XSite

Version 4.0

\k XSite"

Hydraulic Fracture
Simulation of 3D
Fracture Networks

Version 4.0
www.ltascaSoftware.com
© 2024 ITASCA Consulting Group, Inc.

User’s Guide



©2011-2024

Itasca Consulting Group, Inc.

111 Third Avenue South, Suite 450
Minneapolis, Minnesota 55401 USA



XSite

User's Guide and Tutorial

Version 4.0

s
‘/ ITASCA



Table of Contents

1.0 FIlE CONVENTIONS ...ttt bbb 3
SEEUP FIlE (FXIMI) ettt b bbbt 3
PrOJECE IlE (F.01]) ettt ettt bbbt 3
SAVE TI (F.S5AV) ettt eet e s e ess e e s ess s ess s ess e s s ess s et s s s et st asest s et s et sas s et asessaseasasassasasassasassasassseaees 3

2.0 GraphiCal USEr INEEITACE ...ttt sttt sttt 4

3.0 IMAIN IMENU BT ...ttt bbb 5
I ettt RS E RS R Rt 5

LOAA DALASEL ....oueeeececieei ettt bbb 5
SAVE DALASET......coi ettt b et 5
SAVE DALASET AS ...ttt e e 5
LOAA STALE oottt 5
SAVE STt e 5
SAVE RESUIES FIlB...ouiiiiircieeciciici ittt bbb bbb 5
SEAMT SIMUIATION ..ot bbb bbb 6
EXPOIrt IMENU OPTION .ottt senes s 9
CrEAtE EXPOIT GFid ..ottt sttt s bbbt 17
IMIPOIE AT, ettt s st 19
QUIT ettt bbb bbb 29
TOONS e R 29
OPTIONS .ottt ekt 29
BATCH SIMUIGTION ...t bbbt 34
PAramEtriC STUIES c...eueiee ettt bbbt 46
RESOUICES ...ttt ettt b bbb bbb bbbttt 57
CONAUCTIVITY CUNVES ..ottt ettt bbb 57
CIUSTEN DESIGN oevtreeteiciceiecieie it ssse bbb bbbttt 58
FIUIG ottt ek b bbb 61



PUMPING SCREAUIE ...ttt sttt sttt st s saes 64

SIMUILION SEQUENCE DESIGN ..ottt sss st sssssssss e ss s ss s ssss st ss s ss s sss s sss st sssssaes 68
STAGE DBSIGN .ottt ettt 70

LAY OUL .ttt a e s e AR R e AR AR e s et R et ne s e tes 72
WWINOOWS ...ttt et s s8R 88t 73
HEID etttk RS R AR ARt 73
4.0 TOOIDAIS .o b e 75
Model Manipulation TOOIDAN ...t 75
RESET LAttiCE VArIADIES ...ttt 76

PlOT VIEW TOOIDAT ...ttt bbb 78
5.0 PlOT CONTIOI PANEL ..ottt 79
Plot It€M LISt/MENU PANE ...ttt ss st s s ss s s s 79
VIEW CONTIOIS PANEI ....oomiiiiieiie ettt bbbt 81
INfOrMAtioN DISPIaY PANEl........ ittt bbb bbb 83
PLOT TEEIMIS .ottt bbbt 84
6.0 Model Setup Panel — Main Tabs ...ttt st s sassssnens 94
IMAIN ROCK TAD .ottt e 94
GEOMELTY TAD ..t bbbt 94
SErESS/CalIDratioN TaD ..t 95
RESOIULION TAD .ot 97
Add, edit, clone or delete @ dOMaIN FESOIUTION ... e e e e e e e e nene 97
Add nested dOmain FESOIUTIONS .........ccueiumeieeiecieeeieie e ss ettt 100
Add domain resolutions around perforated tUNNEIS..........co.ovvrrrirrireireire e 100
FRATUIES TaD ..o bbb b 101
JOINT SEES .ot bbb 101
SEAIMS ..ottt et 108
FIUIG ottt bbb bbb 111
PrOPPANT ...ttt AR ARt 112

TIIEIINAN ettt s e es e sas e esese s e s e st saesessessasaesseseasassessentassesseneasaeseesensasneeseasasnesseseasaensasensasnes 118



HYAFaUIIC FrACTUMNING ..ottt ss sttt sttt 121
TFJECTONY TAD ettt s st s bbbttt sses 121
BOTENOIES TAD ..ottt bbb 127
SIMUILION SEQUENCE TAD ..ottt sttt st s st 133

HISTOTY TAD ..ottt 139
DeSCriPtioN Of NISEONY TYPES ...coueeeiieieeee ettt 140

SOIUTION TAD oottt bbb 147
MECRANICAI TAD ...ttt 147
DT [00SE NOMES ...ttt bbbt 150
FIUIA TAD oottt b bbb bbb s 153
TREIMAT TAD et bbb bbbt 158
SUDBIBTEICE TAD ettt bbb 159

7.0 AAPPENAICES ..ottt ettt R bRt 161

Appendix 1 — Workflow for Modeling of Effects of Reservoir Depletion (Parent-Child Wells)............ 161
A1.1 INEFOAUCTION et 161
A1.2 MOAEI CrEATION. ...ttt 161
A13 Child-Well Model INItIaliZatiON ... een 162
AT4  ApPlYiNg DEPIEtioN Data ..o ssse bbbt 165
A15 Depletion WOrKfIOW MOAUIE ...ttt nssnsens 167
A1.6  Format of the GEOMELNY fil€ ...t bbb 170
A17 Format of the depletion data filE........c e 170

Appendix 2 — Parametric Study of Multistage MOdelS ... ssessenes 171
A2.1 INEFOTUCTION .o b 171
A2.2 SIMUIBTION SEIUP ..ottt s st s s sse s 171

Appendix 3 — Setting Up MUltistage MOAEIS ...t st sssssssssses 179
A3.1 INEFOTUCTION ettt b 179
A2 WOTKFIOW. ..ottt bbbt 179

A33 SIMUIAtioN SEQUENCE DiIAlOG ...ttt sttt ssesssssss st sssssaes 180



8.0 Tutorial Examples

Example 1: Intact Rock

Example 2: Fractured Rock

9.0 References



Introduction

XSite models deformation and hydraulic fracture (HF) propagation and related microseismicity in
naturally fractured reservoirs in three dimensions (3D). There is no restriction on the geometry of new
fracture surfaces and their interaction with existing fractures and joints. Cracks may form in any way, in
contrast to the restrictive propagation rules imposed by conventional hydraulic simulators. Figure 1
highlights the main elements of an XSite model that consists of any number of segmented boreholes
with clusters (i.e., fluid injection points) in a rock mass containing any number of joints, which can be
planar, circular or polygonal, or have a general 3D geometry. The code allows simulation of multiple
injection points in a heterogeneous reservoir with an initial non-uniform stress and pore-pressure states.
Histories and contours plots of the model results of key variables, such as fracture fluid pressure and
cracks, can be displayed and are interactive.
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Figure 1  Sketch plot of an XSite model.

The code efficiently simulates the propagation of hydraulic fractures for field applications in
unconventional reservoirs by implementing a version of the Synthetic Rock Mass (SRM) approach (Pierce
et al.,, 2007) using a lattice scheme. The lattice consists of relatively uniformly but quasi-randomly (i.e.,
not in a regular pattern) distributed discrete masses (or lattice nodes) connected by springs to represent
the rock matrix and joints. When the average spacing (i.e., the lattice resolution) is relatively small
compared to the length scale of interest (i.e., model dimension), the lattice response is equivalent to
that of a continuum.

The SRM approach simulates both the fracturing of intact rock (through spring breakage) as well as rock
movement on existing discontinuities. The springs that obey the Smooth Joint Model (SJM) in SRM do



not act in the direction of the line connecting the corresponding nodes, but, instead, respect the normal
to the joint that intersects that spring. Thus, the SJM allows simulation of sliding of a pre-existing joint
in the model, unaffected by any artificial joint surface roughness resulting from lattice resolution or the
random arrangement of lattice nodes. The springs between the nodes break when their strength (in
tension) is exceeded. Breaking of the springs corresponds to the formation of micro-cracks, and
microcracks may link to form macro-fractures. Kinetic energy released by spring breakage and joint slip
is estimated, which allows the model to reproduce microseismic emissions (Hazzard et al., 2002). Joints,
or an entire discrete fracture network (DFN), can be defined using the code’s built-in Joint Set generator.
Alternatively, DFN can be imported via data files in one of the following formats: *.CSV, * XML (i.e,,
Extensible Markup Language), *.FAB (FRACMAN) or *.DFX (AutoCAD Drawing Interchange Format).

Non-steady fluid flow and pressure are implemented in both the pre-existing joints and stress-induced
cracks by discretizing the flow model by (a) penny-shaped reservoirs associated with contacts between
particles; and (b) flow pipes between adjacent reservoirs. The fracture flow is fully coupled (i.e., two-way
interaction) with mechanical deformation and the pore pressures in the joints acting to load the solid
model, whereas the deformation of the solid model causes pore-pressure and aperture (i.e.,
permeability) changes. Rock matrix flow, which is formulated differently than the fracture flow for
computational efficiency, represents leak-off from fractures into intact rock. The leak-off can also be
represented using the Carter leak-off formula. Fluid may be injected or withdrawn, or a shut-in condition
may be modeled. A pressure or injection rate can be specified independently for each injection point. A
new mechanical incompressible fluid (MIF) numerical hydro-mechanical coupling scheme (ltasca, 2023)
has been implemented that allows faster simulation of coupled problems compared to other Itasca
codes.



Using XSite

1.0 File Conventions

There are three types of files that are used or created by XSite. The files are distinguished by their
extensions and are described as follows, where * indicates a user-provided filename.

Setup file (*.xml)

This file contains the complete simulation dataset in XML format (i.e., text) that defines the simulation
setup data. At a minimum, the *.xml file is required to reproduce any model. This type of file is referred
to as a Setup file.

Project file (*.prj)

This file contains any plot views and settings generated by the user. This graphical information is not
associated with a specific model setup or model state. This type of file is referred to as a Project file.

Save file (*.sav)

This file contains all the state information (i.e., results) of the lattice model, provided that a simulation
has been started and a model state has been saved. Multiple simulation states may be saved. This type
of file is referred to as a Save file. Every Save file is accompanied by a Setup file created at the same
time as the Save file. A Save file cannot be loaded in XSite without a Setup file.

The *.sav and *.prj files are generated automatically with the same name as the *.xml file when the Setup
file is saved. As *.sav files are generally very large, when transferring a model to another user, usually
only the *xml, and optionally the *.prj, files are needed, as these files enable the model to be
regenerated. The *.sav file may be deleted in order to restart the simulation from scratch (with possible
changes to the model beforehand).



2.0 Graphical User Interface

The XSite Graphical User Interface (GUI) consists of three main panels, as shown in Figure 2. The left-
hand simulation setup panel contains tabbed controls to define the model geometry domain, geology
(e.g., rock matrix, joints, seams, and fluid), borehole layout and numerical solution parameters. The
central plot view panel displays graphical information about the model and simulation results. Multiple
tabbed plots can be generated. The right-hand plot control panel contains plot items and attribute
settings to create and manipulate plots. The arrangement and display of panels may be changed by
using the Windows and/or Layout menu bar items, by positioning the mouse cursor between panels
and resizing them horizontally, or by positioning the mouse cursor on the panel title and dragging it to
a new location. Shortcuts to various common operations are provided via two contextual toolbars (i.e.,
the toolbars will change depending on whether the mouse focus is on the simulation setup panel or the
plot view panel).
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Figure2  XSite GUI.



3.0 Main Menu Bar

The top menu bar consists of several menu items and icons. The menu items are reviewed as follows.
File
Load Dataset

The Open File dialog box will be displayed, enabling a saved dataset to be reloaded. You will be able
to navigate to the desired folder where a previously created .xml file is located. If a *.prj file of the same

&

main name exists, the saved plot states will be restored. The toolbar button provides the same

functionality.
Save Dataset

The current state of the model including the *.prj file will be saved — the file previously named in a
Load Dataset or Save Dataset As commands will be overwritten. The toolbar button L provides
the same functionality.

Save Dataset As

The Save File dialog box will be displayed, allowing to navigate to the desired folder where the model
will be saved. The current state of the model including the *.prj file will be saved to a named file. Note
the comments above regarding file types.

Load State

The Open File dialog box will be displayed, enabling a saved dataset to be reloaded. You will be able
to navigate to the desired folder where a previously created .xml file is located. Even if a *.prj file with
the same name as its corresponding .xml file exists, the saved plot states will not be restored, and the
current plot items will be preserved.

Save State

The current state of the model, excluding the *.prj file, will be saved. The file previously named in the
Load Dataset or Save Dataset As commands will be overwritten.

Save Results File

The current state of the model will be saved in a file that has a smaller size than a regular save file. This
file can be used for post-processing but cannot be used for continuation of simulation. This feature is
available in the MPI version of the code only.



Start Simulation

The toolbar Start Simulation button # provides the same functionality.

When this option is selected, the Start Simulation dialog is displayed (Figure 3). If this is the first time
the command has been given (or the corresponding toolbar button has been clicked), then the lattice
model is built. Depending on the size of the model, it may take some time to build the model. The
different steps of the model initialization are shown in an information box located at the lower left
corner of the main window. In the lower right corner of the main window, a status bar is displayed
indicating the completed percentage of the current initialization step. The simulation time is determined
by the time (in seconds) entered in the Start Simulator dialog box. If zero time is requested, only the
model-building phase is performed; this is useful for checking the model setup.

There are six check boxes in this dialog: Mechanical active, Elastic mode, Fluid active, Simplified
toughness-dominated regime active, Approximate pressure gradient and Thermal active.

Mechanical active

This field will activate the mechanical simulation (i.e., numerical solution of evolution of motion of nodes
and forces in the springs).

Elastic mode active
If elastic mode is activated, springs will have an elastic behavior and will not break.
Prevent micro-cracking after elastic equilibrium

This option can be checked only if the Elastic mode option is selected. It should be used only during
model initialization, either when a complex stress state is imported (from continuum model or previous
XSite simulation) or when the stresses are initialized using stress initialization commands built into XSite.
The option prevents spurious cracking in the initial stress state due to inherent force dispersion in the
lattice.

Full flow active

Fluid Active can only be checked if the Activate Fluid Flow checkbox in the Solution/Fluid tab is also
checked. This option will be disabled otherwise. Full Flow computation is active if the fluid active

checkbox is selected. This option solves fluid diffusion in the entire pipe network. See the section
describing the Fluid time step factor on Solution/Fluid tab for further explanation on how the explicit or

implicit fluid computation is activated.

If the radio-button Simplified toughness-dominated regime is selected, the hydraulic fracture
propagation is solved, assuming that there is no pressure drop between the injection point and any of

6



the connected fluid nodes. If Approximate pressure gradient is active, an outward incremental
pressure loss is applied radially from the injection point to the connected fluid elements. See the section
describing the simplified toughness-dominated regime options on Solution/Fluid tab for further

explanation.
Thermal Active

The check box Activate Thermal in the Solution/Thermal tab must be checked for the thermal
simulation parameters to be enabled. This option will be disabled otherwise. A tightly coupled thermo-

hydro-mechanical simulation is conducted if all three boxes (Mechanical active, Fluid flow active and
Thermal active) are checked. The code automatically conducts sub-stepping, keeping all models
synchronized but executing each at its own critical time step. In cases with processes driven by heat
transfer, and particularly by heat conduction when the mechanical model evolves quasi statically and
the flow model evolves through a sequence of steady states, tight coupling would lead to unnecessary
computational overhead. In those cases, the user may specify intervals for equilibrating the model
mechanically (due to induced thermal strains) and bringing the fluid flow to steady state (for new
fracture apertures). The field Equilibrium frequency is specified in days, and it should be a fraction of
the total thermal simulation time. If the value specified is zero, this step is not performed. When the
simulation time reaches the Equilibrium frequency value, the code will cycle mechanically for the
number of seconds specified in the field Mechanical equilibrium time (time estimated to be sufficient
to reach mechanical equilibrium) followed by fluid simulation for the number of seconds specified in
the field Time to fluid steady-state (time estimated to be sufficient to reach fluid flow steady state).

Mechanical, fluid or thermal simulations, or any combination of these, may be done if the corresponding
boxes are checked. If the mechanical and fluid boxes are checked, then a fully coupled hydro-mechanical
simulation is performed once OK is clicked. Background resolution length, lattice grid edge length,
rotation scheme, aperture status and the maximum aperture setting are also displayed.
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Figure 3  Start Simulation Dialog.

During simulation, a progress bar is displayed on the lower right corner of the main window, and the

simulation may be canceled by clicking the Stop Simulation button @ on the toolbar. Note that this
button is only active when a simulation is running. All active plot items are updated periodically during
the simulation (see Tools/Options section).




Export Menu Option

Unless noted, the data will be exported to a .CSV (Comma-Separated Value) type of file, which may be
imported into programs such as Excel to be analyzed. The first line of the file contains the column name
of the exported fields with their respective units.

Export Clusters
This option exports the following information of a cluster to a .CSV file:

e Stage name

e Cluster active flag

e Location

e Pressure

e Radius

e Number of internal fluid nodes and springs
e Average fluid node aperture

e Propped volume

e Volume

Export Displacement History

If displacement histories were specified in the history tab, they may be exported to a .CSV file. This file
will contain the displacement of a node over time. The node closest to the specified coordinate is
selected to be traced.

Export fluid nodes (pre-existing joints and microcracks)

When this menu option is selected, the dialog box in Figure 4 will be displayed.



B Export Fluid Elements (Micrecracks and Pre-Existing Joints ) Dialog ? *

Output file

Format
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File name
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Filter by crack creation simulation time (secs)

Minimum 0.00000 = Maxdmum 1000000000.00000 |
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|:| Use this aperture cap |D,DDUQUD

Ll

Results/Status

s

Export Cancel Dane

Figure 4  Export Fluid Elements Dialog.

Data can be exported in .CSV or FRACMAN formats. If the user selects the .CSV option, information on
fluid nodes (microcracks and pre-existing joints) will be exported.

If the user selects the .CSV format, the PEJ-MC column will indicate the fluid node is at the location of a
microcrack (MC) or a pre-existing joint (PEJ). In case of pre-existing joints, the data in this column will
also indicate state of the joint: open or slipped. The data will also contain the location of the fluid node,
the name of the cluster to which the fluid node is connected, shear displacement in case of joints,
pressure, temperature, proppant concentration, aperture, conductivity and the name of the layer in
which the fluid node is located.

The user can select the fluid nodes that will be exported based on the range of time when the fluid node
was created. For example, to output the microcracks created for a given stage, enter the initial and final
time in which the stage was stimulated. An aperture cap will be used to calculate fracture conductivity
if this option is activated. (The purpose of this option is to prevent loose nodes created by intersections
of multiple joints, resulting in unreasonably large permeabilities.)

If the user selects the FRACMAN format, only the pre-existing joints will be exported. Users may opt to
export the data in the global coordinate system.
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Events or errors that might occur during generation of the export data will be printed in the
Results/Status window. When the program finishes exporting the data, the total number of exported
pre-existing joints will be printed.

Export Histories

All history data defined in the history tab may be exported. The first column of the file contains the time
that the history was recorded in seconds. The other columns are displayed in the order they were created
in the history tab. A column with a name that identifies the history and type of history is displayed in
the first line of the file.

Export Joint and Microcracks Normal Displacement

This option exports (as *.CSV) the fluid pressure, normal displacement, aperture and location of the
joints and microcracks.

Export Matrix

The dialog in Figure 5 will be displayed when this option is selected.

11



[ Export Matrix Dialog ? X

Qutput file

File name

| | | Browse ...

Export Grid

Use export grid

Grid file name | Browse ...

Translation

MNorth 0,000 =
Up 0.000 +{| Rotation (degrees, dockwise from North) |D.DDD =

Results/Status

Export Cancel Done

Figure 5  Export Matrix Dialog.

If the user chooses to export matrix data using an existing grid file, the grid file name must be specified.

The grid file is explained in the File/Create Export Grid section. In this case, matrix flow rates from the
zones that belong to the internal XSite three-dimensional grid (see Lattice grid edge) will be upscaled
and mapped into the given grid zone. Make sure to select Uses field units if the export grid file is in

global coordinates.

The location, X,Y,Z, refers to the centroid of the spring. The location can be translated and rotated if the
user populates these values in the dialog box.

If the Use export grid option is not selected, location, pressure, temperature and flow rate will be
exported directly from each spring in the lattice.

The events or errors that occur during the generation of the export data will be printed in the
Results/Status window. When the program finishes exporting the data, the total number of exported
springs will be displayed. When exporting data using a grid file, the number of zones successfully and
unsuccessfully mapped from the lattice into the grid file will be displayed in the Results/Status window.
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Export Microcracks

When the Export Microcracks menu option is selected, the dialog in Figure 6 will be displayed.

B Export Microcracks Dialog ? =

Export using subdattice (1) Connectivity threshold (2)

Output file
Format {4} Filter {5)

Use export grid (3] ® user,lk (O Use zone centroid Connected Propped

File name

|C:momefxfrfbpfdalrﬂanest,.’mc.csv {6] | Browse ...

Aperture cap for conductivity computation (m)

[ Use this aperture cap {7) |[mg[m[m B |
Use quotes for text fields on output file
Expart Grid
Incude natural fractures {8] [ tndude open fractures (9)
Grid file name |C:;home,u’xfr,u’bp,u’dairﬂabestfl‘l’l{l[)}.cor {10} | I Browse ...
s

Translation { 1 1}

East 0.000 :

Nerth 0.000 o [ uses field units

Up 0.000 S Rotation (degrees, dockwise from Morth) 0.000 >
Results/Status

(13)
Export Cancel Done

Figure 6  Export Microcracks Dialog.

Data is exported in comma delimited (CSV) format and the file name is specified on the edit box
(denoted as (6) in Figure 6).

Sub-lattice data may be used to create the export data by selecting the checkbox (1). This checkbox is
disabled if the sub-lattice mode was not used in the simulation. Connectivity threshold (default 0.5) is
used to define sub-lattice microcracks that are connected to the injection cluster.

Microcrack data (e.g., location, radius, dip and dip direction, aperture, temperature, conductivity, name
of the connected cluster, layer where the spring is located, etc.) are exported directly from the lattice. If
the Use export grid checkbox (3) is selected, data are exported as computed upscaled quantities such
as porosity and permeability.
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The data exported directly from the model, which do not use a grid file, are: microcrack coordinates, the
layer where the microcrack is located, the dip and dip direction, radius, counter that can be incremented
by a user at different stages of the simulation, pressure, temperature, proppant concentration, aperture,
capped aperture, conductivity, time of the crack creation and name of the cluster the crack is connected
to.

You may filter the data selecting only connected and/or propped microcracks by checking the boxes (5).

Capped aperture (7) is used only in the calculation of the flow rates during the full flow simulations. It
does not limit the apertures. Therefore, apertures in the model can exceed the aperture cap. The capped
aperture is computed depending on how the model was setup on the Solution/Fluid/Aperture tab. If

checked here, the capped aperture is used in upscaling the permeability (i.e., the apertures used in
upscaling the permeability/conductivity cannot exceed the capped aperture).

If the user selects to export microcracks using a grid file, XSite uses two grids, one of which is internal
and automatically generated by XSite (see Mechanical/Lattice grid edge), and the external grid provided

by the user. The file grid must be specified in the field (10). See File/Create Export Grid for an explanation

of the grid file. In this case, average microcrack data from the zones that belong to the internal XSite
three-dimensional grid will be upscaled and mapped into the given grid and exported.

To export computed data using a grid file, select the checkbox (3). The grid is available in CSV format
and there are two possible layouts for the data that can be selected by checking radio buttons (4) Use
IJK or Use Zone Centroid.

The file layout for Use IJK has the following fields: I, J and K indexes of the grid, porosity, all conductivity
tensor components, pressure, saturation, if the fluid node is located in a natural fracture and the label
created during the model setup that identifies the fracture.

The file layout for the Use Zone Centroid has the following fields: x-, y- and z-coordinates of zone
centroid, conductivity tensor diagonal components and porosity.

XSite computes the upscaled continuum fields using the same procedure used in PFC3D as described
in the Measured Quantities section of the PFC3D documentation. However, instead of using spheres,

XSite uses a regular grid.

If the user selects checkbox (8), data from natural fractures will be used to compute the export values.
By default, XSite uses the conductivity curves defined in the Resources menu to calculate the values.
Checkbox (9), Include open fractures must be selected to include the fractures that are not propped.
In this case, the fracture permeability will be calculated using the formula:


http://docs.itascacg.com/pfc600/pfc/docproject/source/manual/general_components/measure/measure_quantities.html

where a is the fracture aperture.

The fields in the group box (11) labeled Translation will apply translation and rotation to the gridpoints.
In case the grid file uses field units, the gridpoints will be converted to coordinates in the metric system.

The events or errors that may occur during generation of the export data will be printed in the
Results/status window (13). When the program finishes exporting the data, the total number of
exported microcracks will be displayed. When exporting data to an external grid, the number of zones
successfully and unsuccessfully mapped from the XSite grid into the external grid will be displayed in
this window.

Export FRACMAN

The Export FRACMAN option exports fluid nodes to a file in FRACMAN format. The dialog in Figure 7
will be displayed when this item is selected.

Sub-lattice data may be used to create the export data by selecting the checkbox. This checkbox is
disabled if the sub-lattice mode was not used in the simulation.

The user may filter the data selecting only connected and/or propped microcracks by checking the
proper boxes.

Capped aperture is used only in the calculation of the flow rates during the full flow simulations. It does
not limit the apertures. Therefore, apertures in the model can exceed the aperture cap. The capped
aperture is computed depending on how the model was set up on the Solution/Fluid/Aperture tab. If

checked here, the capped aperture is used in upscaling the permeability (i.e., the apertures used in
upscaling the permeability/conductivity cannot exceed the capped aperture).

Fluid node locations and spring radii are used to create polygons and are formatted as fractures in the
FRACMAN file. Natural fractures may be included if the corresponding checkbox is selected.

The Results/Status is updated during the export process and the total number of springs is displayed
at the end of the run.
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N Export Fluid Nodes to FRACMAN Dialog

Cutput file
Export using sub-attice Connectivity threshold 0.500000 >
Filter
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File name
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[ Use this aperture cap |D.DDDDDD - |

Indude natural fractures

Results/Status

Export Cancel Done

Figure 7  Export Fluid Nodes to FRACMAN Dialog.
Export Microseismicity

This feature exports (as *.csv) the location, type (slipped joint or broken spring), moment, energy and
magnitude of the microseismic events generated during the simulation.

Export Nodes

This feature exports (as *.csv) the location, displacement and velocity of the lattice nodes in the model.
Export Pipes

This feature exports (as *.csv) the location, flow rate and aperture of the pipes in the model.

Export Sub-lattice Nodes

This feature exports (as *.csv) the location, displacement and velocity of the sub-lattice nodes in the
model.
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Export Sub-lattice Springs

This feature exports (as *.csv) the zone index, location, force, pressure, broken flag, joint flag and 1D
(valid for MPI version only) of all sub-lattice springs in the model.

Create Export Grid

The export grid is created using the File/Create Export Grid... menu option. This option will invoke
the dialog shown in Figure 8. The edge length of the zones and the boundaries of the grid are specified
by the user. The default boundary values are derived from the model extent, but the grid may be created
within a certain region of the model by specifying a region extent within the model.

W Create grid file dialog

Qutput file

File name

| || Browse ... I

[ use global coordinates Extent (m)

Edge (m) 0.00000 5 Length Width Height
Lower [0.000 3] [0.000 2] [0.000 3
Upper [0.000 3] [0.000 3] [0.000 g

[ pivide grid by seam

Results/Status

E u

Create Grid Cancel Done

Figure 8 Create Grid File Dialog.

By selecting the Divide grid by seam checkbox, XSite uses the infinite planar seams defined in the
model to adjust zone edges to fit zones within seams. Figure 9 shows a grid created by XSite. In this
example, the grid edges are adjusted to accommodate a seam dipping at an angle of 13°. This option
has the following limitations:

e The current implementation takes into consideration only infinite planar seams. A seam must
cross the vertical boundaries of the model.
e Seams generated from DXF files are not considered.

17



XSite 2.0.35 Simulation time (sec): 0.00000

©2017 Itasca Consulting Group, Inc Elapsed time (sec): 0
Step 0 Time to finish (sec): 0
€| Memory usage (Kb): 262,967
3/21/2017 1:13:12 PM N el
Number of springs: 0
Fluid time step (sec): 0.00000e+00

Axes
Grid
External Grid

(m)
Sketch Model
Elements
Rock
Origin
I Seams
Joints

Simulation Time

Figure 9  Model with a seam dipping at a 13° angle.
The grid file format is described as the following:

e Lines that start with the character “C" are comment lines.

e Each set of 24 numbers represents one cell. (The numbers are the x-, y- and z-coordinates of
each corner of the cell)

e xincreases from west to east, y increases from south to north, and z increases downwards.
e The blocks are numbered |, J, K.

The grid file can be visualized using the Monitor/Grid plot item. The following attributes of this plot
item shown in Figure 10 must be set by:

e Pressing the cross symbol denoted by (1) a File browse dialog will be displayed, allowing
navigation to the directory where the grid file was created and selection of the desired file.
e Select External Grid denoted by (2).

The plot item will automatically adjust if global coordinates were used to create the grid.
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Grid

Legend

Display Settings
Global Settings

(oY)

Attributes List
File {1] % grid1.cor
Position 0 0 0
4|Grids 3 =
Internal Grl_3 Internal Grid
External G[] | External Grid {2)
Relaxation] || Relaxation Grid
il
wireframe  [V]Ill2 |2
Wire Trans, |75 &

Cull Backface|[_|
Lighting
Offset 0.5 2

Figure 10 Attributes for “Grid” plot item.
Import data
Import DFN file in XML format

A Discrete Fracture Network (*xml) may be imported. This allows fractures to be generated
independently of the built-in joint generator. XSite supports two different file formats: JointStats and
Itasca formats. Examples of these files and their schema definition can be found on the installation
directory: “\Program Files\Itasca\ XSite400 \examples\DFN"'. Also, the format is described in the
Joint/XML format section.

Import DFN file in CSV format

This feature imports a set of joints from a text file. The format of this file is described in:

nl

“\Program Files\Itasca\ XSite400 \examples\DFN\jointset_sample .dat"". Also, the format is detailed in

the Joint/Itasca FISHLab format section.

Import DFN file in FRACMAN format

This feature allows importing a set of joints from a file in FRACMAN (.FAB). The dialog in Figure 11 will
be displayed when this menu option is selected.

T Assumes that the default installation directory is \Program Files\Itasca\XSite400
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B Import Fracman File ? *

File name |D:;’horne,.’mgtﬂiﬁsca;’l‘uﬂ’rnpi3,.’dist,.’examples;’DFN—exampIes,.’framanftest.fab | Browse ...

Joint properties File Properties

Description (multiplication factor) | Very weak (0.01) -

Tensile strength (MPa) Donn - Field Name Internal Unit | Multiplier

Friction angle (degrees) 0.000 = (®) Aperture meters 1.000000000000000

Cohesion (MPa) 0.000 : O permeabiity square meters| |1,000000000000000 =
Thickness meters 0o

Dilation angle (degrees) 0.000
(®) Compressibility m/GPa

Zero dilation slip (mm 0.000 =
P (mm) - Normal Stiffress | GPa/m
Stiffness (GPa/m) Shear Stiffness GPa/m
Mormal (kr)  [p.000 +||  shear (ks) |p.0o0 S
Ranges
Override Kn value from file Override Ks value from file
Direction From To Length
Aperture (fluid) (m) g
Aperture 0.0001] = X 781210.000 782210.000 1000.000
177209.031 173209.031 1000, 000
Override Aperture value from file i
z -2130.000 -1630.000 500.000
[ impermeable .
Geometric center = 731710.000, 177709.031, -1880.000
[ Exdlude from subattice activation

Translation MNumber of fractures = 18314

East [0.000 3

North | 0.000 3

Up [0.000 3

Rotation (degrees, dockwise from North) 0.000 - File infa Close

Parsing FRACMAN file for information.

Figure 11 Import FRACMAN File Dialog.

After entering or browsing the FRACMAN file name, press the File Info button. The File Properties
group box will be populated with information extracted from the file.

The geometric information displayed in the Ranges box can be used if the data in the FRACMAN file is
given in global coordinates and needs translating to XSite's local coordinate system. This can be done
either by populating the values of the vector in the Translation box in this dialog or populating the
Reference Point vector in the Main Rock/Geometry tab. The FRACMAN example provided in file
“C:\Program Files\Itasca\XSite400\examples\DFN\fracman\test.fab” * is a model with dimensions
1,000 m x 1,000 m x 500 m. The global coordinates of the reference point are (782,210 m; 177,709 m;
-1630 m). The values for the East (x) and Up (z) points were obtained from the To column of the Ranges

table. The value for the North (y) coordinate is the value of the To column minus half of the length of

2 Assumes that the default installation directory is \Program Files\Itasca\ XSite400
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the y-direction. Figure 12 shows the example file imported into the model, highlighting the coordinates
of the reference point and the model dimensions.

easca 5/ DFN-examples/fracmanyfab-global
wndows ey M OIAHEOOOH® /EBE DRL@
— o |Pisti Base

XSite 4.0.4
©2023 hasca Consuting Group, In
Step 0
2 9/11/2023 4:37 PM
. < 7 Sketch Model
< x Elements

§

i

<]

‘Reference Pont ()

%8
§°5| | o

Figure 12 Plot of DFN Imported from FRACMAN.

The multipliers may be used to convert the units in the file into the XSite model internal units. The
number of fractures is also displayed.

The joint properties may be specified, and they are discussed in the Features/Joint Sets section of this
manual. Stiffness and the aperture found in the file may be overwritten. After entering the desired
information, press the Import button. A dialog box will display the number of imported fractures. The
imported FRACMAN DFN will be added to the Joints list in the Features/Joint tab, and it can be
visualized in the Sketch Model plot item.

Import DFN and Seams from a DXF file

To include geology with complex geometry in XSite, the first step is to generate the 3D solid model of
the geology (seams or geological layers) and the joints in the CAD application of your preference (e.g.,
Rhino, AutoCAD).

The 3D model must satisfy the following conditions.

Seams and joints must be created as meshes in the CAD application.

Seams must be defined as closed volumes and joints must be defined as surfaces.

A seam may be defined as an open mesh as long as it defines a closed volume.

Each seam and/or joint that will be imported into XSite must belong to a different DXF layer.

HwnN =
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5. A set of seams or a set of joints (DFN) that share the same properties (e.g., seams that have the
same rock type and stresses or the joints that have the same hydro-mechanical properties) may
be mapped into the same layer.

Figure 13 shows a 3D solid model in a CAD application with four meshes, five closed volumes and two
surfaces. Each mesh was mapped into a separate DXF layer. The highlighted seam (top seam, yellow)
was assigned to a layer named Seam0. The Properties tab shows that the solid type is a “closed mesh.”
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™ Custom M.
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Figure 13 Example of 3D solid model.

The material(s) types to be applied to the seams must be defined in the XSite Material database.

The dialog box to import joints and seams is shown in Figure 14. The following steps are required during
importing.

1. Enter the file name (1) or use the Browse button (2) to select the file.
. Press the Read button (5). Columns Layer Name (3) and Type (4) will be populated.
3. Intable DXF Layers, the column Layer Name will display the layers defined in the DXF file and
the default value for type is None. All layers with type set to None will not be imported into
XSite.
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4. To assign type (i.e.,, seams and joint sets) in XSite to the CAD layers defined in the DXF file,
double-click one of the rows of the table DXF Layers. The dialog shown on Figure 15 will be
displayed.

5. Repeat steps above for all layers to be imported and leave the layer Type set to None for the
features that you do not want to import.

6. You may want to translate and rotate the DXF data before importing or check Uses global
coordinate system. In this case, the values of the reference point field defined in the Main
Rock/Geometry tab are used to transform the points of the DXF file.

7. Press the Import (6) button and the features will be added to the model. The properties of the
joints or seams will be added to the lists of joints or seams and may be later modified by double-

clicking the desired item in these lists.

8. Use the Sketch Model plot item to verify the data were properly imported. You may also check
the model by initializing it (i.e., executing it for zero time) using a coarse resolution and plot
Materials/Uniform and Joints/Joint Traces.

¥ Import Joints and Ssams - DXF Format ! 4
Filename | D:fhomejmgt/itasca/hfjnew_do/FourSeemTivoFauits.dxf {1] {Z}Bruwse
DIF Layers

[[] uses giobal coordinate system
{3!.}}.!r Mamea Type {4]

Translate reference point
1 FAULTZ Jaint r

East 0.000 z
2 FAULTI Mane Hocth .'}.Cﬂﬂ -
3 SEAMM Seam up [.000 £
4 SEAM3 Seam
5 SEAMDZ Seam Rotation (degrees, dodowise from Morth) | 0.000 7
6 SEAMI Seam
T SEAMD Jaint

Processing layer FALLTZ
Added joint with 264 faces.
Processing layer FALLTY
Layer was skipped,
Processing layer "SEAMS
Added seam (Sdtstone) with 6658 faces.
Processing layer "SEAMY
Added seam (Sandstone) with 6608 faces.
Processing layer "'SEAMZY w

£ P et

(5) | et Cose

Figure 14 Import Joints and Seams - DXF Format Dialog.

In the dialog in Figure 15, the user can assign a DXF layer to either a fault (joint set) or a seam. The
properties for joints or seams will be enabled depending on the selection of the Layer Type radio

23



buttons. For example, if the radio button Joint is selected, the joint aperture can be defined; if the radio
button Seam is selected, the seam material, in-situ stress, etc., may be defined.

