223e-13 Relative permeability (0 to 1)

Relative Permeability (invading fluid)

Saturation (invading fluid) | Relative Permeability; | Relative Permeability; | Relative Permeability;

0 unknown unknown 0

0.250136 unknown unknown 0

0.489804 unknown unknown 0.0402018

0.753896 unknown unknown 0.301225 Effective permeability / m?

1 unknown unknowin 1 | /

Effective Permeability (invading fluid)

Saturation (invading fluid) | Kgg Ki Kis Kay Kaz K Kay K Kiz

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

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

0.489804 unknown | unknown | 5.00632e-16 | unknown | unknown | -2.38797e-16 | unknown | unknown | 1.40796e-14
0.753896 unknown | unknown | -1.01305e-14 | unknown | unknown | -4.01338e-15 | unknown | unknown | 1.05496e-13
1 unknown | unknown | 3.44493e-14 | unknown | unknown | -1.05432e-14 | unknown | unknown | 3.50223e-13

Remark: Permeability values are given in m~2
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Plots

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.

On the left side in the expandible Graph Options, the user can modify the way the
permeability graph is displayed by selecting the Graph Type (Permeability over
Saturation or Saturation over Permeability), the Phase Selection (Invading Fluid or
Replaced Fluid), the Permeability Unit (Effective permeability in m?, Relative
permeability between 0 and 1), and the Saturation Unit (Relative or Absolute).
Click Apply to change the graph shown according to the options selected. Choose
Plot Options, to change axis and graph settings.

[ Result Viewer = O X
Do Mrz 16 2023 (2023 Build 62250) .../ 53tuDict2023/RelPermeability_Inv_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
Graph Options Report Plots Map
Graph Type Permeability over Saturation = Permeability LayeredPressure
Phase Selection | Invading Fluid - Permeability Z-direction
Permeability Unit | Effective / (m~2) - %10 "
Saturation Unit | Relative - 3.5
T30
Apply... E
2'_, 254
35 204
[x}]
E
o 1.591
o
@
.é 1.0 1
(=]
£
i 0.5
0.0 1
T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Saturation (Water) / (1)
Plot Options -
Manage Data T Load Input Map Export T Close

In the Layered Pressure tab for each computational direction the pressure in each
layer is shown in a graph.

Permeability | LayeredPressure

The settings made under the
Graph Options do not apply
for these plots, except for the TN [ Seustion (wvadig k) 0
Saturation Unit which el N SR
changes the units inside the \

plot legends. But the axis
settings and graph styles can
be changed under Plot
Options.

Layerad Pressure Z-direction

0.0150 4

0.0125 q

0.0100 4

0.0075 1

Layered Pressure / (Pa)

0.0050

0.0025 1

0.0000

0 50 100 150 200 250 300
Z Layers / (um)
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Map

Under the Results - Map subtab, the computed values are listed.

m Result Viewer

Do Mrz 16 2023 (2023 Build 62250) .../ SatuDict2023/RelPermeability_Inv_LIR.gdr
Dormain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]
Input Map Log Map Post Map Resulis Data Visualization Metadata
Report Plots Map
Key Unit Value
Porosity 0.170603
- |Absolute
|AbsolutePermeability3  [m~2|3.50223e-13
- InvadingFluid
d EffectivePermeabilityl3 m~2 |0, 0, 5.00632e-16, -1.01305e-14, 3.44493e-14
EffectivePermeability23  |m~2 |0, 0, -2.38797e-16, 4.01338e-15, -1.05432e-14
EffectivePermeability33 'm~2 |0, 0, 1.40796e-14, 1.05496e-13, 3.50223e-13
RelativePermeability3 1 0, 0, 0.04020181427, 0.3012252194, 1
Saturation 1 0, 0.2501362813, 0.4898038135, 0.7538964731, 1
LayeredPressureValuesl3 0.0199581, 0.0198257, 0.0197707, 0.0197168, 0.0196697,...
LayeredPressureSteps3 1.5e-06, 4.5e-06, 7.5e-06, 1.05e-05, 1.35e-05, 1.65e-05, 1...
LayeradPressureValues23 0.0199772, 0.0198651, 0.0198139, 0.0197586, 0.0197194,
LayeradPressureValues33 0.0199896, 0.0199467, 0.0199209, 0.0198555, 0.0197874,
Manage Data T Load Input Map Export T Close

DATA VISUALIZATION

Under the Data Visualization tab, the .gdt and .vap files, corresponding to the
saturation levels computed, can be opened, as explained above in pages 26 ff. Here
shown is the GDT file for a 49% invading fluid saturation level.

E] Result Yiewer

Do Mrz 16 2023 (2023 Build 62250) .../ SatuDict2023/RelPermeability_Inv_LIR.gdr

Dormain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]
Input Map Log Map Post Map Results Data Visualization Metadata
Structure i | Load .gdt and .vap
Structure

Structure_p0_s0.753896_z
Structure_p0_s1_z
Structure_z

Manage Data - Load Input Map Export - Close

The solid phase (Quartz) is shown together with the Replaced 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.

A detailed explanation of the procedure to obtain this kind of visualization can be
found in the Visualization handbook.
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E] Loading volume file FlowField_p0_s0.489804_z.vap

GeoDicT

Select Volume Field | View File Header

Select components to load / compute:

v | Velodty:VelocityX
V| Velocty:VeloctyY
V| Velocity:VelocityZ
V| Velocity:Velocity
V| Prassure:Pressure

Allow clipping by distance

v| Decompress figlds

[ Check all [ Uncheck al

oK || cancel |

Material Information:
my ID 00: Air [Replaced]

ID 01: Quartz
=ID 02: Water [Invading]

Velocity / (m/s)
100.00 10-°
90.00 10-9
80.00 10-°
70.00 10-°
60.00 10-°
50.00-10-°
40.00 10-9
30.00 10-°
20.00 10-°

Plot Range:
max 100.00-10-°
min  20.00-10-°

o a

Data Range:
max 1.32-10-¢
min 0.00
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RELATIVE GAS DIFFUSIVITY

When selecting Relative Gas Diffusivity from the pull-down menu in the SatuDict
section, the Options needed for running this process can be entered (or modified)
through the Edit... button.

