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| Geothermal: A new era of opportunity

€he New ork Times

There’s a Vast Source of Clean Energy
Beneath Our Feet. And a Race to Tap
It.

The United States has enough geothermal energy to power the
entire country. Some are trying to unlock it by using techniques
from the fracking boom.
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By Brad Plumer
Brad Plumer traveled to Beaver County, Utah to visit geothermal projects there and
peopl he ind

Spoke

g 28,2022

W ResFrac

FCO;ng‘niﬁt = Menu  Weeklyedition ~ Theworldinbrief ~ Q Search v

Science & technology | Hot stuff

Geothermal energy could
outperform nuclear power

Tricks from the oil industry have produced a hot-rocks breakthrough

GEOENERGY

Fervo secures $206m for Cape Station development
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Construction at the Cape Station project site, Beaver County, Utah (source: Fervo Energy)

Fervo Energy secures $206 million in new
financing to accelerate its Cape Station EGS
project following key technical milestones and

Alexander Richter hjgh-level site visits.
11 Jun 2025

JOURNAL OF
J PT PETROLEUM
= TECHNOLOGY
Fervo and FORGE Report Breakthrough

Test Results, Signaling More Progress for
Enhanced Geothermal

Recent geothermal tests in Utah show major advancements in flow rates and
efficiency, bringing enhanced geothermal systems closer to commercial
viability.

September 16, 2024 By Trent Jacobs

Journal of Petroleum Technology

A geothermal well test at the Utah Frontier Observatory for Research in Geothermal Energy (FORGE) site. Source: Utah FORGE




| Huge, rapid improvements for Enhanced Geothermal Systems

Multistage hydraulic fracturing has proven extraordinarily
successful at stimulating geothermal wells, just like O&G.

Geothermal well drilling has grown much closer in cost Fervo 2024

parity with O&G.

This resource is virtually unlimited in size, though mostly
limited to the western half of the U.S. with current tech.

Fervo 2023
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Modern EGS designs leverage O&G developed technology

Classical EGS designs focused on near-vertical wells, Modern EGS designs consider long horizontal
shear stimulation, no proppant, open-hole completions laterals, multi-stage hydraulic fracturing, cased
and no multi-stage fracturing. Poor performance wellbores, plug-and-perf completions with limited
obtained and several challenges encountered including entry design and proppants. Initial results indicate
early thermal breakthrough, too much or too little large number of flow paths are created and high
connectivity, too few discrete flow paths and induced circulation flow rates are achieved
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Why we simulate: Optimizing geothermal well fields, frac jobs,
and economics

EGS reservoir modeling helps answer key questions:

 What is the expected rate of thermal decline over time?

 How long should the laterals be, and how many
stimulation stages are optimal?

» What is the optimal spacing between wells?

 How much fluid and proppant should be injected during
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stimulation? 10
» What are the projected gross and net electricity outputs? 0 ! . | . | |
* |s the project economically viable — will it make money? ° 5 o 15 20 25 30
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UNCONVENTIONAL RESOURCES TECHNOLOGY CONFERENCE

EGS Resources URTe

URTeC: 4245311

e ot Designing the Record-Breaking Enhanced Geothermal System at

Optimization and Design of Next-Generation Geothermal Systems Created Project Cape
by Multistage Hydraulic Fracturing

Mark McClure, Charles Kang, and Garrett Fowler, ResFrac Corporation Ankush Singh“, Gerame Ga]ban2, Mark McC]ure", Kat Briggsz, Jack Norbeck?2
1. ResFrac Corporation, 2. Fervo Energy.

Copyright 2022, Society of Petroleum Engineers DOI 10.2118/209186-MS

This paper was prepared for presentation at the SPE Hydraulic Fracturing Technology Conference and Exhibition, The Woodlands, Texas, USA, 1 - 3 February 2022 Copyright 2025, Unconventional Resources Technology Conference (URTeC) DOI 10.15530/urtec-2025-4245311

This paper was prepared for presentation at the Unconventional Resources Technology Conference held in Houston, Texas, USA,
9-11 June 2025.

Contents lists available at ScienceDirect

Geothermics
PROCEEDINGS, 49% Workshop on Geott 1 Reservoir Engi
Stanford University, Stanford. Califormia, February 12-14. 2024
ELSEVIER journal homepage: www.elsevier.com/locate/geothermics SGP-TR-227

Numerical Modeling of Hydraulic Stimulation and Long-Term Fluid Circulation at the Utah

Thermal breakthrough calculations to optimize design of a @ ootk FORGE Project

multlple—stage Enhanced Geothermal System Mark W. McClure!, Rohan Irvin®, Kevin England®, and John McLennan?

Tianyu Li, Sogo Shiozawa, Mark W. McClure* ResFrac Corporation, www.resfrac.com

The University of Texas at Austin, Department of Petroleum and Geosystems Engineering, 200 E. Dean Keeton, CO300, Austin, TX 78704, United States 2E-K Petro Consulting LLC

3 University of Utah JOURNAL OF
' P I PETROLEUM Topics v Dit
TECHNOLOGY

Contents lists available at ScienceDirect e p—
Rock Mechanics

International Journal of g scence
e Rock Mechanics & Mining Sciences LAy Why Multistage Stimulation Could
ELSEVIER journal homepage: www.elsevier.com/locate/ijrmms GRC Transactions, Vol. 45, 2021 Transform the Geothermal Industry

Flow rate is a major challenge for geothermal. However, the techniques used

An investigation of stimulation mechanisms in Enhanced Geothermal @Crns:Mark - . in shale to prevent flow localization can be applied directly to geothermal. If
Systems A FeaSlblllty Stlldy on Three Geothermal DeSlgnS: DCEP we can create hundreds or thousands of flowing fracture pathways around a
Mark W. McClure* Roland N. Horne® Closed_Loop (with and without Conductive Fractures) and horizontal or deviated geothermal well, then we will have truly “changed the
* Petroleum and Geosystems Engineering, University of Texas at Austin, Austin, TX, USA Open-Loop Circulation Between Mu]tifraCturEd Laterals L
® Energy Resources Engineering, Stanford University, Stanford, CA, USA October.1,2021 By MArk Mcchire °° eo :

Garrett Fowler, Mark McClure

ResFrac Corporation
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Overview — ResFrac Workflow

% ResFrac
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Outline

* ResFrac introduction

ResFrac geothermal applications
ResFrac EGS example results
ResFrac geothermal model inputs
EGS special modeling considerations

W ResFrac
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I ResFrac simulates the entire lifecycle of the wells and reservoir in a
single, comprehensive simulation

Proppant total mass per area (Ibs/ft"2) Temperature (°F) Poroelastic Stress Change (psi)

\ Linear Log Poroelastic delta stress (initial Shmin direction) (psi) Linear Log
B I O
A 45 ST 587.7916 -969.3790 576.8871 184.3952 208.0967 600.5886

1.500000

Fracture Propagation Wellbore, Matrix and Fracture Flow and .
3D Fracture Initiation & Propagation + Heat Transfer + Pccffooerlr;,figasr::::s
Proppant Transport in Fracture & Full Compositional & Fluid

Distribution Characterization Thermoelastic Stress

W ResFrac 12



Various geothermal applications can be simulated with ResFrac

EGS

Template available

Linear Log
I
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I ResFrac EGS example

3-well model with central producer and injectors on both side. All wells stimulated; landing depth of
7,500 ft at 390°F. Production rate of ~50,000 BPD (~90 L/s). B
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Ir

sector model scaled up to full reservol

I ResFrac’s approach

« Simulate only one or a few stages instead of the full lateral to save on computational time

and external fractures can account for previous stages

« Well flow scalers allow you to simulate full flow rate in injection and production wells

« Stages are often identical

500

Linear Log

25 ft

200 ft stage length with 8
perforation clusters
cluster spacing.

R
SRR
o
!!llﬁl.r.“lf
AL AR

Initial temperature

300

stress shadow from previous
stages not included in the

External fractures account for
sector model.



ResFrac’s multi-sector option

ResFrac’s new multi-sector option allows you to join multiple sectors into a single full lateral model
This functionality may be used to assess geologic or design variabilities along the laterals

Start with a single sector approach for computational efficiency

If interested, a separate multisector tutorial is available (this current tutorial is a pre-requisite)

Representative / / ‘ // Full lateral model
sectors

Active sector number Linear Log
I ]
1 30.00003

Representative sector assignments Linear Log
I — |
1 30.00003

* ReSFrac Temperature (internal) (F) ) -

55.63590 133.8418 212.0476 290.2535 368.4594



Key ResFrac model inputs for geothermal simulations (1/5)

» Startup Panel.:

Select “Thermal” for Thermal option in Startup Panel
to include energy balance and heat transfer

calculations in matrix, fractures and wellbores.
Turn on thermo-elastic stress changes in the matrix if
you want to include thermo-elastic effects (e.g.,
fracture propagation due to thermal stresses caused

by cold water injection.)

« Static Model and Initial Conditions Panel:

Specify rock properties required for thermal
calculations: density, heat capacity, thermal

conductivity, and, if including thermo-elastic stress
changes in the matrix, coefficient of linear expansion.

Specify surface temperature and initial reservoir
temperature at reference depth. Alternatively, a
temperature versus depth table can be provided
under advanced options.

W ResFrac

Thermal option @

O Isothermal
@ Thermal

Thermoelastic stress changes in the matrix i @

Rock solid matrix density (7 Rock heat capacity [BTU/(lb- @
Rl

[Ibs/ftn3]

156 0.24 1.45 0.000005

Initial temperature at reference depth [F]
’:[Ju 7]
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Key ResFrac model inputs for geothermal simulations (2/5)

* Curve Sets Panel:

« We don’t require relative permeability curves but specifying
pressure-dependent permeability (PDP) multiplier may be
important to capture enhanced leak-off due to presence of
natural fractures

 Wells and Perforations Panel:

» Specify trajectory and completion design (open-hole or
cased with perforations) for both injection and production
wells in Wells and Perforations Panel.

 Meshing Options Panel:

» Coarse mesh with 1D submesh algorithm is recommended
for heat transfer calculation between matrix and fracture
elements. Grid width should be approximately equal to
cluster spacing in Shmin direction.