W CAD Layer Properties ? X

DXF Laver Name - SEAM1

Label Type (O Mone 2 Joint ® Seam
Joint Layer Information Seam Layer Information

Material Type | silictone -
Description (factor) Very weak (0.01)

) N In-situ stress (psi) - Gradient {psi/f)
Tensile strength {psi)

0,000 =

[] Active
Friction angle (deg.) | 0.000 S
~ Magnitud Dip directi Dij | Gradient
Cohesion (psi) 0.000 = agnitiae N g =
Dilation angle (deg.) | 0.000 = Hona |D'DDD hd | |QD.DDD hd | |D'lJDD L | |D'DDD L |
Zero dilation slip {inch) |0.000 0 Eouss |D'DDD i | |D'DDD g | |D'DDD = | |D'DDD = |
aperture (fluid) (n) | 0.000000000 = e |D'DEID © | |D-IJEID < | |‘3°-DDU s | |U-UUD s |
Flat Joint Maodel
Stiffness (psi/ft)
|:| Active
Mormal 0.000 s
Shear 0.ann - Disk radius multiplier 0,500 =
Number of contact points 3 S
Impermeable
Exclude from sub-attice activation Pore-pressure initialization
[ Active Fractures Matrix

Constant pressure (psi)

Gradient pressure {psi/ft)

A |[ap |4

Elevation of ref. point (ft) *
* Elevation ref, point defined on top of the seam

Carter leak-off

[ Activate Carter leak-off for this seam
J00e+00 ftjzgri(sec)
000e+00 ft

Carter leak-off coeffident: 0.0

Carter spurrHoss coeffident: 0.

Cancel

Figure 15 CAD Layer Properties Dialog
Import FLAC3D Block model (stresses and lithology)

This feature allows importing stresses and lithology from a FLAC3D block model defined in a comma
delimited file. The format of the file is:

X, Y, Z, SXX, SYY, SZz, sXy, sxz, syz, material_type

where:

"X, y, Z" are the names of the columns where the location of the centroid of the FLAC3D zone is defined.
"SXX, SYY, SZz, SXy, sxz, syz" are the names of the columns where the zone stress components are specified.
“material_type” is the name of the column where a material type name defined in XSite is specified.
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Before importing the model, the material type of the imported “material_type” column must be specified,
and the model must be initialized. The dialog in Figure 16 will be displayed when this menu option is
selected.

In this dialog, the CSV file name must be specified. Coordinates, stress components and the reference
stress may be specified in the Imperial or metric unit system. If the field Use global coordinate system
is used, the data will be translated to the local coordinate system. The reference stress is subtracted
from the imported stress values.

The Set Geometry button may be used to set the geometry of the model. To use this feature, the
model should not be initialized, and the File Info button should be pressed. After the button is pressed,
exit the dialog. Use the element FLAC3D Block Model of the Sketch Model plot to verify if the new
geometry is correct. The element FLAC3D block model must match the element Rock in the plot item.
After verifying that the geometry is correct, reinvoke the dialog to import the data.

The Reset button allows the user to import a different file without exiting the dialog. The File info
button reads the information from the file allowing the user to verify if the data are being correctly read
into the model. The Import button will read the data and apply it to the model. When the import
operation is completed, a dialog box will be displayed informing the number of zones mapped into the
XSite model.

The workflow for importing the data is the following:

1) Generate the CSV file as described above in FLAC3D (or other continuum software).

2) Create the XSite model, ensuring that the model has the correct geometry and that the materials
specified in the CSV file are defined in XSite.

3) Ensure that the XSite grid length is properly defined. It is recommended for the grid length to
be at least 4 times the background resolution length or the same length of the FLAC3D zone
edge.

4) Initialize the model and run the model to equilibrium.

5) Import the CSV file.

6) Use the Materials/Uniform plot item to verify if the seams are correctly imported. Use the
Contour/Stress plot item to verify if the stress was properly installed in the model. It is useful
to add a cut-plane and move it to the location where you want to verify the stress.

7) Equilibrate the model again before running the simulation.
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B Import FLAC3D Block Model

File name |'hF,,’EIIudd'~"IndeI {FLAC3D imported)FY24_BM_forXsite_SizeReduced_crebody.csv | | Browse ...
Units
Coordinates Stress Reference stress
(@ Meter @ Pa (@ mpa
O Feet O psi O psi
Uses global coordinate system Reference stress (MPa) | 0.000000e+00

File Properties

Ranges Materials
Direction  From To Length

X 14,615.300 15,017.400 402,100

Y 21,627.200 22,029.100 401.900

£ 4,672,000 4,357,000 185,000

Geometric center = 14,816,350, 21,828,150, 4,754,500

Mumber of zones = 5,731
Completed reading file.

T e
Set geometry Reset File info Import Close

Figure 16 Import FLAC3D block model dialog.

Figure 17 below shows a model with imported stresses after running 5 seconds for equilibrium.
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XSite 4.0.5 Simulation time (sec): 5.0002189
©2023 ltasca Consulting Group, Inc. Time to finish (sec): 0
Memory usage (Kb): 4,112,703
Step 0 Number of nodes: 698,499
9/14/2023 6:00 PM Number of springs: 4,966,194

Stress Contour
Plane: on
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Figure 17 Stress contour imported from FLAC3D block model.
Import Microseismicity Data

This feature allows importing microseismicity data from a comma-delimited file. This data can be used
to compare with the microseismicity events produced by XSite during model calibration. The dialog in
Figure 18 will be displayed when this menu option is selected.
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N Import Microseismic Events Dialog

File name |ts,|"5tage 14 RealTime_monitor_TVDSS. csv Browse ...

Ranges

Direction From To Length
X 1586544000 1586959.000  425.000
Y 919372.000 920275.000 404,000
£ 7333.000 7716.000 383.000

|GEI:|mE1:ri|: center = 1586756, 500, 920074,000, 7524.500 |

Date/Time reference

| 02-02-2014 04:57:08.962 v|
Unit multiplier for event location | 1.000 = |

Translation reference paint (m)

East | 1586960.000 g
North 920074.000 g
Up |7724.500 g

@ Mew Dataset D Append to existing Dataset
Status

0%

Impart Close

Figure 18 Import Microseismic Events Dialog.

The geometric information displayed in the Ranges box can be used if the data in the file is given in
global coordinates and needs translating to the XSite local coordinate system. This can be done either
by populating the values of the vector in the Translation box in this dialog or populating the
Reference Point vector in the Main Rock/Geometry tab. The values for the East and Up points were
obtained from the To column of the Ranges table. The value for the North coordinate is the value of
the To column minus half of the length of the y-direction. Figure 19 shows the imported data into the
450 x 450 x 450 m model. The reference point and model dimensions are highlighted. The Imported
Microseismic Events plot shows the locations and magnitudes of the events.

Data are imported from a comma-delimited file with the following fields:

e X, y, z coordinates
e Date in the format MM-DD-YYYY or MM/DD/YYYY
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¢ Time in the format hh:mm:sec.milsec (hh in 24 hours)
e Amplitude
e Extra field, e.g., the stage that the event has occurred
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Figure 19 Plot of imported microseismic events.
Quit
Exits the application.

Tools

Tool items include: Options, which can be used to modify the start-up of XSite, display settings and
configure movie settings; Tooltips, which enables or disables “hints” to be displayed when the mouse
cursor hovers over icons in the tool bar; Batch Simulation, which allows a user to run an unattended
set of simulations with different parameters; Parametric Studies, which allows a user to create
different simulation scenarios based on the current models; and Test sub-lattice activation and Test
sub-lattice connectivity, which are used to test or verify sub-lattice models.

Options

The Options dialog shown in Figure 20 is where the extensive range of user-specified settings in XSite
are controlled. The dialog is divided into three areas of functionality. Each section and the controls within
it are described in the following sections. They are: Startup Settings, Display and Movies.
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W XSite 3.0.53 Options ? > ¥ XSite 3.0.53 Options ? > ¥ XSite 3.0.53 Options ? *
B startup B startup B startup
[ Autosave model after simulation [Z] Dieplay [Z] Dieplay
Plot items refresh interval: | 2000 = || Timems) isplay Settings L Movie
Number of threads: 12 z Active
= Auto Update
:l Background white
Out b1 :
utine /1M 2 The Mavie option wil generate bitmap movie frames during
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View Tite | ] view Title selected Plot Views.
Target
Movie Clindex: 1 2
Legend
Sampling Interval (Seconds): 0.00100000 =
Image Size:| 1024 X | 768
Standard (4:3) HD (1024 X 768) -
Prefi:  [movie_ |
Global Settings
Vertex Arrayzfr
vert Buff obj []
Interactivel M3 |5 Plot Viewe:
Interactive2 ll2 |5
Picking
Sketch Mode
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Figure 20 Options dialog boxes for controlling program (a) Startup, (b) Display
and (c) Movie.

Startup Settings
Autosave Model After Simulation

Controls whether a .sav file is written after each simulation step is completed. For safety, this option may
be selected (because the model can be restored after a crash, for example), but large models may take
a long time to save.

Plot Items Refresh Interval

Allows the interval between plot refreshes to be specified in terms of clock time or number of simulation
steps.

Number of Threads

The code automatically detects the number of threads (e.g., processors) available from the hardware.
This option allows the user to specify manually the number of threads to be used. Using more than 16
threads does not increase simulation speed.

Display Settings

These controls are the defaults for newly created views. The controls available here are duplicated locally
for each specific view as the Display Settings and Global Settings plot items that appear on the Plot
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Items list for each view. Those local instances of the controls on a given view can be used to "override”
the general preferences set here.

Active

When checked, each plot item will be active upon creation; otherwise, each plot item will be inactive
upon creation.

Auto Update

When checked, the plot will automatically update at a given interval (specified using the Update
interval control in the Global Settings section below). If not checked, the plot must be updated
manually using the Regenerate Current Plot tool available on the toolbar.

Background

Indicates/sets the default background for plots using the pop-up color selector available from the
indicator switch.

Outline

Indicates/sets the color and size of the displayed (if checked) plot area outline, where the plot area is
the rectangular part of the view that excludes the legend.

Job Title

Indicates/sets the color, size, font-face and style of the displayed text (if checked) of the job title. When
displayed, the job title appears in an outlined rectangle at the top of the plot area, where the plot area
is the rectangular part of the view that excludes the legend. The job title text is set in the General
section of the Options dialog.

View Title

Indicates/sets the color, size, font-face, style and text of the displayed view title (if checked). When
displayed, the view title appears in an outlined rectangle at the top of the plot area, where the plot area
is the rectangular part of the view that excludes the legend. It will appear below the Job Title, if that
item is set to be displayed as well.

Target

Indicates/sets if the target view square will be displayed in the plot. All graphical objects in the target
view square will be rendered regardless of the aspect ratio of the view window.
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Movie

When checked, each new view will be a source for an output movie with specified initial index (used to
name the successive movie output bitmaps).

Legend

Provides sub-controls that may be used to configure the default appearance and position of the legend
and to specify what items (time, step, customer, title, view info, etc.) are or not included in the legend.

Vertex Array

Specifies/indicates whether vertex arrays will be used to draw objects in OpenGL. The default is on.
Turning this off can sometimes improve images on older OpenGL display drivers. Note that turning this
off implies vertex buffer objects are off as well.

Vert Buff Obj

Specifies/indicates whether the vertex buffer object OpenGL extension will be used if available. The
default is on. Turning this off can improve images on drivers that report this extension as being present
but do not properly support it.

Interactivel

Indicates/sets the color and thickness of the highlight outline that is used to delineate any interactive
object (plot item, interactive range, legend, etc.) that appears in a plot and is selected while the
manipulate mouse mode is active.

Interactive2

Indicates/sets the color and thickness of the handlebar points that appear on the highlight outline of
any interactive object (plot item, interactive range, legend, etc.) that appears in a plot and is selected
while the manipulate mouse mode is active.

Picking

Activates/deactivates picking, which allows for interactivity with the rendered node(s) on screen. As
picking can slow plot rendering, turning picking off can be desirable in some cases.
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Sketch Mode

Activates/deactivates sketch mode, which is a reduced rendering method that is faster than full
rendering. Plots containing very large numbers of items to be rendered can be drawn and manipulated
faster in sketch mode.

Update Interval

Indicates/sets the interval (number of calculation cycles or steps) at which a view will be regenerated.
Note that views are always regenerated at the end of any simulation stage, regardless of the update
interval.

Print Size

Specifies/indicates the default size (x and y dimensions, respectively, in pixels) of bitmap output sent to
the printer.

DXF Warning

Specifies/indicates whether to display the DXF warning when exporting a view to a DXF file; the warning
is a reminder to the user about the limitations of the DXF export functionality.

Movie

Specifies/indicates the interval for movie frame capture, the format type for the bitmap frames, the size
of the bitmaps, and the file name prefix to be used (in conjunction with the index number) to name the
file. Note these settings are global and will be used by any view that has been marked to generate movie
bitmaps during cycling.

Movie Settings

Any open view in the program can be used to generate a sequence of .png files taken periodically over
the duration of the simulation. These files can be combined into a movie using software tools like
MovieMaker. This section provides a listing of all currently available views. Each individual view has a
“movie” setting on its Display Settings plot item that can also be used to set the view to be the basis
of a movie. Note that these controls are interchangeably live: setting the movie to “on” for an individual
view will cause it to appear switched on in the Options dialog. Switching it “off” in the dialog will cause
it to also become switched off on the view's Display Settings. Also note that the first five settings are
global; changing the value provided for any of these for an individual view — using that view's Global
Settings plot item will change the same setting for all views that are set to generate movie output.
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Sampling Interval (seconds)

Sets the interval in seconds that should elapse before each frame capture.

Image Size X: (and Y:)

Specifies the dimensions of the captures, in pixels.

Prefix

Specifies a string that will be pre-pended to the file name of each capture file.

Plot Views

The Plot Views section lists all the available views. Individual views are selected to be made movies by
selecting their checkboxes; the Index field is used to specify the starting point for numbering the
captured frame files. All capture files are placed in the current project directory.

Batch Simulation

When the Batch Simulation menu option is selected, the dialog box in Figure 21 will be shown. The

Batch Simulation can also be activated via the toolbar button . The Batch Simulation Steps dialog
allows the user to create a set of simulations steps and execute the entire set unattended, in a batch
fashion without intervention. A simulation step is a set of instructions that will be sent to the XSite
engine to be executed. Some of the instructions may be executed pre or post simulation command
(cycle). The simulation steps will be executed in the sequence that they were created. Batch steps that
have the columns State, Start and Finish filled (which means that they have been already executed) will
not be executed. In the example below, step 1 is “Completed” and step 2 is currently “Running”. The
other steps are scheduled to be executed next. The Batch Simulation data is stored in the .xml file.
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[N Batch Simulation Steps ? x
Saved files:
Directory where saved files wil be stored || | | Browse ... | Base name for saved fies |Cadia_model37d |
Name  State Status Start End Sim.Time Sim. Mode, pplyRes FTSF  Resetdisp. MCcounter Hist.Sampl  OpenHole  Perf.Tun  fiac A
Tue September 19, Tue September
1 EQUL on  Completed 23 505128 pm 1927 mygapn  00000100()  Mech off 1000 Off Off Off off Off Off
2 sML on  Running TZ';E}S;D;;ET Ty 450.0000000 (s) Mech+Simp. off 0.100 On off off off off off
3 EQU2 on 5.0000000 ()  Elastic off 1000 Off off off off off off
4 smM2 on 450.0000000 (5) Mech +ul Flow off 0000 Off off off off off off
5 EQU3 on 5.0000000 ()  Mech+Smp.+PresGrad  Off 1000  Off off off off off off
5 sIM3 on 450.0000000 (5) Mech +Simp. off 0400 Off Off Off off Off Off
7 EQU4 on 5.0000000 ()  Mech off 1000 Off off off off off off
5 sM4 on 450.0000000 (5) Mech+5imp. off 0400 Off Off Off off Off Off
5 EQUS on 5.0000000 (s)  Mech off 1000 Off off off off off off
10 SIM5 on 450.0000000 (5) Mech+Simp. of 0100 OF off off off off off |,
< >
T ¢ o Duration | | Depletion WorkFlow Add Clone Delete Exeaute Reset Close
Batch Log
PROCESSING STEP EQUT "
Version; 4.0.5
Current directory: C:/WINDOWS/system32
Batch Item Name: EQUL
Started Smulation - Time: 1e-05 seconds
- Mode: Mech:On Elastic:Off Prevent MC after elastic equil. :0ff Fluid:Off Thermal:Off History Sample Interval: S00 cydes
File saved: *.\/Cadia_model37d_EQU1_2275.06_0.xml'
Completed
v
o . . .
Figure 21 Batch Simulation Steps dialog.

The field Sim. Time, or simulation time, sets the simulation time for that simulation step. Sim. Mode
describes the simulation mode, for instance, step 4 will be simulated as mechanical simulation coupled
with fluid flow analysis. The column FTSF displays the fluid time step factor for that step. If FTSF is greater

than 1.0, the program will use the implicit method to solve the fluid flow equations.

The field Directory where the saved file will be stored contains the file path. The path may be
absolute (e.g., "c:\user\xsite\data") or relative (e.g., “/", which indicates that the file will be saved in the
current directory). Either forward slash, /, or backslash, \, may be used to compose the path. For the

Linux version it is recommended to use forward slash.

The field Base name for saved files is used to compose the name of the files that will be saved. The

Post-process section describes how the saved file name is composed.

This dialog has the following operations available:

Buttons L and T: Moves the currently selected batch entries up or down in the list.

Button £: Moves the currently selected batch step to the line indicated in the box located to the

left of this button.

Duration: Displays the execution time in minutes of the selected batch tasks.
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Depletion workflow: Invokes the dialog box described in Appendix 1. This dialog creates batch
steps necessary to perform simulation of parent-child well stimulations.

Add: Invokes the Batch Simulation dialog shown in Figure 22. In this dialog, the user will be able
to add a new simulation step. All the simulation steps created by the user will be listed in the Batch
Simulation Steps dialog (Figure 21). By double-clicking one of the items in the list, the Batch
Simulation dialog may also be invoked, allowing editing of the selected item.

Clone: Creates a copy of the simulation step that has been previously selected (left-click selects an
item in the list).

Delete: Deletes the simulation steps that have been previously selected (left-click an item in the list).

Execute: Executes the batch of simulation steps. When this button is pressed, the simulation steps
will be executed in the order that they appear in the list. Only the blank items in the Status/Start
and End columns will be executed. The item that is currently executed will show “Running” in the
status column. The status will change to “"Completed” when the item finishes execution. The Start
and End columns display the start and finish times of a simulation step. The Start Simulation
button on the toolbar remains inactive during the batch execution. If the Stop Simulation button
on the tool bar is pressed, the current batch step will stop execution, the post-processing sub-steps
will be executed and batch process will process the next batch steps.

Stop: Stops the batch execution. The status column of the last item being executed will show
“canceled”. This button is inactive until the Execute button is pressed and will remain active only
during the batch execution.

Reset: Sets the Status/Start/Complete columns for all simulation steps to blank, allowing the user
to re-run the batch mode from the beginning.

Close: Dismisses the dialog.

The fields located in the Saved files group box will be used in conjunction with the Post-process/Save
State field of the Batch Simulation dialog. The Directory where saved files will be stored indicates
where the saved files will be created. The field Base name for saved files is the prefix used in
composing the name of saved files.

The Batch Simulation dialog (Figure 22) will create a simulation step and is invoked when the user
presses the Add button. Editing an existing batch step is available by double-clicking an item in the
batch step list.
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The field Name in the Batch Simulation dialog is used to identify a specific batch step and to compose
the name of the files that will be saved. The Post-process section describes how the saved file name
is composed. A unique name is recommended in this field.

[N Batch Simulation

Step Name gl

Smulstion  Pre-Process  Pre-Process (Import)  Post-process

Simulation time 0.020000000 5 Seconds
B rMecharical sctive
B Estic Mode active (7) Prevent micre-cracking after siastic squilbrium
[0 Fuid active
Fiuid flow opticns

() Thermal active
Interval for mechanical equilbration

ctor (FTSF

(*) Expicit fluid solver: 0.0 < FTSF <= 1.0 —  Implck fiuid sclver: FTSF »

s

Figure 22 Batch Simulation Dialog.

The Batch Simulation dialog has four tabs: Simulation, Pre-process (1), Pre-process (import) and
Post-process, described below.

Simulation tab
The fields in the Simulation tab are shown in Figure 21.

The Step Name field is used to identify the batch step. This field is not mandatory, and it is used to
compose the name of file that may be saved for this step, see Save state field on the Post-process tab.

The other fields shown in this tab are described in the File/Start Simulation section.

Figure 23 shows the Pre-process dialog. Description of the fields of this dialog follows.
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Pre-process tab

[N Batch Simulation

Step Name eql

Smulstion  Pre-Process  Pre-Process (Import]  Post-process

[T Reset pressure

@ ~pply adaptive resolution Edit Resolution Domain Resst prassurs

(] Reset node displacements
[ Resst sub-lattice

8 increment microcrack counter

Remave core

() open-hole completion [ Perf. tunnels [ Boreholes

Liner

Casing

O mnstal Material Test Rock (O Inttialize Carter leakoff reference pressure
() Reset proppant concentration

Cament
Resst Proppant Concentration

IR

@ Allow aperture change

Fuid Type
) Microssismicity computation on off

() Switch fuid type YF125FlexD
() Add cluster diversion balks; Number: 1 S

[T Remove dive

rsion balks Thermal module

() Reset substep factor  0.000000
() Apply proppant fines to frac. tip (m3) 00000 =

[T Reinstall strangth on slipping joints
[T set fuid maximum timestep (s=c)

(] Simplified logic pressure drop relasx, factor

() Simplified logic relxation factor

[ Simplified logic max. number of mech, interactions

(O Resstsimulstion time ()  0.000000

DI I

[ History sample interval (cycles)
[T mplicit convergence factor 1.000000=+00

[ Heal microcracks

Save Caneel

Figure 23 Pre-process (1) dialog.
Apply adaptive resolution

XSite allows users to change the lattice and distribution of different resolutions throughout the model
domain (i.e., “remeshing”) during the same simulation. This capability allows optimization of the model
size when the location of the source of perturbation moves within a model (e.g., simulation of multiple
stages along a well). With adaptive resolution, the finest resolution domain in the model is always only
around the location of the source of perturbation in the model (e.g., currently active stage). All resolution
domains must be defined during the model setup, before the start of execution. The resolution domains
that are not currently active are assigned the background (coarse) resolution.

By checking the Apply adaptive resolution box, the dialogs shown in Table 1 will be displayed. In this
dialog box, the user will be able to specify the adaptive resolutions that will be used for this batch step.
The left column shows all resolution domains as defined in the Resolution tab. Initially each resolution
domain is assigned the finest resolution, intended for that domain when it is active (i.e., injection occurs
at the location within that resolution domain). The right column shows the state when the domains that
will be activated are assigned fine resolution, and the remaining domains (inactive) are assigned the
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background resolution. The following steps are recommended to apply the desired resolution to the

model:

. Press the Reset button to have the original resolution set.
2. Ensure the background resolution is correctly displayed in the edit box located on the left of the
Set Selected button. Select the resolution domains that are associated with stages that will
not be active during this simulation phase and press the Set Selected button.

In the example presented in Table 1, two resolution domain groups, Res1 and Res2, are defined. Each
group has two resolution domains, with resolutions of 35 cm and 52.5 cm, as shown in the left column.
The right column indicates that the group of resolution domains named Res1 (associated with stage 1)
will be activated, and the resolution domains associated with group Res2 will be deactivated: the
resolution in group Res2 will be set to the background resolution, 70 cm.

Table 1 Resolution Domains
Specified Resolution Domains Resolution domains to be activated
B Resolution Domain ? * ® | Resolution Demain ? *
Model resolution is 78.00000 cm Model resolution is 78.00000 cm
MName Resolution {cm) Mame Resolution {cm)

1 Resz 35,00000 1 Resz 78.00000

2 Res1 35,00000 2 Resi 35.00000

3 Res2 52.50000 3 Res2 £ 78.00000

4 Rest 52,50000 4 Rest 52,50000

Set Selected Set Selected | | 78.00000000
Save Cancel Reset Save Cancel

Reset node displacements

Checking this box causes all accumulated displacements to be set to zero. Note that this does not affect
the physics of the simulation — it simply allows the displacements that occur during a given stage of a
simulation to be accumulated and displayed independently of previous stages. The deformation and
stresses are not affected by resetting displacements. The code keeps track of the total and relative
displacements. This action resets the relative displacements only. The total displacements cannot be
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reset. By resetting the displacement, it is possible to differentiate displacements induced by each stage.
Resetting node displacement also gets rid of noisy displacements after initial equilibration of the model.

Reset sub-lattice

Selecting this box will deactivate the active sub-lattice zones. Only active nodes and springs from active
zones will be included in the mechanical computation, allowing for a more efficient simulation. This
procedure should be executed at the beginning of a new stage on a well.

Increment microcrack counter

Selecting this box causes an identification number associated with microcracks to be incremented. If the
counter is checked at the beginning of simulation of different stages, this allows microcracks to be
displayed in different colors, according to the stage of the simulation in which they occurred. The
microcrack counter for each new microcrack is initialized to zero. The microcrack counter of all existing
microcracks is incremented if the microcrack counter is checked when a new simulation step is started.
The Microcrack plot item can use the microcrack counter to display microcracks with different colors.

Remove openhole completion, perforation tunnels and boreholes core

Selection of these checkboxes removes springs and nodes from openhole completion, perforation
tunnels and boreholes defined in the Borehole/Segment Dialog. This operation will add fluid elements
to the borehole boundary springs, allowing injected fluid to initiate or propagate the fracture. This
operation works as if material inside openhole completion, perforated tunnels and boreholes was
excavated from the model. The Materials/Uniform plot item indicates items as excavated regions. This
operation is typically used for near-borehole simulations in small-scale models.

Install Casing and Cement

In the Borehole/Segment Dialog a borehole segment can be specified having casing and cement. In
this case, if these checkboxes were checked, the code will replace the model background material with
the material specified in the drop-down lists located to the right of the checkboxes. The thickness of the
casing and cement are specified in Segment Dialog. This operation is generally executed after the
borehole is removed and the model achieved an equilibrium state.

Allow aperture changes

If this checkbox is left unchecked, hydraulic aperture of the joints and fractures will not change during
the simulation. The value set in this checkbox will override the field Allow aperture change in the
Solution/Fluid tab.

40



Microseismicity computation

Select this checkbox to activate or deactivate microseismicity computation. If the checkbox is checked,
microseismicity events will be recorded. Microseismicity events are caused by bond breaking in the rock
matrix and sliding of joints. It is possible to combine (cluster) shear events using the Reset Lattice
dialog. When combining shear events, the largest N (the number specified by the user) events will be
considered as outliers and removed from the computation.

Add diversion balls

If this checkbox is selected, the number of diversion balls specified in the edit box located to the right
of the checkbox will be applied to the clusters of the active stage that take most of the injected fluid
(i.e., have the greatest flow rate), effectively plugging them. For example, if the active stage has 4 clusters
and each cluster has 12 perforations, the total number of diversion balls that can be added is 48,
plugging the entire stage. If 24 balls are added, two clusters with greatest flow rate will be plugged.

Remove diversion balls

The selection of this checkbox will cause the code to remove all diversion balls applied to the model,
regardless of the stage/cluster state (i.e., active, or inactive).

Apply proppant fines

If this option is checked, the fluid nodes with the smallest aperture will be plugged (starting with the
smallest aperture in the ascending order) until the volume specified in the edit box located to the right
of the checkbox is reached. No transport of fines is simulated. They are assumed to be instantaneously
placed at the fracture tip.

Reinstall strength on slipping joints

The faults (or joints) in the model can be assigned initial strength and to be impermeable under initial
conditions, meaning they become permeable only after they slip or open (i.e., fail in shear or tension)
and lose cohesive and tensile strength. Forces are initialized and the full equilibrium in the model is
achieved by running the model mechanically for a few seconds. During that equilibration phase, some
of the contacts within joints can slip, which will change the desired initial condition that joints have
cohesive strength and are impermeable. Selecting this checkbox reinstalls the initial joint strength and
makes them impermeable.

Set maximum fluid timestep

Allows user to override the field Maximum fluid timestep defined in the Solution/Fluid tab.
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Simplified logic pressure-drop relaxation factor

Allows user to override the field Perforated pressure drop relaxation factor defined in the
Solution/Fluid tab. This parameter is the relaxation factor used to calculate the cluster perforation
pressure drop for the simplified logic. The default value is 0.0001.

Simplified logic relaxation factor

Allows user to override the field Relaxation factor defined on Solution/Fluid tab. This parameter is
the relaxation factor used in the relaxation scheme for calculation of the fracture pressure in the
simplified logic. The default value is 1.0. The relaxation parameter of the relaxation scheme is
proportional to the reservoir rock Young's modulus. The relaxation factor is a multiplier of the Young's
modulus. Values greater than 1.0 result in stiffer response, with faster pressure changes that can result
in faster convergence of the relaxation scheme, but also might result in instability. Values less than 1.0
result in smoother pressure changes and a generally slower but more stable numerical scheme.

Simplified logic max. number of mechanical interactions

This variable sets the maximum number of mechanical steps that can be executed in the relaxation
scheme to bring the unbalanced volume (i.e., difference between fluid nodes volume and the injected
fluid volume) to zero. The relaxation scheme is used in the simplified logic for simulation of fracture
propagation in the toughness-dominated regime. The code will execute fewer mechanical steps than
the maximum amount if the convergence criteria in terms of the relative unbalance volume has been
reached. See the maximum number of mechanical interactions field in the Solution/Fluid tab.

Reset simulation time

This operation will allow the user to change the current simulation time. For example, it can be used in
cases in which the mechanical time estimated to equilibrate the model is insufficient and additional
mechanical simulation is needed that would advance the simulation time beyond the time when
injection starts. The user can run the equilibrium phase longer and reset the simulation time without
having to adjust the start and finish times in the pumping schedule. The history record will be out of
sync if the simulation time is reset.

History sample interval (cycles)

The sampling interval for all histories defined in the model can be set for each simulation step
independently. A short history interval in a very long simulation may cause the save file to be large.

Implicit convergence factor

The maximum relative error used in the convergence criterion of the implicit logic can be set for the
simulation step. This value overrides the default set in Solution/Fluid.

42



Heal microcracks

This operation will close microcracks (make them elastic) that are not connected to the rest of the pipe
network (i.e., other microcracks or pre-existing joints).

Reset pressure

Resets pressure in the fracture and/or matrix fluid. The pressures can be reset before any stage. For
example, the pressures can be reset to the initial hydrostatic state to approximate flow back and/or
long-term leakoff. If the Reset pressure checkbox is not checked, the existing pressures will be the
initial pressures for the next simulation stage. The dialog allows application to different ranges within
the model, including natural fractures, microcracks and matrix. The pressure can be reset to a constant
value or with constant gradient in the z-direction. If gradient is used, the constant pressure is defined
for the reference z-coordinate. After resetting the pressure, the model should be run to mechanical (no
fluid flow) equilibrium to simulate fracture closure and associated stress change.

Initialize Carter leak-off reference pressure

If the Carter leak-off is used, the exposure time is measured from the state when the fracture pressure
exceeds the reference pressure.

Reset proppant concentration

Resets proppant concentration in the entire model. The reset proppant concentration can be specified
as a volume fraction or as a concentration (mass per volume, e.g., kg/m?).

Fluid Type

Fluid type can be changed between simulation steps. Any fluid type from the Fluid Item list can be
selected. It should be noted that the effect of a fluid type change in the model is non-physical, because
it causes a change in the currently injected fluid but also all fluid in the model (fractures and matrix),
and previously injected fluid is assigned properties of the new fluid type.

Thermal module/Reset sub-step factor

The default value of the thermal sub-step factor is set in the Solution/Thermal tab. The thermal sub-

step factor is the number of the advection steps that are executed per one conduction step.
Pre-process (Import) tab

This dialog controls functionalities that manage parent-well model initialization in analyses of parent-
child well interactions and the effects of reservoir depletion on hydraulic fracturing. See Appendix 1 —
Workflow for Modeling of Effects of Reservoir Depletion (Parent-Child Wells) for details.
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Post-process tab

This tab is shown in Figure 23. The fields are described in the following text.

N Bateh Simiilation

Step Name 2
Simulation Pre-Process Fre-Process (Import) Post-process

Save ctate :I Saved file with same name as project file I: Create results file (broken springs only)

Generate output for

(] use global coordinates (applies to microcracks and microseismicity events)
| Microseismic events (Must select "'Microseismicity Active’ on Solution/Mechanical Tab)

Microcracks
| Microcracks annacted Jse sub-lattice springs Connectivity threshold 500000
Aperture cap for conductivity computation (m)

this aperture cap  0.000000

ar

Extent
0 0 : an
0 = i = 0 E

Export fluid elements file (.csv format)
] File Name

| e B e S T e e .00 = Maximum (secs 99009999.000! =
History (Must have history entry defined on History Tab)

| Joint normal displacement | Matrix springs
|_ Histories |_] Cluster injection rate history
[T Cluster fracture area history [ Cluster pressures history

Save Cancel

Figure 24 Batch post-process tab.

Save state

Saves the simulation state in new .xml and .sav files in the directory defined in the Batch Simulation
dialog. A save file includes the entire model state with all filled variables. It allows inspection of the
model state at the simulation step (time) when the save file was created. The saved file name has the

uon uon "o

+ + “current simulation time" _.

following format: “Base file name” + “_" + "batch step name” +

Simulation can be continued from the save file.
Saved file with same name as project

The name of the created save files will be the same as the project (the original .xml file) name. If this
option is used for multiple simulation steps, each stage will overwrite the previous one and there will
be only one (final) save state at the end of the simulation.
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Create results file (broken springs only)

Only the results file will be created. The advantage of the results file is that it is smaller than the save
file. The model results can be inspected and post-processed. However, the results file cannot be used
to restore the complete model and continue a simulation.

"Generate output for” group box

Use the appropriate checkboxes below to generate output in .csv formatted files for:

Use global coordinates

If this field is checked, the location of microcracks and/or microseismic events will be output in global
coordinates. Otherwise, the output will be in local coordinates.

Microseismic events

A .csv file containing the microseismic events is included in the output.

Microcracks

If the Microcracks checkbox is selected, microcrack information (i.e., coordinates and orientation) is
exported from the model at the end of this simulation step. The output can be limited to the connected
cracks to the injection cluster and/or to the propped microcracks only. If sub-lattice is used in the
simulation, used sub-lattice springs will export the information on microcracks as created in the sub-
lattice (i.e., with finer resolution). In that case, Connectivity threshold (default 0.5) is used to define
sub-lattice microcracks that are connected to the injection cluster. The sub-lattice properties, including
connectivity, are interpolated from the main lattice properties. In the main lattice, microcracks can be
connected or not.

If the Use this aperture cap field is checked and specified, the apertures used in the conductivity
calculations will be limited to the specified cap.

Use Grid File checkbox

Microcrack data can be used to calculate upscaled equivalent properties such as porosity and
permeability. The upscaling will be conducted and exported if Microcracks using grid file is checked.
Upscaling can be done for an existing grid file (default) or for the grid that is generated internally by
checking Generate grid file. If the grid is generated internally, it is defined by Extent, with coordinate
ranges for Length, Width and Height, and Edge length. Divide grid by seam forces the grid to
conform to the seam boundaries defined in the model. The microcracks used in upscaling can include
natural fractures and the open (not propped) fractures.
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Export fluid elements file (.csv format)

This group box specifies the file name where fluid elements data will be exported. Exported fluid
elements can be limited to the specific time interval (Filter crack creation simulation time). Also, an
option to export only connected fluid nodes option can be selected.

History

It allows selection of histories (including Joint normal displacement, Cluster fracture area, Cluster
pressure, Cluster injection rate) to be automatically exported at the end of the simulation step. The
selected histories checkbox must have a record defined in the History tab.

Parametric Studies

Parametric Studies allows for setup and automatic execution of parametric studies. The input
parameters are defined as random variables with probability distributions. According to the defined
parameters of the study (e.g., the number of simulations), XSite automatically creates sets of input
parameters and simulation cases that are then executed on separate computers. After all simulations
are complete, XSite automatically extracts and compiles results of interest (e.g., created fracture surface
area).

The functionality of automatic execution of parametric studies can be used on multiple nodes in High
Performance Computing (HPC) centers only. Running programs in an HPC center is different from
running programs on a personal workstation. In an HPC center, to optimize resources for computational
purposes, a program should run in console mode and the graphical interface should not be used. In
fact, some of the nodes of the cluster may not even have X-Windows libraries installed, making it
impossible to run graphical interface applications on these nodes. In addition, the recommended
method to run simulations is by submitting jobs to a central queue. Hence, jobs are scheduled to run in
an orderly fashion on the clusters, enabling computational resources to be properly used and their use
maximized. Proper monitoring and accounting are also done by the central monitoring system. For
example, some centers use Sun Grid Engine (SGE) to manage the scheduling queue.

XSite provides a graphical interface to setup, run and monitor simulations on HPC clusters. Although
simulations can be executed on an HPC by running the model in the GUI version of the code, it is
recommended that the simulations are executed using the console version of the code. The setup for
execution of parametric studies launches multiple simulations using the console version of the code.
Section 2.3.1 briefly describes how to set up and run XSite in a console version on an HPC.

Parametric Studies opens the dialog shown in Figure 26. This dialog has six tabs and allows the user to
perform the following tasks:

e Create variations of a model for a parametric study: Parameters for Completion design
(Section 2.3.2) and Parameters for Field Conditions (Section 2.3.3) tab.
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e Select existing files to be simulated simultaneously: Select existing files (Section 2.3.4) tab.

e Select simulation post-process output data; Post-process Setup (Section 2.3.5) tab.

e Specify parameters to define a job that will be submitted for execution; Job Definition (Section

2.3.6) tab.
e Monitor execution: Job Status (Section 2.3.7) tab.

Each tab is discussed in more detail in the indicated sections.
Running Console Version on HPC
Setup of the Environment Variables

The Linux command module (assumes that the environment module package is installed) is used to set
the environment variables (e.g., library and executable paths) to ensure that XSite is seen by all HPC
nodes:

1. To see what versions of XSite are available in the system, type the command module avail xsite.

2. To load a specific version, type module load xsite/<version>. For example, module load
xsite/4.0.1.

3. Typing module load xsite will load the default version.

This step can be automated by running the command below when you log in. On an HPC machine, edit
file “.userrc” in the home directory and add the following line:

module load xsite
Logout from the account. The next time you login, XSite will be available to run on any HPC node.
Running XSite on Linux

To run XSite, the user needs to log in on an HPC machine with interactive graphics capabilities. Before
running XSite, ensure that software for scheduling jobs at an HPC (e.g., Sun Grid Engine (SGE) or Altair
PBS) module is loaded. The following command will load the SGE module:

module load sge
To run XSite type the command:
xsite_4.0

Running an Example on the HPC clusters

Copy the input xml file to a shared working directory, which is available to every execution host. Next,
run XSite. Make sure the SGE module is already loaded before running XSite.
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Load the example file in XSite. Open the Batch Simulation. XSite uses its console version to run a
parametric study in the clusters. The console version of XSite will run the batch items defined in the XML
file. Make sure that at least one batch file item is defined and that the last batch item will save the state
of the run. In addition, make sure that the Directory where saved filed will be stored field is set
properly (Figure 25, field (1)). For example, the path can be /hpcdata/${USER}/projectname/batch.
Close the Batch Simulation dialog and save the dataset. Run a simulation for 0 seconds to ensure that
the model is properly created.