SatuDict
Relative Gas Diffusivity -
Options Edit_.
Help Record
Run in Cloud Run

The name for the result file is entered in the Result File Name box. Keep the default
name (RelDiffusivity.gdr) or rename it according to the current project.

Clicking the Wetting Parameters, Constituent Materials, Boundary
Conditions, and Solver tabs, the parameters necessary to run the Relative Gas
Diffusivity calculations can be entered. The last tab Equations & References
provides further information about the equations used in this calculation.

[ Relative Diffusion Parameters O X

GEODICT

Result File Name (*.qdr) |RelDiffusivity_Inv.gdr
Wetting Parameters | ConstituentMaterials = Boundary Conditions =~ Solver | Egquations & 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)
10

2/0.25
3/0.5
4/0.75

51

Flow Phase

® Invading Phase

Replaced Phase

CARCIAN N o) oK Cancel
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WETTING PARAMETERS

The wetting parameters for the calculation of the Relative Diffusivity are the same
as seen above (pages 35 f.) for the Relative Permeability.

Only one of the phases can be set as the phase for that the diffusivity is computed
(Flow Phase).

CONSTITUENT MATERIALS

In the Constituent Materials tab the Invading Fluid and the Replaced Fluid can
be entered. No more settings need to be done as the conductivity is always set to 1.

BoUNDARY CONDITIONS

For the Computation Directions, choose the direction of the calculated flow. To
obtain the whole diffusivity matrix in the result file, it is necessary to choose all three
directions.

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

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

If Dirichlet is checked, a constant concentration is ensured along both border planes
in the diffusion direction. The use of Dirichlet boundary conditions approximately
doubles the computational costs for the EJ solver.

In most cases, the difference between these two settings is not significant and can
be compared with a computational error. In general, we suggest using periodic
boundary conditions, as the computation time is longer. In few situations, due to the
structure’s geometry, using Dirichlet boundary conditions is unavoidable.

Relative Diffusion Parameters O *

GEODICT

Result File Mame (*.adr) |RelDiffusivity_Inv.gdr
Wetting Parameters | ConstituentMaterials | Boundary Conditions | Solver = Equations & References

Computation Directions

X Y vz

Boundary Conditions in Diffusion Flux Direction

Perindic ® Dirichlet

EPE E'ln @ E E‘EI OK Cancel
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SOLVER

For Relative Gas Diffusivity, the two flow solvers EJ and LIR are available and
can be chosen from the pull-down menu. The parameters for the EJ solver and the
LIR solver are the same as for the computations of the Relative Permeability (see
pages 38 ff.). The options Stop Relative to Fully Saturated Permeability and
Solver Type (for EJ) are not available for the diffusivity computations.

2] Relative Diffusion Parameters O x

GEoDICT

Result File MName (*.gdr) | RelDiffusivity_Inv.gdr

Wetting Parameters ConstituentMaterials Boundary Conditions Solver Equations & References

E] -
EJ LIR
V| Tolerance 0.001
Residual 0.001
Maximal Iterations 100000 =

Maximal Run Time / (h) 240
Parallelization <local max. - 12x Edit...

Discard PDE Solver Filas

@E Etl, @ E E‘E 0K Cancel

EQUATIONS & REFERENCES

The Equations & References tab shows the formulas that are used for the solver:
B Fick’s First Law

B Laplace Equation

B Tortuosity Definition

No parameters can be edited on this tab. Also References relevant for this module
are given.
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RELATIVE GAS DIFFUSIVITY RESULT FILE

Here, the results of the computation of the relative diffusivity of a partially saturated
porous media with 17% porosity (83% SVF) are explained.

The Invading Fluid Water was selected as the flow phase (Wetting Parameters tab),
and the relative diffusivity was calculated in Z-direction with Dirichlet boundary
conditions (Boundary Conditions tab).

After the solver has finished, the calculation results are immediately displayed in the
Result Viewer and saved into a GDR file in the chosen project folder (File - Choose
Project Folder...). The entered Result File Name (here, RelDiffusivity_Inv.gdr)
appears at the top.

In the result files for the Relative Gas Diffusivity, the computational results are
organized into and are accessed through the Input Map, Log Map, Post Map,
Results, Data Visualization and Metadata tabs. The values under these tabs are
analog to those for the Capillary Pressure Curve result file (see pages 19 ff.).

Under the Results-Report subtab, the Relative Diffusivity table (saturation-
dependent diffusivity) is shown for the chosen saturation rates (0.00, 0.25, 0.5,
0.75, 1.00) in the chosen directions (here, D13, D23, D33 for the diffusion in Z-
direction). The chosen saturation rates are approximated as good as possible. As the
Invading Fluid was selected as the flow phase, it is the diffusivity depending on the
saturation of the invading fluid that is shown in the Relative Diffusivity table. The
directions for which computations have not been carried out appear as unknown in
the diffusivity table.

3 Result Viewer = O X
Fr Mrz 17 2023 (2023 Build 62250) .../ SatuDict2023/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)

Saturation (invading fluid) | Dyy Dy Dy Dy Dz Dz Day Dz D

0 unknown | unknown | 0 unknown | unknown | 0 unknewn | unknown | 0

0.250136 unknown | unknown | 0 unknown | unknown | 0 unknown | unknown | 0
0.489804 unknown | unknown | -0.000160546 | unknown | unknown | -0.000596318 | unknown | unknown | 0.00425942
|| 0.753896 unknown | unknown | -0.00195674 | unknown | unknown | -0.00117504 | unknown | unknown | 0.0148868

1 unknown | unknown | 0.00135568 unknown | unknown | -0.00162405 | unknown | unknown | 0.0332018

Remark: Diffusivity values are given in 1
Material Information;

. R w [D 00: Air
--- Total runtime: 21.615 s, Total memory usage: 692.000 MiB --- wiD 01: Quartz

Manage Datz v Load Input Map Export

Observe how, similar to what occurred with the relative
permeability, the diffusivity is zero at 0% and 25%
saturation of the invading fluid, indicating that before
the structure is 49% saturated with water, no through
path of this fluid is available.