* Fluid model Options Panel:

« Built-in water property correlations can be utilized,
including steam correlations when modeling steam
production. CO, as heat transfer fluid can be specified as
compositional fluid.

W ResFrac

1D submesh calculation for fracture-matrix connections 3§ @

Water viscosity and density calculation method @
O Specify constant viscosity, constant compressibility, and reference density

@ Correlations based on pressure, temperate, and salinity

Use steam correlations *- e
18



Key ResFrac model inputs for geothermal simulations (3/5)

* Fracture Options Panel:

« Contains key parameters including “Relative fracture
toughness per square root fracture size” and
“Effective fracture aperture conductivity factor”,
which control fracture geometry and are tuned to
match field data. Lo * 0

« Under advanced options, consider specifying a time
for the “Symmetric fracture stress shadow boundary et st e shdon bondony conditon tor e
condition start time” to account for stress shadow K e
from neighboring stages when modeling an EGS
sector model with thermo-elastic stresses.

* Proppants Panel: ” a e s @ | TR @

* No different than hydrothermal simulations. Specify
proppant properties with kO being the key parameter
to history match flow rate versus pressure data from

Relative fracture toughness per square root fracture size [1.0/ft*.5] —
o > %)

|:| Scale toughness by larger dimension * (7]

165

0.0000758423302406

165 0.0000758423302406 0.0075

long-term circulation tests I oty i oo g
« Water Solutes Panel: ] inkgel | Modified Power Law
* No different than hydrothermal simulations. Specify Xinkgel degraded et Solute
your slickwater or cross-link gel fluid properties Ty | Mo vt * K

here.

W ResFrac 19



Key ResFrac model inputs for geothermal simulations (4/5)

« Well Controls Panel:

« Specify frac job design for each well, the injection
conditions for the injectors (i.e., maximum WHP and
injection rate) and production conditions for the
producers (i.e., minimum WHP and maximum
production rate).

« Use well flow scalers under Advanced Options to
scale up sector model to full lateral model. Their
start time should match the start time of long-term
circulation.

« Other Physics Options Panel:

» Likely no changes need here. The parameter “Near-
wellbore complexity erosion factor” may be useful to
history-match treatment pressures

* Numerical Options Panel:

« Recommended to use the latest available Numerics
version number.

 When simulating thermo-elasticity, recommended to
turn on the parameter “Numerical options for long-
term EGS circulation.”

W ResFrac

Well _Prod (7] Well _Inj_1 o Well _Inj_2 (2]

> 1.Injection Sequence
> 2. Shut-in Start time: 3.0333 Hours Duration: 356.97 Hours Number of cont

> 3. General Constraint Start time: 15 Days Duration: (Blank) Days Number of controls: 1

WELL FLOW SCALERS @ [

I B ° o
Well Inj 1 ¥ 11600
Well_Inj 2 ¥ 11600 28 15
Well_Prod ¥ 11300 28 15
MNumerics version number
(122 » O

Numerical options for long-term EGS circulation *- (7]

20



Key ResFrac model inputs for geothermal simulations (5/5)

* Output Options Panel:

« Specify geothermal economic module to include
calculating electricity generation, and economic
metrics such as NPV and LCOE

« Table with temperature-dependent power plant
conversion efficiency can be provided

* Review reference temperature for heat in place,
enthalpy outputting and electricity generation

« Advanced Options Panel: Reference temperature for heat n place F]
« Input Selectors table allows to show/hide individual D *0
items in each panel. If certain geothermal input
parameters or tables are not visible in the panels, Reference temperature for enthalpy outputting [F]
they were likely turned off in this table. E * 0

« User can manually select units for unit category in
the Units table.

Calculate electricity output with respect to 'reference temperature for enthalpy outputting *- 9

W ResFrac 21



EGS — special modeling considerations (1 of 3)

Because pore pressure in the fractures is much higher than what we see during primary depletion in a
shale well, the fracture conductivity during circulation should be much higher (10s of md-ft to 100s of md-
ft — this is a key modeling uncertainty that has a big effect on the performance of the system).

EGS settings typically lack stress layering. Nevertheless, available data from granitic EGS applications
suggest fracture geometries with fracture lengths that exceed height. This is the result of anisotropy in
fracture toughness and/or vertical conductivity. This is a key modeling uncertainty that requires more data
to help constrain.

Reversible pressure dependent permeability needs to be carefully calibrated so that the matrix perm is
elevated during stimulation but not during circulation as this can lead to overly optimistic results. Our
testing has found that setting ‘lower deltaP threshold for reversible permeability increase (psi)’ to at least
500 psi, achieves this.

Coming soon: flow control devices, which can help mitigate short-circuiting.

ResFrac 22



EGS — special modeling considerations (2 of 3)

® Set the global friction adjustment factor to 1.0. Friction in the well during long-term circulation is important, and you will not be using
friction reducers. Instead, for the fracturing fluid, specify a friction adjustment factor for the ‘water solute’ fluid additive.

®  Wellbore diameter will be larger in an EGS well. 7 inches is a good default for inner diameter.

®  You should inject and produce to the surface. Most likely, the production wellhead will not be pumped, but will have a relatively low
pressure, around 350 psi WHP. Injection wellhead can have elevated pressure of up to a few 1000 psi (but don'’t inject at pressure
greater than Shmin or you’ll see runaway fracture propagation!). Make sure that you specify a max injection rate that is modestly higher
than the max production rate. This is needed to maintain fluid balance and sufficient production rate.

® To avoid water hammer, slowly ramp up production in the production well, and set a small non-zero production rate in the injection well.

o

The parameter ‘numericaloptionsforlongtermegscirculation’ (found under Numerical Options panel) can improve convergence and
reduce runtimes when thermoelasticity is turned on in the Startup panel. :

I o M © i @
Jays

onditionMD @y Duration to truncate ) Optional secondary 9
Eopl ion: al: [t sequence [Days] production type

LiquidPlusC

LiquidRate ¥

e -- Mulmur&:{fﬂiﬁm“ ) °
000

All stages ¥ All stages ¥

Minimum production a
pressure [psi]

Start time [Days] Inactive time fraction (7]

ResFrac




EGS — special modeling considerations (3 of 3)

For insights on calibration parameters from the Utah FORGE project, and specifically on how to prevent
excessive vertical fracture growth, refer to the following paper:

McClure, M. 2023.
Forty-Eighth Workshop on Geothermal Reservoir Engineering, Stanford, CA.

PROCEEDINGS, 48" Work shop on Geothermal Reservoir Engineenng
Stanford University, Stanford, Califormia, February 6-8, 2023
SGP-TR-224

Calibration Parameters Required to Match the Utah FORGE 16A(78)-32 Stage 3 Stimulation

with a Planar Fracturing Model

Mark McClure
ResFrac Corporation

markiresfrac.com

ResFrac 24


https://resfrac.com/papers/calibration-parameters-required-to-match-the-utah-forge-16a78-32-stage-3-stimulation-with-a-planar-fracturing-model
https://resfrac.com/papers/calibration-parameters-required-to-match-the-utah-forge-16a78-32-stage-3-stimulation-with-a-planar-fracturing-model
https://resfrac.com/papers/calibration-parameters-required-to-match-the-utah-forge-16a78-32-stage-3-stimulation-with-a-planar-fracturing-model
https://resfrac.com/papers/calibration-parameters-required-to-match-the-utah-forge-16a78-32-stage-3-stimulation-with-a-planar-fracturing-model

Thermoelastic stress and thermal breakthrough (1 of 2)

For advanced investigations, you can consider turning on ‘Thermoelastic stress changes in the matrix'.

This accounts for contraction of the rock under cooling conditions, increasing fracture aperture and
conductivity over time. Most of the time we turn off thermoelastic stress because of the increased
computational burden and uncertainty about its effects.

With thermoelastic stress active, special numerical options should be applied to improve performance:

Mumerical options for long-term EGS circulation *- (7]

More discussion on thermoelasticity effect can be found in the ResFrac blog post on “Thermoelastic
fracturing and buoyancy-driven convection — Surprising sources of longevity for EGS circulation”.

Additional Publications:

McClure, M. W., Irvin, R., England, K., & McLennan, J. (2024). Numerical modeling of hydraulic
stimulation and long-term fluid circulation at the Utah FORGE project. In Proceedings of the 49th
Workshop on Geothermal Reservoir Engineering (SGP-TR-227), Stanford, CA, USA.

McClure, M., Kang, C., & Fowler, G. (2022). Optimization and Design of Next-Generation Geothermal
Systems Created by Multistage Hydraulic Fracturing. SPE-209186-MS. Paper presented at the SPE
* ResFrac Hydraulic Fracturing Technology Conference and Exhibition, The Woodlands, TX.
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https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation
https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation
https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation
https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation
https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation
https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation

Thermoelastic stress and thermal breakthrough (2 of 2)

Thermal short-circuiting occurs when rock contraction causes a continuous path of mechanically ‘open’
fractures to form between the wells. This can also cause the simulation to slow down dramatically. at
this point, because the production temperature will have also dropped off (see the temperature (yellow)
line in the lower left panel below (McClure et al., 2022)).

4000

This scenario shows
that under a constant
rate condition (blue
line), the WHP (purple
line) drops as the 0 : :
fracture aperture S T e
increase.

| | [3000
2000

1000

(STB/min water)
w
1
Water prod rate (STB/day water)

Water inj rate

=3

=500

Conversely, constant
pressure conditions . [,
could cause runaway M
flow rates,

exacerbating thermal : :

0 1 2

WHP (psi)
Wellhead temperature (F)

o
=
=)
=]

Total aperture (in) / ,‘f Fracture conductivity (md-ft) |

b rea kth rou g h . Simulation time (years) — 4 L e— —_— \
1 1 ! I

0.00004796850 0.5343490 068650 60295 2137252 il 56.23413 3162.278 827.9 1.000000e+7

Stretch: Horiz = 5, Direction = 90 deg, Vert = 1
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Injection pressure

Be careful to limit your injection WHP. In the example below, fracture propagation is happening during
long-term injection because of excessive injection WHP. Because injection volume is greater than
production volume, pressure is building up over time, causing produced WHP to increase over time.
Some amount of propagation during long-term circulation is OK and inevitable. But be careful to avoid
injecting at an excessive pressure and causing too much fracture growth.