= = - - =z
Batch Simulation [tems l - =
3¢ Batch Simulation - | - A
Saved fles: 1
Directary where saved fies will be stored ! I Browse . I Base name far swcd!ieilbase_
A
I e o N = e =t e M Rk s I e R e I
1 [ on 0ang on on ont ont ot o ont on on
2|2 on 00000 on on ot off off oft ot off on
(1)
(2)
4 O |
ﬂ lI Add Clane Delete | Exzcute | Stap
Results

Figure 25 “Batch Simulation” dialog.
Parameters for Completion design tab.

XSite can automatically and simultaneously execute multiple models defined in the existing input files.
That methodology is discussed in Section 2.3.4. Parametric study can be created automatically by XSite
based on specified completion design variability and/or uncertainty in in-situ conditions (initial states
or material properties).

In tabs shown in Figures 26 and 27, the user can define the variability of certain parameters to be
randomly varied in a parametric study, which is conducted by creating multiple input files and their
automatic execution on different cluster nodes using the console version of the code. The following
notes apply to completion design, pumping schedule tables (Figure 26).

1. Double-clicking on one of the rows of the tables will open a dialog that will allow editing of the
table entries (e.g., pumping schedule). The table entries can be manipulated using buttons add,
clone and delete.
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2. In the dialog that will be displayed for editing an item, the field File ID field will be used in the
files created by the parametric study to help identify and differentiate files.

3. Application of the variable completion design requires that borehole(s) and stage(s) are defined
in the model. The user may define different shapes, dimensions and parameters of the pressure
loss calculation for different cluster designs to be randomly selected for stages of a borehole.

4. The Pumping schedule setup allows the user to define multiple simulation sequences to be
used in the parametric study. The simulation sequence randomly selected from the provided list
will be used for automatic generation of the pumping schedules for the wells and the batch
simulation table. In the case that there are no pumping schedule items defined in this table, the
user must have defined batch items and pumping schedules for each borehole.

Combining different completion designs and pumping schedules to create multiple model realizations
in a parametric study is discussed in detail in Appendix 2.

B Parametric Study ? X
Waorking directory | [m
Parameters for Completion design Parameters for Field Conditions Select existing files Fost-process Setup Job Definition Job Status
Stage Design Files Simulation Sequence Files
File ID Borehole name age Name-Desic Top File ID Mo sim. seqs  ital pumping time (se
Add Clone Delete Add Clone Delete
znerate merqe file Merge files
Reset senerate scripl Submit job Results(stats) Close Cancel

Figure 26 Parameters for Completion design tab.

49



Parameters for Field Conditions tab.

In Figure 27, the field Number of realizations indicates the number of runs that will be conducted as
part of the parametric study with automatic selection of the input parameters and automatic generation
of the input files.

To include a property or stress in the study, double-click the item and edit the standard deviation and
distribution type. Then, select the checkbox to be active.

The DFN setup allows loading multiple DFNs from FRACMAN files, which must be in a directory
accessible by the HPC nodes. For example, in a directory under “/hpcdata/ ${USER}/projectname”.
The user must define the joint properties and may override the joint aperture and stiffness defined in
the file. In addition, the user may translate and rotate the DFN. Once DFNs are loaded and appear in
the table, they are available to be used in the parametric study.When the Generate scripts button is
pressed, one row per table category will be selected for each realization. The selection of the rows will
be determined based on a random number generated using uniform distribution applied to the number
of items defined for a table. Hence, if there are four DFN items defined, it is expected that each item will
be used in approximately 25% of the total number of realizations.
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B | Parametric Study ? X

Working directory . Browse ... |
Parameters for Completion design Parameters for Field Conditions Select existing files Post-process Setup Job Definition Job Status
Number of realizatior 15 s
Materail Properties Stress
Active  Name UCS(MPa) s strength( sct toughne foung's(Pa; Active .ayer Name maZ std dev (M ma2 std dev (M ma3 std dev (M
1 No  TestRock 0.000e+00 0. 0.... 0. 1 No  MainRock 0.00000e+00  0.00000e+00  0.00000e+00
Fluid Properties _ DFN - FRACMAN files
Active Name iscosity (Pa. :onsistency index (P. ow behavior ind Label File Name Description
1 No  Linear.. 1.000e-03 0.00000e+00 1.00000e+00
2 No  SAE30.. 0.000e+00 0.00000e+00 0.00000e+00
3 No  Slick W... 1.000e-03  0.00000e+00 1.00000e+00
4 No  Water  0.000e+00 0.00000e+00 0.00000e+00
5 No  YF125Fl... 1.000e-03 0.00000e+00 1.00000e+00

Add Clone Delete

senerate scrip! Submit job Results( stats) Close Cancel

Figure 27 Parameters for Field Conditions tab.
Select existing files

To submit an execution of a parametric study with one or more existing files (manually prepared), use
the Select existing files tab as shown in Figure 28 and carry out the following steps.

1. Prepare the files that will be used in the job. Make sure that batch items are defined and the
results will be saved into an existing directory. This directory must be on a disk that has the
appropriate space to store the state of the simulations and has read and write permissions for
HPC center users.

2. The number of realizations is equal to the number of files that are selected for the job.

3. Enter the working directory.

Use the Select files button to browse and pick the files that will be used in the simulation. The
selected files will be displayed in the Selected files window.

5. Use the Copy files button to copy the files from their original location to the working directory.
The Remove files button can be used if the user wants to remove files from the simulation.

7. When the files are selected, set the Job Definition parameters in the appropriate tab and press
the Generate Scripts button. This step creates the script that will be submitted for execution.

8. Press the Submit Job button to start the simulation.

51



9. Job status can be checked on the Job Status tab.

Note that the simulation results will be saved in the working directories specified in the batch
specification for each file.

B | Parametric Study ? X

Working directory . Browse ...
Parameters for Completion design Parameters for Field Conditions Select existing files Post-process Setup Job Definition Job Status
Selected files:
Path
Select files Copy files Remove files
Reset senerate scripl Submit job Results(stats) Close Cancel

Figure 28 Select existing files tab.
Post-process Setup

All simulated models after their completion will be automatically post-processed. Details of information
included in post-processing are specified in the Post-process Setup tab shown in Figure 29. Meanings
of the fields in this tab are described in the Post-process tab section.
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B | Parametric Study ? X

Working directory . Browse ... ]
Parameters for Completion design Parameters for Field Conditions Select existing files Post-process Setup Job Definition Job Status

Generate output for
[ use global coordinates (applies to microcracks and microseismicity events)

Microcracks
[:] Microcracks

Connected Propped

Use sub-lattice springs Connectivity thresholt  p_5p0000=

Aperture cap for conductivity computation (m)

Use this aperture caj 0.000000 =
Microcracks using grid 1 Include natural fractures Include open fractures
Browse
[:] Microseismic events (Must select 'Microseismicity Active' on Solution/Mechanic
History (Must have history entry defined on History Tab)
[:] Joint normal displacement D Matrix springs [:] Fluid elements
[_] Histories [ cluster pressures history
[CJ Cluster fracture area histony [ cluster injection rate history
Reset senerate scripl Submit job Results(stats) Close Cancel

Figure 29 Post-process Setup tab.
Job Definition

The guidelines were developed for HPC centers that have the Sun Grid Engine installed. In this case, a
script to execute a simulation, either a single node or an MPI, can be created and executed by XSite. For
other HPC installations, the script and execution need to be created based on the HPC center installed
software and guidelines.

For each file submitted for execution, a log file is created. The output displayed in the batch-results
window is written to a file that uses the same name as configuration files, but with “.out” replacing the
“xml"” extension. The user can check the progress of runs by looking at the contents of the file. This file
can also be loaded in the "Log” window of the Job Status tab (Figure 31).

For each file submitted for execution, SGE writes the output of the console program (standard out and
standard error). The file name starts with a value defined in the Job Name field followed by a “." and
SGE job number. The user can check the run progress by looking at the contents of the file.

In the Job definition tab (Figure 30) the user will be able to set the SGE execution parameters. The
fields are described below.

53



10.

11

12.

13.

. Working directory is the directory where files produced by XSite for the specific run are stored.

Project Name indicates how XSite jobs are identified by the HPC center, and it must always be
specified.

. Job Name must be a unique name that identifies a specific parametric study that will be

submitted for execution. If the user submits a job with a name that is currently running in the
clusters, SGE will refuse to schedule the new submission. Depending on the SGE implementation,
the job name is part of the log file name.

Cluster Queue defines the queue that the job will be assigned to, and it must have the value
default assigned to it.

Parallel Environment defines which parallel environment (e.g., MPI, shared memory) will be
used to execute this job.

Status refresh interval defines how frequently SGE will be polled to inform about the job status.
This information is displayed in the Job Status tab (Figure 31). The user should use the default
value of 60 seconds (or greater) to avoid taxing the system unnecessarily.

Maximum run-time is used to help SGE better utilize resources. The user should try to make an
educated guess of how long the simulation should run. In some HPC Centers, the job will be
canceled after the specified maximum run-time has elapsed.

Input base file name is the base name of the configuration (xml) files generated for the
parametric study.

File connector symbol is part of the base name of the configuration (.xml) file generated for
the parametric study.

Number of threads (nt) is the number of threads per process. This value depends on the
hardware being utilized and it may be recommended by the HPC center guidelines.

. Creating scripts using defines what files will be used in the script.

If Field condition files is selected, files for the simulation will be created using the parameters
specified on the Parameters for Field Conditions tab. Each file will have a separate script.
If Existing files is selected, the script will utilize the files specified in the Select existing files
tab. If several files were selected, a single node script will be created per file. MPI script only
supports one selected file.
Use MPI must be selected if the user intends to split the simulation in separated nodes. When
this checkbox is selected, the group box MPI Parameters is enabled. The model will be split in
an orthogonal grid according to the specified XYZ entries. The Number of nodes (np) and the
Number of processes per node (ppn) must be specified. Note that the product of np times
ppn must be equal to the product of the Domain Partitions, XYZ. The number of threads must
be adjusted to accommodate the number of processes per node. For example, a domain X=4
Y=5 and Z=2 will require a total of 40 processes. If the nodes of the specified queue support 36
threads, this domain may be executed specifying either:

A) np = 40, ppn = 1 and nt = 36 or

B) np =20, ppn =2 andnt = 18
Simulation behavior should always be set to non-deterministic.
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The parametric study file names are composed of Input base file name followed by File connector
symbol and a sequential number from 1 to the maximum number of realizations.

Once setup is completed, click on the Generate scripts button at the bottom of the dialog. Wait for a
confirmation message box. At this point, all files are generated and ready to submit for execution. The
script will be displayed on the edit box just above the Generate scripts button. Click on the Submit
job button and wait for the confirmation message box. The job is submitted.

[N Parametric Study

Working directory C:/home/mgt/examples/CRX Browse ...
Parameters for Completion design Parameters for Field Conditions Select existing files Post-process Setup Job Definition Job Status
Project name |tasca|
Job name
Cluster queue v Refresh
Parallel environment w
Status refresh interval (sec. 120 E Maximun run-time (hours) 500.00000 )
Input base file name CRX
File connector symbol _ Number of threads 24 =
Create script using () Field condition fili © Existing files

[ use MP1 MPT Parameters

X Y z Number of nodes
Domain Partitions 10 = 2 = 2 = 40 =
Number of processes per node 1 =
Simulation Behavior
© Non-deterministic () Deterministic: Quadruple-precision floating- Deterministic: 64-bit integer
Copy script to clipboard
Reset senerate scripl Submit job Results(stats) Close Cancel

Figure 30 Job Definition tab.
Job Status

The Job Status tab opens the window shown in Figure 31. When the Status window is empty, all
processes for the submitted jobs are finished. This screen is refreshed according to the value entered in
field Status refresh interval.

Also, the user can check the status of specific simulations by selecting a file in the Select a log file to
show combo box and pressing the Show log file button. The simulation status will be displayed in the
Log window.
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In the case the user closes an XSite session and wants to verify the status of a run, the user should first
set the working directory to the directory where the parametric study was created and press Load log
files. Then, use Select a log file to show to select the file to be checked.

To terminate a job, enter the Job number in Terminate job and press Terminate. This procedure may

take a minute to execute.

B Parametric Study

‘Working directory .

Parameters for Completion design Parameters for Field Conditions Select existing files Post-process Setup Job Definition Job Status

Status

Check Status

Log

Load log files Select log file to show ~ | 3how lag File

Terminate job

Job Mumber 1 2 Terminate

Reset senerate scripl Submit job Results(stats) Close Cancel

Figure 31 Job Status tab.
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Resources

Resources contain data that are not necessarily used in the model but are available to be used in the
models. The new information can be added to the resources during model creation. That information is
available to be reused in future models.

Conductivity Curves

The conductivity curves for packed proppant provide dependence of the proppant permeability to
proppant concentration and proppant stress due to fracture closure on the proppant. The proppant
curves are used in the simulations to calculate permeability of the propped fractures. The proppant
curves are defined for a model under Features/Proppant/Permeability Calculation/Conductivity
function of stress and concentration. All curves available in the resources will appear in the drop-
down menu, under Curve name and can be selected in the model. The example of the conductivity
curves for 40-70 Ottawa Sand is shown in Figure 32.

¥ Conductivity Curves Dialog ? X

Proppant name Concentration (kg/m2) Stress (MPa) vs Conductivity (m-~2.m)

AD-700ttawa San 0.00000E+00,8.11000E-13 | 3.40000E+00,6.92000E-13 | 6.90000E+00,5.72000E-13
1.38000E+01,3.61000E-13 | 2.07000E+01,2.29000E-13 | 2.76000E+01,1.35000E-13
0.00000E+00,6.54000E-13 | 3.40000E+00,5.63000E-13 | 6.90000E+00,4.66000E-13
1.38000E+01,3.01000E-13 | 2.07000E+01,1.96000E-13 | 2.76000E+01,1.23000E-13
0.00000E+00,5.57000E-13 | 3.40000E+00,4.84000E-13 | 6.90000E+00,4.06000E-13
1.38000E+01,2.69000E-13 | 2.07000E+01,1.76000E-13 | 2.76000E+01,1.17000E-13
0.00000E+00,4.98000E-13 | 3.40000E+00,4.16000E-13 | 6.90000E+00,3.58000E-13
1.38000E+01,2.42000E-13 | 2.07000E+01,1.68000E-13 | 2.76000E+01,1.15000E-13
0.00000E+00,4.64000E-13 | 3.40000E+00,3.86000E-13 | 6.90000E+00,3.22000E-13
1.38000E+01,2.21000E-13 | 2.07000E+01,1.56000E-13 | 2.76000E+01,1.12000E-13
0.00000E+00,4.88000E-13 | 3.40000E+00,4.10000E-13 | 6.90000E+00,3.42000E-13
1.38000E+01,2.38000E-13 | 2.07000E+01,1.73000E-13 | 2.76000E+01,1.24000E-13

0.00000E+00,4.63000E-13 | 3.40000E+00,4.10000E-13 | 6.90000E+00,3.52000E-13
1.38000E+01,2.57000E-13 | 2.07000E+01,1.87000E-13 | 2.76000E+01,1.36000E-13

0.00000E+00,4.98115E-13 | 3.40000E+00,4.42091E-13 | 6.90000E+00,3.74439E-13
1.38000E+01,2.72694E-13 | 2.07000E+01,1.98596E-13 | 2.76000E+01,1.44632E-13
0.00000E+00,5.09455E-13 | 3.40000E+00,4.48816E-13 | 6.90000E+00,3.91789E-13
1.38000E+01,2.98552E-13 | 2.07000E+01,2.14169E-13 | 2.76000E+01,1.49067E-13
0.00000E+00,5.25455E-13 | 3.40000E+00,4.69614E-13 | 6.90000E+00,4.22512E-13
1.38000E+01,3.21963E-13 | 2.07000E+01,2.52865E-13 | 2.76000E+01,1.92689E-13
0.00000E+00,5.58130E-13 | 3.40000E+00,5.14144E-13 | 6.90000E+00,4.42091E-13
1.38000E+01,3.47211E-13 | 2.07000E+01,2.85330E-13 | 2.76000E+01,2.34478E-13

4.90000E-01

-

2 7.30000E-01

3 9.80000E-01

4 1.46000E+00

5 1.95000E+00

6 2.44000E+00

7 2.93000E+00

8 3.42000E+00

9 3.91000E+00

10 4.39000E+00

11 4.88000E+00

Proppant Curve Database

Add | Delete  Clone Add  Delete  Clone mport (xml Close

Figure 32 Conductivity Curves Dialog.

New curves can be imported from the Excel spreadsheet (i.e., multiple curves for different
concentrations) by selecting a file under Database or manually entered by clicking the Add button
under Proppant or Curve. Curve is used to add new curves for existing proppant. Proppant is used
to add new proppant to the table. The dialog used for manual entry of the proppant conductivity curves
is shown in Figure 33. The same dialog will appear if any of the entries in the Conductivity Curves
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dialog (Figure 32) are double-clicked. Each curve is defined for a specific concentration as a function of
the stress. The dialog allows for manual entry, importing a data file in .csv format and pasting columns
copied from an Excel spreadsheet.

¥ Conductivity Curve Dialog ? X

Froppant Name

AL

Concentration (kg/m. 0.00000

Stress (MPa) Conductivity (m*2.m)

mport (.csv:] Paste

Add Delete Clone 0K Cancel

Figure 33 Dialog to add entries to conductivity curves.
Cluster Design

A list of available perforation cluster designs is in the Cluster Design Items Dialog shown in
Figure 34. The cluster designs are used in Resources/Stage Design. New cluster design can be
added by importing or manually by clicking the Add button, which will open the Cluster Design
Dialog shown in Figure 35. The same dialog that will be shown by double-clicking Cluster Design
Iltems will allow editing of the existing cluster designs. Cluster Design items can be associated
with Stages. A Cluster Design item may be used multiple times in the same model by different
Stages within different Well Trajectory items. The Cluster Design Items dialog presents a list
of all Cluster Design records that are available for use in the model. Selecting the Import option
will allow the user to read Cluster Design records from another XSite configuration file.

58



¥ Cluster Design Items Dialog ? X

Shape Radius(m)  Inst. Joint  Joint Fact. Press. Hist. FRate. Hist. Fract. Hist.

1 éDefauIt Sphere 3.00000 yes 1.50000 yes yes yes

Add Delete Clone Close

Figure 34 Cluster Design Items Dialog.

The cluster designs are identified by unique names. The clusters do not include explicit representation
of the perforations. They are either spherical or cylindrical volumes (defined by Radius and Cylinder
length) along wells through which fluid is injected into a reservoir. Although the perforations are not
explicitly represented in the perforation cluster (in reservoir scale models), the perforation pressure drop
can be accounted for using the empirical relation provided by Crump and Conway (1988). The input
parameters for the perforation pressure drop calculation are Number of Perforations, Perforation
Diameter, Discharge Coefficient and Perforation factor.
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¥ Cluster Design Dialog ? X

Mam |
I Shape
Q spherical () cylindrical ~ Cylinder length (n g.ooo =
Radius (m) 0.00000 S
Number of perforations 12 <

Pressure Loss Calculation

[ ] Activate pressure loss calculation

4F

Perforation Diameter (m) 0.0100

44

Discharge Coefficient 0.890000
Perforation factor 0.807249

Joint
Install joint
Material properties

Description (multiplication factor) Weak= (0.10) w
Tensile strength (MPa) 0.000 S
Friction angle (degrees) 0.000 =
Cohesion (MFPa) 0.000 S
Aperture (m) 0.000000000000 S
Radius Factor 1.00000 s
| nstall history for I
() Cluster Pressure History (] Cluster Flow Rate History
D Cluster Volume History D Cluster Fracture Area History |

D Cluster Pressure Drop His

Cancel

Figure 35 Cluster Design Dialog.

In the reservoir-scale models, the fracture initiation from the perforations is not simulated. Instead, it is
assumed that the fractures are initiated perpendicular to the minimum principal stress. The fracture
propagation models are typically set up with start-up circular fractures created though the center of the
perforation cluster perpendicular to the minimum principal stress. The start-up joints can be defined
manually using the Features/Joints tab. In that case, the user needs to specify the coordinates and
orientation (unit normal) of potentially multiple start-up joints. Use of the cluster design will
automatically generate the start-up joints with the proper orientation (perpendicular to the in-situ
minimum principal stress). The joint radius is defined by the Radius factor, which is a multiplier of the
cluster radius. The factor must be greater than one, and the joint diameter should be at least three times
the lattice resolution at that location. The joint Aperture (typically ~10™ m) should be relatively small
to the apertures expected during fracture propagation. Also, the mechanical properties of the start-up
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joint need to be specified. By default, it is assumed that the joint is frictional, with a specified friction

coefficient.

The cluster setup also allows automatic definition of the cluster-related histories, like cluster pressure,
area and volume of created fractures connected to the cluster, flow rate and pressure drop.

Fluid

Fluid types available for use in models are listed in the Edit Fluid Items Dialog shown in Figure 36.
When selecting the fluid type used in a model (e.g., Features/Fluid/Fluid Type), the available fluid
types can be selected from the drop-down menu. New fluid types can be created by adding them from
scratch (Add button) or editing either an existing fluid type or cloned type.

k4 Ed'lt-FIuid ltems Dialog - ? X
Name ensity(kg/m: ulk modulus (P: iscosity (Pa.f onsistency index (F ow behaviorind ertial factor (1/r rm. conductivity(W/
1 Linear Gel 1.010e+03 2.200e+09 2.50000e-02 5.60000e-03 9.990e-01 0.000e+00 1.500e-01
2 SAE300il 8900e+02 1.500e+09 3.50000e-01 0.00000e+00 1.000e+00 0.000e+00 1.500e-01
3 Slick_ Water 1.010e+03  2.200e+09 2.00000e-03 5.60000e-03 1.000e+00 0.000e+00 1.500e-01
4 Water 1.000e+03  2.200e+09 1.00000e-03 0.00000e+00 1.000e+00 0.000e+00 5.800e-01
5 YF125FlexD 1.010e+03  1.500e+09 2.40000e-01 2.58000e+00 8.000e-01 0.000e+00 1.500e-01
Add Delete Clone Close
=

Figure 36 List of fluid types.

Double-clicking an entry in the Edit Fluid Items Dialog or clicking the Add button will open the Fluid
Properties dialog shown in Figure 37. If an existing type is opened, the properties table will be
populated by non-zero properties values. Each fluid type must have a unique name specified in the
Fluid name field.
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Fluid Properties

Flow type:

MNewtonian

Fluid name |Linear Gel

Property MName Average Standard Deviation
Density (kg/m”3) [1010 |

Bulk modulus (Pa) |2.Ze+09 |

Flow behavior index 0.999 1
Viscosity (Pa®s) [0.025 | [0.001
Flow Consistancy Index( Pa.s"n) 0.00586 1]
Lower Bound Viscosity (Pa®s) 0.0005

Upper Bound Viscosity (Pa*s) 2.00000e-03

Inertial factor (1/m) [0.00000e +00

Thermal Conductivity (W/m*degC) |1. 50005e-01

Spedific Heat (1/Kg*degC) | 1.66901e+03

Thermal expansion coef, (1/C) |7.0000[Je-04

Convection Heat Xfr Coef. (W /m2/C) |1.DDDDDE+DE

Thermal calibration factor (Beta) |D.0000[Je+00

Carter leak-off coefficient {m/sqrt{sec)) |D.DDDDDE +00|

Carter spurr-oss coeffident {m) |D.0000[Je +00

Corce

Figure 37 Fluid Properties dialog.
Materials

Rock material types available for use in models are listed in the Edit Materials Dialog shown in Figure
38. When selecting the rock material type used in a model (e.g., Main Rock/Material), the available
rock material types can be selected from the drop-down menu. New rock material types can be created
by adding them from scratch (Add button) or editing either an existing material type or cloned type.
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¥ Edit Materials Dialog ? X

MName ensity(ka/m: oint Friction # JCS(MPa =znsile strength(P: wure tougr ‘oung's(Pa Poisson's ‘'orosity(% rmeability(m o

2.828e+03 26,565 2. 2.00000e+07 1.... 9. 2.290e-01 2. 1.000e-18 1.

2 Amphibol... 3.001e+03  26.565 e 2.25000e+07 b b 2480e-01 2.... 1.000e-13 e
3 Depletion... 2500e+03  26.565 1.... 1.00000e+20 4. 1.... 2.500e-01 8.... 9.860e-12 1.
4 Kimberlite 2.757e+03  26.565 b 1.15000e+07 b O... 3.050e-01 2.... 1.000e-13 e
5 Quartz/Fe.. 2.650e+03  26.565 1.... 1.75000e+07 1.... 7. 2.080e-01 2.... 1.000e-18 1.
6 Sandstone 1.926e+03  26.565 [ 7.50000e+06 b b 2.210e-01 2.... 1.000e-14 e
7 Siltstone 2.838e+03 26,565 2. 5.35000e+07 1.... 1.... 2.080e-01 2.... 1.000e-13 1.
8 TestRock 2.650e+03  26.565 e 2.00000e+07 b [ 2.500e-01 2.... 1.000e-13 e

Add Delete Clone Close
Figure 38 List of rock types.

Double-clicking an entry in the Edit Materials Dialog or clicking the Add button will open the
Materials Properties dialog shown in Figure 39. If an existing type is opened, the properties table will
be populated by non-zero properties values. Each rock material type must have a unique name specified
if the Material name field.
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Material Properties ? X

Material name |.-'-\mph Gneiss |

|:| Activate anisotropy

Property Mame Average Spatial Variability (2) Uncertainty (3) Anisotropy

Plane definition (degrees)
Densty Gajm~3)

Dip 0.000 =
‘Young's modulus (Pa) |9 83e+10 | |D | |D

Dip Direction 0.000 =
Poisson's ratio 0.229 S
UCS (MPa) (%) |ZDD | |D | |D Properties perpendicular to the plane
Tensile strength (Pa) |2E+D? | |0 | |D ‘Young's modulus (Pa) 9.88e+10
Fracture Toughness (Pa*m~0.5) | 1le+06 | |D | |D Tensile strength (Pa) 2e+07
Flat joint friction angle (%) Fracture Toughness (Pa*m~0.5) |0
Porosity (%) 2,000 = Permeability(m~2)
Permeability(m~2) 1.00000e-18 Magnitude Dip direction  Dip angle
Biot's coefficent Ki D 90,000 = |0.000 )

Thermal Conductivity (W /m*degree C) 3.00000e+00

K2 |0 0.000 3 o000 3
Spedific Heat (/(kg*degree C) K3 |0 0,000 5| (90,000 %
Thermal expansion coef (1/Degree C)
Carter leak-off coeffident (m/fsgrt{sec))
Carter spurrJoss coeffident (m)
Spadial Variability (1) If Flat Joint model is not used, UCS is not matched.
Distribution - (2) standard Deviation used during model creation. —

(3) standard Deviation used on parametric studies.

Figure 39 Rock Properties dialog.
Pumping Schedule

The pumping schedules available as a resource for model building are provided in the Pumping
Schedule Items list shown in Figure 40. Those pumping schedules can be used as a component of
simulation sequences for multistage modeling. A Pumping Schedule item may be used multiple times
in the same model by different boreholes or for different stages on a borehole. The pumping schedule
includes histories of pumping rate, proppant mass, fluid type, proppant type and proppant size.

The pumping schedules can be created in the resources by importing them from ASCII and .xml files or
manually entering them. Clicking on Import (text) will open the Pumping Schedule Import Text
Dialog shown in Figure 41. Each pumping schedule should have a unique name. This dialog provides
flexibility to import the pumping schedule data, which can include different information appearing in
columns in an arbitrary order. The tabs at the bottom of the dialog should be dragged into the window
in the same order they appear in the data as provided in a table. If there are columns in a table that are
not needed in the pumping schedule, they should be marked by the Skip tab. The import utility will do
unit conversion if needed, with the conversion selected for different columns at the bottom of the dialog.
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¥ Pumping Schedule ltems ? ¢

Name Fluid Type 1id Time Stp F # items Time (sec) “luid Volume (m3 sppant Volume (i

Import (text) Import (XML) Add Delete Clone Close

Figure 40 Pumping Schedule Items dialog.
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¥ Pumping Schedule Import Text Dialog

Mam

Pumping Schedule

T Uy URp 1 S Sy SRR |

| Fluid Volume | litial Pump Rai| Pumpina Time| hitial Prop Con|
Final Pron Con] [ Fluid Tvoe | |Probpant Size| [ Skin |
Drag the labels above into the column pane to set up the format of the data that will be imported. Use 'Skip' to

Import/Paste Conversions
Time Rate
o No conversion
O Bbl/min to m3/s

O m3/sec to Bbl/n

Fluid Volume
o Mo conversion

() M-Gal to m3
O m3 to m_Gal

o Mo conversion
O Minute to secol
O Second to mim

O 1bm/g

Faste Save

Import

Proppant Concentration
o No conversion

() kg/m3 to Ibm/

al to kg/

Cancel

Figure 41 Pumping Schedule Import Dialog.

Figure 42 below shows an example pumping schedule that can be imported into XSite. Pressing the
Import (XML) button in the Pumping Schedule Items dialog displayed in Figure 39 will allow the user

to copy Pumping Schedule records from another XSite configuration file.

Proppant Type

v||[Ottawa Snd 20-40

w||Ottawa Snd 20-40

v|[Ottawa Snd 20-40

v||Ottawa Snd 20-40

v|[Ottawa Snd 20-40

v|[Ottawa Snd 20-40

v|[Ottawa Snd 20-40

v||Ottawa Snd 20-40

Stu Fluid Proppant Conc Fines
Volu"mye Volume (PPG) Rate Conc (Vo propsant  Pump Time Cum Time
b (MGal)  Start ___ End __ (BPM)  Fraction) g pe) min (min) Fluid T

50.000 50.000 0.00 0.00 60.00 ]0.000000 00 [19.841 198 [linear_HPG, ._%%T‘ .
10.453 10.000 1.00 1.00 60.00 |0.000000 100 |[a148 240 [Cnear_HPG,_307_
6.544 6.000 2.00 2.00 60.00 |0.000000 120 266 [Unear HPG,_307,]
6815 6.000 3.00 3.00 60.00 |0.000000 180 [2705 293 [Unear_HPG,_307_]
7.087 6.000 4.00 2.00 60.00 0,000000 240 [2812 321 [Cnear APG,_307.]
7.359 6.000 5.00 5.00 60.00 |0.000000 300 [2920 350 [Cnear_APG,_307_]
7.631 6.000 6.00 6.00 60.00 |0.000000 360 [3028 381 [Cinear_HPG,_307,
7.903 6.000 7.00 7.00 60.00 |0.000000 420 [3136 412 [Cnear_HPG,_307,
8.174 6.000 8.00 8.00 60.00 |0.000000 480 [3244 444 [Cnear APG,_307,

Figure 42 Example of pumping schedule data.
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If the Add button is clicked (or an item in the list is double-clicked) in the Pumping Schedule Items
Dialog, the Pumping Schedule Dialog shown in Figure 43 will be opened. This dialog allows manual
definition of the pumping schedule, discretized in time increments within which the variables are
changing linearly. Definition of a pumping schedule includes the unique schedule Name and Fluid type
used. It is required to enter a unique name for the Pumping Schedule record.

Pumping Schedule Dialog
Name |)(L
Fluid
Type YF125FlexD hd Time step factor 1.00000 2

Pumping schedule items

imp Time(se Bound.Cond Initial BC Final BC id Volume(n Propp Concent.{Kg/ inal Propp Concen Fluid Type >ppantTy 0
1 160.710 Inj. Rate (.. 0212 0.212 34.069 479310 958.610
2 73.660 Inj. Rate (.. 0212 0.212 15.615 958.610 958.610
Add Delete Clone

Cumulative Values
Time 234.370

Fluid Volume 49.684

Propant Volume 14.892 0K Cancel

Figure 43 List of manual Pumping Schedule entries dialog.

Clicking the Add tab in this window opens the Pumping Schedule dialog shown in Figure 44. The
pumping schedule controls rate or pressures during injection. The rate (pressure) history along with
proppant concentration can be provided in a discretized manner. Fluid type, proppant type and size can
change from one time increment to another.
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¥ Pumping Schedule ? X

Boundary condition

Start proppant concetration (Kg/m2  0.0000000000

© use injection rate (m3/se () Use Pressure (Pa)
Pump Time (s 0.00000 s
Start injection rate 0.0000000000 =
Final injection rate 0.0000000000 5
Fluid Volume (m3) 0.0000000000 S

End proppant concetration (Kg/m3)  0.0000000000

Fluid Type

<

| Proppant Type

<

Proppant Size

Save ] Cancel

Figure 44 Manual Pumping Schedule entry dialog.
Simulation Sequence Design

Simulation of each stage of multistage stimulation potentially includes multiple simulation sub-steps,
including definition of pumping schedules for stages (which can be the same but also vary between
stages), application of adaptive resolution (i.e., recreating lattice with the finest resolution around the
currently active stage), mechanical equilibration of the new lattice, mechanical equilibration of the lattice
after completion of pumping and potentially resetting the fluid pressures to approximate the effect of
flowback and leak-off. Definition of these steps requires multiple steps (e.g., Batch Simulation entries
and Injection Rate Schedules) in the model setup that need to be consistent. Repeating all those
steps for multiple stages could be a tedious and error-prone task. The Simulation Sequence available
in Hydraulic Fracturing/Boreholes makes the process of multistage stimulation model setup easier,
automatic and less error prone. Based on the provided information, the code will automatically generate
pumping schedules and batch simulation entries. Different simulation sequences can be stored in
resources to be used in future models. The list of simulation sequence items available in resources can
be viewed in Figure 45.

The Simulation Sequence Resource Dialog (Figure 46) is opened by clicking the Add button in the
Simulation Sequence Resource ltems Dialog.
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¥ Pumping Schedule Resource ltems ? X

Name Pumping Schedule Names 2umping Time (sec, VAR Equi. Ph (2) Equi. Ph (4)

mpaort (XML Add Delete Clone Close

Figure 45 Simulation Sequence Resource Items.
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Simulation Sequence Resource Dialog ? X

Name |

(1) Adaptive resolution
Apply adaptive resolutiol
Increment microcrack counter
Save State Create saved file with the same name as pr D Create results -

(2) Reset Pressure and Mechanical Equilibration
Equilibrate model- Time 0.00000 = C] Elastic Mode active D Reset node displacem

C] Reset sub-latti
Save Stal Create saved file with the same name as pr D Create results -

(3) Injection Phase

-latti L Save Stal
Total pump time (sec) [:] Reset sub-lattice .

C] Create results -

0.000000
Create saved file with the same name as pr
'umping Schec uid computatic :art time (se nping Time (s Fluid Type id time step fac tiv. Ball Add
Delete
Clone

pdate start tim

(4) Reset Pressure and Mechanical Equilibration
Equilibrate model- Time  0.00000 5 D Elastic Mode active [:] Reset node displacem
Allow aperture change || Reset sub-lattice

(] Pressure (MPa) 0.00000 S

Save State Create saved file with the same name as pr [:] Create results

Batch built order (1), (2), (3), (¢ Cancel

Figure 46 Simulation Sequence Resource Dialog.

Stage Design

The list of stage designs available in resources is shown in the Stage Design Items Dialog (Figure 47).
The new stage designs can be added manually by clicking the Add button, which opens the dialog

shown in Figure 48.
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¥ Edit Stage Design Items ? X

Stages

Mame Juster desigi # clusters Spacing Apply VAR solution{cr Res. Len{m. 3es. Hgt{

1 0.000 yes 0.000 0.000 0.000

mport (XML] Add Delete Clone Close

Figure 47 Dialog showing a list of Stage Design Items.

Each stage design has a unique Name. The existing cluster designs are selected with a definition of the
number of clusters and spacing between clusters. The dialog can automatically generate the
resolution domains for the stage. The height and length of the finest resolution domain must be
specified by the user. The length can be automatically determined based on the stage geometry
(number and spacing of the clusters) or specified by the user. Also, the orientation of the resolution

domains can be determined automatically (aligned with the orientation of the minimum horizontal
principal stresses or the borehole), as specified by the angle relative to the north in the clockwise
direction or defined by the user. Gradual transition of the resolution can be achieved by using the
multiple resolution domains by checking Create layers and specifying the layering parameters (see
the Resolution/Nest feature).
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Stage Design Dialog

Name test3

Cluster Design
Cluster Design Name Small ~

Number of clusters 1

A 4]

Spacing between clusters (m)  0.00000

Variable resolution domain

Install variable resolution for stage Direction
-

Eesolutianicm) 200.00000 = o Minimum Stress direction 90.00000
Height (m 50.00000 = . .

ght (m) () User input 0.00000 3
Length (m) 60.00000 = N

() Average direction of clusters

7] override calculated width (m) 0.00000 =

Create nesting layers with progressive resolution increase
Create layers
Number of layers 1 % Resolution Factor 1.3300

Dimension factor 1.5000

4r 4

First layer thickness (m} 140.0000

Figure 48 Stage Design Dialog.

Layout

The menu bar, tool bar and panels may be dragged to alternative positions or resized to form a custom

GUI layout. The layout pull-down menu (Figure 49) allows custom GUI layouts to be saved and restored
or reset to the default layout.

Layout | Windows Helg

Save Layout...

Restore Layout...

Restore

Figure 49 Layout drop-down menu.

72



Windows

The Windows pull-down menu (Figure 50) allows any of the three main panels to be switched on or off.
When the setup process is complete, it is often convenient to eliminate the Controls panel in order to
increase the size of the display window.

(Windows | Help | D@ E O £

v 1 Control Panel Ctrl+1
v 2 Plotl - Base Ctrl+2
v 3 HF Simulatior Controls Ctrl+3

Figure 50 Windows drop-down menu showing panels and keyboard shortcuts.