GeoDict User Guide 2023 53



Assessing saturation-dependent material properties

In the Results-Plots subtab, the values in the Relative Diffusivity table of the
Report tab are shown in a graph. Also, the Layered Concentration in the

computed directions is given.

On the left panel in the expandible Graph Options, the user can modify the way the
graph is displayed by selecting Graph Type (Diffusivity over Saturation or
Saturation over Diffusivity), Phase Selection (Invading Fluid or Replaced Fluid),
and Saturation Unit (Relative or Absolute). Click Apply to change the graph shown
according to the options selected. Choose Plot Options, to change axis and graph

settings.
3 Result Viewer = O X
Fr Mrz 17 2023 (2023 Buid 62250) .../5atuDict2023/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 LayeredConcentration
Phase Selection | Invading Fluid - Diffusivity Z-direction
Saturation Unit | Relative -
0.030
Apply... —
= 0.025 -
§ 0.020
E 0.015
2 0010
“ 0.005 -
0.000
0o 02 0a 06 08 10
Saturation (Water) / (1)
Plot Options
Manage Data Load Input Map Export Close
[ Result Viewer = O X
Fr Mrz 17 2023 (2023 Build 62250) .../SatuDict2023/RelDiffusivity_Inv.gdr
For each com putationa| Domain Size: 100 x 100 x 100 Voxel Length: 3 pm | Load Structure [ ]
direction the concentration in Input Map = LogMap = PostMap | Results | Data Visualzation = Metadata
each layer is shown in a graph Report | Plots | Map
In the_ Layered Diffusivity LayeredConcentration
Concentration tab. The R
N Layeraed Concentration Z-direction
settings made under the
Graph options do not apply 1.0 9 —— saturation (invading fluid) 0
. —— Saturation (invading fluid) 0.25
for these plots, except for the 2 gs{ — Saturation (invading flid) 0.49 //
Saturation Unit  which 5
changes the units inside the £ o081
R ]
plot legends. But the axis o
settings and graph styles can 3
be changed under Plot % 0z
Options. -
0.0
{IJ 5‘0 1(‘)0 1%0 2{;'0 25‘0 3(;0
ZLayers/ (pm)
Manage Data Load Input Map Export Close
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The RelDiffusivity_Inv.gdr result file that opens at the end of the computation is
saved in the project folder, together with the RelDiffusivity_Inv result folder. If
Discard PDE Solver Files was unchecked, the result folder contains various files
for the saturation levels entered in the wetting parameters dialog box.

E Result Viewer

= O X

Fr Mrz 17 2023 (2023 Build 62250) .../ SatuDick2023/ReDiffusivity_Inv.gdr
Domain Size: 100 % 100 % 100 Voxel Length: 3 pm | Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metadata

Structure - Load .gdt and .hht

Structure

Structurep0_s0.753896_z

Structurep0_sl_z

Manage Data - Load Input Map Export - Close

Among these files, the GDT and HHT (homogenized heat file; containing the
concentration values) files can be opened on the Data Visualization tab.

Click Load .gdt and .hht to load the structure for a certain saturation of the invading

fluid and the corresponding concentration field in the same way as explained in pages
48 ff. for the relative permeability results.

m Loading volume file VolurmneFieldpl_s0.489304 z.hht

GEODICT

Select Volume Field View File Header

Select components to load / compute:
v | Concentration:Concentration

Allow clipping by distance

v | Decompress figlds

Check all Uncheck all

0K Cancel
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RELATIVE THERMAL CONDUCTIVITY

When selecting Relative Thermal Conductivity from the pull-down menu, the
Options needed for running this process can be entered (or modified) through the
Edit... button.

SatuDict
Relative Thermal Conductivity -
Options Edit
Help Record
Run in Cloud Run

The name for the result file is entered in the Result File Name box. Keep the default
name (RelConductivity.gdr) or rename it according to your current project.

EJ Relative Thermal Conductivity Parameters

GEODICT

Result File Marmme (*.gdr) |RelConduckivity_PAG.qdr

Wetting Parameters ConstituentMaterils 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)
10

2|0.25
3/0.5
40,73

51

0K Cancel

6 ¢ & B3

&3

Clicking the Wetting Parameters, Constituent Materials, Boundary
Conditions, and Solver tabs, the parameters necessary to run the Relative Thermal
Conductivity calculations can be entered. The last tab Equations & References
provides further information about the equations used in this calculation.
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SatuDict - Relative Thermal Conductivity

WETTING PARAMETERS

The wetting parameters for the calculation of the Relative Thermal Conductivity are
the same as seen above (pages 35 ff.) for the Relative Permeability. No Flow Phase
needs to be selected for thermal conductivity computations.

CONSTITUENT MATERIALS

Under the Constituent Materials tab, the Invading Fluid (in the Pore space), all
constituent materials of the structure, and the Replaced Fluid can be selected and
their thermal conductivity (W/(mK)) can be defined. The properties of the invading
fluid appear above the thermal conductivity tab. The replaced fluid must be present
in the current structure or set to manual.