2.1 years

]

0.3 years

W ResFrac
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Step-by-Step Tutorial

Setting up an EGS simulation in the ResFrac
Builder

% ResFrac

28



Content

e Problem description

e Model overview

Phase 1:

e Job manager and Builder

e Startup

e Static model and initial conditions

e Curve sets

e \Wells and perforations
e Meshing options

e Fluid model options

e Fracture options

e \Well controls

W ResFrac

e QOther physics options

e Numerical options
e Qutput options

e Advanced options
e Submitting the job

Phase 2:

e Fracture options
o \Water solutes
e Proppants

e \Well controls
e Submitting the job

29



Exercise will set up a simple 2-well EGS model in ResFrac

Problem description:

* You would like to evaluate a site for EGS development.
« Start with a preliminary design to get an initial estimate of the MW potential of the site.

» A quick way to iterate through certain design scenarios is in ResFrac, while using significantly less
computational time, is to set-up a two-well reservoir model using pre-existing fractures to represent hydraulic
fractures. We will do that here first.

» With pre-existing fractures, you can quickly test how parameters like lateral length, well depth, cluster
spacing, well spacing, and fracture conductivity will impact the MW thermal output and the parasitic load.

* You may also evaluate how non-uniform fracture conductivity changes the results.
« Once you have a preliminary design target, you can replace the pre-existing fractures with hydraulic fractures
» Optimize the pump job design to reach your target fracture conductivity.
» Advanced options
* Run a sensitivity analysis on reservoir properties to evaluate uncertainty.
* Try turning on thermo-elastic stresses
» Build out a multi-well bench to further evaluate well spacing and water loss rates.

W ResFrac 30



Exercise will set up a simple 2-well EGS model in ResFrac

Model overview:

« Simple granitic formation with initial temperature of 450°F at 12,000 ft depth
« Set up static model

« Two staggered wells with horizontal laterals centered at 12,000 ft depth
« Import wellbore trajectory

» Create a single stage sector model, 8 clusters per stage and 25 ft cluster spacing
« Set up pre-existing fractures in Phase 1

« Setup frac job in Phase 2

wwwww

» Total lateral length is 28 stages
«  Well flow scaler aimcton

- Injection at 37 BPM (100 L/s) and 120°F  °~
« Setup long-term well controls .

 What is electricity output and LCOE? .
« Set up geothermal economics module §

£
=4
@
[= i
™
2
3
=

GGGGGG

* Pre-run model files are available at these links:

00000

« Phase | « EGS Template (starting point) \_

« Phase ll

000000

W ResFrac 31


https://resfracsoma.blob.core.windows.net/collateral/templates/EGS%20Tutorial_Phase%20I.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS%20Tutorial_Phase%20I.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS%20Tutorial_Phase%20II.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS%20Tutorial_Phase%20II.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS_Template.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS_Template.zip

% ResFrac

Tutorial Phase 1 — Pre-existing
Fractures
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Open ResFrac

Make sure you have downloaded and installed the ResFrac Pro App and have an active license.

W ResFrac

C.( t’f.\':?{-w_h for apps, ‘E%ZTH‘;{;G ana aocuments
Pinned Al >
Edge Word Excel PowerPoint MyDell SupportAssist
¢ @ - 0O 68 (w
Settings OneNote File Explorer  Intel® Unison™ PyCharm ResFracPro
Community...

Find (or search for) the ResFracPro App and
open.
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| Login to ResFrac
If prompted, log in.

Login

Your login credentials have expired. In order to submit
and download simulations, you need to log in again. If
you do not log in, you can still set up and visualize

simulations.

Click "Ok" to log in now.
Choose an authorization service

) Please choose an authorization provider to log in with.
Cancel

You can choose between Google and Microsoft. Google is
recommended.

Before you can log in, you need to sign up with the authorization
provider. You can use any e-mail address, including your
company e-mail. Make sure to provide your e-mail address to
ResFrac Corporation.

To register an email with Google, go to:
https:#accounts.google.com/SignUpWithoutGmail

@ Google O Microsoft

{ Sign in with Google

Aileen Zebrowski

aileen@resfrac.com

Choose an account

® Use another account

to continue to ResFrac

English (United States)

W ResFrac

Before using this app, you can review ResFrac’s privacy policy and
terms of service.

Login successful

Please close this browser window and return to
the ResFracPro app window.

Back to home
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| ResFrac Job Manager

N ResFracPro  ResFrac Corporation-Prod-Internal Il Download Manager Running Calculations Logout %% A

Home

Show - -
Projects (8) @ Q Active Projects All Projects Activity Show More

> PROJECT NAME LOCATION OF DATA # OF WORKFLOWS RUNNING CALCULATIONS LAST MODIFIED Highlights Activity Log

> Remote Customer Test Projects Remote 4 0 Jun 3, 2025 at 4:00 pm ess The simulation "Fervo_very_small_model v2" was submitted.
Jul 3, 2025 at 9:29 pm

> Remote 1 0 May 14, 2025 at 9:26 pm o
The simulation "Fervo_very_small_model v2" was updated.
Jul 3, 2025 at 9:29 pm

> Remote 7 0 May 12, 2025at 11:11 am e

> Geothermal Templates Local 11 0 Mar 18, 2025 at 12:17 pm The simulation *Fervo_very_small_model v2" was created.
Jul 3, 2025 at 9:28 pm

> Customer Test Projects Local 6 0 Mar 18, 2025 at 10:52 am wee
The simulation "Fervo_very_small_model v2" was copied from
“Fervo_very_small_model"

> Local 3 0 Feb 21, 2025 at 4:10 pm e Jul 3, 2025 at 9:28 pm

Local 5 . s

’ 16 e Feb5,2025at 12:23 pm The simulation "PM v8 THM Seas v2 Copy 1" was submitted.
Jul 3, 2025 at 7:18 pm

> Onboarding Test Projects Local 4 0 Jan 29, 2025 at 4:58 pm ane

The simulation "Fervo_very_small_model" was shared with
You have reached the end of the list the following email address(es): koenraad@resfrac.com.
Jul 3, 2025 at 4:28 pm

The simulation *Fervo_very_small_model" was submitted.
Jul 3, 2025 at 11:48 am

The simulation "Fervo_very_small_model" was updated.

Jul 3, 2025 at 11:47 am

W ResFrac



I ResFrac Job Manager: Create new project

ResFracPro  ResFrac Corporation-Prod-Internal Il Download Manager Running Calculations Logout %% A

Projects (8) @ Q ;;we Projects All Projects Activity Show Mare

> PROJECT NAME LOCATION OF DATA # OF WORKFLOWS RUNNING CALCULATIONS LAST MODIFIED «» H‘ghllghts ACtIUItV LOg

> Remote Customer Test Projects Remote & 0 Jun 3, 2025 at 4:00 pm, e The simulation "Fervo_very_small_model v2" was submitted.
Jul 3, 2025 at 9:29 pm

> Remote N

CIiCk Create prOjeCt to Create The simulation "Fervo_very_small_model v2" was updated.
. . Jul 3, 2025 at 9:29 pm
new project folder with

> Geothermal Templates Local WO rkﬂ OWS . The simulation *Fervo_very_small_model v2" was created.

Jul 3, 2025 at 5:28 pm

> Remote

> Customer Test Projects Local 6 0 Mar 18, 2025 at 10:52 am wee
The simulation "Fervo_very_small_model v2" was copied from
“Fervo_very_small_model"

> Local 3 0 Feb 21, 2025 at 4:10 pm b Jul 3, 2025 at 9:28 pm

Local 5 . s

’ 16 e Feb5,2025at 12:23 pm The simulation "PM v8 THM Seas v2 Copy 1" was submitted.
Jul 3, 2025 at 7:18 pm

> Onboarding Test Projects Local 5 0 Jan 29, 2025 at 4:58 pm e

The simulation "Fervo_very_small_model" was shared with
You have reached the end of the list the following email address(es): koenraad@resfrac.com.

Jul 3, 2025 at 4:28 pm

The simulation *Fervo_very_small_model" was submitted.
Jul 3, 2025 at 11:48 am

The simulation "Fervo_very_small_model" was updated.

W ResFrac



ResFrac Job Manager: Create new project

W ResFracPro  ResFrac Corporation-Prod-Internal Il Download Manager Running Calculations Logout %% A

Home

Projects (8) @ Create prUJECt ojects Create Project All Projects Activity Show Mare
>  PROJECT NAME IFIED Highlights Activity Log
— Project Name*
> Remnote Custome ‘ Training Course Exam D|E“S ‘ 2025 at 4:00 pm e The simulation *Fervo_very_small_model v2* was submitted.
w Jul 3, 2025 at 9:29 pm

> 025 at 9:26 pm sor
The simulation "Fervo_very_small_model v2" was updated.

N @ Store simulations in the local directory. 2021

Geothermal O Store simulations in the remote directory. . L created
= .
> cotherma ~ o | x4 according to your preference
This is a one-time decision that can not be changed later for this
project.

¥ Customer Te 2025 at 10:52 am e
The simulation "Fervo_very_small_model v2" was copied from
“Fervo_very_small_model"

> Description 2025at 4:10 pm Jul 3, 2025 at 9:28 pm

’ 025at12:23 pm o The simulation "PM v8 THM Seas v2 Copy 1" was submitted.
Jul 3, 2025 at 7:18 pm

> Onboarding Ti 2025 at 4:58 pm P
The simulation "Fervo_very_small_model" was shared with
the following email address(es): koenraad@resfrac.com.
Jul 3, 2025 at 4:28 pm

/“ The simulation *Fervo_very_small_model" was submitted.