Help

The Help drop-down menu (Figure 51) provides information about XSite (e.g., version and build
numbers), ITASCA and Qt and Voro++ libraries in use (e.g., version number). Please note your software
version number prior to contacting ITASCA for code support.

Help OE@4H8 3 t}b :{:"@'@E
% About v

License L4

About HF Simulator1.9.15
About Itasca

About Gt

About Voro++

okl ogh) ogh) gt

Figure 51 Help drop-down menu with the About item selected.

The License option allows one to specify the type of license that XSite will use by selecting the sub-
menu Specify License Location.... See Figure 52 if the option is selected. Note that the Help button
will invoke the help for this dialog.

The sub-menu option Show License Diagnostic will invoke a dialog box where you can run a
procedure that will check the status of the licenses assigned to you. The diagnostics results are a valuable
tool for the XSite team to diagnose if there are issues with the license system.
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4 License Location 9.133

Local key Code Serial Number Seats
[ Netwark key Gold 001-001-1302-00001-5POL 1
Server location (IP address or computer name): FLAC3D 242-001-9000-12321-WBOW 230
localhost XSITE  311-001-0001-55286-WBOW 100

{enter 'localhost’ if the network key is connected to this computer)
Web license

Email address: Imwu itascacg.com |

Password: (essssssssssses |

Manage your web licenses here: tascalicenses.com

Only daim licenses with the numbers below:

Five digits representing the abbreviated key number
{last values in serial number), deliminated by ';".
If empty all keys will be considered.

Scan for Licenses | | Help | |Sa\re and E)cit| | Cancel

Figure 52 License Location dialog.
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4.0 Toolbars

XSite has two toolbars (Figure 53): one for model manipulation and the other for plot item and plot view
manipulation.

(a) MDA HE®O®OH= B
(b) D@adE (Y — A

Figure 53 Toolbars (a) for model manipulation and (b) plot item and plot view
manipulation.

Model Manipulation Toolbar

E Reset model Clicking this icon causes the current model to be reset to the pre-
simulation state, i.e., before generation of the lattice has occurred.
Model data, such as dimension, joints, seams, options, etc., are
retained. This allows the user to reset the model after a simulation
is complete, modify some input parameters and restart a new

simulation.

[B New dataset Clicking this icon causes all model information to be reset. All setup
information is lost.

@ Load dataset This icon activates Load Dataset, as described in the File menu.

% Save dataset This icon activates Save Dataset, as described in the File menu.

* Start simulation This icon is equivalent to Start Simulation, as described in section
File menu.

. Stop simulation This icon changes from gray to red during an active simulation.

Clicking on it when red causes the simulation to stop. If the
simulation is running via batch, this action will stop the current
batch step and start the next batch step.

@ Reset lattice This icon allows the user to reset lattice node displacements, the
micro-crack counter, calibration velocity and other lattice variables
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after model initialization, as discussed in Reset Lattice Dialog. When

clicked, the Reset Lattice window shown in Figure 54 will be
displayed.

H Record movie This icon toggles movie-capture on and off — the on state is
indicated by a white background to the icon. Movie parameters
(sample interval, frames per second, etc.) can be set from the Tools
item in the menu bar and selecting Options — Movie Settings.

Depending on the sampling frequency that the screenshots will be
captured, this feature, when selected, may slow down the
simulation because of the overhead of taking screenshots.

. Capture screen Clicking this icon will create an image of the current plot in the
current working directory.

Edit rock properties | Clicking thisicon causes the Edit Materials Dialog to be displayed.
See menu option Resources/Materials for additional information.

E, Edit fluid properties | Clicking this icon causes the Edit Fluid Dialog to be displayed. See
menu option Resources/Fluid for additional information.

Reset Lattice Variables

When this toolbar option is selected, the dialog box displayed in Figure 54 is displayed. This dialog
contains a list of tasks that can alter the state of an initialized model. There are two tabs in this dialog:
Mechanical, Fluid and Thermal Model Settings and Import Data.

The functionality of the Mechanical, Fluid and Thermal Model Settings tab is a subset of the fields
found in the tab Pre-process (1) of the Batch Simulation dialog. The task can be executed after the

model is initialized. The tasks available in this tab will alter the state of the model. The selected task in
this dialog will be executed when the user presses the OK button. When a task is selected, the
corresponding value associated with the task is enabled, allowing the user to enter the new value.

The Import Data tab controls functionalities that manage parent-well model initialization in analyses
of parent-child well interactions and the effects of reservoir depletion on hydraulic fracturing. See
Appendix 1 — Workflow for Modeling of Effects of Reservoir Depletion (Parent-Child Wells) for details.
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Mechanic, Fluid and Thermal Mode Setting Import data

Adaptive resolution

Apply adaptive resolution

Edit Resolution Domain

Reset pressure

Reset pressure
[

Fractures
All v
|:| Reset node displacements D Increment microcrack counter Micro-cracks
Reset calibration (z) velocity to: Matrix
[] Reset sub-lattice Constant pressure (MPa) 0.00000 =
Remove core Gradient pressure (MPa/m) 0.00000 =
[ open-hole completion [ eerforation tunnels [ soreholes Elevation of ref. point (m) 0.000 =
Liner [[] mitialize Carter leakoff reference pressure
Casing Cement [ set fivid to rock
Proppant concentration
'] Reset proppant concentration
[] 1nstall Material Test Rock Install
Volume Fraction 0.00000 =
Concentration (kg/m2) 0.00000 =
Apply to cluster nodes on
[] Reset time (sec) 0.000000 = v
Allow aperture change Conductivity Curves
Reset Conductivity Curves
[[] Reset Iattice grid edge (m) 100.0000 o
[[] tnterpolation grid factor 2.00000
Fluid Ty
[[] Add dluster diversion balls; Number: 0 i Type
["] switch fluid type Water
[] Remove diversion balls
. Thermal module
[] Apply proppant fines to frac. tip (m3) 0.0000
[] Reset substepfactor  0.000000 g
[[] Reinstall strength on slipping joints
[] set Fluid time step factor 1.00000 RSGEeac )
[] set fluid maximum timestep (sec) 1.000000e400 [ Mcroseismicity computation  0n off
["] combine shear events
[ "] simplified logic pressure drop relax. factor 1.000000e-04 <
Discard largest N values, N = 5 s
["] simplified logic relaxation factor 1.00000
["] simplified logic max. number of mech. interactions 5
["] History sample interval {cycles) 500
[[] Advection time step factor 1.0000002-+00
o

Figure 54 The Reset Lattice Dialog allows node displacements, the microcrack

counter, vertical velocity and other lattice parameters to be reset after

model initialization.
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Plot View Toolbar

The following is the list of toolbar icons that can be used for manipulation of plots.

L

Create new plot view

Clicking on this icon creates a new plot view. A plot view may
contain several plot items. A plot view is activated by selecting one
of the tabs found in the lower section of the Plot View panel.

Regenerate current
plot view

Clicking on this icon regenerates the current plot view, which is
equivalent to pressing F5. During simulation the code regenerates
all the plot items of the current plot view every certain number of
cycles. This icon allows manual plot regeneration.

Print the current plot
view

Clicking on this icon prints the current plot view.

Export plot view as | Clicking on this icon saves the current view as a bitmap file (*.bmp

bitmap or *.png) that can be imported into other software (e.g., word
processor, presentation, etc.).

':i‘ View mode Puts the mouse in View mode. In this mode, interactive elements

will not be affected.

Manipulate mode

Puts the mouse in Manipulate mode, which is used to manipulate
(resize, position, etc.) any interactive elements that appear in the
plot (e.g., legend, distance measurements, cut planes, clip box, etc.)

Distance
measurement

Puts the mouse in Distance measurement mode. By clicking two
points in the plot item, the distance between the two selected
points will be displayed. This tool only works if this view is in
Manipulate mode and the plot item under the mouse is opaque.

Definition plane

Puts the mouse in Definition plane mode. By clicking on three
points in the plot, the plane defined by the three selected points
will be displayed. This tool only works if this view is in Manipulate
mode and the plot item under the mouse is opaque.

‘E‘ Plot items Clicking on this icon opens and closes the Plot Items menu in the
- Plot Control Panel.
@ View Clicking on this icon opens and closes the View menu in the Plot
Control Panel.
- Information Clicking on this icon opens and closes the Information menu in

the Plot Control Panel.
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5.0 Plot Control Panel

As mentioned previously, the Plot Control Panel (Figure 55) consists of several panels: plot item list,
plot item menu, view controls and view information, and an interactive mouse information display.

Plot Item List/Menu panel

The Plot Item list panel displays the list of plot items that have been added to the current plot view. All
plot views, even empty ones, contain three permanent plot items: Legend, Display Settings (for the
current view) and Global Display Settings (for all views). These are shown in blue in the list to indicate
their special status. The visibility of a plot item can be toggled (i.e., shown/hidden) using the < icon to
its left. Plot items also may be deactivated/activated or deleted by right-clicking on the item and
selecting the appropriate menu option.

The Plot Items Menu panel is comprised of two tabbed panes: the List tab and the Attributes tab. The
items menu contains a tree that lists all available plot items. They are organized by category. Items are
added to a plot by double-clicking on the selected item, after which the added item will appear in the
Plot Item list. After the item is added, the Plot Items menu automatically shifts to display the
Attributes tab for the added plot item. This tab contains all the available controls affecting display of
the plot item. All attribute controls are summarized below in the Plot Items section.
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w»ﬂww

Atmbutes | List Pre
JBements |6 v
Rod  |[VIMIRock /
Orign |1l origin i

Joints || Joints
Seams [V Seams /
Borehales | /Ml Boreholes s
Clusters ||l Clusters '
L~

Fa v <

vireframe :

CulBockface

Lighting V|

Offset 05 2

Cutine |1 |2

Text )

Colors

Transparency |75 |2
Capton |

Control Panel: Base
< Plot Items.

< Sketch Model
< Simulation Time
< Legend
Display Settings
Global Settings

Attributes List
Cutting Planes
Clip Box
Acoustic Emission
Displacement Contour
Displacement Field
Drainage Gallery
Joint Trace
Materials
Micro Cracks
Simulation Time
Sketch Model
Temperature
Velocity Field
4 Cluster
Boundary Nodes
Fluid Nodes
Springs
Fluid
History

Msc

\Control Panel- Base =
Plot Items =

<> \Skelch Model
< Legems — —>
Display Setti "95 Delete plot item

Deactivate plot item

Scale |0.353553 0.853553

> Infor|Frst Person

B8]
QL I I
o
iIImme  $

Eve  [3.45064 85.9474 29.0272)/ |

icenter [-24.75 o 2475 |

[Rotaton| 59.2687 161829 71908

[scae | 43.5904 05237 -~ |1 I
ode — -]

Figure 55 The Plot Control Panel consists of three main panels: Plot Items (list
and menu tabs), View controls, and Information display. Each panel can
be displayed or hidden using the icons shown to the left of the center
image. Right-click on a plot item to deactivate/activate or delete it and
click on the Mode drop-down list to modify the view perspective.
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View Controls Panel

The view controls panel allows manipulation of the model orientation, position and on-screen
magnification. Much of the view manipulation capability provided by the View control set can also be
obtained from the right mouse button and mouse wheel at any time — that is, regardless of which
mouse mode is currently active. The available tools are summarized below.

(| Rollerball (3D) Rotates the model in 3D space.

O Rotate (2D) Slide dial to the right (toward + sign) for continuous clockwise
rotation, to the left (toward — sign) for continuous counterclockwise
rotation. Rotation occurs in the view plane. Use the — and + buttons
for incremental rotation.

H Pan Use the horizontal dial for continuous horizontal panning to the left
(toward — sign) or right (toward + sign); use the — and + signs for
incremental panning. The vertical dial performs the same operations
for the vertical direction.

Q Magnify view Slide the dial to the right (toward + sign) to continuously increase
view magnification, to the left (toward — sign) to continuously
decrease view magnification. Use the —and + signs for incremental
changes to magnification.

= Reset view Resets the plot to its initial default scale/orientation.
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The plot view information panel provides continuously updated data on eye position, model center,
model rotation, and scale. The text fields containing the data are editable and may be used to specify
exact values for those view attributes. The fifth element of the view information is the view mode selector.
There are three view modes available: Parallel, Model and First Person.

Eye Describes the x-, y- and z-position of the eye in model coordinates.

Center Describes the x-, y- and z-position of the view center in model
coordinates.

Rotation Describes the dip, dip direction and roll of the current viewing plane in
model coordinates.

Scale Describes the radius (extent from view center to view edge), eye
distance, and magnification of the view. Radius and magnification both
affect the apparent magnification of the view. However, radius uses a
fixed angle for model perspective, so lowering the value will make the
model appear closer, increasing it will make the model appear farther
away and, in both cases, in order to satisfy the fixed angle of model
perspective, the eye position is moved accordingly. Magnification
increases or decreases the view without changing the eye position but
correspondingly changes the radius value, with the result that increasing
the value will enlarge the model while reducing the radius value and
decreasing the value will reduce the model while enlarging the radius
value.

Mode The view is governed by the Mode setting; the three available modes
are Parallel, Model and First Person. Parallel presents an orthogonal
view of the model, while Model and First Person use a perspective
view. In Parallel and Model modes, the view center is the default focal
point of the view; in First person mode, the view center is the center
of the screen.
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Information Display Panel

The Information Display panel (Figure 56) provides non-interactive display of information regarding the
current mouse position. When the mouse is over any linked part of the model, the information display
will show attributes pertaining to that part of the plot item and the mouse position (in model
coordinates). When the mouse is not over a part of the model, the information display is blank.

Clip -10000000000.0 ~ | 100000000000 =

»< Information —
locity 9.287e-04
ursor hits at: (-22,1865,-0.22569,-25,2148)

Figure 56 Information panel showing fluid flow rate for the vector under the
mouse cursor in the plot window.
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Plot Items

The following table details the plot items available in XSite.

Cutting
planes

XSite supports cutting planes for a few selected plot items, including
microcracks/disks, fluid temperature and matrix plot.

When the plot item supports a cut plane, the Cut plane check box will be displayed
in the plot attribute list. Once the cut plane is added, the check box is enabled. See
item (1) in the figure below.

Cutting planes can be controlled interactively when the mouse is in Manipulation
mode. They may also be manipulated using the attributes provided on the plane's
Attributes tab. The information below covers common controls that are applicable
to all three plane types: planes, wedges and octants.

A plane must be associated with a plot item first. To do this, first add a plane to the
plot by double-clicking on the desired type on the List tab. Then select the plot item
that will use the plane and check the Plane attribute from the item’s Attribute tab
(refer to adjacent image). If more than one plane is added to the plot, the select box
is used to identify which cut plane is to be used (only one may be associated with a
plot item). The On, Front and Back attributes provide further refinement of how
the plane will "slice" the plot item. For instance, by selecting On, only the plane
cutting the object will be drawn. By selecting Back, a section of the object from the
plane where the object was cut towards the back of the object will be plotted.

Attributes List

By layer L]
Use counter |:|
Min. Creation 0
Max. Creatiol 12+30

Use gap D

Connected (]

Joint Type | all e
Apert, Thresh 0

Scale Auto:p] 2, 70447
Sketch on w2000
Colors | =

Point 2 =

Sides

& =
4|Cutplane (1) ¢

Selection | Plane -~
on

Front |:|

Back

L]
Clip Box {2) ¢
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Clip box

A clip box defines a volume within which the plot items are visible. Plot items outside
of the clip box are hidden. Clip boxes are not plot items in themselves, but modifiers
applied to plot items. A clip box slices though plot item elements to display a true
cut view.

When in the manipulate mouse mode, clip-box interactive controls are displayed as
a red axis. Multiple plot items may be associated with a single clip box, but any one
plot item may be associated with only one clip box at a time. The clip box may be
disabled by unselecting the Clip box control in the plot item attribute list.

When a clip box is added to the plot item, the check box Clip Box is enabled. (Item
2 of the above figure).

Displacemen
t contours

Plots lattice node displacements by the magnitude, or x-, y- or z-components as
colored scalars. Users may select relative displacement or total displacement.
Relative displacement is the node movement since the last reset node displacement
command, whereas total displacement indicates the node displacement since the
start of the simulation.

Displacemen
t Field

Plots lattice node displacement as vectors. May be colored by magnitude. Users may
select either relative or total displacement. Relative displacement is the node
movement since the last reset node displacement command, whereas total
displacement indicates the node displacement since the start of the simulation.

Rock Plots lattice spring temperature as a scalar value. Points are located at the centroids

Temperature | of the springs.

Simulation Plots the accumulated simulation time, elapsed run time and estimated run time to

time finish in seconds. XSite memory usage (Kbytes) and the total number of lattice nodes
and springs present are also displayed. The Fluid time step must be activated.

Sketch Plots a sketch, to scale, of the model elements, including Rock (i.e., matrix), Origin,

model Joints, Seam, Boreholes and Clusters.

User defined
model

In case a user-defined model is used to replace the current spring model, this plot
will display the property value associated with a spring.

Velocity field

Plots model velocity as vectors in lattice nodes. May be colored by magnitude. This
plot can be used to check if the model is in equilibrium: a general guideline is that
the node velocities should be less than 1e-6 m/s.
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Cluster Boundary nodes | Plots the location of the matrix nodes that are adjacent to the
cluster-matrix boundary as a color value.
Fluid node Plots the location and aperture of the fluid nodes associated
aperture with a spring that intersects and/or resides inside a cluster as a
scalar value. The user has the option to plot all nodes or the
nodes above or below the cluster average aperture.
Fluid Nodes Plots the location and pressure or injection rate of fluid nodes
associates to a spring that intersect and/or resides inside a
cluster as a scalar value.
Pipes Plots the connected fluid network path that intersects clusters.
Pipes may be plotted using a uniform color, by flow rate or by
aperture.
Springs Plots springs that are inside and/or intersect cluster boundaries.
Unbreakable Plots, as a disk, the location of the springs that are unbreakable.
(elastic) springs | Aspring is unbreakable if the spring is located inside the cluster
and the user sets the flag Preserve inner cluster intact in the
Solution/Mechanical tab
Contours To calculate the continuum fields (scalar or tensor), XSite uses an internal grid. The

dimension of the zones of this grid are based on the edge length defined by the
Lattice Grid Edge parameter located in the tab Solution/Mechanical or Reset

Lattice toolbar shortcut. The spring property values located inside a grid zone are

upscaled to provide the zone quantity. Any component of a tensor can be plotted.

Before creating a contour plot, it is recommended to adjust the grid size to be at

least five times the background resolution. The grid size can be adjusted on the

"Reset Lattice” dialog.

Also, adding a cut-plane will speed up the plot generation.

Fluid Nodes

Plots contours of the components of the permeability tensor,
fracture porosity, density and fluid saturation in the zones of a
rectangular three-dimensional grid.
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Stress

Plots contours of the components of the stress tensor in the
zones of a rectangular three-dimensional grid. The stresses
are calculated by averaging spring forces for specified cell
(element) sizes. The cell size can be specified in the Reset
Lattice dialog. The size of the cell used for averaging should
be at least five times the resolution used. Otherwise, there
will be excessive oscillations in the calculated stress values.
One stress value is plotted for the entire cell (i.e., “block
contours”).
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Fluid

Cluster
injection rate

Plots the magnitude of fluid injection rate at each cluster as a
scalar.

Fines Plots the location of proppant fines. Ideally the fines should be
located at the tip of the fractures.

Flow rate Plots the fluid flow rate on the fracture and joints as a 3D
vector.

Fluid node Plots a group of fluid nodes with the same color. A group is

groups defined by a set of adjacent fluid elements connected by high

aperture pipes. Node groups are formed when both fluid
nodes of the pipe are fully saturated, and the Solution/Fluid
tab parameters Aperture Cap and Aperture cap effect are set.

Fracture fluid
pressure

Plots the fracture fluid pressure at the fluid nodes as a scalar.
A pressure threshold parameter can be set so that only fluid
nodes with the pressure greater than the threshold are
plotted.

Injection rate

Plots the magnitude of the pipe flow rate as a scalar.

Pipes Plots the connected fluid network paths as a series of linear
pipes. Pipes can be colored uniformly or by aperture.

Proppant Plots the magnitude of proppant concentration as a scalar.

concentration

Proppant Plots the magnitude of propped fluid stress at the fluid nodes

stress as a scalar.

Propped Plots the magnitude of propped fluid conductivity at the fluid

fracture nodes as a scalar.

conductivity
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History

Plots any of the histories selected (Figure 91) prior to model simulation. Histories are
sampled and stored during the run. History variables then can be plotted versus
simulation time. The available histories include acceleration, calibration force, cluster
pressure, number of cracks, displacement, flow rate, fluid pressure, matrix pore
pressure, microcrack area per cluster, sheared volume, simulated area (in tension, in
shear or in both), temperature, total inflow, total outflow and velocity. In order to
record acceleration, select the velocity history (Figure 92).

All histories are sampled at a single sampling interval. By default, the sampling
interval for the history is every 500 steps. The sampling interval can be changed in
the Reset Lattice window (shown in Figure 54) using History sample interval
(cycle). Different sampling interval values cannot be assigned for different history
variables.

Joints

The joint plot item allows the user to plot pre-existing joints and some of their
properties and associated field variables and states. For example, XSite can color
joints that have slipped and joints that are open differently.

Contour forces Plots the normal or shear stresses applied to joints. The forces
are the summation of the spring forces that are part of a joint
and are located within a given radius from the joint location
(spring center or joint-spring intersection) divided by the
summation of the area of the selected joints. Note that this plot
may take some time to plot and should not be used when a
simulation is running.

Properties Plots a contour of the joint properties: friction angle, tensile
strength or cohesion.

Traces Plots the position of springs that intersect associated joints
present in the model. User may select to display all joints, only
open joints, or joints that have slipped. The user also may select
to display only joints associated with springs connected to a
cluster and/or only joints that are permeable. If the check box
Use color is selected, the joints will be colored according to
the associated label defined in the Features/Joints dialog.

Node Displays the magnitude of either the normal or shear
displacement displacement of the nodes of a spring intersected by a joint as
magnitude a contour.
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Node shear Displays shear displacement field of the nodes of a spring

displacement intersected by a joint.

field

Materials Node scalar | Plots as color the node scaling factor of the nodes of a

factor resolution domain with respect to the background resolution
(background resolution scale factor is 1.0)

Properties Displays contours of the node properties including Young's
modulus, fracture toughness, tensile strength, UCS and density.

Spatial Plots a contour of the node spatial variability of the properties

Variability including Young's modulus, fracture toughness, tensile
strength, UCS or density. The space variability distribution can
be specified as uniform, log-normal or gauss.

Uniform Plots by color the position of the lattice nodes for rock matrix
material(s) and seams. Core removed from open-hole
completion, perforated tunnels and boreholes are indicated as
"excavations”.

Matrix Contours Plots contours of the flow rate or pressure of the lattice springs
averaged in zones of the lattice rectangular three-dimensional
grid. Cut planes may be applied to this plot item.

Flow rate Plots the fluid flow rate as a 3D vector field of the lattice springs

averaged in zones of the lattice rectangular three-dimensional

grid. Cut planes may be applied to this plot item.

Fluid pressure

Plots the magnitude of fracture fluid pressure at the fluid nodes
as a scalar.

Microcracks

Average
Orientation

Plots the disk contours of the density of microcracks for zones
of the lattice rectangular three-dimensional grid. The disks are

drawn in a plane defined by the average dip and dip direction
and centered in the average location of the microcracks in the
zone. Cut planes may be applied to this plot item.
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Disks

Plots the location and orientation of any rock damage (i.e.,
broken matrix spring) as disks. The microcracks may be colored
by layer or by microcrack counter. There is also an option to
plot only the connected microcracks and color them by cluster.
Cut planes may be applied to this plot item.

Permeability
tensor

Plots the permeability tensor in 3D as three vectors in directions
of principal values. The location and magnitude of the vectors
are the permeability of the microcracks averaged for the lattice
rectangular three-dimensional grid. Cut planes may be applied

to this plot item. The permeability tensor is calculated under
the assumption that all cracks are continuous within the zones.

Micro-
seismicity

Imported

Plots amplitude, time or stage of imported microseismicity
data. See the File/Import Data/Microseismicity section for a

detailed explanation.

Predicted

Plots position and magnitude or start time of acoustic emission
events associated with broken springs or joint slippage as
spheres. May be colored by magnitude or start time.

Miscellan-
eous

Axes

Plots three-dimensional orthogonal axes in the x-, y-, z-
directions or two-dimensional axes in the North-South, East-
West directions. If the plot is set to fixed, the axis will be plotted
in the left lower corner of the model. If the axes are not fixed,
they will be plotted at the location specified by the user. The
plot will rotate as the model rotates (hold the left mouse button
and spin the mouse).

Global
coordinates axes

Plots three-dimensional orthogonal axes in the x-, y-, z-
directions or two-dimensional axes in the North-South, East-
West directions. The axes will be plotted at the location
specified in the fields that define the Reference Point in the
Main Rock/Geometry tab. The plot will rotate based on the
value of the field Azimuth defined in the Main
Rock/Geometry tab.
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Remove This plot removes specific fractures from FRACMAN joint sets
FRACMAN as follows:
fractures a) Import the FRACMAN joint set.

b) In this plot item, expand the Fractures drop box and
unselect the fractures that will not be included in the
model.

c) Press the Save removed fractures button.

d) Initialize the model and use the Joint Traces plotitems
to verify if the fractures were removed

ScaleBox Draws a set of three orthogonal planes around the model. The

planes are oriented in the x-, y-, and z-directions of the model.
The planes are divided in a two-dimensional grid, showing a
user-defined scale, allowing the user to better visualize the
scale and extent of the model. It also helps to measure
elements inside the model.

Monitor

Carter leak-off
offsets

Displays the Carter leak-off offsets (for fluid arrival time in
calculation of leak-off volume) in the fluid nodes.

Connected pipes

Displays the aperture of the pipes that are connected to a

cluster.

Fixity Plots the location of the lattice nodes colored based on the
node degrees freedom.

Fluid joint For each fluid node, this displays the vectors pointing to the

upstream closest upstream node. The fluid joint upstream pointer is used
to calculate the pressure and proppant distribution when
running the simulation using simplified logic with pressure
gradient.

Gap Displays the gap in open cracks or joints.

Grid Plots the zones of the lattice rectangular three-dimensional

grid, which is used for averaging different variables to plot
them as continuum fields (e.g., the permeability tensor). The
edge of this grid is defined in the Main Rock tab.
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MPI domain
decomposition

Displays a Cartesian domain decomposition. The division in the
x-, y-, and z-directions are defined in the plot by the user.

Path

Display the incremental distance of the fluid node from the
cluster. Fluid nodes immediately connected to a cluster are
assigned the path equal to one. A higher path value will be
assigned to nodes as they are located farther from the cluster.

Spring Forces

Plots the forces acting at the springs between lattice nodes
using a color scale.

Spring model

Displays the spring model types used by different colors.

Spring properties

Displays either the spring area or length.

Spring state

Displays the type of spring (e.g., regular or joint) in the model

as color.

Stress Tensor For each zone of the lattice rectangular three-dimensional grid,
this plot item displays the upscaled stress components of the
set of springs located inside the zone.

Sub-lattice Group of plot items that uses springs and nodes of the sub-lattice. The descriptions

for the main lattice apply to these plot items.
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6.0 Model Setup Panel — Main Tabs

The five tabs on the left side of the XSite Model Controls panel are reviewed here.
Main Rock Tab

Geometry Tab

The Geometry tab of the Main Rock panel (Figure 57) enables the geometry of the model (box shape)
to be set up. Note that rectangular coordinates, X, Y and Z, are used: these correspond to East, North
and Up when other instances of geological information are needed. (For example, the dip direction
(used by the Joint sets dialog) is relative to North, or Y.) The origin of the model (box) is located by
default at the most easterly center-top position of the model block (refer to the point Origin in Figure
1). The model local origin is defined relative to a reference point by specifying a relative East, North
and/or Up distance.

The fields in the Reference Point group box and Azimuth are used to allow generalization of the
model positioning, allowing transforming the model to the global coordinate system. The Reference
Point fields indicate the origin of the model in the local coordinates. The Azimuth field is the angle in
degrees that the model is rotated in clockwise direction in relation to the north. The lattice engine builds
the model and plots items are displayed in the local coordinate system. The built-in DFN, seams and
borehole generators allow the user to enter data in global coordinates. When importing DFN data, an
option to transform the data from global coordinates will be given. An option to export data in global
coordinates is also available.

The rock type Material may be selected from a drop-down list of pre-defined materials, or new
materials may be created by using the Edit Materials Dialog icon as described previously.

The standard spring model may be replaced with a different spring model. The model is developed as
a DLL with respect to an interface specified by Itasca. The DLL is loaded during run-time and its name is
included as one of the options in the Spring Model drop-box.

The model Geometry is set by entering the block Length (L), Height (H) and Width (W) into the
corresponding fields.

The values provided by the user must be entered according to the units displayed in the field labels. By
default, the SI unit system is used. If the field Use Oil Field Units is selected, the oil-field unit system is
used. The fluid and rock materials data will be automatically converted when the unit system is changed.
All the plot items and export features will provide values in the corresponding field units. The imported
values must also be provided in the correct unit system.
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Figure 57 The Main Rock Geometry tab can be used to specify the model size,
reference position, rock type and the different (oil-field) unit system.

Stress/Calibration Tab

The Stress/Calibration tab (Figure 58) of the Main Rock panel allows the mode of simulation to be
set and initial and boundary conditions for the simulation to be entered. With Calibration mode not
checked (default mode), this tab is used to set the model initial stress state. Arbitrary orientation of the
principal stresses can be specified (i.e., oblique relative to the coordinate axes and the model
boundaries). However, the three principal stresses must be orthogonal; if not, the code will display an
error message and not execute the Simulate command.

If the minimum principal stress is not zero, specifying a Reference minimum stress value is
recommended. During initialization of the model, this value will be subtracted from all components of
the stress tensor and from fractures and matrix fluid pressure. This value is recommended to be equal
to the smallest value of the minimum principal stress in the model. If the minimum principal stress is
manually set to zero and all other stress and pressure variables are consistently corrected, the pressures
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in the model will be net pressures. However, in the plot items that display stresses or pressures, the
reference minimum stress may be added back, hence the results will be shown as absolute values.

Model far-field boundary conditions (on the vertical boundaries) can be assigned as either fixed (default
setting) or as rollers by checking the Roller far-field boundary check box. It is recommended to use
fixed boundaries if the principal stresses are oblique relative to the boundaries to prevent reorientation
of stresses. The top and base of the model are always fixed.

If Calibration mode is checked, a special mode is activated that allows material (intact or fractured)
strength and stiffness to be tested and calibrated; note that this is currently intended for advanced users
only. Calibration mode can be activated only before starting a model simulation. Boundary conditions
for a calibration test can be set with z-velocity (m/s) (velocity applied on the top boundary) and
Confinement pressure (MPa), which applies load on the all four model sides. If Confinement
Pressure Symmetry is checked, the calibration simulation is run assuming quarter-symmetry along
the horizontal X-Y plane, which will reduce the simulation run-time.

XSite also provides the ability to perform a Bending test. The Platen area is defined by multiplying
the background resolution to the input entered.

B Geometry B Stress/Calib.

In-situ stress (MPa) - Gradient (MPa m)

. Main Rock

Magnitude Dip Dir. Dip angle Gradient
51 | 1.000e +00 ||s0.000 [2][0.000 2] |o.0o0 2]
5 52 | 1.000e +00 |[0.000 [2]|0.000 2] |o.0o0 2]
5
- 53 |0.000=+00 |[0.000 [2] |s0.000 [2]|0.000 2]
o
Reference minimum stress |D.DDDDDDE+DD |

Raoller far-field boundary

[ calibration mode
Calibration

. Features

=
a
-1
44

+
]
44

@ Hy draulic Fracturing

Figure 58 Main Rock Stress/Calibration tab can be used to specify the in-situ rock
stress or calibrate the lattice model to actual rock strength properties.
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Resolution Tab

It is recommended to have ~4 resolutions per fracture spacing/diameter in the area of interest (i.e., close
to the injection point). Maintaining the same ratio everywhere in the model would be too costly
computationally. Domain resolutions allow to grade the lattice resolution toward the far-field
boundaries, which will optimize the number of nodes and springs in the model. Unfortunately, the
critical time step will be controlled by the minimum model resolution. (The time step of the flow model
is proportional to the minimum resolution squared.)

Add, edit, clone or delete a domain resolution

Resolution domains allow use of finer resolution in regions that need more detail and coarser resolution
in the far-field regions. Consequently, the model can be discretized with fewer springs and nodes, and,
consequently, faster execution times.

XSite Controls — O

Add Delete Clone Mest

. Main Rock

Perforated Tunnels

Mame ype-Shap Res(cm)  Thick(m)  East(mt) Merth(mt) Up(m) Dip  DipDir

g 11 Closed ... 50 20 333 -0 333 |0 0
O eer——
= 21 Closed ... 665 24 ;-333 |-12 3330 0
..............................
31 Closed ... 88445 284 -333 0 -42 -1B3 0 0
41 Closed ... 117632 328 -333 -164 2333 0 0

. Features

Fracturing

Figure 59 Domain Resolution tab.
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Existing domain resolutions are shown in Figure 59. New domain resolution entries can be added to the
simulation by clicking on the Add button, which will bring up the Resolution Domain generator dialog
box (as shown in Figure 60). Clicking on the Clone button while one of existing joint sets is selected will
copy that resolution domain entry. This new entry can be modified by double-clicking the cloned entry.

Resclution Domain Property Dialog

Reference point {m) and orientation {degree)

Resolution domain name |1| | [] uses global coordinate system

=7 East  |-33.300000 =
Dip |0.000 4 = | |
North |-10.000000 =

Dip direction l0.000 = _
Up  |-33.300000 2

Geometry (m)

Shape Retangular o
Length (L) |20.000000 3
Width (W) |20.000000 2
L Thickenss/Height (H) [20.000000 g

H :-ﬁ_'-: Triangle points (m). Counter-dodkwise direction

4k

¥ - -
/ P1-X (0.000 = P2-X |0.000

P1-% 0,000 | P2-% 0,000 =
P1-Z |0.000 | P2-Z |0.000 S
Type
() Infinite plane
(® Closed volume
Resolution (cm) |5[J.DDD[JD = | I Save Cancel

Figure 60 Resolution Domain dialog.
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The table below describes the fields found in this dialog.

Domain resolution name

An arbitrary number given by the user. It helps identify the resolution
domain in the Sketch Model plot item and when specifying a
simulation with adaptive resolution.

Dip angle The dip angle (downward from horizontal) of the resolution domain is
specified.
Dip direction The dip direction (the angle from North toward East) of the domain

resolution is specified.

Uses global coordinate
system

If this field is marked in the sketch plot and during the model
initialization, the field Reference Point specified in the Main
Rock/Geometry tab will be subtracted from the values given in the
reference fields described below. If an azimuth value is given, it will be
applied to the translated resolution domain reference point. After the
model is created, the Materials plot items should be used to verify
based on the nodal density if the resolution domain was created in the
proper location.

Reference point

The origin of the resolution domain.

Geometry: Type, Shape,
Length (L), Width (W)
and Thickness/Height
(H)

Two types of geometry are available: infinite plane and closed volume.
An infinite plane domain resolution is defined by two parallel planes.
The distance between these planes is given by the Thickness/Height
parameter. The parameters Length and Width are disabled when the
infinite plane option is selected. A closed volume can be either
rectangular or cylindrical. Length is measured along the East-West or
X-axis. Width is measured along the North-South or Y-axis. Thickness is
measured along the Z-axis.

Resolution

This field defined the lattice resolution that will be applied to the 3D
region defined by the resolution domain parameters. Note that this
parameter cannot exceed the value defined in the background
resolution lattice. It is recommended that there must be at least 4 to 5

nodes across any resolution dimension. The jump between resolutions
should be between the interval of 25% to 50%.
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Add nested domain resolutions

When you select a resolution domain from the list in Figure 59 and press the Nest button, the dialog
Add Nested Resolution Domains dialog displayed in Figure 61 is shown. This feature allows building
a set of nested resolution domains with a gradual transition from an inner finer resolution domain (the
resolution selected by the user) towards the coarser background model resolution. This gradual
transition is recommended to achieve an optimized model discretization. This feature can be applied
only to closed-volume domain resolutions. A domain resolution must be selected before pressing the
Nest button. The Number of layers field indicates how many layers will be added around the selected
domain with the finest resolution. The dimension (thickness) of the first layer around the selected
domain can be specified in the First layer thickness field. If more than one layer is specified, the
Dimension Factor will be applied as a multiplier (relative to the thickness of the previous domain) to
calculate thickness subsequently to the following domains. The Resolution Factor field is used to
define the relative increase in the resolution between the nested domain, starting with the domain in
the first added domain towards the outside domain. The program will stop adding layers when either
of these conditions occurs: the Number of layers has been reached or the calculated resolution of the
next layer is greater than the model resolution After building the model, the Materials plot item can
be used to verify the resolution of the various domains were properly calculated.

[H Add Resolution Do.. ? X
Mumber of layers 1 :
First layer thickness (m) 1.0000 :

LN

Dimension Factor (see note) 1.0000

1k

Resolution Factor 1. 5000

Mote: ‘Dimension Factor’is applied only on
layers outside the first layer.

K Cancel

Figure 61 Add nested domain resolution dialog.
Add domain resolutions around perforated tunnels

When you press the Perforated Tunnels button, the dialog Add Perforated Tunnels Resolution
dialog displayed in Figure 62 is shown. This feature allows building a set of nested cylindrical resolution
domains around perforated tunnels. The domains are created with a gradual transition from an inner
finer resolution domain (the resolution that immediately envelops the perforated tunnel) towards the
coarser background model resolution. This gradual transition is recommended to achieve an optimum

model discretization. This feature can be applied only to perforated tunnels currently present in the
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model. The field Resolution defines the lattice resolution to be applied to the domain immediately
adjacent to the perforated tunnel. The Number of resolution domains field indicates how many
domains will be added around the adjacent domain, which will have the finest resolution. The Radius
factor field is a multiplier that will be applied to the radius of the perforation tunnel to calculate the
radius of the domain adjacent to the perforated tunnel. If more than one domain is specified, the Outer
radius factor defines the radius increase of the subsequent cylindrical domains relative to adjacent
inner domains. The Resolution Factor field is used to define the relative increase in the resolution
between the nested domain, starting with the domain in the first added domain towards the outside
domain. The program will stop adding domains when either of these conditions occurs: the Number of
Layers has been reached or the calculated resolution of the next layer is greater than the model
resolution. After building the model, the Materials plot item can be used to verify, based on nodal
density, that the resolution of the various domains were assigned proper resolutions. Make sure that
the ratio of the resolutions of the adjacent domains is not greater than 1.5. The Spring Flat Joint Model
may be applied to the domains created by this operation.