Many materials, together with their thermal conductivity values, are available in the
GeoDict Material Database. Other materials or fluids can be added to the material
database and saved together with their user-defined thermal conductivity.

m Relative Thermal Conductivity Parameters

GeoDicT

Result File Mame (*.gdr) |RelConductivity PA6.gdr

Wetting Parameters | ConstituentMaterals | Boundary Conditions Solver | Equations & References

Invading Fluid O Water (Fluid)..
Replaced Fluid Bir A
Temperature -273.15 <= |20 <= 1000.00 °C -~ Edit Material Database

Invading Thermal Conductivicy | Iso. Law ~ | Isotropic 0.5861 0.5861 0.5861 5, 95

+ Material Thermal Conductivity
ID Name | Material Law Long. / (W/(mK)) Trans. 1 / (W/(mK)) Trans. 2 / (W/(mK)) Temp. Range / (°C)
00 L & Air (Fluid)... =} ¢ |Iso. Law ~ Isotropic 0.0257 0.0257 0.0257 -150, 400
o1 [N Potyamide (PA 6) (Solid)... | | Iso. Law ~ | Isotropic 0.26 0.26 0.26 0,20
CANCIN o ) o) oK Cancel

For materials defined as Manual, thermal conductivities can be defined directly on
the Constituent Materials tab. Isotropic, Transverse Isotropic or Orthotropic
thermal conductivities can be defined.

m Relative Thermal Conductivity Parameters

GeoDICT

Result Fila Mame (*.gdr) |RelConductivity_PAG.gdr

Wetting Parameters ConstituentMaterials Boundary Conditions =~ Solver Equations & References

Invading Fluid & Water (Fluid)...
Replaced Fluid Manual 1 =
Temperature -273.15 <= |20 <= 1000.00 |°C ~ Edit Material Database

Invading Thermal Conductivity | Iso. Law ~ | Isotropic 0.5861 0.5861 0.5861 5, 95

+ Material Thermal Conductivity
ID Mame = Material Law Long. / (W/(mK)}) Trans. 1 / (W/(mK}} Trans. 2 / (W/(mK}} Temp. Ral
o0 | @  Manual (Fluid)... | [# f [Manuall ~ Isotropic ~ | |0.0116 0.0116 0.0116
01 N Polyamide (PA 6) (Sold)... | |FL Iso. Law ~ Isotropic 5 0.26 0.26 0,20
Trans. Isotropic
4 Orthotropic :
@B @, @ (2 I o} 0K Cancel
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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 above
(pages 51) for the Relative Diffusivity.

SOLVER

For Relative Thermal Conductivity, the two flow solvers EJ and LIR are available
and can be chosen from the pull-down menu. The parameters for the EJ solver and
the LIR solver are the same as for the computations of the Relative Permeability
(see pages 38 ff.). The options Stop Relative to Fully Saturated Permeability
and Solver Type (for EJ) are not available for the diffusivity computations.

E] Relative Thermal Conductivity Parameters

GEODICT

Result Flle Name (*.gdr) |RelConductivity _PAG.qdr

Wetting Parameters ConstituentMaterials Boundary Conditions Sobver Equations & References

LIR b
El LIR
Error Bound 0.01
v Tolerance 0.001
Maximal Iterations 100000

Maxirmal Run Time / (h) [240

Parallelzation <none - sequential> Edit...
Discard PDE Solver Files

v Write Compressed Volume Fields
Use Multigrid Method

Use Krylov Method Disabled -

Relaxation 1

Optimize for Speed hd

Grid Type LIR-Tree -

Grid Refinement Disabled >
@E Etl, @ ﬂ, I’E oK Cancel

EQUATIONS & REFERENCES

The Equations & References tab shows the formulas that are used for the solver:
B Fourier’s Law
B Poisson Equation

No parameters can be edited on this tab. Also References relevant for this module
are given.
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Relative Thermal Conductivity result file

RELATIVE THERMAL CONDUCTIVITY RESULT FILE

The Result File for the Relative Thermal Conductivity is very similar to the Result File
of the Relative Gas Diffusivity. The settings described on pages 53 ff. apply also here,
but with Conductivity instead of Diffusivity. In the Plots subtab, the Layered
Temperature is shown.

Additionally, we show here how to set-up and compare two result files, where the
saturation-dependent relative thermal conductivity is computed at various invading
fluid saturation levels (0%, 25%, 50%, 75%, and 100%) for two structures, both
with 70% porosity, but different constituent materials. The invading fluid is water,
and the replaced fluid is air. The relative thermal conductivity is calculated in Z-
direction.

In the first experiment, the only fiber material in the structure is 100% polyamide
PA6 (Material ID 01, grey).

In the second experiment, the structure is made of 20% polyamide (Material ID
01, grey) and 80% polypropylene PP (Material ID 02, brown) fibers. PA6 and PP have
different thermal conductivities.

Material Information: Material Information:
w ID 00: Air [invis.] w ID 00: Air [invis.]
wID 01: Polyamide (RA"6)T nID 01: Polyamide (RA*6)

~= 2 n ID 02: Polypropylene™ |

The selected materials and their thermal conductivities are entered under the
Constituent Materials tab by selecting them from the material database (here
shown for PA6+PP, above for PA6). The thermal conductivity of the materials
included in the database is automatically considered.

m Relative Thermal Conductivity Parameters

GEoDICT

Result File Name (*.gdr) |RelConductivity PAG+PP.gdr
Wetting Parameters ConstituentMaterils Boundary Conditions Solver Equations & References
Invading Fluid ©  Water (Fluid)...
Replaced Fluid Air =
Temperature -273.15 <= |20 <=1000.00 |°C = Edit Material Database

Invading Thermal Conductivity | Iso. Law ~ | Isotropic 0.5861 0.5861 0.5861 5,95

+ Material Thermal Conductivity
1D MName Material Law Long. / (W/{mK)}} Trans. 1 / (W/(mK)) Trans. 2 / (W/(mK))
00 ©  Air (Fluid)... 5| F [Iso.law v | Isotropic 0.0257 0.0257 0.0257
o1 [ Polyamide (PA 6) (Solid)... | [FL| f [Iso.law v | Isotropic 0.26 0.26 0.26
02 Polypropylene (Solid)... [ Iso. Law ~ Isotropic 0.15 0.15 0.15
1 L3
@H @, @ o | =] Ok Cancel
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After each computation, for the first and the second experiment, is finished, the
Result Viewer opens. The result data contained in the result file is visible below when
the file names are highlighted in the Header section box.