Jul 3, 2025 at 11:48am

0/35000

The simulation "Fervo_very_small_model" was updated.
Create Cancel jul 3, 2025 at 11:47 am

W ResFrac
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| ResFrac Job Manager: Create new project

Wl ResFracPro  ResFrac Corporation-Prod-Internal Il Download Manager
Home
proje':ts (9) o Q E\;towl.:e Projects
> PROJECT NAME LOCATION OF DATA # OF WORKFLOWS RUNNING CALCULATIONS LAST MODIFIED
> Local 0 0 Jul 6, 2025 at 8:00 pm
> Remote Customer et Projects Click on newly created folder to |  1n3.2025at400pm
open project
> T o May 14, 2025 at 9:26 pm ooe
> Remote 7 0 May 12, 2025 at 11:11 am
> Geothermal Templates Local 11 0 Mar 18, 2025 at 12:17 pm ses
> Customer Test Projects Local 6 0 Mar 18, 2025 at 10:52 am .ee
> Local 3 0 Feb 21,2025 at 4:10 pm
> Local 16 0 Feb 5,2025 at 12:23 pm
> Onboarding Test Projects Local 5 0 Jan 29, 2025 at 4:58 pm ees

W ResFrac



I ResFrac Job Manager: Create Sandbox

ResFrac Pro  ResFrac Corporation-Prod-Internal Il Download Manager

W ResFrac

Home > Training Course Examples

Project Details @

Name
Training Course Examples

Description

Location of data
Local : C:\ResFracProdinternal\data

Waorkflows (0)

WORKFLOW NAME

TYPE

Edit

Workflows Creation timestamp
0 Jul6, 2025 at 8:00 pm

Show
AE;UE el | Create Sandbox Import Workflow Create Workflow From Template

STATUS DATE CREATED LAST MODIFIED

You have reached the end of the list

Create new sandbox in your
project to set up individual
simulation models

Running Calculations Logout %%

Project Activity

Highlights Activity Log

All trashed items were successfully deleted.

lun 20, 2025 at 9:45 am

All trashed items were successfully deleted.

Jun 17, 2025 at 5:27 pm

All trashed items were successfully deleted.

Jun 17, 2025 at 5:27 pm

All trashed items were successfully deleted.

Jun 16, 2025 at 6:31 pm

All trashed items were successfully deleted.

Jun 11, 2025 at 4:30 pm

All trashed items were successfully deleted.

Jun 11, 2025 at 4:26 pm

All trashed items were successfully deleted.

Jun 11, 2025 at 3:57 pm

All trashed items were successfully deleted.

Jun 11, 2025 at 3:57 pm
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| ResFrac Job Manager: Create Sandbox

W ResFrac

ResFrac Pro  ResFrac Corporation-Prod-Internal

Home > Training Course Examples

Project Details @

Il Download Manager Running Calculations Logout %2

Edit Project Activity

Show Mare

Name Workflows
Training Course Examples 0
Description

Location of data
Local : C:\ResFracProdinternal\data

Show
Workflows (0) (S WPV | Create Sandbox
WORKFLOW NAME TYPE STATUS DATE CREATED

You have reached the end of the list

Write name for your new
sandbox and press “Create”

Create Sandbox Workflow

— Sandbox Workflow Name*

‘ EGS Training Course July 22nd

Description

“

0/35000

un 1T, UJDBE 5:3 pm
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I ResFrac Job Manager: Open newly create sandbox

ResFracPro  ResFrac Corporation-Prod-Internal Il Download Manager Running Calculations Logout %%

Home > Training Course Examples

Project Details @ Edit Project Activity Show More
Name Workflows Creation timestamp sLAE Sl

Training Course Examples 1 Jul B, 2025 at 8:00 pm

Description The sandbox “EGS Training Course July 22nd" was created.

Jul 6, 2025 at 8:06 pm

Location of data

Local : C:\ResFracProdinternal\data
All trashed items were successfully deleted.
Jun 20, 2025 at 9:45 am

thl'\.-'-."
Workflows (1 : Create Sandbox Import Workflow Create Workflow From Template
(M Q Active Workflows po P All trashed items were successfully deleted.

Jun 17,2025 at 5:27 pm
WORKFLOW NAME TYPE STATUS DATE CREATED LAST MODIFIED

EGS Trai c July 22nd Sandb N/A All trashed items were successfully deleted.
raining Lourse July 220 andbox Jul6, 2025 at 8:06 pm Jul B, 2025 at 8:06 pm wee Jun 17, 2025 at 5:27 pm

C | i Ck O n n eWI y C reated i:;tza;;e(}cl;;e;::;:irpe;uccessfullv deleted.
sandbox

All trashed items were successfully deleted.
Jun 11, 2025 at 4:30 pm

All trashed items were successfully deleted.
Jun 11, 2025 at 4:26 pm

All trashed items were successfully deleted.
Jun 11, 2025 at 3:57 pm

W ResFrac



ResFrac Job Manager: Create new simulation

ResFracPro  ResFrac Corporation-Prod-Internal Il DownloadManager Running Calculations Logout %3¢

Home 2 Training Course Examples > EGS Training Course July 22nd

Sandbox Details @ Edit == Workflow Activity Show More
Workflow name Simulations Creation timestamp AL ALl

EGS Training Course July 22nd 0 Jul6, 2025 at 8:06 pm

Description The sandbox "EGS Training Course July 22nd" was created.

Jul 6, 2025 at 8:06 pm

Location of data

Local : C\ResFracProdinternal\data
All trashed items were successfully deleted.
Jun 20, 2025 at 9:45 am

Show
Simulations (0 Q e Si . m Batch Run Simulations m
© Active Simulations All trashed items were successfully deleted.
Jun 17, 2025 at 5:27 pm
> SIMULATION NAME STATUS DATE CREATED LAST MODIFIED

All trashed items were successfully deleted.
Jun 17, 2025 at 5:27 pm

You have reachgd the end of the list

All trashed items were successfully deleted.

Press button to create new Jun 16, 2025 at 631 pm
simulation model

All trashed items were successfully deleted.
Jun 11, 2025 at 4:30 pm

All trashed items were successfully deleted.
Jun 11, 2025 at 4:26 pm

All trashed items were successfully deleted.
Jun 11, 2025 at 3:57 pm

ResFrac




I ResFrac Job Manager: Create new simulation based on EGS template

ResFracPro  ResFrac Corporation-Prod-Internal Il DownloadManager Running Calculations Logout %3¢

Home 2 Training Course Examples > EGS Training Course July 22nd

Sandbox Details @ Edit == Workflow Activity Show More
Workflow name Simulations

EGS Training Course July 22nd 0 x

Destription Create Simulation | reated.

Location of data — Simulation Name"”

Local : C\ResFracProdInternal\data

Simulati 0 Q Show C Si
imulations (0) Active Simulations| reate Sim
/ egs_template b
> SIMULATION NAME STATUS DATE CRELTED

You have reached the engd the list]

Choose a simulation name and
select the EGS template

EGS Example file

— Template

Description

7~

0/35000

W ResFrac



I ResFrac Job Manager: Create new simulation based on EGS template

* ResFracPro  ResFrac Corporation-Prod-Internal Il Download Manager Running Calculations Logout %% A

Home 2 Training Course Examples > EGS Training Course July 22nd

Sandbox Details @ Edit == Workflow Activity Show More
Workflow name Simulations

EGS Training Course July 22nd 0 x

Description Create Simulation L created.

Location of data Simulation Name*

Local : C\ResFracProdinternal\data EGS Example file

Template

: . Show
Simulations (0) Q Active Simulations m
/ egs_template
> SIMULATION NAME STATUS DATE CREATED l

You have reached the engdt the list

Choose a simulation name and
select the EGS template

Description

J > ThisPC > OS(C:) > ResFracPro > resources > documentation > Workflow templates

The geothermal preexisting_fractures
template may also be useful for full

lateral modeling. N Sort v = View v eee
MName h Date modified Type Size
You can find documentation for B EGS Template O
any of the geothermal templates 12 Fracture tuming template s oo A Aot . -
in the ResFracPro app folder. ) Goothormat re-Exoting Fractares Temprate . e
* ReSFraC > [%] Geothermal Slug Tracer Test Template 11/21/2025 1:21 PM Adobe Acrobat D... 1,205 KB




I After clicking “Create”, your new simulation will open in the Builder

‘ ResFrac Pro ResFrac Corporation-Prod-Internal - X
EGS Example file il sat [ saecnanees ST
1< . . .
Welcome to the Simulation Builder
™ Welcome . )
Qverview Search Updates (42)
Startup

Static Model and Initial Conditions Note on Item UISIbIIItV
In the 'Advanced' panel, you can toggle the visibility of parameters in the builder. In most of the built-in template simulations, many of the built-in parameters have their visibility

ek toggled 'off' in order to streamline the user experience. If you are looking for an option and don't see it, refer to the advanced panel and toggle visibility in the 'Input Selectors' menu.

Wells and Perforations
3-Minute Tutorial
Meshing Options

Fiuid Model Ontions [—— [ [Tl e (T
Fracture Options R
o
Proppants e 8
o
fater Solutes L -y

Well Controls

Other Physics Options
Numerical Options
QOutput Options

Advanced Options

W ResFrac



Welcome Panel (no modifications necessary)

* ResFrac Pro ResFrac Corporation-Prod-Internal - X

eseampefie.  O€€ @ 3D preview of your model setup @ IETI BT [ e [ ex

Panel List: You will .
Work through eaCh I — I Welcome to the Simulation Builder

panel (approx.
sequentially) to set
up your model

Qverview Search Updates (42)

You can click “Validate” to review
errors and warnings in your model

Startup

Static Model and Initial Conditions Note on Item UISIbIIItV

In the 'Advanced' panel, you can toggle the visibility of parameters in the builder. In most of the built-in template simulations, many of the built-in parameters have their visibility

(Gime toggled 'off' in order to streamline the user experience™you are looking for an option and don't see it, refer to the advanced panel and toggle visibility in the 'Input Selectors' menu.