[l Add Perforation Tunnel Resolution Dialog

Resolution (cm) |4. 200000 : | Flat Joint Model
Mumber of resolution domains |2| = | D Uses Flat Joint Model
Radius factor |5-':":'El . | Disk radius multiplier 0.500 =

-

Outer radius factor (note) |2.|:||:|E||:| = | ] B
Mumber of contact points 3

1k

Resolution Factor |1.33EIIZI : |

Mote: "Quter Radius Factor’ is applied only to
| CK | Cancel

resolution domains outside the first domain.

Figure 62 Dialog to add resolution domains around perforated tunnels.

Features Tab

When the Features tab is selected, six tabs will be available: Joint Sets, Seams, Fluid, Proppant, Thermal
and Sink. The set of horizontal arrows on the right corner of the page can be used to access the desired
tab. These tabs are described in the following.

Joint Sets

Joint sets are groups of fractures in the rock with similar orientation and spacing. Joints can fail both in
shear and tension. Existing model joint sets are summarized as shown in Figure 63. New joint sets can
be added to the simulation by clicking on the Add button, which will bring up the Joint Set generator
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dialog box (as shown in Figure 64). Clicking on the Clone button while one of the existing joint sets is
selected will create a copy of that joint set, which then can be edited to create a new set as a variation
of the existing one.

The code will check for springs that are intersected by two or more predefined fractures. If the angle
between two intersected predefined joints is greater than the field Angle tolerance for joint
intersection, highlighted in Figure 63, the springs are marked. The marked springs will be skipped in
the mechanical calculation to prevent locking on one of the intersected planes because the smooth joint
contact is oriented perpendicular to the plane of other joint(s). The marked springs will not be included
in the pipe network.

Note that the DFN may introduce stress perturbation resulting in spurious cracking. Make sure to run
the model to mechanical equilibrium, starting with elastic mechanical equilibrium, before starting
injection.

XSite 4.0.12 (b4bit) - C:/home/mgt/examples/multistage/ms-example1-base_batch/ms-exampld
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AR Ve varnnle 70004 17& 25D An3c 2T on n

Figure 63 Tab displaying the joint sets that are currently defined in the model.

By pressing the Add button or double-clicking an item in the joints list under the Joints panel of the
Features tab, the dialog shown in Figure 64 will be displayed.
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Joint Set

Joint Group |Bui|t-in
Shape Rectangular Dimension {m)
@ circular () Rectangular Length 0.00000 > | width 0.00000 =
Material properties Stiffness (GPa/m)
|:| Use finite stiffness values
Description Very weak (0.01) R =
Normal 0.000 =
Tensile strength (MPa) 0.000 : -
Shear 0.000 =
Friction angle (degrees) 0.57 :
. -
Cohesion (MPa) 0.000 % Number of joints 1 -
Uses global coordinate system
Dilation angle (degrees) 0.000 : D < o
D Use in calculation of average properties
e -
Zero dilation slip (mm) 0,000 = D TrreTestE
I:‘ Exdude from sub-attice activation
Dip angle (degrees) Reference Point {m)
-
Average |D.DDD = | East 0.000 v
-
Standard deviation |D.DDD = North 0,000 S
Distribution W Up 0.000 =
Dip direction (degrees) Spacing {m)
Average 0,000 :
-
Average |D'DDD fd Standard deviation 0.000 =
Standard deviation |D.DDD : Distribution ~
Distribution 5
Radius (optional) (m) Aperture {fiuid) (m)
Average |0.000 = Average 0.000000000000 =
Standard deviation |o.ooo = Standard deviation 0.000000000000 =
Distribution 5 Distribution 5
Area Ratio |0.000 > | =
Gap (m) 0.000000000000 5

Figure 64 Joint sets can be generated and properties assigned using the Joint Set
dialog probabilistically or manually.

The dialog from Figure 64, evoked by pressing the Add button, is the built-in joint generator editor.
When the various fields are completed and the Save button is clicked, a new joint set is added to the
model. It should be noted that the joints created by the built-in joint editor are not “committed” until
the lattice is built; thus, changes to the joint sets may be made at any time before to the first Simulate
command. A joint set may consist of several continuous planar discontinuities or circular (“penny-
shaped") cracks. Each distinct joint node is subject to given statistical variations in angle, extent and
spacing. The fields in the Joint Set dialog box are described as follows.
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Joint properties input data

Joint Group

An arbitrary name given to the joint set. The Joint Traces plot items
may use this field to color a group a set of joints with the same name.

Description of material
properties

Named materials are pre-defined in the pull-down list, with their
friction coefficient indicated in parentheses. Thus, Medium Weak
material has a friction coefficient of 0.25 (friction angle of
approximately 14°). Alternatively, the User Defined material may be
selected. In this case, the friction angle (in degrees), cohesive and
tensile strength, together with a user-specified stiffness, should be
entered. Dilation angle and shear displacement for which dilation
becomes zero also can be specified.

Dip angle

The average dip angle (downward from horizontal) of the joint set is
specified. When there is more than one joint segment, the Standard
Deviation controls the range of angles according to the specified
statistical distribution (Gauss or Uniform).

Dip direction

The average dip direction (the angle from North toward East) of the
joint set is specified. When there is more than one joint segment, the
Standard Deviation controls the range of angles according to the
specified statistical distribution (Gauss or Uniform).

Radius

If the average radius is given as zero, continuous joint planes are
created. Otherwise, circular cracks of the given average radius are
created at random within each notional joint plane until the ratio of
total crack area to total joint-plane area (within the model) is equal to
the given Area Ratio. The cracks are subject to the given Standard
Deviation of radius and angle (dip and dip direction) if the angle
parameters have associated Standard Deviations.

Stiffness

Joint Normal and Shear stiffness can be specified. In the mechanical
calculation mode, if default values of zero for the stiffness fields are
used, the stiffness of the spring that represents the joint is equal to the
original matrix stiffness intersected by the joint (i.e., the joint stiffness
effectively is infinite). Added joint stiffness will act in series with the
matrix stiffness. If the field Use finite stiffness is used, the user must
enter values for normal and shear stiffness.
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Number of joints

This parameter sets the target number of joint planes to be generated.
Planes are generated starting from the Reference Point, alternately
creating planes on both sides of the initial plane. There is no problem
(apart from increased processing time) in specifying more planes than
would fit within the model extent — planes that fall outside are simply
discarded.

Uses global reference

If this field is marked during the sketch plot and model initialization,
the field Reference Point specified in the Main Rock/Geometry tab
will be subtracted from the values given in the reference fields
described below. If an azimuth value is given, it will be applied to the
translated joint reference point. After the model is created, the Joint
Traces plot items should be used to verify if the joint was created in
the proper location.

Use in calculation of
average properties

If set, joint properties will be included in the calculation of spring
properties when exporting or plotting quantities that are upscaled by
using the grid of zones.

Impermeable

If this field is checked, the fluid nodes of the joint will be marked
impermeable, and they are not included in the fluid calculation. The
fluid nodes of the joint will become permeable only after they slip or
open (i.e., fail in shear or tension) when these fluid nodes will lose
cohesive and tensile strengths. Permeable fluid nodes are included in
the fluid flow calculation. The Fluid/Pipes plot item has an attribute
for displaying permeable and/or impermeable pipes.

Exclude from sub-lattice
activation

If this flag is checked, the springs intersected by the joint will not be
used to activate sub-lattice zones.

Reference point

The first plane generated has its origin at the given coordinate.

Spacing

The target spacing between generated planes is given. If the Number
of Joints is greater than 1, then the given Standard Deviation applies
to spacing.
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Aperture (fluid)

The hydraulic aperture is specified. Non-zero aperture must be
specified for flow to occur in the joint. If all joints have zero apertures
and flow calculation is requested, the code will display a warning and
no calculation will be carried out. If multiple joint segments are
generated, the given Standard Deviation is applied to the distribution
of apertures.

Three-dimensional DFNs also may be imported into XSite (refer to Import DEN items under File in the
Main Menu Bar section). The following formats are available:

e Golder Associates FRACMAN format.

e |TASCA FISHLab format (text, space-delimited format). This format assumes joints are circular

disks.

e XML format. Assumes that joints are triangular faces.

A joint set imported from a file with either the FISHLab format or the XML format cannot be edited. The
joint sets imported from FRACMAN format allow editing of the fields Joint group, Stiffness, Uses
global coordinates system, Impermeable, Exclude from sub-lattice activation and Aperture.

Itasca FISHLab format

The CSV format consists of a comment line followed by a line containing the number of joints in the
DFN (e.g., 4) and the number of extra variables or user-defined data (e.g., 1). The rest of the file contains
joint information in the following order: “label” (in quotations), id, x-center, y-center, z-center, dip, dip-
direction, disk radius, material, normal stiffness, shear stiffness, dilation angle and initial dilation slip.

The following is an example of a DFN with four joints:

;project xyz DFN generated from 3FLO, June 2011

4 1

“Set A" 41277
“Set A" 41274
“Set A" 41277
“Set A" 41274

-16.2
124
-36.0
421

-24.8
-51.4
-34.7
-41.6

-41.7
24.1
-31.0
14.9

30.0
62.0
30.0
62.0
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10.0
227.0
10.0
227.0

59
8.2
59
8.2

_ A A

1.1
33
55
7.7

2.2
44
6.6
8.8

5.0
5.0
5.0
5.0

1.2
2.2
33
44



XML Format

The XML format consists of a series of interbedded data structures beginning with an XML declaration
statement, a schema (i.e., some standard set of rules for the data), XSite version, mechanical properties
for each joint, and the position of each triangular face (centroid and triangular vertices, ordered
counterclockwise) making up the joint. An example of an XML DFN text file follows. While data order is
important, any number of joints or triangular faces defining a joint can be specified and attributes
modified. Any fracture shape can be represented by discretizing into triangles.

<?xml version="1.0" standalone="yes"?>
<itasca-dfn xsi:noNamespaceSchemalocation="itasca-dfn.xsd" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" >
<version>1.0.0</version>
<joints>
<joint>
<joint_id> 1 </joint_id>
<description>Medium-strong (0.75)</description>
<aperture>0.000100</aperture>
<tensile_strength>1.0</tensile_strength>
<cohesion>2.0</cohesion>
<friction>3.0</friction>
<normal_stiffness>0.0</normal_stiffness>
<shear_stiffness>0.0</shear_stiffness>
<dilation_angle>0.0</dilation_angle>
<zero_dilation_slip>0.0</zero_dilation_slip>
<x>3.5643</x>
<y>4.9874</y>
<z>-0.4809</z>
<triangle>
<x2>5.6972</x2>
<y2>7.9761</y2>
<z2>-0.7571</z2>
<x3>3.5443</x3>
<y3>8.6117</y3>
<z3>-1.1303</z3>
</triangle>
<triangle>
<x2>3.5443</x2>
<y2>8.6117</y2>
<z2>-1.1303</z2>
<x3>1.3990</x3>
<y3>7.8630</y3>
<z3>-1.2554</z3>
</triangle>
</joint>
</joints>
</itasca-dfn>
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Seams

Seams are layers (i.e., infinite planes with a thickness) or finite volumes of different material within the
model domain. Existing model seams are indicated as shown in Figure 65.

Add Delete Clone

. Main Rock

Joints Seam . Fluid ﬁ- Proppant g Thermal [:n% Sink

Material pe-5Sha) :astim orth(n Up{m) Dip 2JipDi zkness

1 Granite Milford Infinit.. -6 45 0 90 90 12

ﬁ Resolution

Zgﬁmphibolite §C|OSE... -29 23 -112 90 80 112

. Features

Figure 65 New seams can be added to the model or existing ones viewed under

the Features tab.

New seams can be added to the simulation by clicking on the Add button, which will bring up the Seam
Properties dialog box as shown in Figure 66. Clicking on the Clone button while an existing seam is
selected will copy that seam, allowing it to be edited to create a new seam as a variation of the existing.
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Seam Properties

Type
© Seam (infinite plane) O Seam (closed volume)
I:‘ Uses global coordinate system
Reference point {m) and orientation (degree)
L East 6,000 2| oip 90.000 =
iy = =
H - North 48.000 + | Dip direction 20.000 =
W
Up 0.000 =
Geometry (m) Triangle points (m). Counter-cdodkwise direction Spring Model
Material Granite Milford bt Model Default Model had
Shape Retangular P1-X 0.000 2 pa-x 0.000 o Flat Joint Mode!
\ -
Length (L) 0.000 b PL-Y 0.000 | P2-¥ 0.000 = Digk radius multiplier 0.500 =
Width (W) 0.000 S -z 2l pa-z o
. = Fl=z (Ll || P2-Z S L2 Number of contact points |3 =
Thickenss/Meight (H) |12.000 =
In-situ stress (MPa) - Gradient (MPa/m) Pore-pressure initialization
I:‘ Active
Magnitude Dip direction  Dip angle Gradient Fractures Matrix
Sigmal |0.000000 S ‘QD'DUU v | |U'UUU v ‘ |D'DUU 2 | Constant pressure (MPa) 0.00000 =
D Active . =
Sigma2 |U-UUUUUU - | ‘U-UUU s | |U-UUU < ‘ |U-UUU s | Gradient pressure (MPa/m) 0.00000 =
. - = = =
Sigma3 | 0.000000 - ‘D.DDD hd | |QD‘DDD &7 ‘ |D'DDD hd | Elevation of ref. point {m) * 0.000 =
* Elevation ref. point defined on top of the seam
D Activate Carter leak-off for this seam (Carter leak-off must be set to active in SolutionFluid tab)
Carter lesk-off coefficent:  0.00000e-+10 m/sgrt{sec)
Carter spurross coeffident: 0.00000e+00 m Cancel

Figure 66 Seams can be defined using the Seam Properties dialog.

The Seam Properties dialog allows a region of a different material to be added to the model. The
parameters Reference Point, Orientation and Uses global coordinate system have the same
function as those already described for Joint Sets.

Two types of seams are available: infinite plane and closed volume. An infinite plane seam is regarded
as a layer of material (at the given location, angle and given Material) of thickness given by the
Thickness/Height parameter, as shown in Figure 63. A closed-volume seam can be defined using a
rectangular, cylindrical, or triangular region via the Shape dropdown, with the parameters shown in
Figure 67. Length is measured along the East-West or x-axis.

109



Rectangular Cylinder Triangular

Geometry Geometry Geometry
Material (1-TestRock | Material 1-TestRock v Material 1-TestRock v
Shape Retangular7v Shape C\-'Iinderiv Shape 'I'riangL.lkariv
Length (L) 0.000 : Length (L) 0.000 : Length (L) 0.000 =
Width (W) 0.000 = Arc (a) 0.000 S | | Ac@  |o.000
Thickenss/Height (H) 0.000 = Diameter (D) 0.000 3 Diameter (0)  [0.000

Triangle points - counter-clockwise direction

P1-X 0,000 4 P2-x 0.000 =
P1-Y 0,000 + P2-Y 0.000 =
P1-Z 0,000 + P2-Z 0,000 =
I <
P1

Enter ppints in_
counterclockwise
direction

Figure 67 Geometrical properties for closed volume seams

A different in-situ stress state can be assigned for each seam by specifying the magnitude and

orientation of its principal stresses. See the section Stress/Calibration tab for a description of input fields
in the in-situ stress section.

A different spring model may be applied to a specific seam region by selecting from the Spring Model
dropdown box.

If the Uses Flat Joint Model check box is selected, this seam domain will be constructed with the Flat
Joint (FJ) model as an alternative to the default lattice spring model. For the FJ model, the user may
select the number of sub-contact points and the contact disk radius. See Solution Tab/Flat Joint for
further explanation on the FJ model setup.

The initial pore-pressure condition for fractures or the matrix may be set by selecting the Activate

initial pore-pressure checkbox. If gradient pressure is used, the z-reference point is the top of the
seam.
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Fluid

The third tab on the Features panel controls fluid conditions, as shown in Figure 68.

Fluid Type

Select the fluid type to be used. See the Resources/Fluid menu option
for a description of the fluid properties.

Fluid Resolution

This field controls the tolerance (as a ratio to resolution) for
identification of neighbor fluid nodes when creating the pipe network.
Thus, a small Fluid Resolution results in less connectivity of the fluid
pipe network while a large Fluid Resolution results in a higher
connectivity pipe network. Usually, the default value of 0.8 is a good
compromise between accuracy and speed.

Cavitation Pressure

This field defines the minimum negative pressure that fluid can sustain
and is used mainly for validation purposes. (In the current version, if the
non-zero cavitation pressure is specified, the code does not check for
cavitation at all.) If zero cavitation pressure is specified, the fluid cannot
sustain any tension (or negative pressures).

Pressure initialization

Fluid Constant pressure or a Pressure gradient (corresponding to
the gravitational gradient) can be applied to initialize a fluid pressure in
the fractures or to the matrix. The value of the parameter Reference
minimum stress defined in the Main Rock/Stress tab is applied to the

constant pressure value.

Pressure boundary
conditions

Specific fluid pressure may be applied to the model boundaries by
checking the corresponding boundary and setting the pressure value.
The value of the parameter Reference minimum stress defined in the
Main Rock/Stress tab is applied to the constant pressure value.

Built-in depletion
domains

Allows the user to create "built-in” depletion zones. Appendix 1 —
Workflow for Modeling of Effects of Reservoir Depletion (Parent-Child

Wells) explains how the built-in depletion zones are used.
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(=3
&
[ =4
i Add Delete Clore
=
' @ Joints Seam . Fluid 98 Proppant g Thermal & Sinlk.
$ Flid type Water -
3
a Base fiuid type NONE v
[
Hah viscosity fluid YF125FlexD
Flid Resolution | - |
Range (0.6 to 1.2) 0.0 i
g Cavitation pressure (MPa) | 1.000000000 : |
E
. Prassure Initialization
|:| Fracture |:| Matrix
Comztant pressure (MPa) -16.20000 =
o
g D Pressure gradient. (MPa,m) 2,00000 :
5
o -
UE Elevation of ref. point{m) 0.000 =
2
2 L
'% Prassure boundary conditions (MPa)
@ D Fracture D Matrix
[ horth |D.DDDDD = |
. (] south |D.DDDDD = |
g
i [ East |D.DDDDD = |
[ west |D.DDDDD = |
B [ 1ep |D.DDDDD 2 |
3 -
2 [] Bottom |D.DDDDD = |
-
] BLilt-in Depletion Domaing
° Add Delete Clone
£
T Name Layers ‘ast(m orth(n Up(m) ‘ight (i dius1 dius2 ( sure (b
11 1-... -30... 0.000 0.000 0.000 15.0.. 300.. 5.000

Figure 68 Fluid conditions dialog.
Proppant

The fourth tab on the Features panel defines proppant properties, as shown in Figure 68. Proppant is
a granular material carried by the fracturing fluid and deposited in fractures to hold fractures open after
a hydraulic fracturing treatment (i.e., after fluid pressure dissipation). In addition to naturally occurring
sand grains, artificial proppant, such as resin-coated sand or high-strength ceramic materials, may also
be used (Schlumberger, 2011) in well treatment.
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following table.

. Main Rock

g Resolutian

. Features

% Hy draulic F racturing

? History

@ @ Solution

Info

(") Function of stress (tsble below)

Fracture permahility vs stress camied by proppant pack

Add Dielete Clone

E Jaints Seam . Fhuid & Proppant ﬂ Thermal C?j Sink
Particke diameter (mm) |{).69€)D =
Particke density (Ka/m™3) | 26500000 =
Sareen out volume fraction |{). 7000 :
Conf, modubes pack. propp. (MPz) |ID{)D.DDD€I :
Soreen out particke, diam, muktplier |1.DDDD :
Allow soreen out

Effiect of proppant on shemy viscosity
Active
() Keck's Formulz (@) Mohe's Formulz
Proppant conc, max, fraction

for visicosity cakoulation 08000 =

Permezbility czloulztion
(@ Conductivity function of stress and concentration
Curve namse Ottawa Sand4Dd_700uhy1-2016 ~

Fract. permability (m*2) Stress (MPa)

mport Table Eraze tzble
Settling velodity vs concentration {volume fraction)
ng velocity{dimensior centraticn{dimension 2
1 9.819821000e-01 4.464281000e-03
2 8.423424000e-01 3.125000000e-02
v
Import Table Eras= tzble

Figure 69 Proppant properties tab.
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XSite does not support the use of more than one proppant type in the same model.

Screenout is a condition encountered when the proppant transported by the fluid takes load and
restricts the fluid flow. A sudden increase in pressure may occur after screenout. This is an indication
that the fluid aperture has been completely packed with proppant. Values between 0.6-0.8 of the volume
fraction of proppant within a fracture are reasonable estimates of the condition when screenout
occurred. The proppant-related model parameters that may be specified by the user are listed in the



Particle diameter

Proppant particle diameter. Settlement velocity of proppant is a function of
proppant diameter.

Particle density

Proppant particle density.

Screenout volume
fraction

Maximum value is 1.0. If proppant concentration is greater than this value,
the proppant will take load and prevent the fracture to close. The proppant
becomes stationary, the permeability changes, and the fluid will flow
through the proppant.

Confined modulus
of the proppant
pack

Confined modulus of the proppant pack is used in calculation of stiffness of
the springs that represent propped fractures.

Screenout particle
diameter multiplier

Screenout also occurs when the fracture aperture divided by the particle
diameter is less than the value specified in this parameter.

Allow screenout

If left unchecked, code will not detect screenout.

Activate effect of
proppant on slurry
viscosity

If activated, XSite will use either Keck's or Nolte's formula to calculate
apparent viscosity of fluid loaded with proppant. If inactive, the fluid viscosity
is independent of the proppant concentration. This formula is used only
when full flow logic is active.

Keck's Formula

See equation (30) by Keck et al. (1992):

Uy = {1 + [0.75(61'571 — 1)3_(1,_()32)y]ﬂ
r 1-15¢

}2

where:

- = relative fluid viscosity;

n = Power Law parameter (flow behavior index);
y = unladen Newtonian shear rate; and

¢ = particle volume fraction.
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Nolte's Formula See equation (8) in Nolte (1988):

1y = [1 —q;iM]_an

where:

®M = maximum volume fraction.

Permeability The permeability calculation is performed using the values from the table
calculation of fracture permeability vs stress carried by the proppant pack or by one of
the conductivity tables available in the Resources menu option. This
option is available only when full flow logic is active.

Fracture See description in the following text.
permeability vs
stress carried by
proppant pack table

Settling velocity vs | See description in the following text.
concentration
(volume fraction)
table

The relations between proppant pack stress and conductivity and the relative settling rate to proppant
concentration may be defined by two tables: the Fracture permeability vs stress carried by
proppant pack table and the Settling velocity vs volume fraction table.

The Fracture permeability vs stress carried by proppant pack table relates proppant permeability
to stress carried by the proppant pack, as illustrated in Figure 70. This is the intrinsic permeability of the
proppant pack within a fracture. The conductivity is calculated by multiplying the permeability with the
fracture aperture.

In the table, no two adjacent values should be equal. If the actual stress is greater than the last (greatest)
value in the table, then the conductivity is taken as the final value in the table. If no table is specified,
the conductivity is assumed to be 0.0; thus, it is important that a table is specified to allow realistic flow
through a propped fracture to be modeled.
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Permeability {mD)

Stress (Mpa)

Figure 70 Proppant pack conductivity based on its stress state.

The other option to calculate permeability is to use one of the curves defined in the
Resources/Conductivity curves menu option. The permeability is calculated by finding an entry in
the table using the interpolated proppant concentration. This entry corresponds to a curve that defines
the stress-conductivity relation. Using a stress-interpolated value, conductivity is determined.

The Settling velocity vs volume fraction table defines the relative settling rate to particle
concentration. Both columns are dimensionless; the settling rate is relative to the Stokes' velocity (under
gravity) of a particle of given size in a fluid of given viscosity. The particle concentration, c, is the “volume
fraction,” i.e., the total volume of particles per unit volume of space (crack volume). Note that c = 1 — n,
where n is porosity and the mass-concentration is equal to cp,, where p, is the particle density
parameter of proppant. Both concentration and settling rate must be within the range between zero
and one. A typical form for the relation is illustrated in Figure 71.
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Proppant Concentration (unitless)

Figure 71 Typical form for the relation between relative settling rate and
proppant concentration.

The first entry in the table should be (1.0, 0.0), i.e., the setting rate is equal to the Stokes' rate at a
concentration of zero (isolated particles). No two adjacent values of concentration in the table should
be equal. If the actual concentration is greater than the last (greatest) value in the table, then the
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conductivity is taken as the final value in the table. If no table is specified, the relative conductivity is
assumed to be 1.0.

A table of values should be prepared in a text file, which is then imported to XSite. There are two values
per row, and a table may have any number of rows. The values in a row must be space-delimited (i.e.,
separated by spaces); an example of a valid table is shown in Table 2.

For example, in the Fracture permeability vs stress carried by proppant pack table, the first
column corresponds to conductivity values and the second column corresponds to stress values.

Table 2 Example of Valid Format of Proppant Settling Relative Velocity

1.0 0.0
0.7 0.2
0.5 0.3
0.2 0.5
0.1 1.0
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Thermal

The fifth tab on the Features panel defines rock and fluid thermal initial and boundary conditions, as
shown in Figure 72.

™
3
[+
E
= Add Delete Clone
l B Bloem  [leu 22 Proppant ﬂ Thermal ;?; Sink
c Rock temparsture initizlization
E
H o . -
é Initiz] temperanure (C) | 50,0000 =
- o :
I:‘ Gradient temperstwe (C'm) |0.00DOD =
Elevation of ref, point(m} ~ |D.00D =
g
El
3 Fhuid temparsture inmizlizzton
. Initial temperanure (C) 0.00000 =
) i P -
I:‘ Gradient temperstwre (Cfm)  0.0000D -
= Y
-E Elevation of ref. point {m) 0.000 -
E
P
= =
5 Injected fluid temp, (C) |lD.DDD = |
z
@ Thermal boundany conditions (degres C)
Morth |m.mm =
= Y
= South |4{mmm =
=
i [ East 000000 =
[ west 0.00000 =
c
5
= _ R -
= O |00 S
&
e [ Battem 0.00000 =
.
£
=

Figure 72 Initial and boundary conditions for thermal analysis.

The initial and boundary conditions for thermal analysis that can be specified by the user are listed in
the following table.
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Rock initial

temperature

Initial rock temperature.

Rock gradient
temperature and
Elevation of
reference point for
rock temperature

By checking the Rock gradient temperature box, the user can enter a
value for the gradient.

The temperatures due to thermal gradient will be added to the rock initial
temperature value as a function of elevation relative to the reference point.
Note that if global coordinates have not been specified, the elevation at

gradient.

the top of the model is 0.0.
Fluid initial Initial fluid temperature.
temperature

Fluid gradient
temperature and
Elevation of
reference point for
fluid temperature
gradient.

By checking the Fluid gradient temperature box, the user can enter a
value for the gradient.

The temperatures due to thermal gradient will be added to the fluid initial
temperature value as a function of elevation relative to the reference point.
Note that if global coordinates have not been specified, the elevation at
the top of the model is 0.0.

Injected fluid
temperature

The temperature of the injected fluid.

Thermal boundary
conditions

If the user activates a box referent to one of the faces of the model, the
temperature will be applied at the selected face.
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Sink

The sixth tab on the Features panel defines the geometry and the initial conditions of a sink, as shown
in Figure 73. A sink must have at least 4 fluid nodes for proper model discretization. This feature allows
a user to specify boundary condition for the flow model in addition to the injection cluster. Typically, a
constant pressure boundary condition would be applied, approximating the effect of a sink.

Add Delete Clone

. Main Rock

sz WP eessen ) Thems o s |4

Set sink active

c
2
TE I:l Activate sink when pressure i reached
o
L= Initizl Conditions
@ Constant pressure l::l Pressure gradient
- Constant pressure (MPz) |€'.{."{)‘G'D{) :
3 - arEnE =AM 00D =
L . cmedel L -
‘ Geometry (m)
Radius ‘1.9{:4:»{:»{:' =
g
£ =
E Langth ‘1.9{:4:»{:»{:' =
el
P
o - N e
'T;u Cip {Degres) ‘{).{H}D{."{) -
5
= Diip direction (Degres) ‘a.m =
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Figure 73 Sink geometry and initial conditions.

The sink initial conditions and geometry that can be specified by the user are listed in the following
table.
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Set sink active If this flag is active, the sink will be activated at the start of the simulation.
When this flag is set, the sink will be drawn in the Sketch Model plot item.
The sink may be activated on the Reset Lattice dialog previously discussed.

Activate sink when | If this flag is set, the sink will be set during simulation when the pressure
pressure is reached | defined in the Constant pressure of the initial condition box is reached.

Initial conditions The user can specify a constant pressure at the sink. If the gradient radio
button is selected, a gravitational gradient pressure will be added to the
constant pressure value. The z-coordinate is referent to the top of the
model (value is 0.0) if a global coordinates system has not been applied to
the model.

Geometry The fields in the geometry box define the location and dimensions of the
sink. The shape of the sink is cylindrical. If the radius of the sink is set to
zero, the fluid element closest to the center of the sink will be selected to
model the sink.

Hydraulic Fracturing

The third tab on the simulation Control panel allows definition of the boreholes and clusters within the
model. It has three sub-tabs: Trajectory, Boreholes and Simulation sequence. The details of these
sub-tabs are discussed in the following sections.

Trajectory Tab

The Trajectory tab provides tools to facilitate setup of a model for multi-stage operations with complex
borehole arrangements. A Stage defines a set of clusters on a borehole that will be stimulated
simultaneously. Multi-stage operations allow the stages on a borehole to be executed sequentially or
in any order in models with multiple wells and stages (e.g., “zipper” pattern).

Workflow to set up a borehole using a well trajectory

A complete borehole with a set of stages and clusters can be assembled from a well trajectory. The
workflow to set up a borehole is as follows:

1) Ensure that Cluster Design items are created (see menu option Resources/Cluster Design).

2) Ensure that Stage Design items are created (see menu option Resources/Stage Design).

3) Create boreholes. The user can create boreholes in two different ways: using the
Borehole/Segment/Cluster dialogs or by using Well Trajectories.

121



The option to create a Borehole/Segment/Cluster is described in the Hydraulic
Fracturing/Boreholes tab. The option to create boreholes using well trajectories is described

in this workflow. The advantage of using Well Trajectories to create boreholes is the fact
that the creation of stages and associated clusters, joints for fracture initialization, adaptive
resolution domains and cluster histories can be automated. The steps to create boreholes
using Well Trajectories are as follows (and detailed further in the following sections of this
document):

a) Import or edit existing Well Trajectories.

b) Associate Stage Designs to Well Trajectories.

c) Build Boreholes: This step will merge a selected Well Trajectory item with Stage and

Cluster Design items to create a borehole with segments and clusters.
4) Add Simulation Sequences via the Simulation Sequence tab.

Setting up well trajectories

Well trajectories can be imported, added, edited, deleted or cloned using the available buttons in the
Hydraulic Fracturing/Trajectory tab. A list of Well Trajectories created in the model orimported
is displayed in this tab, as shown in Figure 74. A Well Trajectory may have multiple segments and
multiple stages associated with it. A segment may be defined by using either True Measure Depth
(TMD) or Measure Depth (MD) values. A Stage is uniquely named within a well and associated with the
Cluster Design items.
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XSite Controls -

&5 Trajectory i Boreholes & Sim.Sequence

Import Add Delete Clone Build

. Main Rock

Nell Name Radius Origin-X Origin-Y Origin-Z # segments # stages

0.
1 HSvLl 20000 0.00000 0.00000 0.00000 27 1

0.
2 HSVL2 20000 0.00000 0.00000 0.00000 | 27 1

B3 Resolution

. Features

H Hydraulic Fracturing

ry

Figure 74 Well Trajectory tab.

Pressing the Import button will invoke the Well Trajectory Import Text Dialog (Figure 75). This dialog
allows a user to import data from a text file in CSV format (Import button) or paste cells copied
directly from EXCEL or other text files (Paste button). The format of the data can be matched with
columns available in the program by dragging the buttons into the True Vertical Depth — Measured
Depth Segments panel. The Skip button is used for the cases in which the input data column does
not have a matching button in the dialog. For example, the dialog shown in Figure 75 contains data
pasted from all seven columns of the spreadsheet shown in Figure 76. Column E in the example file,
VS, was paired with the Skip option. The other columns, MD, INC, AZI, TVD, N/-S and E/-W, were
matched with their respective corresponding pairs. Conversion from feet to meters was applied to the
columns MD and TVD. The Save button will dismiss the dialog and a new Well Trajectory item will
be added to the model. The Cancel button will dismiss the dialog without saving the data. Note that
you may enter either TVD or MD values. In this example, both are entered.
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5.1 Well Trajectory Import Text Dialog 4 ~°-9=_
Name md-1 Radus (m) 0.000 2| [7] Uses global coordinate system
Origin (m) '
East 0.000 2 North 0.000 | Top 0.000 °
True Vertical Depth - Measured Depth Segments
. MD Inclinstion Azimuth  TVD Skip Northing Easting -
1 000000 0.00000 000000 000000 000000  0.00000 0.00000 £
2 9253.. 247000 32380000 92507105 2072045 16.27327 -1284122
3 9631.. 220000 33160000 96283577 2187245 17.56867 -1366723
4 1020... 1.20000 31560000  1020110.. 2350313 18.96466 -14.60906
5 1077... 110000 31170000  1077403.. 2465222 19.76018 -1544117
6 1106.. 1.10000 31100000 1106353.. 2521001 2012594 -15.85874
7 1135.. 1.20000 30800000 1134.999.. 2578303 2049170 -16.30070
8§  1164.. 1.20000 30700000 1163644.. 2638044 2085746 -16.77924
9  1192.. 110000 20270000  1192.289.. 2694127 2114398 -17.26997
10 1221... 1.00000 20110000 1221.239.. 2744114 2134210 -17.76374
11 1249... 110000 20050000 1249.582... 27.92578 21.52498 -18.24838
121298 1.00000. LARADOON.._ AR 21T MM ANTIA. 2 ARMT ~~1R TARIS. | | nd
S ]
Drag the labels above into the column pane to set up the format of the data that will be imported. Use "Skip' to disregard
_columns that are not used.
Import/Paste Conversion |
| ) No conversion @ Convert foot to meter ) Convert meter to foot |
[ Reset |[ impot | [ paste ][M]Lﬁ'_@__;ﬂ
—

Figure 75 Well Trajectory Import Dialog.

D H S 2 s JOX_Survey ds -{Compatibility Mode] < Excel 7 ® - ofXx
HOME | INSERT < PAGELAYOUT ~FORMULAS . DATA REVIEW. VIEW Tesm Maurlio. ~ n
"T!] X Anal - |10 - = % FZ) Conditional Formatting ~ 5] ®
Pasie 0 B g S R Alignment Number Z Sormat axTable = Cells | Editing
= ~ - DA - - {27 Cell Styles - - .

Clipboard % Font s Styles ~
15 S X v fx v
4| A I B | C i D i 3 l F i G H =21 =] J -]

1 MD INC AZI TVD Vs N/-S E/W

24 t deg deg ft ft ft iy

3| o 0 0 0 0 (] 0

‘__l 3036 247 3238 3035.01 68.01 53.39 -42.13

3 3160 22 3316 3158.91 71.76 57.64 -44 84 | l

6 | 3348 12 3156 3346 .82 71 6222 -47 .93

7| 3536 11 311.7 353479 80.88 64.83 -50.66

8| 3631 11 311 362977 8271 66.03 -52.03

9| 3725 12 308 372375 84 59 67.23 -53.48

10, 3819 12 307 3817.73 86 55 68.43 -55.05

1" I 3913 11 2927 391171 88.39 69.37 -56.66

12 4008 1 2911 4006.69 9003 70.02 -58.28 ™

« Well XXX srvy | @ 3 (] —

Figure 76 Well trajectory data.
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In the Hydraulic Fracturing/Well Trajectory tab, displayed in Figure 74, by double-clicking a Well
Trajectory item or pressing the Add button, the Well Trajectory Dialog (Figure 77) will be
displayed. This dialog allows the user to input or edit the well trajectory information. Also in this tab,
the Clone and Delete operations can be performed on items that are selected previously from the list
of available Well Trajectory items.

f %] Well Trajectory Dialog 2
Name [md-1
Uses global coordinate system Origin (m)
Radius (m) 12.000 ~ East 200.000 =
North -300.000 -
Top 0.000 =
True Vertical Depth - Measured Depth Segments
MD (m) Azimuth (deg.) clination (de¢ TVD (m) Northing (m) Easting (m) -
1 0.000 0.000 0.000 0.000 0.000 0.000
2 925.373 323.800 2470 0.000 0.000 0.000
3 963.168 331.600 2.200 0.000 0.000 0.000
4 1020.470 315.600 1.200 0.000 0.000 0.000
5 1077.773 311.700 1.100 0.000 0.000 0.000
6 1106720 11000 1100 0000 n.oon 0000 >
[ oelete ][ clone
Stages
Name Top (m) Var. Res. lesolution(cm Res.Len(m) Res.Hgt(m) # clusters
1 s 2602.000 yes 100.000 100.000 100.000 5
2 s2 3000000 no 0.001 0.000 0.000 5
3 s3 3300.000 yes 200.000 110.000 110.000 5
4 s4 3500.000 yes 100.000 120.000 120.000 5
1
[ add  |[ oeete |[ Cone |
L

Figure 77 Well trajectory dialog.

In the Well Trajectory dialog, the user may provide a name that will uniquely identify the well in the
model, its radius and coordinates. By double-clicking an item in the True Vertical Depth — Measured
Depth Segments dialog or pressing the Add button, the user will invoke the True Vertical Depth -
Measured Depth Segment dialog (Figure 78). In this dialog, it is possible to edit TVD or MD data for
a specific segment.
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r N
# 1 True Vertical Depth - Measured Depth Segment IM
Measured Depth True Vertical Depth
Depth (m) b.0o000 $ Depth (m) 0.00000
Azimuth (degrees) 0.00000 = E/-W (m) 0.00000
Indination (degrees) 0.00000 o E/-W (m) 0.00000
———

Figure 78 True Vertical Depth — Measured Depth Segment dialog.