E Result Viewer

T Open .. Fila Module mn
- _..Dict2023/RelConductivity_PAG+PP.gdr  SatuDict Re G EO D I C T
Up 1 .SauDict2023/RelConductivty PA6.gdr SatuDict  Re oo

Swap Selected &) Raise Main Window

Synchronize Tabs ] »
Fr Mrz 17 2023 (2023 Build 62250) .../ SatuDict2023/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) | Betay, | Beta, Betas Beta.; Beta,, Beta.y Betas; Betas, Betas;

] unknown | unknown | -0.000257168 | unknown | unknown | 0.000399844 | unknown | unknown 0.0502307

0.256122 unknown | unknown | 1,79212e-05 | unknown | unknown | 0.000421221 | unknown | unknownl 0.126325
i | 0.519788 unknown | unknown | -0.00315651 | unknown | unknown | -0.000406753 | unknown | unknownl 0.226314
g 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)

--- Total runtime: 8.67 s, Total memory usage: 1.242 GiB ---

o O
T, open... File Module mi
- _..SatuDict2023/RelConductivity_PAG.gdr | SatuDict Re G E D I CT
Up 1 .Dict2023/RelConductivity_PAG+PP.gdr [ —n| p——"
gien St sl &) Raise Main Window
Synchronize Tabs ] 3
Fr Mrz 17 2023 (2023 Build 62250} .../ SatuDict2023/RelConductivitd PAG+PP.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) | Betay; | Betag Betays Beta,; Beta,; | Betas Betas; Betas Betass

0 unknown | unknown | -0.000183828 | unknown | unknown | 0.000238945 | unknown | unknown | 0.0457724

0.239388 unknown | unknown | 4.8618e-05 unknown | unknown | 0.000811121 | unknown | unknown § 0.106463
0.533578 unknown | unknown | 0.00332318 | unknown | unknown | 0.00108767 | unknown | unknown § 0.210017
i 0.731692 unknown | unknown | 0.00309085 | unknown | unknown | 0.000184537 | unknown | unknown | 0.298493

1 unknown | unknown | -0.000301674 | unknown | unknown | 0.000239232 | unknown | unknown | 0.433439

Remark: Thermal Conductivity values are given in W/(mK)

--- Total runtime: 2.22023 min, Total memory usage: 1.160 GiB -—

Manage Data = Load Input Map Export = Close

Both result files, from the first experiment and the second experiment, can be
selected and highlighted by using Shift-click on the list of file names
(RelConductivity_PA6.gdr and RelConductivity_PA6+PP.gdr). Then, the results are
shown side-by-side.
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Relative Thermal Conductivity result file

By highlighting the names of both result files and clicking the Combine Results
button, the results of both files are combined and saved into a GDR file in the chosen
project folder. The combining process enables post-processing on the combined
results.

The combined result file contains the Input Map, Log Map, Post Map, Results and
Compare Maps tabs. The Results — Report subtab, shows the names of the files
that were used to create the combined result file (RelConductivity_PA6.gdr and
RelConductivity_PA6+PP.gdr).

Plots from the original result files are merged into one plot and shown under the
Results - Plots subtab. More information on combining result files and comparing
their plots can be found in the Result Viewer handbook of the User Guide.

In the combined plot, the Relative Thermal Conductivity of the structures (Y-axis)
increases with increasing saturation levels of water (Invading Fluid, X-axis). The
relative thermal conductivity of the PA6+PP structure is always lower.

The parameters for the graphs can be modified (see pages 23 f.) in the Result Viewer
of the original result files before combining them. The modification of the plot
settings can be synchronized in both original files.

[ Result Viewer = O *
T, Open._.. File
; _RelConductivity_PAG+PP.gdr  Sat G EO D ICT
Up Down - _..23/RelConductivity_PAB.qdr % Combine Results
Sacn Ssladiai &1 Raise Main Window
Synchronize Tabs 1 3
Fr Mrz 17 2023 (2023 Build 62250) .../ SatuDict2023/ combined GDR.gdr

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

ThermalConductivity Layered Temperature

Thermal Conductivity Z-direction

—— RelConductivity_PAG+PP

§ 0.4 4 —— RelConductivity PAG
s E
32 034
E =
=)
= 2
55 02-
D 3
e g

[=]

Q014

T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Saturation (Water) / (1)
Manage Data = Load Input Map Export - Close
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Assessing saturation-dependent material properties

The HHT files (homogenized heat file; containing the temperature distribution)
corresponding to the five saturation levels entered under the Wetting Parameters
tab (0.00, 0.25, 0.50, 0.75, 1.00) are stored for each computation in the result
folder, here RelConductivity_PA6 and RelConductivity_ PA6+PP, in the project
folder.

Under the Data Visualization tab, click Load .gdt and .hht, to access the .hht files
and visualize the results. This can only be done for each of the result files individually
and not for the combined result file.

This is similar to opening .gdt and .vap files (see pages 48 ff.) for the visualization
of the phase distribution for results of Relative Permeability directly from the result
file (GDR).

For example, open the Structure_p0_s0.256122_z files that corresponds to a 25%
invading fluid saturation in Z-direction from the experiment with the 100% PA6
structure.