Wells and Perforztions

3-Minute Tutorial

Open the builder

e = assistant for help

uid Model Options

Read the ‘Note on Iltem

Visibility’ and watch the o :
) : - Search for input parameters and
3-minute tutorial to get

oriented e jump to input location within Builder.
' > oo0rzes o (Note, parameters within a table may
not appear)

Well Controls

Other Physics Options
Numerical Options
Output Options

Advanced Options

W ResFrac 46



I Start-up panel: Overview

Y

ResFrac Pro

ResFrac Corporation-Prod-Internal

EGS Example file

€<

(]

]

Welcome

Startup

Static Model and Initial Conditions

Curve Sets

Wells and Perforations

Meshing Options

Fluid Model Options

Fracture Options

Proppants

Water Solutes

Well Controls

Other Physics Options

Numerical Options

Output Options

Advanced Options

Startup

Define overall characteristics of the simulation

Editor

Recommended settings wizard (7]

D Use advanced unit system * 2]

Search

E

Use field units J§ @

Thermal option @
O Isothermal
@ Thermal

//

Fluid model 0

O slackai

Compositional

/

Dual porosity option (7] \
@ Nane

O rss

O Transient

Adsorption option (2]

Scroll...

W ResFrac

m Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ |

™

ResFrac Pro

EGS Example File
Setup overall model .
characteristics by specifying:
 Recommended settings @ sarir

wizard
* Unit system
e Isothermal or thermal

Curve Sets

Meshing Options

Fluid Model Options

* Fluid model

« Dual porosity mode

* Absorption mode

« Thermo-poro-elasticity
« Max wall clock time ——

Fracture Options
Proppants
Vddter Solutes

/

Well Controls

Nurnerical Options
Output Options

Advanced Options

Static Model and Initial Conditions

Wells and Perforations

’7120
O ySits Options

ResFrac Corporation-Prod-Internal
m Next Panel

Startup

Define overall characteristics of the simulation
Editor

O pss
O Transient

Search

Adsorption option (2]
@ None
O Langmuir

D Thermoelastic stress changes in the matrix *- (2]

Poroelastic stress changes in the matrix * (2]

Rotate simulation mesh to align with stresses J§ @

Maximum wallclock time [hours]

*0

[J Allow horizontal fractures » O

| Advanced options v
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Start-up panel: Recommended Settings Wizard

* ResFrac Pro ResFrac Corporation-Prod-Internal
EGS Example file m Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ | Exit
€<

Startup

Define overall characteristics of the simulation
M Welcome

@ Startup Editor Search
Static Model and Initial Conditions I Ie - ReCO m m e n d ed Setti n g S Wiza rd
Curve Sets D Use advanced unit system 3§ @

» ResFrac updates the recommended values for parameters periodically. This wizard allows you
el and Perforations Use ieldunits ¢ @ to batch apply those updates all at once.

Meshing Options

Thermal option @ « There are two options: ‘Yes’ or ‘No’. If you select ‘No’, recommended settings will still be
R O sotrermal updated, but only for those that don’t significantly impact sim behavior.
Fracture Options @ Thermal R

‘No’ is recommended since we're starting from the EGS template to keep EGS specific settings.

Proppants Fluid model @

O slackai

@ Compositional

+ To ID what changes were made, use WinMerge to compare the settings files for the original
and new simulation.

Water Solutes

Well Controls

Dual porosity option (7] . .
Other Physics Options Recommended settings wizard @

@ Nane

Sets numerical settings to their ‘recommended’ values. Often, when we roll out changes, we don't apply them automatically in order to maintain back-compatibility. Instead,

Numerical Options O pss we give users warnings to recommend making a change. Over time, these options have become rather numerous, and it is inconvenient to have to modify all of them
manually. To avoid this inconvenience, you can avoid this wizard to automatically apply all of them. Note that you may still get ‘warnings' after running this wizard. It focuses
5 . O . on setting recommended numerical parameters, not addressing all possible simulation warnings. To see what specific changes have been made, we recommend using a
LutputBptions ransient program like "Winmerge' to compare the settings file before and after.
Advanced Options Adsorption option 2] 1
Apply full set of recommended settings, even those that significantly impact code behavior?
| ’7ND I v 0
| |

W ResFrac = 48




Start-up panel: Units

ResFrac Pro ResFrac Corporation-Prod-Internal

EGS Example file m Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ | Exit

€<

Startup

. Define overall characteristics of the simulation
M Welcome

@ Startup Editor Search
Static Model and Initial Conditions (7]
Curve Sets D Use advanced unit system * 2]
«— .
Wells and Perforations U n ItS

Use field units J§ @

T » Select field, metric, or custom (‘advanced’) units (set-up in the Advanced Options panel).

Thermal option @

Fluid Model Options O lsothermal
Fracture Options @ Thermal
Proppants Fluid model @

O slackai

@ Compositional

Water Solutes

Well Controls

Dual porosity option (7]

@ Nane

Other Physics Options

Numerical Options O

P55
Output Options O Transient
Advanced Options Adsorption option (7]

W ResFrac



Start-up panel: Thermal Option

W ResFrac Pro ResFrac Corporation-Prod-Internal
EGS Example file m Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ | Exit
1€
Startup
7 Whdaie Define overall characteristics of the simulation
Vi I

@ Startup Editor Search

Static Model and Initial Conditions Recommended settings wizard (7]

Curve Sets D Use advanced unit system * 2]

Wells and Perforations

Use field units J§ @

Meshing Options
Thermal option @

Fluid Model Options (O 1sothermal — Thermal Option

Fracture Options @ Thermal

« Thermal option must be selected to account for heat transport

Proppants Fluid model @

O slackai

@ Compositional

Water Solutes

Well Controls

Dual porosity option (7]

@ Nane

Other Physics Options

Numerical Options O

P55
Output Options O Transient
Advanced Options Adsorption option (7]

W ResFrac



| Start-up panel: Fluid Model

Y

ResFrac Pro

ResFrac Corporation-Prod-Internal

EGS Example file

€<

(]

]

Welcome

Startup

Static Model and Initial Conditions

Curve Sets

Wells and Perforations

Meshing Options

Fluid Model Options

Fracture Options

Proppants

Water Solutes

Well Controls

Other Physics Options

Numerical Options

Output Options

Advanced Options

Startup

Define overall characteristics of the simulation

Editor

Recommended settings wizard (7]

D Use advanced unit system * 2]

Search

Use field units J§ @

Thermal option @
O Isothermal
@ Thermal

Fluid model 0

O slackai

@ Compositional

Dual porosity option (7]

@ Nane
O rss
O Transient

Adsorption option (2]

W ResFrac

m Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ | Exit

< Fluid Model

Fluid model must be compositional because this is a thermal simulation. A compositional model

applies an equation of state (EOS) to compute phase behavior based on P/T conditions.
This applies even if the geothermal project is in an oil reservoir.
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I Start-up panel: Thermoelastic stress

* ResFrac Pro ResFrac Corporation-Prod-Internal
EGS Example file m Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ | Exit
€<

Startup

Define overall characteristics of the simulation
M Welcome

- ResFrac Pro ResFrac Corporation-Prod-Internal

EGS Example File ®
Static Model and Initial Conditions Recommended settings wizard (7] Therm OelaStIC StreSS Changes .

Curve Sets [ useadvanced unit system 9§ @ i n th e m atrix. Startup

. Define overall characteristics of the simulation
Welcome

© Startup Editor Search

Wells and Perforations

Usefieldunits ¢ @ « This is a computationally Fditor Search
B Thermal option e IntenSIVe paramete r' Static Mod®and Initial Conditions O Fes
Fluid Model Options O Isothermal O Transient

» Therefore, it is best to keep this Curve Sets

racture Options @ Thermal . .

; . 0 ptlon u n Ch eCked d u rl ng Wells and Perforations pasarptinpton ©
Proppants Fg model @ prellmlnary anaIySIS tO Improve Meshing Options g I:I:::mmr
Water Soltes simulation run times.

7 @ Compositional Fluid Model Options , * ° I
Well Controls o ° H()Weve r, thermo—elastlc R D Thermoelastic stress changes in the matrix

Dual porosity option . . e
Other Physics Options @p None‘f P Stresses m ay be Slg n Ifl Ca nt to S Paroelastic stress changes in the matrix * (7]
Numerica Options O s long-term reservoir performance.
Water Solutes Rotate simulation mesh to align with stresses * (2]

Output Options (O Transient . Therefore, this para meters I
Advanced Options Adsarption option o ShOUId Stl” be COﬂSIdered at Other Physics Options (Edomu B »O
later stages of the project.

Numnerical Options O Allow horizontal fractures 3§ @

Output Options

W ResFrac

| Advanced options v




Static Model and Initial Conditions: Preview , Before we begin, let's
open the 3D Preview Plot

* ResFrac Pro ResFrac Corporation-Prod-Internal
Base_from template @ Next Panel ‘ Discard Current Changes ‘ Save Changes ‘ Validate ‘ ‘ Exit
<

Static Model and Initial Conditions

I n th iS pa n e I We 7N Wil Data related to the geological parameters and starting state of the simulation
define the properties © serip S

th at ma ke u p th e & Static Model and Initial Conditions Static model library (2]
Stati C m Od el Curve Sets |:| Check to use either cornerpoint or generalized rectilinear grid; uncheck to use a standard rectilinear grid J§ @

Wells and Perforations

D Use general heterogeneity * (2]

Meshing Options
Fluid pressure initialization method @

Fluid Model Options O Hydrostatic equilibrium

R Every template already starts with fully
@ Specify pressure gradient by layer defined inputs- Use the 3D preVieW
il water stration put method @ plot window to see the current set-up.

@ Specify by layer

Proppants
Water Solutes

Well Controls

O Specify depth of water-hydrocarbon contact

We’'ll use the 3D view to monitor and
Elastic properties input method @ Validate Our Changes.

@ Specify by layer

Other Physics Options
Numerical Options
Qutput Options O Homogeneous elastic properties

Advanced Options Stress initial condition input method Q

O Specify stress by layer

W ResFrac
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3D Preview

Use the 3D preview
to check the well
trajectories, static
model properties,
and matrix mesh
extents.

Stretch

\

W ResFrac

changes in this window

Static Model and
Matrix Mesh extents
I

3D property
being shown —seibility
1 options

Initial permeability (Shmin dir) (md)

0.0001000000

Rotated Stretch Visibility (All Pan
Aatrix

1,105,1 Ma

0 i‘se:H Q Fracture Q Show Value with Click

Plot: Overview (1 of 2)

[ ResFrac Pro - 3D Visualization ResFrac Corporation-Prod-Internal ~ Base_from template from EGS Tutorial

<« After making changes in the
Builder, refresh to view those

Wells

}

Ruler Grid Color Scheme
None Rainbow BGYOR

Matrix Slices

Default X Y Z

Linear Log
]
S 0.0001000001
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3D Pre

view

Use the 3D preview
to check the well

trajectories, st
model propert

atic
ies,

and matrix mesh

extents.