Associate Stage Designs to Well Trajectories

A Stage defines a sub-set of clusters on a borehole that will be stimulated simultaneously. There can
be only one stage active per borehole at a given time. By double-clicking an item in the Stages
panel in Figure 77 or pressing the Add button, the user will invoke the Stage dialog (Figure 79). This
dialog connects a stage design (previously defined on the Resources/Stage Design menu option)
with boreholes. Stages that belong to the same well must have unique names.

Stage-Borehole Dialog

Stage Name STG1|

Stage Design Name testl2 A4

Measure depth (m) 4915.000

LIS

Figure 79 Dialog to define association between well trajectory and stages.

Build Boreholes
By selecting one or more Well Trajectory items and pressing the Build button in the Hydraulic

Fracturing/Well Trajectory tab, the user can generate boreholes using the Build Boreholes dialog,
shown in Figure 80.
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N Build Boreholes Dialog ? X

Well Name HSVL1

Method

Q) Use Measure Depth

() Use True Vertical Depth

Uses global coordinate system

Transformation

Coordinates (m)

East 0.000 =

North 0.000 =

Top 0.000 =
Angle of Rotation (Clockwise) 0.000 =

[ ] Delete histories, joints and resolution domains

Figure 80 Build Boreholes Dialog.

Depending on the data entered when creating the well trajectory, select either Use Measure Depth or
Use True Vertical Depth and click OK to create boreholes. The corresponding borehole, borehole
segments, stages and clusters will be created. Transformation to global coordinates is available. Variable
resolution domains, joints and cluster histories may be created also if the Well Trajectory item had
been specified previously with these options. Existing histories, joints and resolution domains will be
deleted if the checkbox in the dialog is selected.

Use the Sketch Model plot item to verify if the borehole and other items (histories, joints,
variable resolution domains, etc.) were created properly.

Boreholes Tab

Boreholes are comprised of segments. Each segment can have a set of clusters for which variable
injection rates and proppant concentrations over time can be specified. New boreholes can be added
to the simulation by clicking the Add button (Figure 81), which will bring up the Borehole dialog box,
as shown in Figure 82. Existing boreholes can be modified by double-clicking a particular borehole, as
listed in Figure 81, or removed by selecting the borehole and clicking the Delete button. Clone button
will copy the currently selected borehole.
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{‘-m Trajectony 5 Borsholes e sim.sequence

Impost Add Celkets Clone

. M ain Rock

name Segments Radius Pressure Injec Rate

1 wil 7 0.200  0.00000  0.00000

2wl [) 0.200 | 0.00000  0.00000

n Resalution

. F 2atures

@ Hy draulic Fracturing

Figure 81 Boreholes can be added to the model or existing ones viewed and
modified, deleted or copied (cloned) under the Hydraulic Fracturing tab.

When adding or modifying a borehole, the Borehole editor dialog (Figure 82) will become visible. This
dialog has 3 main regions: borehole Properties, Segments and stage Injection rate schedule.

Borehole Properties

Enter a unique name for the borehole. The field Uses global coordinate system will work as described
in the Joint Set section. The borehole Radius field must be specified, whereas the Injection rate field
may be specified. If injection rate is specified, it is applied as constant rate during the simulation and
the borehole logic is not used in the computation. If the injection schedule data is entered, the borehole

Injection rate field is disabled.

When the field Apply proppant directly into clusters is checked, the proppant concentration will be
obtained from the injection schedule and applied directly into the cluster. Otherwise, the borehole logic
will calculate the proppant concentration that will be applied into each borehole segment taking into
consideration pressure loss. This flag has no effect when the code runs fluid simulation using the

simplified toughness-dominated regime.
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Borehole

Properties

Mame |.,\.1

Radius (m) 0,200000

Segments

Uses global coordinate system

Injection rate {m3/s)

D Apply proppant directly into dusters

Start-X (m) Start-Y (m) Start-Z(m) End-X(m) End-Y(m) End-Z(m) Stages MD (m) # Clusters Type

1 263367 -1051.508  -3203.414  291.625 -1133.505  -3212.001 0.000 0
2 291.625 -1133.505  -3212.001  320.965 -1215439  -3216.868 0.000 0
3 320965 -1215439  -3216.868  344.965 -1298.859  -3216.868 0.000 0
4 344965 -1298.859  -3216.868  361.275 -1384478  -3219.170 0.000 0

Delete Clone

Injection Rate Schedule

Stage Bound Cond. Start time(sec) Finish Time Initial InjRate/Pres. Final InjRate/Pres. Initial Proppant Concent.(Kg/m3) Final Proppant Concent.
1 s-1-1 InjectionRat...  5.30000 10.30000 0.01000 0.17224 59.00000 240.00000
2 s-1-2 InjectionRat...  15.70000 20.70000 0.01000 0.17224 59.00000 240.00000
3 s1-3 InjectionRat... | 26.10000 31.10000 0.01000 0.17224 59.00000 240.00000
$ i Import Add Delete Clone

Save

Cancel

Figure 82 Borehole editor dialog.

Borehole Segments

Boreholes can consist of multiple segments that can be created by clicking on the Segments Add
button (Figure 83). Segments also can be edited, deleted or cloned by selecting a segment listed and
clicking on the appropriate button. When adding or editing a borehole segment, the start and end

position of the segment are required (Figure 72).

If casing is used inside the borehole, the Casing wall thickness and the Liner resolution must be
entered. The liner resolution should be at least 3 times smaller than the casing wall thickness to have
the casing properly discretized. In addition, a set of domain resolution regions enveloping the borehole
also must be added to gradually transition the liner resolution to the background resolution.

The recommendation is to apply the liner (cement and/or casing) after the model has reached
mechanical equilibrium after borehole core removal (i.e., borehole excavation). These operations are

available on both the Reset Lattice dialog and the Batch Item dialog.
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Borehole Segment ? X

Start location (m) End location (m)
Type

@) Borshole Pesforation Tunnels Op e =

Borehole  Perforation Tunnels  Open-hole completions

Liner properties

Casing wall thickness (m) Liner Resolution (cm) 0000000000 =
[ tnstall cament Cam m)  |0.0000 =

[ tnstall interface 0.000D0DODD =

Clusters

Stage Eastim) lorth (m Up(m) Shape adius (m dist. start (m  No. Perf
1 s-1-1 368505 -1440.. -3219.. Sphere 8000  56.844 12
2 s-1-1 371049 -1460... -3220... Sphere 8000  76.844 12
o | [ e
Save Cancel

Figure 83 Borehole segment editor defines the borehole length and position based
on its start and end locations.

A segment may be selected as Open-hole completion or Perforated tunnels. The Sketch mode plot
item will distinguish the segment base on the selection made on these fields. In the case the segment
type selected is Perforated tunnel, the radius, number of tunnels per meter, the length of the tunnels
and the shift in degrees between consecutive tunnels (Phasing) must be specified.

The perforated tunnels and open-hole completion core should be removed when the model is in
mechanical equilibrium. These operations are available in the Reset Lattice dialog and in the Batch Item

dialog. When the core is removed, fluid nodes will be installed on the rock surface inside perforated
tunnels and open-hole completions. To have proper discretization of the model, make sure that the
resolution around the perforated tunnels is sufficient to represent stress gradients around the
perforation tunnels (i.e., at least four times less than the tunnel diameter). See section Add domain
resolution around perforated tunnels on generation of a graded resolution lattice around the

perforation tunnels.
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Clusters

One or more optional clusters (i.e., injection points along the borehole segments) can be defined in a
segment by clicking the Cluster/Add button and using the Cluster editor dialog (Figure 84). As with
other elements, Clusters can be edited, deleted or cloned.

Cluster
Segment Fheid nodes selection:
Location (mj) [] Select fluid nodes from the following joint sets:
East 351,275 = | JOINT SETS
North | -1384,478 || | Lenoth (m}| 86844797 = escriptio Label East  Morth Up 4
Up | 3218170 - 1 :f;’k o 81495 [50.144 |-219.8.. 0.
, Very : Tags1 30307 L2900 0
& ek _|1 ........... ELVR L P
S .
3 |Very 76.353 |-4.935 |-220.7.. |0
Chuster (m}) © weak .. L NI | S| =i -
e e Number of Perforations. Veny B N
Eam 368505168 2 2 S a i 75.58 [-24.918 |-221.05 |O.
- | Mote: If you are planning to plug -
North -1440.856420 « dusters, make sure to specify a . Very : s | smees |Lss o
number of duster perforations 3 weak.. M 4.396 |-70.123 |-2236... |0
Up -3219,832405 % before starting the simulation. -
= 6 o ji 74965 |-90.041 |-225.4... |0
Distance from segment start | 56,844000 = weak ...
= 5 Very . R o P
Radius (m) 8.000000 = 7 . il -1334.. 174021 1-219.6.. [0
Pressure Loss Caloulation
By checking the box "Select fluid nodes from
[ Activate pressure loss cakulstion y i
Parforation Dismeter {m)  0.0100 = "Joint Sets" list, you may specify the joints
among those that intersect the cluster in which the
Discharge Coefficient 0.850000 = fluid will b the s not chy !
joint sets intersec tion the node will be selected.
Perforation factor
Shaps
(@ Sphericsl () cylindrical Cylinder length (m) 0000 =
Save Cancel

Figure 84 Cluster editor dialog.
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The Stage name must be entered. This field will be inserted in the drop-down box of the Injection
Schedule dialog, allowing to associate stages with injection schedules.

A cluster position is specified relative to the start of the segment, and its absolute coordinates (East,
North, Up) will be calculated and displayed. A cluster may be spherical or cylindrical. Radius and length
for cylindrical clusters must be specified. The Pressure Loss Calculation fields are used to calculate
additional pressure losses due to the presence of perforations and non-Darcy effects. The fields
Number of Perforations and Discharge Coefficient are dimensionless, and the field Perforation
Diameter may be entered either in inches or in meters, depending on the unit system selected.

If the Select fluid nodes from checkbox is checked, fluid will be injected only in the fluid nodes that
are intersected by the selected joint that intersects the cluster. If this box is not checked, the nodes from
all joints will be marked to receive fluid.

The Save button must be clicked to preserve any changes; alternatively, any changes can be cleared by
clicking the Cancel button.

Injection Rate Schedule

Injection rate schedule can be specified by pressing the Injection Rate/Add button or can be edited
by double-clicking an existing Injection schedule item. These actions will cause the Stage Boundary
Conditions (Figure 85) to be displayed. The user must enter a stage name or select one of the stages
of the drop-down box that were previously defined in the Cluster dialog. The data entered in this dialog
will be applied defining an initial and final injection rate or initial and final pressure, depending on the
condition selected and for a time interval defined in the dialog. Optionally, an initial and final proppant
concentration may also be entered for the same time interval.
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Stage Boundary Conditions

Stage Mame | =-1-1] e
Start time (sec) 5.20000 =
End time {sec) 10,30000 =
Bousndary Condition
@ injiection rate (mdfsec) I:::I Pressure (Pa)
Start injection rate 00100000000 =
End injiection rate 0.1722360000 =
Start proppant concetration (Kg/m3) 59, D00D00RI0D =
End proppant concetration {Kg/m3) 240,0000000000 =
Save Cancel

Figure 85 Injection rate dialog used to construct more complex injection rate
schedule.

Simulation Sequence Tab

Simulation Sequence items associate existing stages with Pumping Schedule items and Variable
Resolution domains. This association is used to create batch records and the borehole injection
schedule. The Simulation Sequence also defines the order in which the different stages will be
stimulated (batch execution sequence) in the model.

The Simulation Sequence dialog can be used to do the following:

1) Establish the order in which stages of the same or different wells will be stimulated.

2) Associate Pumping Schedule items to borehole stages. Injection Rate items will be added
automatically to the boreholes defined in the model.

3) Create batch items to execute the Adaptive Resolution logic during the stimulation. The
resolution in defined domains can be modified at different points during the simulation.

4) Create batch items to run the model to equilibrium and reset pressures and node displacements.

5) Create batch items that will run the model in coupled fluid-mechanical-thermal mode for a
determined period.

Figure 86 shows the Simulation Sequence tab. Simulation sequence items simplify how the steps of a
simulation are specified. The simulation sequence operation will automatically add batch items and
create an injection schedule for a complete simulation.
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% fﬂ Trajectory fi Boreholes M Sim.Sequence
=
‘ Add Delete Clone Build
- =
i T -
Name Pumping Time VAR Equi. Ph (2)
L

1 s1-W1-s1 0.000000 No No

2 s2-W1-s2 No No

. F eatures

Figure 86 Simulation Sequence tab.

Before creating Simulation Sequence items, make sure that Boreholes, Stages, Pumping Schedule
and Variable Resolution domains are created in the model. In the Hydraulic Fracturing/Simulation
Sequence tab, the user may edit (by double-clicking an item), add, delete or clone a Simulation

Sequence item.

The simulation sequence is defined by the order in which the items appear in the list, with the top items
executed first. By selecting an item and pressing one of the keys (up or down), indicated in red in Figure
86, the item will move up or down in the list, changing its execution order.

When the user presses the Add button, the dialog shown on Figure 87 will be displayed. The dropdown
window contains predefined simulation sequence items previously defined via Resources/Simulation
Sequence Design. At this point, the user must have defined boreholes, stages/clusters and resources for

pumping schedule and simulation sequence.

B Sim. Sequence Selection Dialog

Select an existing "Simulation Seguence Resounce’

s1 A

Figure 87 Simulation sequence predefined item selection dialog.

It is recommended to always use predefined simulation sequence items (see Resources/Simulation
Sequence Design menu option) to avoid reentry data, and, consequently, reduce the possibility of
introducing errors. If the user presses the OK button, the Simulation sequence dialog shown in Figure
88 will be displayed. The dialog will be populated with the data from the selected predefined simulation
sequence. If the user presses the Cancel button, the dialog will not be populated. This dialog can also
be invoked by double-clicking one of the existing items in the list.
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Simulation Sequence Dialog

Mame |sl

{1) Adaptive reschstion
|:| Apphy adaptive resolution

Edit Resolution Domain

1]
0
[
it
It
1]
I
i

{2) Mechanical Equilibration

|:| Equilibrate model- Time {sec) 0.00000 : Elastic Mode active Rieset node displacements
Resst sub-lattice Save State Create =d filz with the zame name a= project file Create results file
{3) Injection Phas=
Total pump time (sec)
3758.460000 [ Reset subilasce
] save Stat= [+*] ‘Create saved file with the same name s project file || Create resubs file
‘umping Sched  Wells, Stages id computati  tart Time{mir nping Time{s: Fluid Type  .id timestep fach  iv. Bal
1 Ps-1 Wi-s1 g'rrgﬂ" Wt 0000000  2665.8600.. SlickWater | 1.000000 0
No well-
2 |P5-2 Full Flow 2665,8600... 1092.6000... YF125FlexD  20.000000 0
stage ... Add
Delete
Clone
Update start time

{4) Resst Pressre and Mechanical Equilibration

Equilibrate medel- Time {sec) I:‘ Elastic Mode active I:‘ Reset node displacements

[[] Pressue (MPa) 0.00000 = Allows aperture change [] Reset sublatrice

Save State Create saved file with the same name as project file [] create resuhs file
Batch built order (1), (2), (3} (4 Save Cancel

Figure 88 Simulation Sequence Dialog.

Each simulation sequence item in the list will be used to create the necessary steps to simulate one
stage. The Simulation Sequence has four main groups: (1) Adaptive resolution, (2) Mechanical
equilibration, (3) Injection Phase and (4) Reset pressure and mechanical equilibration. The
groups need to be activated to be included in the generated batch items.

The group (1) Adaptive resolution will create a new set of resolutions to solve that stage. The setup
of Adaptive resolution is explained in section Tools/Batch Simulation/Apply adaptive resolution. For

this group to be included in the batch setup, the check box Apply adaptive resolution must be
checked.
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The group (2) Mechanical equilibration will add one batch item to perform mechanical equilibration
according to the time entered by the user. For this group to be included in the batch setup, the check
box Equilibrate Model must be checked.

The third group (3) Injection Phase associates the pumping schedules from resources to a stage. The
pumping schedule injection time is used to set the simulation time on the batch items. The user needs
to establish a relationship with the pumping schedule and the stage that the pumping schedule will be
applied to. This is done by double-clicking the desired record in group (3). This action will invoke the
dialog shown in Figure 89. This dialog is also invoked if you press the Add button located in this group.

In the well/stage-pumping schedule dialog, a previously defined pumping schedule is selected in drop

box (1). When you select the pumping schedule, the values from column (3) are populated. The values
in column (4) (pumping time, fluid type, and fluid time step factor) can be entered or automatically filled
by pressing the Apply Default button.

After the pumping time is defined, press the Add button (5) to create a link between the well and the
stage in which the fluid will be applied. By clicking the Add button or double-clicking an item in the
Well/Stage selection, the dialog box shown in Figure 90 will appear to select a well and a stage from
the drop-down list. Field (6) allows to include an option to add diversion balls in the pre-processing tab
of the batch item that will be created for this item. Finally, the Fluid Simulation mode is selected in box
(7).

The Start Time field of a borehole Injection Rate is the summation of all injection (final time — start
time) and equilibration times of all previous Simulation Sequence stages. Once the start time and final
times are defined, the Injection items defined in the Pumping Schedule item will be copied to the
borehole Injection Rate list until the total simulation time defined in the Simulation Sequence dialog
is achieved. The associated Stage is used to define the stage in the borehole Injection Rate. One or
more Stages/Pump Schedule items can be used in a Simulation Sequence to generate the borehole
injection rate list.
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Select well/stage for a pumping schedule

Pumping Schedule PS1 e (1)

Start time (sec) 0.00000 = (2)

Default Values  Current Values

Pumping time (sec) 30 30.00000 =

Fluid type Water R
(3) (4)

Fluid time step factor 1 1.00000 =
Apply Default

Well/Stage selection

Well Stage
1wl s-1-1
(5)
Add
Delete
Clone
Pre-process

41k

E] Add cluster diversion balls; Number of balls: 0 {E)

Fluid flowr options

QO Full flow
() simplified toughness-dominated regime (7)

Approximate pressure gradient

Save Cancel

A A

Figure 89 The dialog to create a relation between a pumping schedule and a stage.

Simulation Sequence

Well name wil e

Stage name 51-1 e

Save Cancel

Figure 90 Select a well and a pumping schedule.
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Buttons Delete and Clone will delete or clone the selected item.

The Build button will use the information entered in the Simulation Sequence Items and will create
pumping schedule and batch items. You do not need to select a Simulation Sequence Item; all items
in the panel will be used to generate the data. A dialog Yes/No/Abort will be prompted. If you select
Yes, all the current pumping schedules for all wells and all the batch items will be deleted. If you select
No, the new items will be appended to the current ones. Abort will exit the operation without processing.
You should check the wells tab on the Borehole tab and the Batch items dialog to verify the data
were properly created.

Note that batch items and pumping schedule items generated via the Built button will be added
according to the order of the simulation sequence items list.
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History Tab

The fourth tab on the Control panel allows history records to be added, removed or cloned (Figure 91).
Histories are records of select variables that may be plotted as graphs at any stage during a simulation.
The required histories must be specified before starting a simulation. Each history is requested by
clicking the Add button, which brings up the dialog box shown in Figure 92. Each history record added
will be displayed in the history list shown in Figure 91. A record in the history list may be edited by
double-clicking the item. History records for Number of Cracks, Fluid Time Step and Stage
Unbalanced Volume are added by default in a model. The field History Sample Interval will define
how often the history record will be recorded.

[l XSite 4.0.12 (64bit)

File Tools Resources Layout Windows Help B D S @ ®@DH =
XSite Controls = =

Stimulated Area History Conductivity

' Main Rock

Conductivity (m3) 0.000 =
B Use this aperture cap (m) 0.000000 =
c History sample interval (cycles) soo| =
§
L Add Delete Clone
(8]

History Description

1 Cracks name=(Cracks)

2 Fluid Time Step name=(Ftime step)

. Features

3 Stage relative unbalanced volume ...

B Hyraulic Fracturing

F History

Figure 91 Histories can be added, or existing ones modified under the History tab.
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History

History name s-1-1
History Type
() Aperture () Fluid flow rate (2) () stage volume change (1) () Thermal Advection time step
() calibration force () Fluid pressure () sink flow rate () Thermal Conduction time step
':,‘1 Cluster average fluid velocity f:J Fluid sub-step count (:l Sink produced power CJ Total Carter leak-off - Cluster
© Cluster flow rate () Fluid time step () Sink temperature () Total Carter leak-off - Stage
() Cluster fracture area () Matrix pore pressure () sink total energy () Total displacement
() Cluster placed proppant () Number of interations implicit solver  (_) Stimulated area (Tension) () Total inflows (Fracture)
() Cluster pressure () Sheared volume () stimulated area (Shear) () Total outflow (Fracture)
() Cluster pressure drop () stage injected volume () stimulated area (Tension+Shear) () Total inflow (Matrix)
() Cluster temperarure () stage injected proppant () Temperature (fluid node) () Total outflows (Matrix)
':,‘1 Cluster volume r:, Stage placed proppant (:l Temperature (spring) (:_‘J Total inflow (Frac+Matrix)
() Cluster volume change (1) () stage relative unbalanced volume (1) (O) Time - fluid cycle () Total outflow (Frac+Matrix)
() cracks () stage unbalanced volume (1) () Time - mechanical cycle () Total volume
() pisplacement () stage volume () Time - thermal cycle () velocity
(1) Applied only to simplified toughness dominated regime
(2) Applied only to full flow logic only
Component Reference point
(1] East 1.00000000e+00 Morth 2.00000000e+00 Up 2.00000000e+00
X Y z Magnitude
Uses global coordinate system
(2)

Fracture Area Stumulated Area

Include pre-existing joints (3) - )

Connected to injection points Propped
Include Microcracks
(4)
Stages Cluster Index Layers
}-,-1-5-1-1(5) w{ls-i-lq-s-l v WEE (7) Csheel
(0 - Main Rock)

Figure 92 History dialog allows users to specify types and other properties of
histories to be recorded.

Description of history types

The following history types can be recorded and displayed during the simulation (or viewed after the
simulation is complete). Depending on the history type, a specific box (Figure 92) numbered (1) to (7)
will be enabled, allowing the user to specify the correct history property. Note that the History Name
is optional, but it is useful to give a descriptive name so that it will be easier to select a history type
when plots are generated.

Aperture Record the fluid element aperture over the duration of the simulation.
The location of the fluid element must be specified in box (2). Note that
the fluid element may not exist at the time the model is initialized, and
it will be assigned when the fluid network has reached the distance of
one resolution from the specified coordinate.
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Calibration force

The total reaction force in a calibration. This history is valid only when
the model is running in calibration mode (the check box Calibration
Mode in the Main Rock/Stress Calib. tab is checked).

Cluster average fluid
velocity

This history is recorded only when the simulation is running using the
toughness-dominated regime. The average velocity of the fluid inside
the selected cluster is recorded. The cluster is identified in box (6) by
the borehole, segment and cluster ID.

Cluster flow rate

This history is recorded only when the simulation is running using the
full-flow logic. Records the fluid flow rate by adding the positive and
negative flow of the pipes that intersect the boundaries of the selected
cluster. The cluster is identified in box (6) by the borehole, segment and
cluster ID.

Cluster fracture area

Records the history of the fracture surface area in the model. The user
can check in box (3) if pre-existing joints and/or microcracks created
during the simulation are to be included. In box (7), a specific layer can
be specified if the By Layer checkbox is selected, otherwise the history
is recorded for the entire model. The cluster is identified in box (6) by
the borehole, segment and cluster ID.

Cluster placed proppant

Records the accumulated proppant volume multiplied by the proppant
density of the fluid nodes connected to the specified cluster over time.
The cluster is identified in box (6) by the borehole, segment and cluster
ID.

Cluster pressure

Records the average pressure of the fluid nodes inside the specified
cluster over time. The cluster is identified in box (6) by the borehole,
segment and cluster ID. Cluster pressure history can give an idea of how
the simulation is evolving over time. For example, the user should see
a curve with a breakout pressure at the beginning of the injection phase
then gradually decreasing if the fracture propagates without restraint
throughout the remainder of the injection phase.

Cluster pressure drop

Records the average pressure drop (i.e., difference in the pressure inside
and outside of the cluster) for the specified cluster. Saturation is taken
into consideration. The cluster is identified in box (6) by the borehole,
segment and cluster ID.
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Cluster temperature

Records the average fluid temperature of the fluid nodes inside the
selected cluster. The cluster is identified in box (6) by the borehole,
segment and cluster ID.

Cluster volume

Records the volume of the fluid nodes inside the selected cluster. The
cluster is identified in box (6) by the borehole, segment and cluster ID.

Cluster volume change

This history is recorded only when the simulation is run using the
toughness-dominated regime. The cluster volume change is recorded.
The cluster is identified in box (6) by the borehole, segment and cluster
ID.

Cracks

Records the total number of cracks in the model. Only one crack history
may be added to the model.

Displacement

Records the relative displacement of a mechanical node at a given
location (East, North, Up). The component (X or Y or Z) or magnitude
of the displacement vector must be specified in box (1). The location of
the node must be specified in box (2). Relative displacement is the
nodal displacement since the last reset node displacement command.

Fluid flow rate

This history is recorded only when the simulation is run using the full-
flow logic. The flow rate of a fluid node located nearest to a given
location (East, North, Up) is recorded. The location of the node must be
specified in box (2). Note that the fluid element may not exist at the
time that the model is initialized, and it will be assigned when the fluid
network has reached the distance of one resolution from the specified
coordinate.

Fluid pressure

The fluid pressure of a fluid node located nearest to a given location
(East, North, Up) is recorded. The location of the node must be specified
in box (2). Note that the fluid element may not exist at the time that the
model is initialized, and it will be assigned when the fluid network has
reached the distance of one resolution from the specified coordinate.

Fluid sub-step count

This history is recorded only when the simulation is run using the full-
flow logic. Records the fluid sub-step count (i.e., the number of fluid
flow steps per one mechanical step) providing indication if the fluid
calculation is properly converging.
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Fluid time step

Records the fluid time step. Only one Fluid Time Step history may be
added to the model.

Matrix pore pressure

Records the matrix pore pressure at the spring nearest to a given
location (East, North, Up). The location of the node must be specified
in box (2).

Number of iterations of
the implicit solver

Records the number of iterations that the implicit solver is taking to
converge per cycle. The minimum and maximum number of
introductions are defined by the user in the Solution/Fluid tab. If the

number of iterations is equal to the maximum number interactions for
a long period of time, the model may not be properly converging, and
the user needs to reduce the fluid time step multiplier.

Shear Volume

Accumulates the volume of the rock where shearing of joints has
occurred.

Stage injected volume

This history is recorded only when the simulation is running using the
full-flow logic. Records the fluid volume injected into the selected
stage. The stage is identified in box (5).

Stage injected proppant

Records the proppant injected in all clusters connected to the selected
stage, based on the injection schedule, The stage is identified in box (5).

Stage placed proppant Records the accumulated proppant volume multiplied by the proppant
density of the fluid nodes connected to all clusters within a selected
stage over time. The stage is identified in box (5).

Stage relative Tracks the relative difference between the volume of the fluid node

unbalanced volume

apertures for all clusters connected to the selected stage and the fluid
volume injected into the stage. This history is recorded only when the
simulation is run using the simplified logic for the toughness-
dominated regime. The stage is identified in box (5).

Stage unbalanced
volume

Tracks the difference between the volume of the fluid node apertures
for all clusters connected to the selected stage and the fluid volume
injected into the stage. This history is recorded only when the
simulation is run using the simplified logic for the toughness-
dominated regime. The stage is identified in box (5).
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Stage volume

Records the volume of the fluid nodes connected to the clusters within
the selected stage. The stage is identified in box (5).

Stage volume change

This history is recorded only when the simulation is running using the
simplified logic for the toughness-dominated regime. The volume
change of all fluid nodes connected to the clusters within the selected
stage is recorded. The stage is identified in box (5).

Sink flow rate

Display the total flow rate of the pipes connected to the fluid nodes
located inside the sink.

Sink produced power

Integrates and accumulates the produced power of the fluid extracted
by the sink over the duration of the simulation.

Sink temperature

Displays the average temperature of the fluid elements inside the sink.

Sink total energy

Accumulates the total energy carried by the heated fluid extracted from
the sink over the duration of the simulation.

Stimulated area in
tension

Tracks the total surface of the microcracks created in tension. In box (4),
it is possible to differentiate and monitor the stimulated areas that are
connected to the injection cluster or that are propped. In the case of
the propped fractures, the user will be able to specify the conductivity
threshold. In box (7), it is also possible to track the number of
microcracks by layer.

Stimulated area in shear

Tracks the total surface of the joints that have slipped. In box (4), it is
possible to differentiate and monitor the stimulated areas that are
connected to the injection clusters or that are propped. In the case of
the propped fractures, the user will be able to specify the conductivity
threshold. In box (7), it is also possible track the number of microcracks
by layer.

Stimulated area in
tension and shear

Tracks the total surface of the microcracks created in tension and in
shear. In box (4), it is possible to differentiate and monitor the
stimulated areas that are connected to the injection points or that are
propped. In the case of the propped fractures, the user will be able to
specify the conductivity threshold. In box (7), it is also possible track the
microcracks by layer.

Temperature (fluid node)

Tracks the fluid temperature at the spring nearest to a given location
(East, North, Up). The location of the node must be specified in box (2).
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Note that the fluid node may not exist at the time that the model is
initialized, and it will be assigned when the fluid network has reached
the distance of one resolution from the specified coordinate.

Temperature (spring)

Tracks the rock temperature at the spring nearest to a given location
(East, North, Up). The location of the node must be specified in box (2).

Time (fluid cycle)

Tracks the time spent in one fluid cycle. Only one of this history type is
allowed per model.

Time (mechanical cycle)

Tracks the time spent in one mechanical cycle. Only one of this history
type is allowed per model.

Time (thermal cycle)

Tracks the spent in one thermal cycle. Only one of this history type is
allowed per model.

Thermal advection time
step

Tracks the thermal advection time step during the simulation. Only one
of this history type is allowed per model.

Thermal conduction time
step

Tracks the conduction time step during the simulation. Only one of this
history type is allowed per model.

Total Carter leak-off
(cluster)

Shows the accumulated Carter leak-off during the simulation for a
selected cluster. The cluster is identified in box (6). Only one of this
history type is allowed per model.

Total Carter leak-off
(stage)

Shows the accumulated Carter leak-off during the simulation for all
clusters within a selected stage. The stage is identified in box (5). Only
one of this history type is allowed per model.

Total displacement

Records the total movement (not affected by resetting displacements)
of a mechanical node at a given location (East, North, Up) since the start
of the simulation. The component (X or Y or Z) or magnitude of the
displacement vector must be specified in box (1). The location of the
node must be specified in box (2).

Total
only)

inflow (fractures

Records the total inflow of fluid into fractures in the model. The inflow
can occur in the fractures intersecting boundary with fixed fluid

pressure. See boundary conditions in Feature/Fluid tab. Only one of this
history type is allowed per model.

145



Total outflow (fractures
only)

Records the total outflow of fluid into fractures in the model. The
outflow can occur in the fractures intersecting the boundary with fixed
fluid pressure. See boundary conditions in Feature/Fluid tab. Only one

of this history type is allowed per model.

Total inflow (matrix only)

Records the total inflow of fluid into the matrix in the model. The matrix
inflow can occur on the boundary with fixed fluid pressure. See
boundary conditions on Feature/Fluid tab. Only one of this history type

is allowed per model.

Total outflow (fractures
only)

Records the total outflow of fluid into matrix in the model. The outflow
can occur on the boundary with fixed fluid pressure. See boundary
conditions on Feature/Fluid tab. Only one of this history type is allowed

per model.

Total inflow (fractures
and matrix)

Combines the total fracture and matrix inflow described above. Only
one of this history type is allowed per model.

Total outflow (fractures
and matrix)

Combines the total fracture and matrix outflow described above. Only
one of this history type is allowed per model.

Total volume

The total volume provides a summation of the volume of all the model
fluid nodes. Only one of this history type is allowed per model.

Velocity

The rate of movement of a node at a given location (East, North, Up) in
a specified component direction (X or Y or Z). The component (X or Y
or Z) or magnitude of the displacement vector must be specified in box
(1). The location of the node must be specified in box (2).
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Solution Tab

The Solution tab in the Model Control panel is used to control the model solution scheme for
mechanical, fluid, and thermal modes. It also allows the setup of the sub-lattice computation mode.
Computation allowing determinist results has not been implemented yet, and the model deterministic
behavior should be left as non-deterministic.

Mechanical Tab

Figure 93 shows the Solution/Mechanical tab. The fields for the mechanical setup behavior are
described in the following text.
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Figure 93 Solution/Mechanical tab.
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Resolution

This field specifies the background resolution of the lattice. The background resolution is overridden by

the settings defined in the Resolution tab. The Resolution tab describes how the user can set up a lattice
with different resolution regions, allowing specification of finer resolution in areas of interest (e.g.
induced fracture region). Resolution is the average lattice-node spacing (i.e., particle size). A small
resolution will produce more accurate results than a large resolution, but the simulation time will be
longer. Initial trials of a new model should be done with coarse resolution, as there are likely to be initial
difficulties with setting up any new model. Afterward, the model can be run at a finer resolution for final
simulation. The number of nodes across a given model dimension should be considered before setting
the resolution. For example, if approximately 50 nodes across a 500-m block are required, then the
resolution should be set to 1000 cm.

Use Voronoi tessellation

A spherical-grain-based (“regular”) lattice has a significant level of noise, or force (strain) variability,
which becomes a problem if the lattice is upscaled. Consequently, there is a tendency for diffuse cracking.
A Voronoi lattice is representative of polygonal granular geometry with zero porosity. A Voronoi lattice
results in more uniform strains (less dispersion). The Voronoi tessellation option uses a lattice generated
from Voronoi tessellation instead of connecting springs between nodes using a packing of spherical
particles. A spring between two nodes represents the contact/common face between polyhedral blocks
that contain those two nodes. The spring stiffness is set proportional to the area of contact face. This
reduces the variation in spring forces for a uniform stress state. This option generates more springs;
therefore, the code will run slower. This option is recommended when the lattice resolution is large
compared to the rock grain size (i.e., greater than 1 cm).

The regular lattice uses only tensile strength to calibrate the spring strength. The input fracture
toughness should not matter for the regular lattice. Instead, the apparent fracture toughness will be a
result of the tensile strength and particle radius. Thus, the apparent toughness will increase with an
increase in the particle radius. For typical tensile strength and particle radius greater than ~1 cm, the
regular lattice should overestimate the fracture toughness.

The Voronoi lattice uses both the tensile strength and the toughness to calculate the spring strength.
Effective strength is smaller of two. For typical properties and resolution greater than 1 cm, the fracture
toughness will control the spring tensile strength.
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Preserve inner cluster springs intact

If selected, the nodes inside a cluster will be treated as elastic material. It is recommended to select this
option to avoid spurious cracking in the cluster region and avoid any errors in the cluster logic.

Rotation scheme — spin on

If checked, the moment will be computed on mechanical nodes. Checking the rotation scheme is
recommended. Spin calculations are important in problems where bending and/or rotation is
anticipated. Turning spin calculation off can optimize some simulations, but the user should be aware
of its effect on model accuracy.

Minimum number of elastic springs

A node keeps track of the number of solid springs connected to it. When a spring is broken, its nodes
update their solid spring count. A solid spring is either an intact spring or a spring that is not intersected
by a joint. When the number of connected solid springs is less or equal to the minimum number of
elastic springs, the node is marked as a loose node. A spring is broken, forming a microcrack, only if the
number of solid springs on both nodes connected to the spring is greater than the minimum number
of elastic springs. In other words, springs are considered unbreakable if their nodes have a solid count
less than the loose node criteria. Loose nodes do not update their moment.

Delete loose nodes

If this variable is checked, loose nodes will be deleted during lattice initialization. Loose nodes are
explained above.

Loose node aperture limit

Defines the maximum aperture value for fluid nodes for springs with loose nodes. The purpose of this
limit is to prevent the loose nodes acting as infinite sinks in the coupled hydro-mechanical simulations.

Mechanical time step factor

Factor applied to mechanical time step, which cannot be greater than 1. The purpose of the factor is to
reduce the mechanical time step if there is an indication of numerical instability. The time step is
calculated from the condition of stable simulation. However, some non-typical conditions may result in
instability for the calculated time step.

Lattice grid edge (for plotting and export data)

The field Lattice grid edge defines the length of the zones in a three-dimensional grid that will be used
to upscale lattice quantities and calculate, for example, stresses and permeability. It is very important to

have the edge length of the grid cell set correctly to have a representative number of springs inside a
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given cell. Cells without springs may occur if the edge is too small compared to the lattice resolution. It
is recommended that the grid cell edge length be four to six times the lattice resolution length. The
edge length may be changed after the model is created via the Reset Lattice dialog.

Interpolation grid factor

Dimensionless experimental value used to calculate the lattice grid edge. The recommended value is
2.0.

Hydro-mechanical sub-stepping — activation, maximum value, and factor

The simulations start with equal fluid and mechanical time steps. Subsequently, in typical problems, due
to fractures opening, the fluid time step becomes smaller than the mechanical time step. If this feature
is active, the code will carry out sub-stepping by conducting multiple flow steps per one mechanical
step. The sub-stepping and the number of fluid time sub-steps is computed as the following:

nflstep = substepFactor * (fTimelncO / fTimelnc) / 2
where:  nflstep is the new number of fluid sub-steps.
fTimelncO is the initial fluid time step equal to the mechanical time step.
fTimelnc is the current fluid time step;

The new number of fluid steps is a value between 1 and the maximum value entered.

Microseismicity — Select event type

Microseismicity is caused by bonds breaking (tensile events) in the rock matrix and sliding along joints
(shear events). The program can track tensile and shear events.

When clustering the joint slip events, the largest N (the number specified by the user) events will be
considered as outliers and removed from the computation. The activation of the microseismicity
tracking feature and the activation of the feature that combine the shear events can be set on the Reset

Lattice dialog.