3 Result Viewer = O x
Fr Mrz 17 2023 (2023 Build 62250 .../ SatuDict2023/RelConductivicy_PAG.gdr
Dormain Size: 100 % 100 ¥ 100 Voxel Length: 1 pr | Load Structure @

Input Map Log Map Post Map Results Data Visualization Metadata

Structure A Load .gdt and .hht

Structure

E] Loading volume file VolumeField_p0_s0.256122_z.hht

Structure_p0_s0.319788_z
Structure_p0_s0.742733_z

Struct 0_s0
séﬂctﬂﬁi‘ﬁu‘ifi G EO D | CT

Select Volume Field | View File Header

Select components to load / compute:
V| Temperature:Temperature

Manage Data - Load Input Map Export =z Alow clipping by distance

Check all Uncheck all

Material Information:
w ID 00: Air [Replaced] [invis.]|

mID 01: Polyamide (PA 6 .
w ID 02: Water [Invading

| oK [ Cancel

aterial Tformation:

[ 1D 00: Alr [Replaced] [invis. ]}
1D 01: Polyamide (PA 6}

[ 1D 02: Water [Invading]

Temperature / (K)
989.98-10-3

800.00-10-3
700.00-10-3
600.00-10-3
500.00-10-3
400.00-10-3
300.00-10-3
200.00-10-3

2.1110=2

Plot Range:
max 989.98 10-3

Temperature / (K)
989.928 10-3

Plot Range:
max 989.98 10-%
min 211 102
min 2.11-103
Data Range:

max 999.74-10-3
min 154.91-10-6

Data Range:
max 999.74 10-2

min_154.91-10-%

To better observe the results, clip the structure (in 3D Rendering) or switch off the
visualization of the structure (in 2D cross-section, View — Structure in the menu
bar), and adjust the Color Map values in the Visualization panel.

Observe how the heat is distributed in the structure.
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SatuDict - Resistivity Index (Relative Electrical Conductivity)

RESISTIVITY INDEX (RELATIVE ELECTRICAL CONDUCTIVITY)

When selecting Resistivity Index from the pull-down menu, the Options needed
for running this computation can be entered (or modified) through the Edit... button.

SatuDict
Resistivity Index -
Options Edit_
Help Record
Run in Cloud Run

The name for the result file is entered in the Result File Name box. Keep the default
name (RelElectricConductivity.gdr) or rename it according to your current project.

E Relative Electrical Conductivity Parameters

GeoDicT

Result File Name (*.adr) |RelElectricConductivity.adr

Wetting Parameters | ConstituentMaterials =~ Boundary Conditions =~ Solver | Eguations & 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

5/1

@E @: @ E :"E 0K Cancel

Under the Wetting Parameters, Constituent Materials, Boundary Conditions
and Solver tabs, the user enters the parameters necessary to run the calculations
to obtain the Saturation Exponent, Cementation Exponent, the (saturation-
dependent) Resistivity Index, and Relative Electrical Conductivity. The last tab
Equations & References provides further information about the equations used in
this calculation.
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All parameters are similar to those explained for the Relative Thermal Conductivity
computation starting on page 57.

WETTING PARAMETERS

The wetting parameters for the calculation of the Relative Electrical Conductivity (and
the Resistivity Index from it) are the same as seen for the computation of the
Relative Thermal Conductivity (page 57).

CONSTITUENT MATERIALS

Under the Constituent Materials tab, the Invading Fluid (in the Pore space), all
constituent materials of the structure, and the Replaced Fluid can be selected, and
their electrical conductivity (S/m) can be defined. Many materials, together with their
electrical conductivity values, are available in the GeoDict Material Database. Other
materials or fluids can be added to the material database and saved together with
their user-defined electrical conductivity.

Electrical conductivities can only be entered for materials present in the structure
currently in memory (displayed in the Visualization area). For Manual materials,
values for Isotropic, Transverse Isotropic or Orthotropic electrical conductivity can
be defined directly on the Constituent Materials tab. The electrical conductivity of the
invading fluid is shown on top of the other material properties and can be changed
there if the material is set to Manual (Fluid).

[ Relative Electrical Conductivity Parameters O X

GEODICT

Result File Mame (*.gdr) |RelElectricConductivity.gdr

Wetting Parameters ConstituentMaterials Boundary Conditions Solver Equations & References

Invading Fluid ©  Water (Fluid)...
Replaced Fluid Manual 1 = | v Thin Film Thickness / (nm)} |5
Temperature -273.15 <= |20 <= 1000.00 |°C = Edit Material Database

Invading Electrical Conductivity Mot Defined

+ Material Electrical Conductivity
ID Mame | Material Law Long. / (S/m) Trans. 1 / (S/m) Trans. 2 f (S/m)
oo | ©  Manual (Fluid)... | & Manual L ~ Isotropic - | |2 2 2
: - : - Isotropic
01 Quarz (Solid)... | (& Insulatol Trans, sotropic L0 0 0
Orthotropic
L] b
By 0 @ BB oK Cancel

Additionally, by checking Thin Film Thickness, the thin film model (see page 6)
can be used. The thickness of the thin film must be smaller than the current voxel
length.
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SatuDict - Resistivity Index (Relative Electrical Conductivity)

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 (page 51) and the Relative Thermal Conductivity.

SOLVER OPTIONS

For Relative Electrical Conductivity, the two flow solvers EJ and LIR are available
and can be chosen from the pull-down menu. The parameters for the EJ solver and
the LIR solver are the same as for the computations of the Relative Permeability
(see pages 38 ff.). The options Stop Relative to Fully Saturated Permeability
and Solver Type (for EJ) are not available.

EQUATIONS & REFERENCES

The Equations & References tab shows the formulas that are used for the solver:
B Ohm’s Law
B Poisson Equation

No parameters can be edited on this tab. Also References relevant for this module
are given.
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RESISTIVITY INDEX RESULT FILE

Here, the resistivity index is computed at various invading fluid saturation levels
(0%, 25%, 50%, 75% and 100%) for a porous medium with 17% porosity. The
invading fluid is Oil (0 S/m) and the replaced fluid is Water (Brine) (5 S/m). The

relative electrical conductivity is calculated in Z-direction.

In this experiment, the only solid material in the structure is the non-conductive

material Quartz (Material ID 01), with 0 S/m.