W ResFrac

Stretch

\

Plot: Overview (2 of 2)

[ ResFrac Pro - 3D Visualization ResFrac Corporation-Prod-Internal ~ Base_from template from EGS Tutorial

<« After making changes in the
Builder, refresh to view those
changes in this window Wells

}

Static Model and
Matrix Mesh extents
I

Visibility (All Panels)

Matrix & Fracture Edges e
Perforations (]
Stress Observation Points e
Faci e
Well Names (] .
External Fractures e CIICk tO
e e expand
Colos o g wge
. o Visibility
options
Initial permeabilit 3D Color Bar Font Size 12
| ]
0.0001000000 Well Thickness &
e .‘L‘IE‘Z,HIR"‘I‘MI N h Click Matrix Slices Ruler Grid

1,105,1 Matrix None

0 Wl o Fracture o Show Value witl

Default X Y Z

Linear Log
]
S 0.0001000001

Color Scheme
Rainbow BGYOR
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I Static Model and Initial Conditions: Overview

* ResFrac Pro

EGS Example File

&

M Welcome

@ Startup

& Static Model and Initial Conditions
Curve Sets
Wells and Perforations
Meshing Options
Fluid Model Options
Fracture Options
Proppants
\Water Solutes
Well Cantrols
Other Physics Options
Numerical Options
Output Options

Advanced Options

W0 ResFrac

ResFrac Corporation-Prod-Internal

Static Model and Initial Conditions

Data related to the geological parameters and starting state of the simulation

Editor Search

Static model library 2]

|:| Check to use either cornerpoint or generalized

|:| Use general heterogeneity * 2]

Fluid pressure initialization method @ \

O Hydrostatic equilibrium
O Specify pressure by layer

@ Specify pressure gradient by layer

Initial water saturation input method @
@ Specify by layer

O Specify depth of water-hydracarbon contact

Elastic properties input method @
@ Specify by layer

O Homogeneous elastic properties

Stress initial condition input method 0
O Specify stress by layer

O Specify frac gradient overall and stress deviation by layer

@ Specify frac gradient by layer ‘

Scroll...

linear grid; uncheck to use a standard rectilinear grid *- (2]

Exit

m Next Panel |Discard CurrentChanges| Save Changes | Validate

@ Startup

Curve Sets
Wells and Perforations

Meshing Options

* Import pre-existing static
model, or save current one

» Option to import grid from .
Petrel or Leapfrog, or othe
non-layer cake model

Proppants

R

Water Soly
Well Zontrols

Other Physics Options

Initialization methods (‘by
layer’, ‘gradient by layer’,
or constant value)

Numerical Options
Output Options

Advanced Options

» Define geological
properties with depth

& Static Model and Initial Conditions

»
»

 Surface and reservoir
temperature

& Builder autosave active

Editor Search

Properties versus depth wizard 7}

Depth on vertical axis for geological preview * (2]

GEOLOGICAL UNITS (FACIES LIST)

||I |—D

o I

Formation

New Row Resize Table

F Global permeability multiplier
1

Reference depth (datumdepth) [ft]
ﬂm @

EX

Direction of SHmax [degrees clockwise from the positive y-axis directior
E e

[ Randomized ‘effective’ tensile strength J§ @

Surface temperature [F]
I o

Initial temperature at reference depth [F)
(sau o
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Static Model and Initial Conditions: Initialization methods

* ResFrac Pro ResFrac Corporation-Prod-Internal - O X
EGS Example File m Next Panel | Discard Current Changes | Save Changes | Validate | ‘ Exit ‘
& . . .
Static Model and Initial Conditions
N Wit Data related to the geological parameters and starting state of the simulation
Editor Search

@ Startup

We will not be importing a model, but
@ Static Model and Initial Conditions Static model library %] rather Setting up One Of Our Own

Curve Sets |:| Check to use either cornerpoint or generalized rectilinear grid; uncheck to use a standard rectilinear grid *- 9 <«

Wells and Perforations

|:| Use general heterogeneity * e < Advance Option. a general

Meshing Options e o et © N\ heterogeneity temperature mod_e/ may
be used when there’s a non-uniform

temperature gradient across the domain

Fluid Model Options O Hydrostatic equilibrium

Fracture Options O Specify pressure by layer
@ Specify pressure gradient by layer
Proppants
Initial water saturation input method
\Water Solutes a o

WEe'll use ‘by layer’ or ‘gradient by

@ Specify by layer

Advance option: import
geological model from
Petrel or Leapfrog

03 ooty ot mer et >'- layer’ as the initialization method for

Other Physics Options

Elastic properties input method 6 al I fo u r p ro pe rti eS

al Opti
Numerical Options @ Sperify by layer

» This means these properties will be
defined within the Geological Units

Output Options O Homogeneous elastic properties

Advanced Options Stress initial condition input method @

O Specify stress by layer

O Specify frac gradient overall and stress deviation by layer bOX)
@ Specify frac gradient by layer ‘

W0 ResFrac

table (as opposed to a separate input
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Static Model and Initial Conditions:

« The default in ResFrac is to use a layer-cake model.

« Often EGS is modeled as a single homogenous layer (as opposed to O&G, which are
typically layered sedimentary formations).

- " - « Therefore, the Properties versus depth wizard is rarely used in EGS sims. If you have
AR e log data you would like to apply, see the Bakken tutorial for step-by-step instructions.

aLuniTs(racies usT) @ ol IO

Flum permeability multiplier | ’. 9 \
s o Specify formation properties (see spreadsheet)

« Enter manually, or you can copy + paste from the
E le spreadsheet

[0 Randomized effective’ tensile strength J§¢ @ SpeCify Surface and reservoir i The initialization methOdS and Start up panel
 — o temperature (at 12,000 ft depth) selections may change the number of columns in

i this table.
[ e  Therefore, it is important that those are correctly
selected, particularly if you are pasting in values.

W ResFrac 58



| Static Model and Initial Conditions: specify formation properties (1 of 7)

GEOLOGICAL UNITS (FACIES LIST) @ 4l1 D)

e O sonid @ @ | Moy ma @ | Vericalpermesbiiymal @ . Ver:tical exter_1t of the
facies. In a single-
Formation 0.00001 facies model, this is
somewhat arbitrary,
Cunve set naprgz’t:r)el permend @ pnmsw[;ziTﬂ;ESibi“w o Initial porosity (7] Initial water saturation @ Fracture gradient [psi/ft] @ R“““{‘I"h:?;‘f"a’;d"““\‘ (7] as I on g as |t

encompasses the
matrix mesh extents

Rock heat capacity [BTU/{Ib- Thermal conductivity deltalporo) per delta(tamp) . . ‘Effactive’ tensile strength . A ( i )
RN 0 [BTU/hr-ft-R)] e [1/F] e Biot coefficient e lpsil 0 K1c horizontal [psi-in®(1/2}] e Se e M eS h I n g pa n e I .

Base curve set ¥ 0.00001 0.005 1 0.76 165

0.23 1.65 0 0.35 0 3500

K1c vertical [psi-in"(1/2)] @ EOmax [ft] (7] 90% closure stress [psi] @ 7] Maﬁmum"?;“:ng molar 7] Initial pore [I::;:]E gradient Q

7500 0.0008 500 0.00000328 100000 0.45

Horizontal Y[T:ilag.s modulus 0 Poisson's ratio 0 Vert over horiz modulus 0 Proppant embedment 6

[Ibs/FtA2] Show in viz toal

6000000 0.24 0.8 0.02

. - Effective x-permeability to Effective x-permeability to oil Effective x-permeability to Reservoir leakoff coefficient
Effective x-permeability [md] 0 3 ¥ 0 P[Em dl ¥ 6 gaspF[!m dl ¥ 0 [ft/min~0.5] 0

water [md]

W ResFrac

0.00028883606679625 5 9
5

0.0001 0.0001



| Static Model and Initial Conditions: specify formation properties (2 of 7)

GEOLOGICAL UNITS (FACIES LIST) @ 4l1 D)

o Bottorn [Fd o e @ Yfor Smax] difection @) | yertical permeability [md) @ * Permeabil Ity

permeability [md]

Layer name permeability [md]

Formation 0.00001

Curve set name (rel perm and (7 Porosity compressibility (7

Rock solid matrix density (7
PDFF) [psin-1]

Initial porosity (7] Initial water saturation (7] Fracture gradient [psi/ft] (7] [Ibs/ftA3]

Base curve set ¥ 0.00001 0.005 1 0.76 165

Rock heat capacity [BTU/{Ib- 0 Thermal conductivity e deltalporo) per delta(tamp) e
R)] [1/F]

‘Effactive’ tensile strength @
) [BTU/{hr-ft-R)]

[psi] K1c horizontal [psi-in~(1/2)] @

Biot coefficient e

0.23 1.65 0 0.35 0 3500

Maximum flowing molar e Initial pore pressure gradient e

K1c vertical [psi-in"(1/2]] @ EOmax [ft] (7] o0% closure stress [psi] @) (7] e [psift]

7500 0.0008 500 0.00000328 100000 0.45

Horizontal Young's modulus (7

Proppant embedment
I 0 PP 6
[psi]

[Ibs/FtA2] Show in viz toal

Poisson's ratio 0 Vert over horiz modulus

6000000 0.24 0.8 0.02

Effective x-permeability [md] 0 E1"Fetti\.vs‘r );-t zstirr: E?bilit\f to 0 Effective x- p[er;r;]eahility to ail 6 Effective ;c;spe[!nr:; s]!ability to o Reserunli;tller:lit:fg .c;]ef‘ﬁ cient
* Res Frac 0.00028883606679625

0.0001 0.0001 5



| Static Model and Initial Conditions: specify formation properties (3 of 7)