Flat Joint Model

If Uses Flat Joint Model is activated, the lattice model will be constructed with the Flat Joint (FJ) spring
model as an alternative to the default lattice spring model. The flat joint model simulates contacts
between polyhedral (not spherical) blocks. The flat surface between such blocks prevents their relative
rotation even after a contact is broken. Note that both UCS and tensile strength can be matched by the
lattice if the FJ model is used. The number of sub-contact points in the FJ model can be set by the user
(default value is three). The sub-contacts are used to represent progressive failure and non-uniform
deformation within the contact. Gaps may open and sliding may occur at each sub-contact point
separately. Even if all sub-contact points fail, the FJ model can resist rotation (i.e., can transfer moment)
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if there is compressive stress in the contact. For a three-point FJ contact, the execution time is 1.5 times
slower than a default lattice spring model.

The disk radius multiplier is applied to the spring resolution to determine the FJ radius. The flat joint
radius multiplier is intended to reduce the flat joint radii to obtain a valid microstructure and avoid
overlap between nodes.

Spring failure latency

The purpose of these parameters is to prevent spurious cracking in the model related to inertial effects
caused by energy released immediately after formation of a microcrack (i.e., breaking of a spring). A
microcrack cannot be formed if a close spring was broken within a certain interval time. The spring
resolution times the “radius multiplier” defines the search region in which springs will be checked (i.e.,
marked as "neighboring springs”). In every mechanical step, the interval of current time minus the time
when the spring was broken is calculated. If the interval is less than the "time step multiplier” times the
time step, the neighboring springs cannot be broken. The default values should be used unless the user
has a good reason to change them.

Gravity

This value should be equal to zero if stresses are uniform in the model. If a gradient is used in stress
initialization, the gradient should be consistent with gravity and rock densities.

Seed for random number generation

Allows a new seed to be used where variable random generation is used (e.g., DEN distribution).
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Fluid Tab

Figure 94 below shows the Solution/Fluid tab. The fields for setup of fluid flow simulation are described

in the following section.
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Figure 94 Solution/Fluid tab settings.
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Activate fluid flow

This selection enables flow calculation in joints and induced fractures. When enabled, fluid nodes and
the pipe network will be created where the joints intersect springs during the lattice initialization. Fluid
nodes and pipes will be installed automatically in newly formed cracks.

Activate matrix flow

This selection enables flow calculation within the rock matrix.
Activate Carter leak-off

Activates Carter leak-off computation.

Fluid initialization convergence threshold

Possible values in the range 0.0 to 1.0.

This controls the accuracy of the relaxation scheme in calculating the steady-state of the initial fluid
pressure and flow. This calculation is performed only once and is intended to be more rapid than the
regular non-steady simulation for establishing the initial state.

A small value for this factor will give greater accuracy but require a longer time to solve.
If the initial relaxation scheme is not to be executed, then a factor of 1.0 may be specified.
Fluid time step update interval

Sets frequency of the fluid time step recalculation. Default value is 1 step. By increasing this value, the
model will run faster, but the potential for numerical instability also will increase.

Fluid time step factor

Full Flow option solves fluid diffusion through the entire pipe network. If the Fluid Time Step Factor
(FTSF) is equal to or less than 1.0 (the default value is 1.0), the explicit numerical scheme will be used to
solve evolution of fluid pressures. If the FTSF is greater than 1.0, the code will use the implicit numerical
scheme. The increase in the FTSF will result in a longer simulation time step, which means shorter
simulation time but may also result in numerical instability.

Maximum time step

Determines the maximum fluid time step for the simulation. The purpose of this parameter is to prevent
very large time steps at early simulation stages (when initial apertures are small). The large time steps
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can result in non-physical response (e.g., excessive cracking due to sudden increase in fluid pressure) in
nonlinear problems.

Implicit Solver

The explicit solver is always stable, but it requires a small time step, resulting in a long simulation time
to solve the flow calculation. The implicit scheme uses the Crank-Nicolson method, which has an order
2 in time, allowing a larger time step. A system of pressure head equations must be solved, with one
equation for each fluid node. Flow-only calculation is always stable, but coupled simulations may not
always be stable. In a simulation, the pipe network and pipe aperture grow over time. Therefore, the
number of equations and matrix coefficients are changing continually. Since it is inconvenient and time
consuming to store and constantly rebuild a potentially very large matrix, the solution uses the Jacobi
iterative procedure. Hence, there is no need to create or store a matrix. In this method, even if the
solution converges, accuracy can be affected by long time steps.

The variables listed below control the implicit solver calculation. They are enabled when the fluid time
step factor is greater than 1.0.

Minimum and maximum number of iterations

For each fluid flow cycle, the implicit solver will cycle at least the Min. number of iterations and at
most, the Max. number of iterations. The default value for these fields is 3 and 500, respectively. It is
recommended to set a “Number of iterations of the implicit solver” history to verify if the number of
iterations is reasonable to avoid possible accuracy problems.

Convergence factor

The implicit solver breaks from the cycle if the maximum cycle pressure head-change is less than the
maximum pressure head times the Convergence factor (4).

Simplified toughness-dominated regime options

The simplified toughness-dominated regime is recommended when hydraulic fracturing can be
approximated by the toughness-dominated propagation regime. Pressure will only be applied to fluid
nodes that are connected to an active cluster. No pressure-drop (i.e., uniform pressure in the fracture)
is assumed by default. If the approximate pressure gradient is selected, the pressure gradient is
estimated assuming that the fluid velocity is equal to the rate of advance of the fracture tip. If this option
is selected, the calculation of fluid pressure evolution with time is faster than the full-flow calculation
using the explicit numerical scheme (i.e., FTFS = 1).
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Relaxation factor

To avoid cluster pressure oscillations and potential instability when the simplified logic is used and
sudden changes in distribution of flow between perforation clusters occur (e.g., after diverters plug
some of the clusters), the perforation pressure drop calculation uses a relaxation scheme. The relaxation
factor prevents sudden perforation pressure drop changes (even if the flow rate changes are sudden).
Practically, the smaller the relaxation factor, the slower perforation pressure-drop changes are. For each
step, the stage pressure increment is recalculated. The relaxation factor is applied to the pressure
increment computation, allowing the solution to converge more slowly (values less than 1.0), avoiding
possible numerical errors.

Maximum relative unbalanced volume and Maximum number of mechanical interactions

The fluid volume injected into a stage is accommodated by the volume of the cracks connected to the
stage. Increase in pressure results in the creation of new cracks and opening of all cracks. The simplified
logic for the toughness-dominated regime uses a relaxation scheme by calculating the pressure
increments based on the unbalanced volume (the difference between the injected fluid volume and the
volume of the cracks) with the goal of making the unbalanced volume zero. The relaxation scheme stops
when either the relative unbalanced volume drops below the specified maximum relative unbalanced
volume or the number of iterations reaches the maximum number of mechanical iterations. Use the
Stage relative unbalanced volume history plot item to monitor the simulation convergence.

Fluid velocity factor

Factor applied in calculation of the proppant settling velocity during the simplified logic for the
toughness-dominated fracturing regime.

Perforation pressure-drop relaxation factor

Factor applied in calculation of the stage pressure drop during the simplified logic for the toughness-
dominated fracturing regime.

Use model Young's Modulus minimum value

The relaxation scheme in the simplified logic for the toughness dominated regime uses the smallest
Young's modulus in the model multiplied with the Relaxation Factor as a relaxation parameter to
calculate the pressure increments. However, a layer of very soft material may be applied to the model
boundaries to approximate stress boundary conditions. If the Young's modulus of such a layer is used
in the simplified logic, it will cause the simulation to converge very slowly. By unchecking this field, the
user can override the automatically selected Young's modulus and specify the Young's modulus of the
rock in the region where fractures will occur.
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Hydraulically connected to intersected HF

If this field is checked, intersected fractures during simulation using the simplified logic will be
hydraulically connected.

Aperture Cap

During coupled hydro-mechanical simulations, the joint apertures can be considered fixed (i.e.,
independent of deformation) or allowed to change due to deformation.

An excessive increase in aperture can lead to relatively small calculation time steps and time-consuming
numerical simulations. Setting a cap on the apertures can optimize such runs without significantly
affecting accuracy of the numerical solution.

Possible capped aperture values are:

a) Not capped: aperture is the actual fluid node aperture value.

b) Fixed cap: the aperture is the minimum value between the quantity specified by the user or the
aperture value of the fluid node.

c) Cluster average cap: If the fluid node is connected to a cluster, the aperture cap is the minimum
value of the fluid node aperture or the average of the aperture of all fluid nodes connected to
the cluster multiplied by a factor defined by the user. The default value for the factor is 2.0. The
average cap is calculated according to the average update interval field.

Aperture cap effect

These options apply only to the simulation running in full flow mode. If the option no pressure-drop
is selected, connected fluid nodes are grouped based on the apertures of pipes. The pressure for the
group is calculated and assigned to all the fluid nodes that belong to the same group. Fluid nodes are
reassigned to groups according to the specified update interval field. The limit flow rate option
performs the calculation as explained in the XSite Formulation document.
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Thermal Tab

Figure 95 shows the Solution/Thermal tab. The fields for thermal simulation setup are described next.
For a complete explanation of the thermal usage in XSite, please refer to the companion Thermal

Analysis Users Guide.

Mechanical Fluid Sub Lattice Determinism

I:‘ Activate thermal I:‘ Enable Multistepping During Advection Simulation

. Main Rock

Max. number of advection steps per conduction step | 1000 : |

Max, number of fluid flow steps per conduction step |D = |

Advection time step factor | 1.000000e+00 |

20 Resolution

. Features

I;_FI Hydraulic Fracturing

P History

«® @ solution

Figure 95 Solution/Thermal tab.

Activate thermal

Heat transport (and thermo-hydro-mechanical response), including heat conduction in the rock, heat
advection by fluid and heat exchange between fluid and rock, is enabled.

Enable multistepping during advection simulation

This field enables multistepping during thermal advection simulation. The multistepping divides the flow
pipe network in multiple groups depending on their heat advection time steps and executes the heat
advection calculation for each group at different frequencies depending on their time steps.

Max. number of advection sub-steps per conduction step

The critical time step of heat advection is much smaller (orders of magnitude) than the critical time step
of heat conduction numerical simulation. The optimum sub-stepping would mean execution of each
158



heat transfer model at its critical time step. However, if the conduction time step is executed more
frequently (e.g., every hundred or thousand advection time steps), the execution time will not be
affected significantly while the evolution of temperature in the rock (driven by heat conduction) would
be smoother.

Max. number of fluid flow sub-steps per conduction step

In tightly coupled THM simulations, the heat conduction time step is limited relative to the fluid flow
time step, which is significantly smaller than the heat conduction time step.

Advection time step factor

The factor can be used to reduce the advection time step. The default is 1.0, and it cannot be greater
than 1.0.

Sublattice Tab

The idea of the dual-lattice scheme is that the sub-lattice is used in the limited region around the tip of
the propagating fracture(s) to correctly resolve the conditions of the fracture propagation. Use of sub-
lattice in the limited region of the model allows greater flexibility in selecting a finer resolution for the
sub-lattice and better accuracy of prediction of fracture propagation without affecting the critical time
step (a function of the main lattice resolution) and overall simulation time.

Figure 96 shows the Solution/Sub-lattice tab. The fields for sub-lattice setup behavior are described
next.
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Mechanical Fluid Thermal Sub Lattice Determinism

Sub-attice Active
Sub-attice

. Main Rock

Resolution {cm) |20.00000 =
5
é Generate DXF Seams with neighbor node info
- Extent (cm)
) ) @
Bottom [-20.000 2] [0.000 2] [-20.000 3
Top [0.000 3 [w.000 2 [o.on0 S

. Features

IEE Hydraulic Fracturing

Fﬂ Histary

S
=
=}
]
L ]
L

Figure 96 Solution/Sub-lattice tab.

Sub-lattice active
Activates the sub-lattice computation.
Sub-lattice resolution

Sub-lattice should allow a longer time step for fully coupled simulations. The reason is that the sub-
lattice does not solve fluid flow. Therefore, smaller resolution of the sub-lattice should not affect the

flow time step.

Generate DXF seams with neighbor node information.

If this flag is checked, when the sub-lattice zone is being initialized, the seam information that will be
applied to the sub-lattice node will be inferred from the neighboring lattice node. This speeds up sub-
lattice zone activation. Otherwise, the seam information will be inferred from the seam geometry.
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7.0 Appendices

Appendix 1 - Workflow for Modeling of Effects of Reservoir Depletion (Parent-
Child Wells)

A1.1 Introduction

XSite includes functionalities that allow efficient modeling of parent-child well interaction. It is assumed
that reservoir stimulations from both the parent and child wells are modeled in XSite. The production
from the parent well is simulated using a reservoir simulator software (RSS), with reservoir properties
(e.g., permeabilities and porosity) that can be obtained by upscaling XSite results (of reservoir
stimulation from the parent well) such as created hydraulic fractures and propped apertures of both
pre-existing and hydraulic fractures. The depleted pressure field, after some time of production from
the parent well will have effect on stimulation from the child well. Thus, the model of the child well
should be initialized by the reservoir state (fracturing, propped apertures, and stresses) from the parent
well at the end of the simulation of its stimulation phase, and by the depleted pore pressure field
resulted by production from the parent well at the time of stimulation of the child well. The methodology
of modeling parent-child well interaction in XSite is described in this appendix.

A1.2 Model Creation

Two independent models, for parent and child wells, should be created with the same geometry. The
first model (M1) will include parent wells that will be stimulated first and provide the permeabilities for
the RSS. The second model (M2) will include child wells that will be stimulated after production from
the parent wells and the depletion of the pore pressure field. Figure 97 shows the geometries and well
designs for models M1 and M2, which should have a soft layer on the top boundary to allow model
subsidence caused by depletion.
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Model M1

Model M2

Figure 97 Geometries of the parent- (Model M1) and child-well (Model M2)
models

A1.3 Child-Well Model Initialization

After running the simulation of Model M1, permeability data are exported to the RSS and depletion
data will be available after the RSS production simulation. Model M2 includes the geometries of the
child wells. Although it does not need to include the geometries of the parent wells, the child-well model
must include the state at the end of the stimulation of the parent well (i.e., the end of simulation of
Model M1).

The dialog box shown in Figure 98 is a screenshot from Reset Lattice/Import Data. The same dialog box
is also available in Batch Simulation/Pre-Process (Import). The dialog shown in Figure 98 provides
control of the functionalities that enable proper initialization of the child-well model (Model M2). There
are two ways to import the fracturing data into Model M2.

162



W Reset Lattice

Mechanic, Fuid and Thermal Mode Setting Import data

Tmport depiction BOX A

Apply depletion Apply pore pressure using grid file (l] w
Grid file info

shift (X,Y.Z) (2) |0.000 = |0.000 < | 0.000 > | Rotation (degrees) (3] 0.000 = D Rectangular and uniform grid (4)
[ tonvert geometry file from foot to meter (5)

Geometry file (6) | Browse

Pore pressure file (7) I Browse ..
Initial Pressure 0.000000 s (8) Pressure conversion factor | 1.000000 z] (9)

Import Initial State BOX B
Fiename | (10) Browse _

Import Aperture or Proppant Concentraton Box c
[] tmport aperture or proppant concentation from ITASCA fuid elements fie 5V format)  (11)
File name (12) Browse ...

File format

@ aperure (13) (O Proppant concentarion

[ Set crack counter fused for Mc plotting) (14 2 [ override crestion time secs) 0,000 4 (15)
Import only connected Auid elements (16) [ comerttosiumts  (17)
Shift (m) (18) 0000 :‘ 0.000 <1 [0.000 3| Hortzontal Rotation (degrees, doduvise fromherth)  (19) 0,000 5

Extent fm) BOXD
ength Width Height

Lower (0,000 %] [o.000 2] [o.000

| (20)
|

SO

Upper (0,000 2] o.000 2] [0.000

Figure 98 Import data using "Reset Lattice" dialog.
Importing directly from XSite save file.

Load model M2 and initialize it (run simulation for 0 seconds). Use dialog in Figure 82 to import Model
M1 last simulation state.

In “Box B" of Figure 98, select “Import Initial State”, navigate to the directory where the Model M1
simulation states are located, and select the proper state file (at the end of the simulation of Model M1).
Press the "OK" button to load the state.

The code will verify if the dimensions of the models are the same. For this version of the code, the width
of the models may be different, but the length and height must be the same. The springs in Model 2
that exceed the width of Model 1 will be initialized with stress conditions defined in Model 2.

Add a "Matrix” and "Stress Contour” and “Microcracks” plot items to check if the model was properly
imported. We recommend adding a “cut plane” before using the contour plotting because construction
of contour plots sometimes may take a while. Also, the contour plot item is more illustrative (less
fluctuations) if the lattice grid edge is four to five resolutions long. You may also use the Microcracks
plot items to display the imported fractures. Make sure that the “connected” flag of this plot item is not
checked.
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Importing from CSV file

The second method provides more flexibility (e.g., not required matching geometry between Models M1
and M2) but requires following of the multiple steps. These are the steps to import data (fracture
geometry, apertures, and proppant concentration) from models used for the simulation of parent wells.

1) Export in .csv format a fluid elements file from the model where the parent wells were simulated
(Model M1) using menu options “File/ File/Export data/Fluid Elements”.

2) Load the child well model and initialize the model (i.e., run a simulation for zero seconds).
Applying adaptive resolution before importing is recommended.

3) Import apertures (more details in the following sections).

4) Plot "Microcracks” to verify that the data is imported correctly.

5) Run in the mechanical mode with elastic option until model reaches equilibrium. (To make sure if
model is in equilibrium, plot "Velocity Filed” and check if the largest velocity is less than 1e-6 m/s).

6) Run in the mechanical mode until model reaches equilibrium.

7) Plot "Fluid/Pipe/Apertures” and compare with the parent well model to make sure that there is a
reasonably good match.

8) Import proppant concentration (more details in the following sections).

9) Plot “Fluid/Proppant Concentration” to verify if proppant concentration was properly imported.

10) Run in mechanical mode with elastic option until model reaches equilibrium.

11) Run in mechanical mode until model reaches equilibrium.

All the steps above can be easily created and added to batch items via the Batch Depletion Workflow
dialog that is described in the section “Batch depletion workflow".

Importing Apertures

This operation will install microcracks, fluid nodes and pipes into the existing lattice. After the model is
run to equilibrium, stresses will be in place.

The file that contains aperture data is obtained from the model used for the simulation of the parent
wells. Use the menu option “File/Export Data/Fluid elements” to create the file. In the dialog "Export
Pre-Existing Joints” dialog select the file format option “Pre-existing joints and microcracks.” Note that
this file contains both, aperture, and proppant concentration information.

To import apertures, first you need to have the model initialized. Aperture data is imported using either

the “Reset Lattice” dialog (press the < button on the toolbar to access this dialog) or using batch
operation. Figure 98 shows the tab "import Data” of the "Reset Lattice” dialog. The same fields are
defined on the Pre-Process (Import) tab of the Batch Simulation dialog.

To import aperture, you need to fill the fields located in “BOX C” in the figure above:
1) Check the option “Import aperture or proppant concentration, field (11). This will activate the fields

(12) to (19).
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2) Enter the name of the fluid elements file exported from the parent-well model field (12). Use the
browse button to navigate to the directory where the file is located.

3) Select Microcrack, field (13) on file format.

4) Fields (14) and (15) allows to set the Microcrack Counter and Override the Microcrack creation
time.

5) Itis recommended to select “Import only connect fluid elements (16) “to avoid importing spurious
microcracks created during the parent well simulation.

6) Select the "Convert to Sl Units ... (17)" check box if the parent well file uses oil-field units.

7) Fields (18) and (19) allows to translate and rotate the input data. For example, to translate the data
10 m in the west direction, enter “10 m" into the “Translation/East” field. The “Horizontal Rotation”
field will rotate the model in the clockwise direction from northing.

8) The default values for the extent are the upper southwest and lower northeast corners of the child-
well model. By using the default values, the data will be imported in the entire model. However, if,
for example, for a model with dimensions 20x20x20 m you want to import data only into the top
10 m of the model, specify "-10 m” in the "Lower” and “Height” field.

9) Press the "Import button” to import the data. A dialog box will be displayed informing how many
microcrack or fluid elements were imported into the model. This number should be used to check
with data from the parent well simulation. Plot Microcracks to confirm the number and location of
the imported fractures. After the model is run to equilibrium plot Pipes/Aperture to verify if the
apertures match the parent-well model.

Importing Proppant concentration

The procedure for importing proppant concentration is the same as for importing apertures, except that
for field (13) of Box C of Figure 98 where the selection should be “Proppant concentration.”

A1.4 Applying Depletion Data
The depletion data are imported using two files, the geometry and depletion data files:

1) The geometry file contains grid information, and it is the same file used to create the permeability
tensor data sent to the SSR. XSite has the capability to create a grid file in the proper format. Section
A1.6, (Format of the geometry file) contains an example of this file.

2) The depletion data file contains a pore pressure value for each corresponding zone in the geometry
file (grid file). Section A1.7 describes the format of the depletion file.

To import the depletion data, follow these steps (with reference to Box A in Figure 98).

1) Select "Apply pore pressure using grid file” from the “"Apply depletion” combo box by field (1).

2) If the grid file is given in global coordinates, set the transformation values for fields Shift (X, Y, Z) by
field (2), otherwise set these values to zero.

3) Use field (3) to horizontally rotate the input data if necessary. The model will rotate in the clockwise
direction from northing.
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4) If the grid file is regular and uniform, check the filed (4) box. This will reduce the time that the
program takes to import the data.

5) Select “"Convert geometry file from foot to meter”, field (5), if Model M2 geometry is specified in
meters and the grid file is specified in feet.

6) Use the browse button to obtain the path of the grid file in field (6).

7) Use the browse button to obtain the path of the depletion file in field (7).

8) The initial pressure in field (8) is the initial pressure in the RSS model. The pressure read from the
depletion file will be subtracted from this value and applied to the model (as the pressure change
causing model deformation and stress change).

9) The internal unit for pressure in XSite is Pa. Enter the appropriate conversion multiplier factor in field
(9) if the pressure unit in the depletion file data is not Pa. For example, to convert from PSI to Pa
enter the value 6,895.0. If no initial pressure is specified in field (6), the values in the file must
be negative, otherwise the multiplier should be a negative number.

10) Press the OK button to import the depletion data.

If the pressure read from the depletion file is zero, the pressure assigned to XSite will use the user input
initial pressure. The pressure read from the depletion file will be subtracted from the initial value and
applied to the XSite model (as the pressure change causing model deformation and stress change). The
program algorithm works as following:

initialPressure <= from user input

pres <= read from depletion file

if (pres is equal to 0) pres = initialPressure; // zero value is specified, assume same as background
pressure

delta_pres = initialPressure - pres; // Change in pressure

new_pres = Xsite_Pressure - delta_pres; // Pressure to be used for matrix pressure

Xsite_Pressure = new_pres

After the depletion operation is completed, the dialog shown in Figure 99 will be displayed. Make sure
that the data were successfully imported by verifying that the number of matched springs is not zero.

Also, use the “Matrix Pore Pressure” plot item to verify the pore pressures were properly applied (Figure
100). In the plot, the plot item “Upper Limit" was set to -1.0 to discard positive pressures and contour
attribute is inverted.

After importing the depleted pore pressure field, the model should be run to mechanical equilibrium
(2-10 s depending on the model size and depleted pore pressure field). The first part of the equilibration
step should be in elastic mode. For example, if you are running the equilibrium phase for 2 s, run the
first second in elastic mode. This will avoid the creation of spurious cracks due to the stress changes
caused by pore pressure depletion.

Be aware that the Biot coefficient should be set to correct values (in material properties) so that stress
changes associated with pore pressure changes are properly calculated.
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Model M2 is now ready for simulation of the second well.

B xsite200_64 X

Finished parsing grid file D:/home/magt/examples/hf/2018-bp-
support/depletion/example files/stage_2m_stages_fixed_1.cor. Read 44,280,004
lines, Created 8,856,000 zones

Grid extent from -1200.000,-120.000,-346.000 to 0.000,120.000,-100.000

Finished parsing grid file D:/home/magt/examples/hf/2018-bp-
support/depletion/example files/Trex_1H_12_Trex_1H_12_RECUR_ fixed.cor. Read
285,989 lines. Read & 856,000 values.

Deplet o Dot R dlle
Mapped springs (applied pore pressure to): 10,379,225.
Mot mapped: 0

Figure 99 Message displayed after depletion data is imported.

XSite 3.0.15 Case B
©2019 Itasca Consulting Group, Inc. Simul time (sec): 2

Step 0 Time to finish (sec): 0

9/13/2019 8:37:23 AM Memory usage (Kb): 4,143,935
Number of nodes: 641,564

Matrix Fluid Pressure Nember of springs: 4,564,590
I -6.9300E+04

-2.5000E+06
-5.0000E+06
-7.5000E+06
-1.0000E+07
. -1.2500E+07
H -1.5000E+07
-1.7500E+07
-2.0000E+07
-2.2500E+07
-2.5000E+07
-2.7500E+07
-2.8500E+07

Figure 100 Pore pressure after depletion data is imported.
A1.5 Depletion workflow module

The "Depletion Workflow” module automates the process of initializing the parent-well models. With
few keystrokes one can easily add to batch processing items the steps that are outlined in the previous
sections. The Depletion Work module can be accessed by pressing the "Depletion Workflow” button
available in the “Batch Simulation Steps” dialog as shown in Figure 101.
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B ' Batch Simulation Steps

Saved files:
Directory where saved files wil be stored | A | | Bronsai
Mame State  Status Start End Sim. Time(s)  Mech. Fluid Simp

VAR-

1 ACZH 51 on 0.00000 Off Off Off
EQIIZ- .

2 ACZ2H 51 off 1.00000 Elastic Off Off
EQIUZ-

3 ACZH 51 Off 1,00000 on off off

4 St off 358, 10000 O O PresG
ACZH 51 ! n n resir..

5 sIM- off 142.80000 O 0O PresG
AC2H 51 . n n resGr..

5] 2 off 52.50000 O 8] PresG
AC2H 51 . n n resGr..

7 S Off 22,50000 o 0 Presi
ACZH 51 . n n resGr...
EQU4-

3 ACZH 51 On 5.00000 On off off
VAR-

9 AC3H 51 off 0.00000 Off Off Off
EQIIZ- .

10 AC3H_S1 off 2,00000 Elastic Off Off

£

Clone Delete

T4 1 ={E% Duration Depletion WarkFlow Add

Figure 102 below shows the “Depletion Workflow” dialog. The workflow is divided in four separate tabs.
The checkboxes that are selected in the dialog will be added to the batch steps in the sequence in which
they appear in this dialog. For example, if you select “Import Aperture from .CSV file” on tab "Step (1)
Import Aperture”, the fields that you populate in this section of the table will be included in the first

i

Figure 101 Accessing Depletion Workflow dialog.

batch step that will be generated by the workflow.

The first three tabs of the dialog are grouped according to how they will be processed during the batch
operation: pre-process, simulation, and post-process. The fields available in these tabs should be
populated as explained in sections above. If “"Mechanical active” is also selected, a second batch step is
created for the tab. Therefore, these three tabs may generate one or two batch steps each, depending

on the items selected.
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After executing all tasks defined in the workflow, the simulation time may be different from the start
injection time defined in the pumping schedule. Tab 4, “Step (4) Simulation time” will add a batch
command that will reset the simulation time to be the same as the start injection time.

B’ Depletion Workflow Dialog ? *

Step (1) Import Aperture Step (2) Import proppant concentration Step (3) Import Depletion Step (4) Simulation Time

Pre-Process

Import Aperture
D Import aperture from ITASCA .C3V file (Fluid elements)

File name Browse ...

Convert to 5l units

Extent (m)
Length Width Height
Lower -800.000 = -150.000 = -250.000 %
Upper 0.000 S 150.000 = 0.000 =
Shift (m) 0.000 = 0.000 = 0.000 S
Horizontal Rotation (degrees, clockwise from North) 0.000 o
Simulation
[T] Elastic Mode active Simulation time (sec 2 000000 =
[] Mechanical active Simulation time (sec 1.000000 S
Post-Process
|:| Save state Saved file with same name as project file

I Create depletion batch steps before this step 1 = I ¢ oK Cancel

Figure 102 "Depletion Workflow" dialog

The value of the field “Create depletion batch steps before this step” will place the batch steps created
by the workflow before the batch item indicated in the box. For example, six new depletion batch items
will be created and if the value entered in the edit box is 2, the new batch items will be placed between

locations 2 and 7 and the previous batch items located after position 2 will shift down six slots to position
8.
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A1.6 Format of the geometry file

The grid size is 74 x 38 x 10 m. The location 1,1,1 is the top corner on northwest. The locations change
in the following order: | or (X) most rapidly, then J or (Y), then K or (Z). The first 24 numbers represent
the gridpoints of the zone on the northernmost and shallowest row of depletion from west to east.

CGRIDBLOCK:1=1,J=1,K=1

-664.000 114.000 -130.000 -658.000 114.000 -130.000
-658.000 108.000 -130.000 -664.000 108.000 -130.000
-664.000 114.000 -136.000 -658.000 114.000 -136.000
-658.000 108.000 -136.000 -664.000 108.000 -136.000
CGRIDBLOCK:1=2,J=1,K=1

-658.000 114.000 -130.000 -652.000 114.000 -130.000
-652.000 108.000 -130.000 -658.000 108.000 -130.000
-658.000 114.000 -136.000 -652.000 114.000 -136.000
-652.000 108.000 -136.000 -658.000 108.000 -136.000la
CGRID BLOCK: 1 =73,)J=38,K=10

-232.000 -108.000 -184.000 -226.000 -108.000 -184.000
-226.000 -114.000 -184.000 -232.000 -114.000 -184.000
-232.000 -108.000 -190.000 -226.000 -108.000 -190.000
-226.000 -114.000 -190.000 -232.000 -114.000 -190.000
CGRIDBLOCK: 1=74,)=38,K=10

-226.000 -108.000 -184.000 -220.000 -108.000 -184.000
-220.000 -114.000 -184.000 -226.000 -114.000 -184.000
-226.000 -108.000 -190.000 -220.000 -108.000 -190.000
-220.000 -114.000 -190.000 -226.000 -114.000 -190.00

A1.7 Format of the depletion data file

Values are space separated and use 10 values per line. Each value in this file corresponds to a zone in
the grid file. For zero values, XSite assumes same value as background pressure. Lines starting with the
'C’ character are considered comments and they will be discarded. The pore pressure values in XSite are
defined in Pa.

CROOT 45 20 10

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
12597.05 12597.05 12597.05 12597.049 12597.047 12597.045 12597.043 12597.041 12597.039 12597.036
12597.03 12597.02 12597.02 12597.023 12597.019 12597.016 12597.012 12597.008 12597.004 12597.000977
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
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Appendix 2 - Parametric Study of Multistage Models
A2.1 Introduction

Preparing parametric study of multistage models may be cumbersome and error prone. XSite is capable
of automatically, efficiently and accurately prepare the input files for parametric studies. In addition,
XSite allows creation of different fracture design scenarios utilizing different completion designs,
combining them to create new models.

A2.2 Simulation Setup

Utilizing the XSite GUI (Parametric Study dialog box, Completion Design tab in Figure 103) the user
will be able to generate files that contain different variations of stage design and pumping schedules.

A2.2.1 Workflow

The workflow to create the stage design and pumping schedule files is the following:

1. Create Cluster Design (Resources Menu) items.

2. Create Stage Design (Resources Menu) items utilizing Cluster Design items created in
item (1) of this list.

3. Create Pumping Schedule (Resources Menu) items.

4. Create Simulation Sequence (Resources Menu) items with Pumping Schedule items
created in item (3).

5. Create well trajectories (Hydraulic Fracture/Trajectory tab). Associating stage design to well
trajectories is optional. However, stage design records attached to a well trajectory may be
used as the basis for creating the variation files for stage design.

6. Optionally, create Simulation Sequence items (Hydraulic Fracture/Sim. Sequence tab). The
simulation sequence items may be used as the basis for creating the simulation sequence
variation files.

7. Create intermediate files with variations of stage design and simulation sequence records that
will be merged into different model configurations (Parameters for Completion Design tab
of the Parametric Study Setup dialog).

A2.2.2 Creating Configuration Files

This section details item (7) of the workflow above—that is, how to create the files used to set up the
different completion design configurations. The creation of the stage design and simulation sequence
variation files will be performed on the tab Parameters for Completion Design located on the
Parametric Study Setup dialog (Figure 103).
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B Parametric Study

Working directory ‘ g {1) Browse ...
Parameters for Completion design Parameters for Field Conditions Select existing files Post-process Setup Job Definition Job Status
Stage Design Files Simulation Sequence Files
File ID Borehole name  Stage Name-Design Top File ID No sim. seqs Total pumping time (sec)
1 sd_plus100 35H,34H,33H 33H51-533H,33HS2... 29171 1 ss1 9 199487
2 sd_minus100 35H,34H,33H 33HS1-533H,33H52.. 491.71 2 ss2 9 19948.7

(2)

(3)

Clone Delete {5 ) Add Clone Delete

(4)
(7)

Generate merge files Merge files

(6)

Reset Generate files Submit job Results(stats) Close Cancel

Figure 103 Dialog box for parametric study set up.

The tab Parameters for Completion design has the following elements:

The Working directory in field (1) specifies where configuration files will be created.

2. The left side panel, field (2), is where the user will define the completion design files. Each line
on this panel represents a different stage design configuration file.

3. The right panel, field (3), is for defining the simulation sequence files. Each line on this panels
represents a different simulation sequence configuration file.

4. The set of buttons in field (4) will add, clone, and delete stage design configuration files. When
the Add button is pressed or an item in the panel is doubled-clicked in this panel, the dialog
displayed in Figure 104 is showed. This dialog will be discussed in this appendix.

5. The set of buttons (5) will add, clone, and delete simulation sequence configuration files. When
the Add button is pressed or an item in the panel is doubled-clicked, the dialog displayed on
Figure 105 is showed. This dialog will be discussed in this appendix.

6. After the configurations for stage design and/or simulation sequence files are set, if the
Generate merge files, field (6), button is pressed, the program will create all the configuration
files defined in both panels.

7. Button Merge files in field (7) will invoke the dialog box shown in Figure 106. A merged file is
the combination of a stage design and/or a simulation sequence file with the current
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configuration file. The user may load and inspect the merged file to verify if the desired
configuration is correct. This dialog is discussed in this appendix.

Creating Stage Design Files

The dialog shown in Figure 104 will be displayed when the user presses the Add button or double-clicks
on one of the items of the stage design panel of Figure 103. This dialog is used to associate a file name
with a set of stage designs and corresponding boreholes. The user must enter a unique file ID in field
(1). This value will be used to compose the name of a stage design configuration file. The stage design
configuration file names will be prefixed by “sd_" and followed by the ID value specified in field (1). For
example, using the file ID value of “test1”, the file name will be “sd_test1.xml". The file is in XML format.
Each item in list Stages, field (2), is the definition of a set of stages that uses a stage design previously
defined in the resources database, associating the stage with a previously defined borehole. The first
cluster of this stage will be created at the measured depth specified for this item. The following clusters
will be created according to the “spacing between clusters” value specified in the stage design resource
record. You may select a stage design that has been previously assigned to a well trajectory and apply
it to a borehole by using combo boxes (3) and (4) and pressing the button Get Stage Design. This
action will copy all stages defined for a well trajectory to the selected borehole. You may slide the
location of all clusters of a stage in the borehole by selecting a line in the Stages list, entering a value
that you want to slide and pressing the Slide on selected button (5).
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1 ' Stage Design - File Dialog ? X

File ID sd_minus100] ( 1]

Stages

Borehole Name  Stage Name Stage Design  leasuerd Depth (n Cluster design  # clusters ~ #
T3H (2)  33Hst §33H 491.710 7 7
2 33H 33HS2 S33H 568.000 c7 7
3 33H 33HS3 533H 643.281 or} 7
4 34H 34H51 3 491.710 c7 7
5 34H 34HS2 ) 568.000 on} 7
6 34H 34H53 S 643.281 c7 7
7 35H 35HS1 5 491.710 7 7
8 35H 35HS2 5] 568.000 c7 7

v

< >

Apply Stage Design from Wel Trajectory | 334 (3) v | onborehole |54 (4) + | [Getstage Design

-

0.0000 |5 | Slide onselected meters {5] Add Delete Clone

Save Cancel

Figure 104 Dialog box for defining a stage design configuration file.

By pressing the Add button or double-clicking a line in the Stages list of Figure 104, the dialog in
Figure 105 will be shown. In this dialog, the user will be able to associate a stage design to a borehole.
A borehole can be selected from the drop-down box (1). The user must enter a stage name in field (2)
and select a stage design resource from the drop-down box (3). Finally, in field Measured Depth (4),
the user must enter the location relative to the start of the borehole where the first cluster of the stage
will be created.

8 | Stage-Borehole Dialog ? *
Borehole 334 {1) -
Stage Mame | 33H51 {l} |
Stage Design Name 537H {3) -
Measure depth (m) |291|?10 {4} D |
Cancel

Figure 105 Stage design - Borehole dialog.

Creating Simulation Sequence Files

The dialog shown in Figure 106 will be displayed when the user presses the Add button or double-clicks
on one of the items of the simulation sequence panel [field (3) of Figure 103]. This dialog is used to

associate a file name with a set of simulation sequences and corresponding boreholes and stages. The
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user must enter a unique file ID in field (1). This value will be used to compose the name of a stage
design configuration file. The stage design configuration file names will be prefixed by “ss_" and
followed by the ID value specified in field (1). For example, using the value specified in Figure 106, the
file name will be “ss_var_2.xml". The file is in XML format. Each item in the list of simulation sequences,
field (2), is the definition of a simulation sequence that uses a simulation sequence previously defined
in the resources database that is associated with a previously defined stage of a borehole. You may copy
the simulation sequence records defined in the current model by pressing the Copy from model,
button (3).