Material Information:
w 1D 00: Air
weID 01; Quartz

The selected materials and their electrical conductivity are entered under the
Constituent Materials tab by selecting them from the material database. The
electrical conductivity of the materials included in the database is automatically
considered. For other materials, the material database has to be edited or the

electrical conductivity can be entered manually.

m Relative Electrical Conductivity Parameters

GEODICT

Result File Name (*.gdr) RelElectricConductivity.gdr

Wetting Parameters ConstituentMaterials Boundary Conditions Sohver Eguations & References

Invading Fluid & 0i (Fluid)...
Replaced Fluid Water (Bringe) - Sea Water (3.5%) * | v Thin Film Thicknass / (nm} |5
Temperature -273.15 <= |20 <=1000.00 |°C = Edit Material Database

Invading Electrical Conductivity | Insulator ~ | Isotropic 0 0 0 -

+ Material Electrical Conductivity
ID Name Material Law Long. / (S/m) Trans. 1/ (S/m)} Trans. 2 / (S/m) Ten
00| &  Water (Brine) (Fluid)... 3, Sea Wat ~ Isotropic 4.7934 4.7934 4.7934 0,
01 0 Quartz (Solid)... B [ |Insultor = | Isotropic O 0 0 =
4 k
B [ & B2 By OK Cancel

After the computations are finished, the Result Viewer of the result file opens, and
the results are saved into a GDR file in the chosen project folder (File -» Choose
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Project Folder...). In this example, the RelElectricConductivity.gdr result file is
saved in the project folder together with the RelElectricConductivity result folder.

The computational results are accessed through the Input Map, Log Map, Post
Map, Results, Data Visualization, and Metadata tabs (see pages 19 ff.).

Under the Results - Report subtab, the tables for Saturation Exponent,
Cementation Exponent, Resistivity Index, and Relative Electrical
Conductivity are shown for the chosen saturation rates (0.25, 0.5, 0.75) and the
start and end saturations (0.0 and 1) in the directions for which results were
calculated.

[ Rresult Viewer = O X
Fr Mrz 17 2023 (2023 Build 62250) .../ SatuDict2023/RelEle ctricConductivity.adr
Dom@in 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

Saturation Exponent

Saturation Exponent, | Saturation Exponent; | Saturation Exponents

unknown unknown 3.166858456

I = 5, (Archie's equation)
I: Resistivity Index

5.« Water saturation

n: Saturation exponent

Cementation Exponent

Cementation Exponent; | Cementation Exponent; | Cementation Exponent;

unknown unknown 5.943083233

F=R,/R,=aph™

F: Formation resistivity factor
| Ryt Resistivity of sample only with water
I R,.: Water resistivity
2 a: Tortuosity factor

phi: Porosity

m: Cementation exponent

Resistivity Index
Saturation (invading fluid) | 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
Ryt True Resistivity -
= . R i :
Manage Data = Load Input Map Export = Close
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Under the Results - Plots subtab, these values are shown in graphs and the

Layered Potential is shown. The parameters of the graphs can be changed as seen
in pages 23 f.

[ Result Viewer = O X

........

Fr Mrz 17 2023 (2023 Build 62250) .../ 5atuDict2023/RelElectricConductivity.odr

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

ElectricalCondu ctivity LayeredPotential

Electrical Conductivity Z-direction

1 —— Resistivity Index (R¢/Rqg)

1 —— Archie's equation (S;")

102 E Save Graph(s) as Text File(s)

] Save Image

Copy to clipboard (Ctrl + C)

Edit Axis Settings

Edit Graph Styles

101 4 |¥| — Resistivity Index $(R_t/R_0)%
1-{¥! — Archie's equation $(5_W~{-n})$

Resistivity Index / (1)

3x10”" 4x10”" 6x107
Saturation (Qil) / (1)

Manage Data T Load Input Map Export T Close

The interpretation of the result tables and the visualization of the corresponding

created files are like for the results of the Relative Thermal Conductivity, see
page 62.
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Two-phase flow GeoApps

Two-PHASE FLOwW GEOAPPS

When Two-Phase Flow GeoApps is selected in the SatuDict section, predefined
computation settings can be chosen from the pull-down menu: Mercury Intrusion
Capillary Pressure and Hysteresis.

These Predefined SatuDict computations are also accessible directly from the menu
bar as one of the GeoApps.

Macro Rl Help

Shared GeoApps

General »

Battery »

Composites »

Digital Rock Physics (DRP) b

Filtration 4

Fuel Cell and Electrobyser b

Fiber GeoApps

My GeoApps Grain GeoApps

MyFirstGeoApp

Weave GeoApps

Grid GeoApps

Gad GeoApps
SatuDict P?re ..ﬂmah'sls GeoApps
Diffusion GeoApps
Single-Phase Flow GeoApps

Two-Phase Flow Geofpps =
® Two-Phase Flow GeoApps
Filter GeoApps k

Mercury Intrusion Capilary Pressure = Intrusion Capilary Pressure
Hysteresis Mechanics GeoApps

Options Edit....
This Geo&pp performs a Mercury

Intrusion Capillary Pressure (MICP)
simulation.

Tha nora enoeaic fillad erith Sie 2nd

Open Macro / Script File
Help Record

Run in Cloud Run

The SatuDict Two-Phase Flow GeoApps are macros or scripts containing
combinations of SatuDict commands with certain default parameters to mimic
experiments or real observations.

ADD PREDEFINED COMPUTATIONS

When predefined computations are run, the corresponding GeoDict macros are called
and executed. These macros can be accessed with the Open Macro / Script File
button, alternatively they are available in the SatuDict folder in the GeoDict
installation folder. In Windows:

« 05(C) » Program Files » Math2Market GrbH » GeoDict 2023 » SatuDict » w

They can be opened with a text editor to check or edit the syntax of the computation
steps. To add predefined computations, put the corresponding macros in this folder
and restart GeoDict.
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EDIT AND EXECUTE PREDEFINED COMPUTATIONS

By clicking the Edit... button, the corresponding parameter dialog box opens and the
parameters defining the corresponding saturation experiments are displayed and can

be modified.

Click OK to close the dialog, and then Run to execute the computation.