GEOLOGICAL UNITS (FACIES LIST) 9 |I| I_D

Layer name Bottomn [ft] e o 5,hr:;;:.-lll i e Ylor SHMI direction e Vertical permeability [md] e ) C u rve Set (d efi n e d i n
permeability [md] permeability [md] the Curve Sets panel)

Formation 0 20000 0.0001 0.0001 0.00001

Curve set name (rel perm and (7 Porosity compressibility (7

Rock solid matrix density (7
PDFF) [psin-1]

Initial porosity (7] Initial water saturation (7] Fracture gradient [psi/ft] (7] [Ibs/ftA3]

Base curve set ¥ 0.00001 0.005 1 0.76 165

Rock heat capacity [BTU/{Ib- Thermal conductivity deltalporo) per delta(tamp)
e e [1/F] e

‘Effactive’ tensile strength @
R [BTU/{hr-ft-R)]

[psi] K1c horizontal [psi-in~(1/2)] @

Biot coefficient e

0.23 1.65 0 0.35 0 3500

Maximum flowing molar e Initial pore pressure gradient e

K1c vertical [psi-in"(1/2]] @ EOmax [ft] (7] o0% closure stress [psi] @) (7] e [psift]

7500 0.0008 500 0.00000328 100000 0.45

Horizontal Young's modulus (7

Proppant embedment
I 0 PP 6
[psi]

[Ibs/FtA2] Show in viz toal

Poisson's ratio 0 Vert over horiz modulus

6000000 0.24 0.8 0.02

Effective x-permeability [md] 0 E1"Fetti\.vs‘r );-t zstirr: E?bilit\f to 0 Effective x- p[er;r;]eahility to ail 6 Effective ;c;spe[!nr:; s]!ability to o Reserunli;tller:lit:fg .c;]ef‘ﬁ cient
* Res Frac 0.00028883606679625 6 1

0.0001 0.0001 5



| Static Model and Initial Conditions: specify formation properties (4 of 7)

GEOLOGICAL UNITS (FACIES LIST) @ 4l1 D)

e X {or Shmin) direction e Y {or SHmax) direction e

pEvE A @ Bottom [R] permeability [md] permeability [md]

Vertical permeability [nd] @

Formation 0 20000 0.0001 0.0001 0.00001

Curve set name (rel perm and (7 Porosity compressibility (7

Rock solid matrix density (7
PDFF) [psin-1]

Initial porosity (7] Initial water saturation (7] Fracture gradient [psi/ft] (7] [Ibs/ftA3]

Base curve set ¥ 0.00001 0.005 1 0.76 165

Rock heat capacity [BTU/{Ib- 0 Thermal conductivity e deltalporo) per delta(tamp) e
R)] [1/F]

‘Effactive’ tensile strength @
) [BTU/{hr-ft-R)]

Biot coefficient e lpsil

K1c vertical [psi-in~(1/2)] e 90% closure stress [psi] e e Maximum flowing molar e Initial pore pressure gradient e

mass [psifft]

0.0008 500 0.00000328 100000

7500

K1c horizontal [psi-in~(1/2)] @

Rock / formation
properties (red)

Thermal rock
properties (blue) —
these values are only
included in ‘thermal’
simulations (selected
in the startup panel).

Horizontal Young's modulus 0 Show in viz tool

Proppant embedment
[psi] 6

Poisson's ratio 0 Vert over horiz modulus 0 [Ibs/ftr2]

6000000

Effective x-permeability [md] 0 E1"Fetti\.vs\r );-t zstirr: E?bilit\f to 0 Effective x- p[er;r;]eahility to ail 6 Effective ;c;spe[!nr:; s]!ability to o Reserunli;tller:lit:fg .c;]ef‘ﬁ cient 0
* Res Frac 0.00028883606679625
0.0001 0.0001

5
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| Static Model and Initial Conditions: specify formation properties (5 of 7)

GEOLOGICAL UNITS (FACIES LIST) @ 4l1 D)

2] Bottomn [ft] (7] "L‘{:ﬂi‘g’ﬂgﬁg?ﬂ Q Yfgizﬂﬁiﬁlm © | \verticalpermeabiiity [md] @ ° Parameters related to
the aperture of
Formation 0 20000 0.0001 0.0001 0.00001 closed fractures.

Layer name

Curve set name (rel perm and (7 Porosity compressibility (7

Rock solid matrix density (7
PDFF) [psin-1]

Initial porosity (7] Initial water saturation (7] Fracture gradient [psi/ft] (7] [Ibs/ftA3]

Base curve set ¥ 0.00001 0.005 1 0.76 165

Rock heat capacity [BTU/{Ib- 0 Thermal conductivity e deltalporo) per delta(tamp) e
R)] [1/F]

‘Effactive’ tensile strength @
) [BTU/{hr-ft-R)]

[psi] K1c horizontal [psi-in~(1/2)] @

Biot coefficient e

0.23 1.65 0 0.35 0 3500

Maximum flowing molar e Initial pore pressure gradient e

Kic vertical [psi-in"(1/2]] @ o0% dosure stress [psi] @ (7] o fpsvr

0.00000328 100000

Horizontal Young's modulus (7

Proppant embedment
I 0 PP 6
[psi]

[Ibs/FtA2] Show in viz toal

Poisson's ratio 0 Vert over horiz modulus

6000000 0.24 0.8 0.02

Effective x-permeability [md] 0 E1"Fetti\.vs‘r );-t zstirr: E?bilit\f to 0 Effective x- p[er;r;]eahility to ail 6 Effective ;c;spe[!nr:; s]!ability to o Reserunli;tller:lit:fg .c;]ef‘ﬁ cient
* Res Frac 0.00028883606679625 6 3

0.0001 0.0001 5



| Static Model and Initial Conditions: specify formation properties (6 of 7)

GEOLOGICAL UNITS (FACIES LIST) @ li 1]

I

Formation

Y {or SHmax) direction i
permeability [md]

12}

\iertical permeability [md]

2]

X {or Shmin) direction
permeability [md]

o

20000

0.0001 0.0001 0.00001

Q (7 Rock solid matrix density (7
[Ibs/ft"3]

Initial water saturation Fracture gradient [psi/ft]

Porosity compressibility
[psin-1]

Curve set namne (rel perm and Initial porosity

PDPF)

1 0.76 165

Base curve set ¥ 0.00001 0.005

‘Effactive’ tensile strength

[psi] K1c horizontal [psi-in~(1/2)] @

Biot coefficient e 0

Rock heat capacity [BTU/{Ib- Thermal conductivity

0 deltalporo) per delta(tamp)
Rl [BTU/(hr-ft-R)] [1/F]

0.35 3500

0.23 1.65

Initial pore pressure gradient

[psisft] o

Maximum flowing molar
mass

100000

12}

90% closure stress [psi] e e

1]

EOmax [ft]

e

K1t vertical [psi-in~{1/2)]

7500 0.0008 500 0.00000328

Proppant embedment
[Ibs/ft~2]

Show in viz tool

Vert over horiz modulus

Horizontal Young's modulus

[psil

Poisson's ratio

6000000

Reservoir leakoff coefficient

Effective x-permeability to
[ft/min~0.5]

gas [md] o

Effective x-permeability to oil
[md]

Effective x-permeability to
water [md]

Effective x-permeability [md] 0

0.00028883606679625

0.0001 0.0001 5

W ResFrac

Parameters
governing completion
fluid and proppant
interactions with rock
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| Static Model and Initial Conditions: specify formation properties (7 of 7)

GEOLOGICAL UNITS (FACIES LIST) @ ol D)

I TSR T R Jpem————gyy - Grayed out boxes are
not user-input values,

Formation 0 20000 0.0001 0.0001 0.00001 but rather values
calculated from the
Curve set naprgz’t:r)el perm and (7 ansmy[;;rfp: ;!ssmlhtv @ Initial porosity (7] Initial water saturation (7] Fracture gradient [psi/ft] (7] R sn;:dh:?;g); g (7] u S e r_i n p u tS . T h e S e

cells are not directly
editable.

Base curve set ¥ 0.00001 0.005 1 0.76 165

Rock heat capacity [BTU/{Ib- Thermal conductivity deltalporo) per delta(tamp) . . ‘Effactive’ tensile strength . ;s
RIl 0 [BTU/(hr-ft-RI] e [1/F] e Biot coefficient e lpsil 0 K1c horizontal [psi-in®(1/2}] e

0.23 1.65 0 0.35 0 3500

K1c vertical [psi-in~(1/2)] e EOmax [ft] 0 90% closure stress [psi] 9 0 Ma:imumnﬂ-ﬂllu:ing molar 9 Initial pore E:;:]E gradient 9

7500 0.0008 500 0.00000328 100000 0.45

Horizontal Young's modulus 0 Show in viz tool

Proppant embedment
[psi] 6

Poisson's ratio 0 Vert over horiz modulus 0 [Ibs/ftr2]

6000000 0.24 0.8 0.02

Effective x-permeability to 0 Effective x-permeability to oil 6 Effective x-permeability to o Reservoir leakoff coefficient 0
water [md] [md] gas [md] [ft/min~0.5]

Effective x-permeability [md] 0

* Res Frac 0.00028883606679625 65

0.0001 0.0001 5




| Static Model and Initial Conditions: Temperature & orientation

P * 0 Specify the stress orientation, so that it's at the correct
angle relative to the well orientation (to be specified in
F;E;r_e:e;m (datumdepth) ] o the Wells and Perforations panel)

If the direction is non-zero, ensure this property (below)
is selected in the Startup panel. (it is by default)

—‘ @ Rotate simulation mesh to align with stresses J§ @
~—_

Changing the stress direction will cause current perf
[] Randomized 'effective’ tensile strength Y @

clusters to no longer be located within the matrix.
This may cause an error in the 3D preview plot until
new wells and/or stages are set-up.
Surface temperature [F]
’768

Initial temperature at reference depth [F]

Specify surface and reservoir
ﬂbo @ temperature (at 12,000 ft depth)

W ResFrac
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Static Model and Initial Conditions: Matrix edge boundary conditions

Depending on your application, you may wish to change the matrix edge BCs from the default ‘No Flow’
conditions to ‘Constant Pressure’ conditions.

* ‘No flow’ conditions represent closed
boundaries, such as with a sealing fault or
interference from neighboring wells or
stages. This may also be appropriate in

very low perm conditions.