B Sim. Sequence Design - File Dialog 7 >
File ID
Name Pumping Time VAR Equi. Ph (2] Equi. Ph (4] &)
1 1-34H-34H52  2276.600000 Mo Yes Yes
2 2-34H-34H53  2276.600000 Mo (2) Yes Yes
3 33H_STG1-33.. 2077.200000 Mo Yes Yes
4 35H_5TG1-35.. 2134.700000 Mo No Yes
5 4H_STG1-34.. 2077.200000 Mo Yes Yes
6 33H_5TG2-33.. 2276.600000 Mo Yes Yes
7 35H_5TG2-35.. 2276.600000 Mo Yes Yes
8 34H_STGZ-34.. 2276.600000 Mo Yes Yes
9 33H_5TG3-33.. 2276.600000 Mo Yes Yes
10 35H_STG3-35... 2276.600000 Mo Yes Yes v
E 4 Copy from model {3} {4) Add Delete Clone Save Cancel

Figure 106 Simulation sequence - file dialog.

By pressing the Add button (4) a dialog box containing a drop-down box displaying all Simulation
Sequence items defined in the resources database will be shown. The user may select one of the
predefined simulation sequence records from this drop-down box. If the user clicks "OK", the dialog in
Figure 107 will be shown. This dialog may be also invoked by double-clicking a line in the list of
simulation sequences in Figure 106. In this dialog, the user will be able to associate a pumping schedule
previously defined in the resources database to a stage of a given well. This is accomplished by either
double-clicking one line of the pumping schedule list or pressing the Add button, highlighted in Figure
106. Either action will invoke the well/stage pumping schedule dialog shown in Figure 107. Note that
the user must create the association of a pumping schedule with a stage for the simulation sequence
file to be created.
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B Simulation Sequence Dialog ? x

Name | 3

(1) Adaptive resolution

[] Apply adaptive resolution Multiplier of resolution for interpolation grid size 2,00000 =
Edit Resolution Domain Critical fraction of broken springs for fracture in coarser lattice 0.250 =
Save State Create saved file with the same name as project file Create results file

(2) Reset Pressure and Mechanical Equilibration

Equilibrate model- Time (sec) |2,ugoog = | Elastic Mode active [] reset node displacements

[] reset sub-attice [] save state [ ] Create saved file with the same name as project file [] Create results file

(3) Injection Phase
Total pump time (sec)

2376.600000 [ Reset sub-attice
Save State [] create saved file with the same name as project file [ create results file G
umping Sched Add
Clone
£ >
(4) Reset Pressure and Mechanical Equilibration
quilibrate model- Time (sec] 10.00000 s astic Mode active eset node displacemen
[ Equilibrate model- Time (sec) | 3| [ Elastic Mode act [] Reset node displ ts
Allow aperture change Reset subatti
[] pressure (MPa) 0.00000 = [] Reset sub-attice
Save State [ ] Create saved file with the same name as project file Create results file
Batch built order (1), (2), (3), (4) Cancsl

Figure 107 Simulation sequence dialog.

All pumping schedule records previously defined in the resources database will be available for selection
in this dialog in the Pumping Schedule drop-box (1). Once the pumping schedule is selected, the user
may retrieve the default values (e.g., pumping time) of the selected pumping schedule by pressing the
Apply Default button (4). Finally, the user must associate a stage to a pumping schedule by pressing
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the Add button (6). This association may be changed by double-clicking one of the lines of the
Well/Stage selection list.

B " Select well/stage for a pumping schedule ? *

Purnping Schedule (1) Stagel_33&34H hd

Start time (sec) 0.00000 5
(2]  Default values {2) current Values

Pumping time (sec) 2077.2 2077, 20000 =

Fluid type Slick_Water Slick_Water -

Fluid time step factor 0.05 0.05000 =

Apply Default (4)
WellfStage selection

el Stage Add (6]
(5) Delete
Clane

Simplified toughness dominated regime
Active Approximate pressure gradient

Save Cancel

Figure 108 Stage-Pumping Schedule dialog.
Merging Configuration Files

After creating stage design and simulation sequence configuration files, the user may merge these data
to a full model configuration file creating a new configuration file. The user may select to use only a
stage design file, only a simulation sequence file, or both. If a stage design configuration file is selected
before creating the new stages, the program will delete all clusters, built-in fluid joints, resolution
domains, and histories from the full configuration file. If a simulation sequence file is used, all existing
pumping schedule and batch items will be deleted from the full configuration file.

The name of the new full configuration file will be composed by concatenating the names of stage
design file and the simulation sequence file after the name of the current full configuration file. For
example, if the full configuration file is named “test.xml”, the stage design file is named “sd1.xml” and
the simulation sequence file is named “ss1.xml”, the new full configuration file will be named
“test_sd1_ss1.xml".

177



Merging the configuration files can be accomplished by pressing the Merge files button of the
Parameters for Completion Design tab located on the Parametric Study Setup dialog (Figure 103)
or by specifying parameters in the command line.

Merging files

When the user presses the Merge File button in Figure 103, the Select files for merging dialog shown
in Figure 109 will be displayed. Each line added to the list of selected files will result in the creation of a
new full configuration file. In the example shown in the dialog in Figure 109, three new configuration
files will be created. The user will enter a stage design configuration file name in field (3) and a simulation
sequence file name in field (4). After fields (3) and/or (4) are populated, the user will press the Add row
button (5) to create a new line in the selected files list.

B Select files for merging ? *

Stage Design Files (1) Sim. Sequencefiles (2]
1 E/temp/xfr/sd_stage33-34-35.xml E:/temp/ufr/ss_f1.uml
2 BE:/temp/ufr/sd_stages_35_33xml

3 E:/temp/ufr/ss_f1.uml

Select files
Stage design | (3) | I Browse. ..

Simulation sequence | [4] | Browse...

{5) (6)
Add Row Delete Row 0K Cancel

Figure 109 Select files for merging dialog.
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Appendix 3 - Setting Up Multistage Models

A3.1

Introduction

XSite allows creation of different fracture design scenarios utilizing different completion designs and

combining them into different new models.

The example provided has three wells (W1, W2, and W3). Each well has will have three stages with seven

clusters each. They will be stimulated in the order W1-stage1, W2-satge1, W3-stage1, etc.

A3.2

Workflow

The workflow to create a multistage model is the following:

1

2.
3.
4

u

11.

Add a Sketch Model plot item.

Create model geometry, adding seams, DFN'’s, stresses, etc.

Create Cluster Design (Resources Menu) items.

Create Stage Design (Resources Menu) items utilizing Cluster Design items created in step
3).

Save your model.

Create well trajectories (Hydraulic Fracture/Trajectory tab). Fill the well origin information
and add the segments that make up the well. The segments of a well trajectory can be either
defined in measure depth or true vertical depth. For each stage in the well, associate a stage
design to well trajectory.

Build a borehole by selecting a well trajectory and pressing the build button in the top of the
Hydraulic Fracture/Trajectory tab. Select either measured or true vertical depth, depending
how the well trajectory segments were defined. In the example provided measured depth was
used.

When a borehole is constructed, adaptive resolution domains, histories and initial joints will be
added to the model if these features were defined in the cluster and stage design items used to
create the boreholes.

The borehole pumping schedule will be created later when you build the simulation sequence.
Save your work if you are pleased with the location of boreholes and clusters in the model.
Create Pumping Schedule (Resources Menu) items.

. Create Simulation Sequence (Resources Menu) items with Pumping Schedule items

created in (8).

Create Simulation Sequence items (Hydraulic Fracture/Sim. Sequence tab) in the order
that the stages will be stimulated. The simulation sequence items are used to create the borehole
pumping schedule and the corresponding batch simulation items. If the model has three wells
with three stages each, it is necessary to create nine simulation sequence items. After all
Simulation Sequence items are created, press the button Build at the top of the tab. This
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action will create pumping schedules for all boreholes and batch simulation items that will be
executed. The Simulation Sequence dialog is discussed in Section A3.3.
12. Save your model. The model is ready to start a simulation.

A3.3 Simulation Sequence Dialog

The Simulation Sequence dialog (Figure 110) has four execution blocks, (1) Adaptive Resolution, (2)
Mechanical Equilibrium, (3) Injection Phase and (4) Reset Pressure/ Mechanical Equilibrium.
These blocks may be inactive, and each block has an option to save the state of the simulation at the
end of block execution. A batch simulation items will be created for each active block.

Before you construct the Simulation Sequence, for each sequence item, you will need to assign a well
and corresponding stage by double-clicking the pumping schedule item (highlighted box in red in
Figure 110). This will bring the dialog box shown on Figure 111. Confirm the Pumping Schedule from
the drop-down box. Next, press the Add button and a new dialog will be displayed allowing you to
select the well and the stage that will be simulated.

¥ Simulation Sequence Dialog ? X
Name | 1
(1) Adaptive resolution
Apply adaptive resolution
e [1 Multiplier of resolution for interpolation grid size 2.00000 =
Critical fraction of broken springs for fracture in coarser lattice 0.250 D
|:| Increment microcrack counter
[ save State Create saved file with the same name as project file [ create resuits file

(2) Reset Pressure and Mechanical Equilibration
Equilibrate model- Time {sec) | 2.00000 = Elastic Mode active [ Reset node displacements
[ Reset subdattice ] Save State [_] Create saved file with the same name as project file [ create resuilts file

(3) Injection Phase

Total pump time (sec) O
Reset subattice

2077.200000
Save State [ create saved file with the same name as project file [ create results file
*umping Sched. Wells,Stages iid computati tart Time(min nping Time(se  Fluid Type  uid timestep facte iv. Ball Add
1 Wiaw3 Nowel. . SmeLwih o oogoon 2077200000 Sick_Water  0.050000 0 -
Clone
Update start time

{4) Reset Pressure and Mechanical Equilibration

Equilibrate model- Time {sec) | 10.00000 = [ Elastic Made active [ Reset node displacements

[ Fressure (MPa) o = Allow aperture change [ Reset subdattice
0.00000 -

Save State [ Create saved file with the same name as project file Create results file

Batch built order (1), (2), (3), (9 Cancel

Figure 110 Simulation Sequence dialog.
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¥ Select well/stage for a pumping schedule ? X

Pumping Schedule W1BW3 hd I
Start time (sec) 0.00000 <
Default Values Current Values
Pumping time (sec) 2077.2 2077.20000 <
Fluid type Slick_Water Slick_Water -
Fluid time step factor 0.05 0.05000 <
Apply Default
Well/Stage selection
well Stage Add
Delete
Clone
Pre-process
[1 Add duster diversion balls; Number of balls: i} =
Simplified toughness dominated regime
Active Approximate pressure gradient
Save Cancel

Figure 111 Well/Stage assignment.
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8.0 Tutorial Examples

This section contains two tutorial examples to introduce users to XSite. Example 1 simulates the
response of intact homogeneous rock (using the Test Rock in the material database) to water injection
(Figure 112a), whereas three discrete joints that are free to interact with any induced fractures (Figure
112b) are added in Example 2. Please refer to Section 16.1 in XSite, Description of Formulation (ltasca,
2023) for further details and discussion on the results of these simulations.

-1,0,0

Sketch Model
Elements

Origin
Joints
Boreholes
Clusters

Rock

(a) (b)

Figure 112 Sketch of example models (a) without and (b) with joints

In both examples, the model domain is 20 m on each side and contains a borehole with both a vertical
and a horizontal section, with the latter containing two 1.5-m-radii injection clusters spaced 6.6 m from
either end of the horizontal section. A lattice resolution of 0.5 m has been selected, and water is to be
injected simultaneously from each cluster at a rate of 0.01 m®/s. In order to initiate the fluid calculation,
2-m-radii water-filled joints have been placed at the center of each cluster, perpendicular to the
horizontal borehole; their initial joint aperture is assumed to be 0.1 mm. Tables 3 and 4 contain the
physical properties for both water and the intact rock (e.g., Test Rock).

The assumed stress state for both examples is anisotropic, with g« = 1 MPa, g, = 12 MPa and
0z = 10 MPa. It should be noted that the stress magnitudes were selected for tutorial purposes only
and are not typical of reservoir conditions. However, as the initial pore pressure is assumed to be zero,
the model is representative of the effective stresses and net pressures typical of reservoir simulations.
Because the least principal stress is aligned with the horizontal section of the borehole, crack
propagation in the direction normal to the horizontal section of the borehole is anticipated.
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Table 3 Tutorial example: Water properties

Property Value
Density (kg/m?3) 1000
Bulk Modulus (GPa) 2.2
Flow Behavior Index 1
Viscosity (Pa x s) 0.001
Thermal Conductivity (W/m x °C) 0.58
Specific Heat (J/kg x °C) 4184.0
Thermal Expansion Coefficient (1/°C) 2.07e-04

Table 4 Tutorial example: Rock material properties

Property Value
Density (kg/m?>) 2650
Young's Modulus (GPa) 70
Poisson’s Ratio 0.25
UCS (MPa) 200
Tensile Strength (MPa) 20
Fracture Toughness (Paxm'/?) 1.0e+06
Damping 0.1
Friction Angle (°) 25.0
Porosity (%) 20.
Permeability (m2) 1.0e-13
Thermal Conductivity (W/mx°C) 3.0
Specific Heat (J/kgx°C) 795
Thermal Expansion Coefficient (1/°C) 8.0e-06

Simulations will be run for 15 seconds in coupled mode (i.e., mechanical and fluid modes active) after
being run 0.1 second in mechanical mode only (to ensure initial model equilibrium). Crack (i.e., damage)
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counts and acoustic emissions will be tracked during simulation. The solution should include the Spin
on scheme and active fluid flow. Use default values for all other settings.

As shown in Figure 112b, Example 2 adds three discrete fractures (Table 5), which are free to interact
with the propagating fractures, to the scenario of Example 1.

Table 5 Joints in the fractured rock

Joint ID 1 2 3
Dip (°) -70 37 45
Dip Direction (°) 20 342 -215
Radius (m) 3.6 4.0 4.0
Easting/X (m) -7.6 -7.6 -13.0
Northing/Y ( m) -2.0 0.0 0.0
Up/Z (m) -4.0 -8.0 -16.5

Note: Assumed that normal and shear stiffnesses are zero.
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Example 1: Intact Rock

1. Define model geometry, material, in-situ stress conditions and boundary conditions using the
Main Rock Tab as shown below.

B ceometry [ stress/ali. B ceometry [ Stress/Calb,

In-situ stress (Pa) - Gradient (MPa/m)

Magnitude Dip Dir. Dipangle  Gradient
s1 12.000 0000 ¥ 0000 |3 o000 |3
5 5 s2 10.000 0000 [ -s0.000 7] 0000 3
2 3 = = =
] Z s3 1.000 s0.000 [7 0000 7 o003
-4 &
Reference minimum stress 0.000000e-+00

Roller far-field boundary

Reference Point (m) ([ calibration mode

. Features

uet 2000 s Calibration
i 5.000 s z-velocity (m/sec)
w3 0.000 z Confinement pressure (MPa) >
3 2
£ ; Confinement pressure symmetry
5 El
8 — 8 Bending test
& Adimuth (degrees,dockwise from North) 0.000 = &
£ 3 Platen area (res. factor) 2
3 Spring Model Default Model ~ £
z £
& Material TestRock ~ =
Geometry {m)
= Length () 2,000000002+01 [
5 5
= Height (H) 2.00000000e +01 =
8 B
Width (W) 2,00000000e+01
= £
5 (7] use ol Field Units E
E 3
Y [
° ¥

|| 1o
| 17 o

2. Although there are no rock joints per se in Example 1, it is useful to insert a joint at each cluster
location in order to initiate fractures. Use the Features tab and click the Add button shown below.

Add Delete Clone

@

B oints Seam Ml Fluid ° Proppant ﬂ Thermal l:?j Sink

Angle tolerance for joint intersection 10.0 =
c
5
= Descr. ast(m orth(n Up(m) Dip DJipDi
g
4
w
il
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3. Both of these 4-m-wide, very weak injection joints will be positioned perpendicular to the borehole
as defined below. Each joint will be added one at a time.

W Joint Set v X ¥ Joint Set X
Joint Group Bilt-n| Joint Group Built-n]

Shape Rectanguiar Dimension (m) Shape Rectangular Dimension {m)
O cralar () Rectangular Length < Width e O cralar () Rectangular Length 0 Width =
Material properties Stiffress (GPajm) Materizl properties Stiffness (GPajm)

[ use finite stiffness values [0) Use finite stiffness values
Description very weak (0.01) v = Desaription Very wesk (0.01) v =

Normal 0.000 = Normal 0.000 =
Tensle strength (MPa) e - Tensile strength (MPa) S =

Shear 0.000 = Shear 0.000 =
Friction angle {degrees) = Friction angle {degrees) 0.57
Cohesion (Ps) 4 Number of joints 1 = Cohesion (4Fs) Mumber of joints 1 =

s Uses global coordinate system Uses global coordinate system
Diation angle (degrees) = O useso & Dilation angle (degress) O usesg i
[ use in calcuiation of average properties [0 use in calculation of average properties
Zero diation sip (mm) 2 () impermesble Zero diation slip {mm) %) | [] upermestie
[ Exclude from sub-attice activation [ Exclude from subdattice activation

Dip angle (degrees) Reference Paint (m) Dip angle {degrees) Reference Point (m)
Average 90,000 3 East -7.600 S Average 90.000 = East -12.400 =
Standard deviation 0.000 2 Nerth 0.000 = Standard deviation 0.000 = North 0.000 =
Distrbution Gauss v up B Distribution Gauss v Up S
Dip direction (degrees) Spadng (m) Dip direction {degrees) Spacing (m)

Average 0.000 = Average 0.000 =
Average 90.000 ~ Standard deviation 0.000 = Average 90.000 - Standard deviation 0.000 =
Standard deviation 0.000 = Distribution ~ Standard deviation 0.000 e Distribution ~
Distribution Gauss v Distribution Gauss v
Radius (optional) (m) Aperture (fuid) (m) Radius (optional) (m) Aperture (flid) (m)
Average 2,000 Average 0.000100000000 = Average 2,000 e Average 0.000100000000 S
Standard deviation 0,000 2. Standard deviation 0.000000000000 2. Standard deviaton 0,000 = Standard deviation 0.000000000000 =
Distribution Gauss v Distribution Gauss v Distribution Gauss v Distribution Gauss v
Area Ratio 0.000 = = Area Ratio 0,000 = =

Gap (m) 0000000000000 |5 Gap (m) 0.000000000000 |5
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4. As Example 1 consists of a single rock material, no seams are necessary, and the Fluid tab under
the Features tab now can be selected to choose the type and parameters of injection fluid (e.g.,
water) to be used to fracture the rock.

¥4
3
2
] Add Delete Clone
3
‘ BB scints seem BMFud Weroppant ) Themal  Bysek
8 Fluid type Water v
3
2 Base fluid type NONE v
&
High viscosity fluid
Fluid Resolution =
Range (0.6 to 1.2) 0.80 ~
2 Cavitation pressure (VPa) 0.000001000 3
H
&
. Pressure Initialization
(] Fracture () matrix
Constant pressure {(MPa) 0.00000 =
F3
g =
< (7] Pressure gradient. (MPajm) 0.00000 =
s =
£ Elevation of ref. point{m) 0.000 z
2
- Pressure boundary conditions (MPa)
£
E (] Fracture () matrix
(] North 0.00000 2
- [ south 0.00000 5
3
£ [ gast 0.00000 S
Ea
() west 0,00000 >
< () Top 0.00000 =
3 =
& [ gottom 0.00000 2
[ ]
~ Built-in Depletion Domains
. Add Delete Clone
| Name Layers :ast(m orth(n Up(m) ight (i dius1t dius2 ¢ sure (b

5. The borehole can be defined using the Hydraulic Fracturing tab shown below and clicking on
the Add button.

fham Trajectory & Boreholes 1 sim.Sequence

Import Add Delete Clone

. Main Rock

name egment adius Pressure 1jec Rat

. Features 12 Resolution

[ Hydraulic Fracturing
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6. The borehole dialog will appear, and the radius can be entered. Note that injection rate for this
example will be specified later at the clusters and should not be entered in this dialog, as this is
the injection rate at the start of the borehole. To define the horizontal and vertical segments of
the borehole, click the Add button highlighted blue below.

W Borehole 2 %
Properties
Name 1 [ Uses global coordinate system () Apply proppant directiy into dusters
Radius (m) 0.750000 2 Injection rate {m3/s) 0.000000000000 =
Segments
Start-X (m) Start-Y (m) Start-Z (m) End-X (m) End-Y (m) End-Z (m) Stages MD (m) # Clusters Type
Add Delete Clone

Injection Rate Schedule

Stage Bound Cond. Start time(sec) Finish Time Initial InjRate/Pres. Final InjRate/Pres. Initial Proppant Concent.(Kg/m3)

bl
1<

Import Add Delete Clone

Save Cancel

7. The borehole segment dialog will appear, allowing the start- and end- locations of the segment
to be defined. The vertical segment is shown below on the left-hand side, the horizontal segment
on the right-hand side. In order to add the injection clusters along the horizontal segment, click
the Add button highlighted blue in the right-hand side shown. This is not required for the
vertical segment, as it does not contain any clusters.

W Borehole Segment ? X ¥ Borehole Segment ? X

Start location () End location (m) Start location (m) End location (m)

East -1.000000 3 et ~1.000000 g East -1.000000 3 et ~20.000000 2

North 0.000000 S North 0.000000 S North 0000000 S North 0.000000 B

Up 0.000000 <] Up -12.000000 = up ~12.000000 S [ -12.000000 =
Stage Stage

Type Type

© Borchole (O Perforation Tunnels () Open-hole completions O Borehole Perforati Open-hole completions

Borehdle  Perforation Tumels  Open-hole completions Borehde  PerforationTunnels  Open-hole completions

Liner properties

Liner properties

ickness () 0.000000 s lution (o) 0000000000 = Casing wal thickness (m) ~ 0.000000 | Liner Resolution (ar) 0.000000000 2

[ mstall cement [ mstall cemen t

([ nstal interface

O

O O

[ mstallinterface Int

Clsters Clsters
Stage :ast(m orth (r Jp (m Shape dius (1 st start (1 No. Pert Stage :ast(m orth (r Jp (m Shape dius (1 st start (1 No.Pert
11 -7.600 0000 -12.. Sph.. 1500 6.600 12
21 -12.. 0000 -12.. Sph.. 1500 11400 12
Add Delete Clor Add Delete d
s Cancel s Cancal
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A cluster dialog will appear, and the clusters can be defined, one at a time, as shown below. The
relative position of the cluster (with respect to the start of the borehole segment) can be
specified along with the cluster radius and the injection rate at the cluster.

¥ Cluster
Segment
Location (m)

East

Fiuid nodes selection;

[ select fiuid nodes from the folowing joint sets:

W Cluster

Segment

Location (m)

? X
Fiuid nodes selection

[ select fiuid nodes from the following joint sets:

5 JOINT SETS East S JOINT SETS
4 Length(m) 5.0 g - N 2 Length(m) o s - N
A Label East North North 0. A iscriptic Label East North
= 1 Very... Built-in |-7.6 |0 -1 @ S 1 Very.. Builtin |-76 |0 -1
2 Very .. Built-in |-124 0 =i 2 Very.. Built-in -124 |0 -1
Stage stgt Stage stg2
Cluster (m) Cluster (m)
East = Number of Perforations. 12 East = ‘Number of Perforations. 12
— . MNote: T you are planning to plug . . MNote: T you are planning to plug
for T clusters, make sure to specify a o ~ clusters, make sure to specify a
& » + number of cluster perforations o e + number of cluster perforations
™ before starting the simulation. - ~ before starting the simulation.
Distance from segmentstart  6.600000 = Distance from segment start 11400000 =
Radius (m) 1.500000 3 Radus {m) 1.500000 S
Pressure Loss Caleulation Pressure Loss Calaulation
(7] Actvate pressure loss caleulation By checking the box "Select fluid nodes [ Activate pressure loss calculation By checking the box "Select fluid nodes
Perforation Diameter () 3 Tom (2T sEs il Perforation Diameter (m) « e FEERNE
ou
Discharge Coefficient. = Discharge Coefficent. = ong those that
intersect the cluster in which the fluid will
Perforaton factor il dieiin Perforation factor e injected. If the not checked, all
joint sets intersec tion the node will be joint sets intersec tion the node will be
shape selected. S selected
© spherical O cyindrical Cylinder length (m) = © soherical O Cylindrical Cylinder length (m) =

Cancel

Cancal
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9. Because it is of interest to estimate the damage, caused by fluid injection, to the rock matrix, the
crack tracking tool should be activated as shown in the History dialog, as follows. Although not
shown, an alias for any history item can be specified. Click Save for each dialog; Cancel will

clear any changes made.

¥ History

History name Cracks

History Type

) Fluid flow rate (2)
Fluid pressure

Fluid sub-step count
luster flow rate Fluid time step

luster fracture area Matrix pore pressure

) Cluster placed proppant ) Mumber of iterations implict solver

luster pressure Sheared volume

luster pressure drop Stage injected volume

_) Cluster temperarure Stage injected proppant

() Cluster volume ) Stage placed proppant

luster volume change (1) Stage relative unbalanced volume {1)

o Cracks

() Displacement
{1) Applied only to simplified toughness dominated regime
(2) Applied only to full flow logic only

Stage unbalanced volume (1)

() Stage volume

Component Reference point

East North

Stage volume change (1)
Sink flow rate

Sink produced power
Sink temperature

Sink total energy
Stimulated area (Tension)
Stimulated area (Shear)
Stimulated area (Tension+Shear)
Temperature (fluid node)
Temperature (spring)
Time - fluid cyde

Time - mechanical cyde

Time - thermal cycle

up

() Thermal Advection time step

Thermal Conduction time step
Total Carter leak-off - Cluster
Total Carter leak-off - Stage
Total displacement

Total inflow (Fracture)

Total outflow (Fracture)
Total inflow (Matrix)

Total outflow (Matrix)

Total inflow (Frac-+Matrix)
Total outflow (Frac-+Matrix)
Total volume

) Velodity

D Uses global coordinate system

Fracture Area Stumulated Area

Cluster Index Layers

P

ropped

Cancel

Save
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10. Finally, use the Solution tab to specify the model resolution, rotation scheme, fluid flow and
acoustic emissions settings as shown below.

%5 b
& Mechanical Fuid Thermal Sub Lattice Determinism 2 Mechanical Fiuid Thermal Sub Lattics Determinism
< £
5 5
= Model generation =
. Resolutian (cm) 500000000 +01 . ’ Activate fluid flow C] Activate matrix flow C] Activate Carter leak-off
B use voronoi Tesselation
= . = Initialization convergence -
5 [ Preserve inner cluster springs intact 5 reshod 1.000 =
=] 3
g . Rotation scheme - Spin on 7
& =
(] Loose Node Criterion Time step
= =
Minimum number of elastic springs 4 = Update interval 1 =
e [T pelete init loose nod g -
elete initial loose nodes -
2 2 Time step factor 1.00000 +  Value > 1.0 for implicit solver
@ = i — =
= Logse node aperture limit (m) 100.000000 = =
. . Maximum time step (sec) 1,000000e+00
Implicit solver
< Mechanical imestep factor 1,00000 - £ Min, number of iterations 3 =
2 2
«
i c Max, number of iterations 100 s
3 £
g Lattice grid (Plot and export data) ;Z Convergence factor 5.00000000e-02
& Lattice grid edge (m) 2.50000 = ]
b4 Simplified toughness-dominated regime:
=
Interpolation grid factor 2.00000 = Relaxation Fackor 1.00000 =
5 2 ES
- Substepping in hydro-mechanical couping £ (o bW s 0.05000 4
B B =
[ actve Max. number of mech, nteractions 5 =
- -
- Maximum value 0 - Fluid velocity factor 1.0000 =
g 5
3 Factor = E| Pressure increment calculation
“ @
: r——— 2 Perf, pres. drop relax factor 1.000000-04
Use model Young's Modulus
Select event type Shear Events ~ e i
£ 2 —_— N =
= Activate MS via Reset dislog or batch pre-process = Reference Young's (Pa) LA7sn0e 0
— B +vcraically connected to ntersected HF
Flat Joint Model
Aperture
[ activate Flat Jint Model
a Allow aperture change
Disk radius multilier = ] g &
Aperture cap
a
Number of contact points 3
umber of contact poin - O Do not apply cap
-
Spring Failure Latency © vy fixed cap (m) 0.000100000000 =
= Cluster average cap
Radius multipiier 5.000 = O
o~
= Cluster average factor =
Time step multiplier 5.000 =
-
Average update interval 10 -
~ Aperture cap effect
Gravity (m/s~2) 0.00000 =
O umitfonrate () o pressure drop
- -
Seed for random rumber generation 0 - Update interval 10 =
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11.

12.

13.

To start the simulation, click on the Simulate icon ® if this icon is not visible, click anywhere
on the Simulation control panel to change the contextual menu from plotting to simulation
mode. Run an initial mechanical simulation for 0.1 second, followed by a coupled hydro-
mechanical simulation for 15 seconds more. Be sure to check Fluid active for the second
simulation.

¥ XSite - Start Simulation Dialog = m] W XSite - Start Simulation Dialog o

Simiaton Tme i seconds: 0.10000 z Semiation Tre i seconds: 15,0000 z

(7] P fom sctve

Flud flow cotons

O raten

= Fiuid time step factor (7T57) () 1.00000 -

‘Smplfied toughness-dominated regme

Interval for mechanical equibration Interval for mechanical equibraton

Equbru frequency (Gar):  0.00000 Equibrm frequency (Gavsh 0,000

Mecharical scuibeim tine (sscs):  0,00000 Mecharical equibeium ime (se<s)i 000000

Time to flud steady state (seck 000000 Time to fuid steady state (seck:  0,00000

o O W [

CCRCCRECELD

Fiid time step factor (FTSF) (% 1.00000 Fiad time step foctor (FTSF) (% 1,00000
Modl resoluton 8 50 am

History samping nterval & 500 cydes

3 he resoksson (1deal value 5 § tmes).

3 Alow aperture change: YES
=0.0001m Using fived aperture cap = 0.0001m

Aperture Cap Effect: Liit fow rate Aperture Cap Effect: Lt i
() Expht lid solver: 0.0 <FTSF <= 1.0 — Imphit Aid solver: FTSF > 1.0 (%) Explcit fic solver: 0.0 < FTSF <= L0 — Implcit fuid solver: FTSF > 1.0

Are you sure? Ave you sure?

The dialog box on the left-hand side should appear briefly as the lattice model is generated,
followed by the dialog box on the right-hand side, which will remain visible and indicate
simulation status for the duration of the run. To stop the simulation, click the Stop Simulation

icon @

Any plot item can be enabled and modified after, or during, the simulation. For example, click
on the Sketch Model plot item to display a plot of the main elements of Example 1 (below);
then click on the Fluid plot-item to reveal a number of items. Select the Fracture Fluid Pressure
plot item to display the following final figure.

Once the simulation is complete, be sure to save your project, data file and/or model state.
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ometvems 0 o comowssme |

XSite 4.0.18
©2024 Inc. ‘Sketch Model
3 B Legend
3 M ceometry [ Stres/Callb. Step 0 eger
5 5102024 1212 PM Display Settings
. Sketch Model Global Settings
® ——ia Eements =
P Rock
B ongin Atrbutes Ust
Subattce gria Diplay Resolut@
£ " {30 Block Model Display History B
ki R Glster pressure nstony Uflements 10 3055
] [ I Open-hole Completion il a -
Pertoration Tunne: podfame [Tt o
. wire Trans. |75 §
Reference Foint (m) B stage-t-1 ColBackface [
East 0.000 g Ughting
Offset 2
. Narth 0.000 * a
up 0.000 s bt
Colors o EEEs
g R Cipsax
i Azmuth (degrees,dockwiiss from North)  0.000 3 Transporency @75 &
4 Spring Model Defoult Model Lcomon @
E- Material Test Rack
= Geometry (m)
Length (L) 2.00000000€+01
Height () 2.000000008+01 m
E width (W) 2.00000000e+01
._ B
Use Ol Field Unts =
-
4 s
B 2
£ 0
0
0
1
glmoown B
= T Widr T T AW eeoHY P PSS E CEEE T 54 000
- Simulation time (sec): 15.1000367 5 Scetch Miodel
¥ Sepo o Time to finish (sec): 0 S s
2 SRenastz2 Memory usage (Kb): 682,029 : Eracture Fluld Pressure
¢ Sketch Model Number of nodes: 79,369 ';‘s?;‘: e
f i
Rock Number of springs: 544,209 Global Settings
origin
Sub-atice grid =
% 8 FLAC3D Block Model Airtas |
& » Chuslar pressice hisiory Ref. min. stree 0
n L Open-hole Compietion Pressure thres! -1e+30
s Perforation Tunnel Active clusters | ]
. Stage-1-1 Map
H Refucance foms () Fracture Pressure + Contour
i East 0.000 3 3. mg:g’ Fomt 2 [2/Mblack
Horth 0.000 2 7500E+07 Cip Box )
2 S000E+07 On =
u 0.000 % 2 2500€+07 Goen @
" 2 0000E+07
£ 1.7500E+07
a Azimuth (degrees,clockwise from North) 0,000 S :%g&
1.0000E:
g Spring Model Default Model 71 106
] Materal Test Rock 5.0000E+06
3 2 S000E+06
0.0000E+00
] Cuommte () -2 5000E+06
~5.0000E+06
Length (1) 2.00000000e+01 3 54 P -
( 000000006+ ~1.0000E+07
Height (H) 2.00000000¢+01 A foooe b7 @
Wadth (W) 2.00000000e+01 -1.4902E+07
luid nodes (6.641)
Uy G Fid ok Rt Wi bressure 0 Pa 3
I3
.
1 r
B 9
2 B |975 300371 9.5
Center |9.75 o 945
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Example 2: Fractured Rock

After saving Example 1, the second example can be set up simply by resetting the Example 1 model

using the Reset Model icon B and adding the three rock joints defined in Table 3. To insert the rock
joints, click the Add button on the Joint Set tab under the Feature tab as shown highlighted blue below.

Note that the previous cluster joints are still present; do not delete these.

Enter the following information for each joint, one-at-a-time, in order to specify the rock joints for

Example 2.

. Features

4
3
o
£ Add Delete Clone
=
. Seam . Fluid 33 Proppant E Thermal l:?j Sink
Angle tolerance for joint intersection 10.0 =
p=
a
5 Descr. ast(m orth(n Up(m) Dip JipDi
]
a
o 1 Verywe.. -76 0 2 90 90
2 Verywe.. -124 0 -12 90 90

W Joint Set ¥ loint Set
Joint Group Built-in Joint Group Built-in
Shape Rectangular Dimension (m) Shape Rectangular Dimension (m)
© circular () Rectangular Length 0.00000 + Width 0.00000 s © dirauler () Rectangular Length 0.00000 > Width 0.00000 5
Material properties stiffness (GPa/m) Material properties Stiffness (GPa/m)
[ use finite stiffness values [ use finite stiffness values
Description Very weak (0.01) v — 0.000 = Description Very weak (0.01) v e 0.000 S
Tensile strength (MPa)  0.000 = Shear 0.000 = Tensile strength (MPa)  0.000 e Shear 0.000 5
Friction angle (degrees)  0.57 < Friction angle (degrees)  0.57 E
i . Number of joints 1 = Number of joints 1
Cohesion (MPa) 0.000 2 Cohesion (MPa) 0.000
. [J uses global coordinate system [] Uses global eoordinate system
Dilation angle (degrees)  0.000 = Dilation angle (degrees)  0.000 e
(] use in calculation of average properties [[] Use in calculation of average properties
Zero dilation slip (mm)  0.000 =) | ) impermeable Zero dilation slip (mm)  0.000 ~ [ mpermeable
(] Exclude from sub-lattice activation [[] Exclude from sub-lattice activation
Dip angle (degrees) Reference Point (m) Dip angle (degrees) Reference Point (m)
Average 37.000 = East -7.600 2 Average 70.000 2 East -7.600 :
Standard deviation 0.000 = North 0.000 =] Standard deviation 0.000 2 North -2.000 :
Distribution Gauss ~ up -8.000 = Distribution Gauss ~ up -4.500 =
Dip direction (degrees) Spacing (m) Dip direction (degrees) Spacing (m)
Average -18.000 = Average 0000 Z Average -160.000 e Average 0:000
standard deviation 0.000 = standard deviation 0:000 = Standard deviation 0.000 S Stendard deviation 0.000 =
Distribution Gauss - Distribution & Distribution = . Distribution v
Radius (optional) (m) Aperture (fluid) (m) Radius (optional) (m) Aperture (fluid) (m)
Average 4.000 2 Average 0000100000000 2. Average 3.600 > Average 0.000100000000 e
Standard deviation 0.000 S Standard deviation 0.000000000000 g Standard deviation 0.000 e Standard deviation 0.000000000000 =
Distribution Gauss v Distribution Gauss v Distribution Gauss v Distribution Gauss s
Area Ratio 0.000 = ~ Area Ratio 0.000 = =
Gap (m) 0.000000000000 % Gap (m) 0.000000000000
Save Cancel Save Cancel
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L
Joint Group Built-in
Shape Rectangular Dimensien (m)
o Circular ":' Rectangular Length 0.00000 < Width 0.00000 =
Material properties Stiffness (GPa/m)
[ Use finite stiffness values
Description Very weak (0.01) ~ Normal 0.000 -
Tensile strength (MPa)  0.000 2 Shear 0.000 z
Friction angle (degrees) ~ 0.57
Number of joints 1 =
Cohesion (MPa) 0.000 e
(TJ uses global coordinate system
Dilation angle (degrees)  0.000
() use in calculation of average properties
Zero dilation slip (mm) 0.000 ~ [ mpermeable
D Exclude from sub-lattice activation
Dip angle (degrees) Reference Point (m)
Average 45,000 = East -13.000 =
Standard deviation 0.000 = North 0.000
Distribution Gauss ~ up -16.500 5
Dip direction (degrees) Spacing (m)
= A 0.000 =
Average 145.000 Z verage
Standard deviation 0.000 = S ERE T iR -
Distribution Gauss ~ Distribution 2
Radius (optional) (m) Aperture (fluid) (m)
Average 4.000 = Average 0.000100000000 =
Standard deviation 0.000 = Standard deviation 0.000000000000 =
Distribution Gauss ~ Distribution Gauss ~
Area Ratio 0.000 2 =
- = Gap (m) 0.000000000000 |5
Save Cancel

As for Example 1, Start Simulation and run mechanically-only for 0.1 second, followed by an addition
15-second coupled hydro-mechanical simulation. Save Example 2 and compare with Example 1.
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