MERCURY INTRUSION CAPILLARY PRESSURE

GeoApp (SatuDict)

Mercury Intrusion Capillary Pressure =
Options Edit...

This GeoApp performs a Mercury
Intrusion Capilary Pressure (MICP)
simulation.

The pore space is filed with air and
rmercury invades the structure from all
six sides.

- Mercury contact angle: 140°

- Interfacial tension: 0.48 N/m

(c)} Math2Market GmbH, Kaiserskutern,
Germany

Open Macro / Script File

Help Record

The Mercury Intrusion Capillary Pressure
predefined computation sets the simulation settings
for a Drainage experiment without residual of the
replaced fluid from SatuDict to recreate the Mercury
Intrusion Porosimetry (MIP) experiment. During the
experiment, the structure’s pore space is being
invaded by mercury from all six sides.

After clicking Edit..., the Result File Name can be
changed. From the drop-down menu decide which
method is used, then the parameters for the chosen
method can be defined.

Run in Cloud

Run

EJ Mercury Intrusion Capillary Pressure Parameters X [ Mercury Intrusion Capillary Pressure Parameters X

GEODICT

Result File Name (*.gdr} |MICP_Result.gdr

GeoDicT

Result File Name (*.gdr) |MICP_Result.gdr
Browse... (*.gdn) = g

Browse...

Method

Enable Dynamic Pare Morphology Method =

Method

Disable Dynamic Pore Morphology Method =

Capillary Pressure Computation - Post-processing

Fluid Interface Step Size / (voxel) | 32 =
v'| Compute Pore Throat Size Distribution {(Washburn egquation)

@n E’l. @ E. :“n oK Cancel

E’hﬂ E’l. @ E. :"ﬂ oK Cancel

If Disable Dynamic Pore Morphology Method is selected, it is possible to check
Compute Pore Throat Size Distribution in the post-processing using the Washburn
equation.

If Enable Dynamic Pore Morphology Method is selected, the Fluid Interface
Step Size in voxel must be selected. This is the same parameter as the interface step
size in the Capillary Pressure command (see page 16).

After the predefined simulation is finished, the Result Viewer opens showing the
results from SatuDict Drainage simulation as seen on pages 19 ff..
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The saturation table is shown in the Results — Report and the capillary pressure
curve as well as the Layered Saturation are seen the Results - Plots tabs.
Additionally, if chosen before, the Pore Throat Size Distribution is shown in a plot.

B Result Viewer

- m| *
Mi Mrz 15 2023 (2023 Build 62250) .../ SatuDict2023/MICP_Result.qdr
Domain Size: 100 x 100 x 100 Voxel Length: 3 uym |Load Structure ®
Input Map Log Map Post Map Results Data Visualization Create Videos /|
Report Plots Map
Pressure-Saturation Layered Saturation Pore Throat Size Distribution (Washbu 1| ¥
Pressure-Saturation
)::106
1.2
— 1.0 1
a
— 0.8
=
@
5 0.6
4]
1]
2 0.4
i
0.2
0.0 1
T T T T T T
Saturation (Mercury) / (1)
.../ SatuDict2023/MICP_Result.gdr
Manage Data L Load Input Map Export * Close Ejm)  oadiStuchucs L
ults Data Visualization Create Videos Me 4| b
Report Plots Map
saturation Layered Saturation Pore Throat Size Distribution (Washburns Equation) |4 »

Pore Throat Size Distribution (Washburns Equation)

— 209
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i=]
&
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Pore Throat Diameter / {(um)
Manage Data - Load Input Map Export - Close
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HYSTERESIS

The Hysteresis predefined computation performs a Hysteresis simulation of the
SatuDict functionalities Drainage and Imbibition (both with invading fluid connected
to a reservoir and the replaced fluid can leave a residual) in succession.

After clicking Edit..., enter the Hysteresis Result File Name, Number of Cycles,
Interfacial Tension, and Contact Angle.

GEODICT

Hysteresis Result File Mame (*.gdr) |Hysteresis.gdr Browse...
Hysteresis cycle

Mumber of Cycles 3

ik

| Start with Drainage?

Use Dynamic Pore Morphology

Fluid phases
Wetting Phase & Water (Brine) (Fluid)...
Mon-Wetting Phase O Oil (Fluid)...

Capillary Pressure Curve computation - Parameters

Interfacial Tension / (M/m) 0.035

Contact Angle Mode True Contact Angle -
Contact Angle for Material ID 1 / (®) 30

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 Maxirnum -

RN o W <! OK Cancel

Additionally, the Wetting Phase and Non-Wetting Phase can be chosen and
whether to start with Drainage or with Imbibition.

If Use Dynamic Pore Morphology is checked, the parameters for this method can
be defined.

It is also possible to choose the Parallelization for computations.
Tooltips describe all those options in more detail.
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After the Predefined - Hysteresis 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.

E] Result Viewer

E[}pen_“ File Module
- .../Hysteresis_1_Drainage.gdr | SatuDict G EO D I CT
Up Down - _Hysteraesis_2_Imbibition.gdr | SatuDict Combine Results
= Selactod - _/Hysteresis_3_Drainage.gdr | SatuDict
W electe . " S ) N
20 ...atuDict2023/Hysteresis.gdr &) Raise Main Window
Synchronize Tabs q 3
Mi Mrz 29 2023 (2023 Build 63861) ../ SatuDict2023/Hysteresis.gdr

[ ]
Input Map Log Map Post Map Results Compare Maps
Report | Plots Map
Pressure-Saturation Layered Saturation

Pressure-Saturation

x104
—— HysteresisData/Hysteresis_1_Drainage
g4 —— HysteresisData/Hysteresis_2_Imbibition
—— HysteresisData/Hysteresis_3_Drainage
‘©
2 64
=
7 4
uw
[~
[=9)
2 —
o —
T T T T
0.0 02 0.4 0.6 0.8 1.0
Saturation (Water (Brine)) / (1)
Manage Data o Load Input Map Export T Close
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