» Constant pressure can be used to simulate
an “infinite reservoir”. It allows for fluid loss
or recharge from the greater reservoir. The
boundary should be far enough away that
pressure changes can be assumed to be

negligible.

Set the SHmax direction boundaries
to a constant pressure boundary

%

W ResFrac

| Advanced options A

:

m
=]

ARY conpimions @ 1)

Boundary e Mamt;dgfﬁlx;ndar\r e

Top
Bottom
NegX
PosX
Neg¥

PosY

NoFluidOrHeatFlow

NoFluidOrHeatFlow

NoFluidOrHeatFlow

NoFluidOrHeatFlow

v

v

v

v

v

ConstantPressure
ConstantPressure

v

MoFluidOrHeatFlow

ConstantPressure

o .,
=
F
¥
i
a

%0

NN TN

Low z-perm

Neighboring stages

Infinite reservoir
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I Curve Sets: Overview

<

A

Welcome

Startup

Static Model and Initial Conditions

Curve Sets

Wells and Perforations

Meshing Options

Fluid Model Options

Fracture Options

Proppants

Water Solutes

Well Controls

Other Physics Options

Numerical Options

Output Options

Advanced Options

W ResFrac

[ v Basecurve set

rBasc curve set (7]

- (@ ah

Curve Sets
Specify parameters related to the relative permeabilities and pressure dependent permedbi ROOKS COREY RELATIVE PERMEABILITY MODEL
Editor Search I 02 ‘9 W | 02 |9

This selection
will change
the PDP

Use paramaterized PDP curves 3§ @ <€—— OptionS in the
curve sets

CURVE 5ETS FOR MATRIX RELATIVE PERMEABILITY AND PRESSURE DEPENDENT PERMEABIL

Curve sets library 7]

Pressure dependent permeability wizard (7]

Number of Curves: 1

Max Sgr
003

7]

10x reversible permeability loss per pressure increment [psi]
M [

Expand curve set

>  Basecurve set

Shift PDP tahle with stress depletion J§ @

Three phase rel perm madel (with QilThreePhase option) @

O Stonel
o Stonell
O BakerOnlykrol
© BakerOnlykroll

rJ.;urd\.-‘.zF:\m-.l.ufwlw.\-'\u:-u\.-n eability increase [psi

Relative permeability
Negative reversible PDP
Negative irreversible PDP
Positive reversible PDP
Positive irreversible PDP
Perm multiplier

Water bank

orm decrease scaling thickness [ft]

| Advanced options v




Curve Sets: specify pressure-dependent matrix permeability

Startup

® Static Model and Initial Conditions

@& CurveSets
Wells and Perforations
Meshing Options
Fluid Model Options
Fracture Options
Proppants
Water Solutes
Well Controls
Other Physics Options
Numerical Options
Output Options

Advanced Options

W ResFrac

Curve Sets v

Specify parameters related to the relative permeabilities and pressure dependent permeabi Ty factors

|
Editor Search -
|

=y o

Base curve set

Lower deltaP threshold for reversible permeability increase [psi]
F?so (7]

A ResFrac Mini-Guide
on Pressure Dependent
Permeability is also

scroll available at this link.

Set positive

Pressure dependent permeability wizard (7]
@ paramaterized PDP curves E

Upper deltaP threshold for reversible permeability increase [psi]
Fzsoo (7]

reversible

CURVE 5ET5 FOR MATRIX RELATIVE PERMEABILITY AND PRESSURE DEPENDENT PERMEABILITY 0

lumber of Curves: 1

> pressure
dependent

permeability
(PDP)

Expand curve set

Perm multiplier for reversible permeability increase
FBO (%) j

|

7 et Reversible PDP
Shift PDP table with stress depletion ’- (7] E 80 —
g— (Max perm
Three phase rel perm model (with QilThreePhase option) 0 E‘ Multiplier)
O Stonel 3!
QO stonel 5 Reversible
[
O BakerOnlykraol g
@ BsakerOniyicol Positive reversible PDP K 1
means the permeability . | Nottoscale
Ad d opti hd H H I I
| Advanced optons increases at high pressures O AEOUE
(during stimulation), then (Lower threshold) (Upper threshold)
returns to normal. deltaP 69

deltaP =P - Pinit


https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Pressure%20dependent%20permeability.pdf

I Wells and Perforations: Overview

I«
Wells and Perforations
A Weltome Specify parameters related to wells and perforations
- Editor Search
Startup
@ Static Model and Initial Conditions Wells and perforations library o +—  —rw— @@ °
® CurveSets Convert perforation clusters wizard (2} \ °

Perforation cluster location specification method @
& Wells and Perforatians )

O Specify perforation clusters one-at-a-time

@ Specify using 'inline’ method (e.g, number of clusters per stage) >

Meshing Options
Fluid Model Options
Use length per cluster to specify perfaration cluster locations @

Fracture Uptions © Specify clusters per stage

Proppants O Specify length per cluster

Wellbore survey import wizard [ 7}

Water Solutes

Adjust well landing depth wizard [i?)

Well Controls

Well stages setup wizard [ 7]

Other Physics Options

Well shift wizard (7]

Numerical Options

( WELL TRAJECTORIES AND PERFORATION LOCATIONS 9
Output Options

Number of Items: 2

<

Advanced Options

> Well_Inj Measured depth at toe: 159126 ft otal stages: 1
> Well_Prod Measured depth at toe: 159126 ft otal stages: 1
-
L ]
L ]

W ResFrac

Import saved wells

Cluster specification methods

Import or move wells, setup stages

Well vertex and stage info (expandable for each well)
External fractures (represents stress shadowing)
Perf phasing

EXTERNAL FRACTURES @ [

Approx distance from edge of ~ - - a
I Well name e matrix region [ft] e Center x-coordinate [ft] 0 Center y-coordinate [ft] e
- 9

Well Inj ~

New Row  Resize Table

Well Prod 9

Perforation phasing option @

@ NoEffect
O Builtin
O Custom

| Advanced options v 70



I Wells and Perforations: Cluster specification methods

I«
Wells and Perforations

M Welcom Specify parameters related to wells and perforations

Welcome

S Editor Search

artup

@ Static Model and Initial Conditions Wells and perforations library (7]
©® CurveSets Convert perforation clusters wizard [J(?]

Perforation cluster location specification method @

@ Wells and Perforations
O Specify perforation clusters one-at-a-time

Meshing Options /
A < © Specify using 'inline’ method (e.g., number of clusters per stage) >

Set up cluster location using in-line method

Fluid Model Options
Use length per cluster to specify perforation cluster locations @

N Specify clusters per stage
Fracture Options @Specifvcluat&rsj@ 4’  p y p g

Proppants O Specify length per cluster
Water Solutes Wellbore survey import wizard (7]
Well Controls Adjust well landing depth wizard (7]

Well stages setup wizard (7]

Other Physics Options
Well shift wizard 7}
Numerical Options
WELL TRAJECTORIES AND PERFORATION LOCATIONS 0 A
Output Options

Number of Items: 2
Advanced Options

tal stage

w

=)

> Well_Inj Measured depth at toe: 15912.6 ft T

wn
ol
oa

tal stage

w

o

> Well_Prod Measured depth at toe: 15912.6 ft Ti

wn
Bl
]

W ResFrac



I Wells and Perforations: delete existing wells from template

Delete default wells
1<
M Welcome
(] Startup
& Static Model and Initial Conditions
Curve Sets
& Wells and Perforations
Meshing Options
Fluid Model Options
Fracture Options
Proppants
Water Solutes
Well Controls

Other Physics Options

Numerical Options

W ResFrac

Wells and Perforations

Specify parameters related to wells and perforations

Editor Search

Wellbore survey import wizard 7]

e

Adjust well landing depth wizard

Well stages setup wizard (7]

Well shift wizard 7}

WELL TRAJECTORIES AND PERFORATION LOCATIONS 0

Number of ltems: 3

1
> Well_1p Measured depth at toe: 13041.6 ft
> Well_3p Measured depth at toe: 13153.2 ft
> Well_2i Measured depth at toe: 13370 ft

EXTERNAL FRACTURES @ ()

Total stages: 1

Total stages: 1

Total stages: 1

Add Item

Remove

Duplicat

Duplicat

Duplicat:

(==X
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Wells and Perforations: import well from survey (slide 1 of 2)

Create Well _Prod using Wellbore survey import wizard (see excel sheet, Wells tab)

Wells and Perforations Wellbore survey import wizard @

Specify parameters related to wells and perforations This wizard imports data from a wellbore survey. Before using this wizard, refer to the help content in the "Well
inputted in a table with MD, inclination, and azimuth. You also need to provide the (x,y,z) coordinates of the well
) along a series of line-segments defined between these points. This 'Wellbore survey import' wizard converts fr
Editor Search
\We recommend that you set up the coordinate system so that the X and Y axes are aligned with NS-EW. In add
stresses! With this setting, the simulation mesh will rotate from the X-Y coordinate directions to align with the
choose to use Northing-Easting, or may find it convienient to place the (0,0) origin of the coordinate systemat

Wells and perforations library (7]
Convert perforation clusters wizard 7] [ [t C Important: when importing the
Perforation dusterlocation specication method @ first well, re-center the matrix
O Specty perforation clusters ane-at-a-time e o around 15,260 MD. This is the
center of the well lateral (Prod
st enint Interval).

@ Specify using 'inline” method (e.g., number of clusters per stage)

0 () A | B | C | D |

Use length per cluster to specify perfaration cluster locations @ MD(ft) Inclination (deg) Azimuth (deg)
L8 Curve 12410.6 75.0 140

2N Production Interval 12710.6 90.0 140

@ Specify clusters per stage 3| Production Interval 130106 90.0 140
— Wellhead z-position [ft] Production Interval 13310.6 90.0 140

- - o 0 * 0 t.ii}| Production Interval 13610.6 90.0 140

o Specify length per cluster PE)| Production Interval 13910.6 90.0 140
Production Interval 14210.6 90.0 140

<1l Production Interval 14510.6 90.0 140

PN Prodygi = 4810.6 90.0 140

Wellbore survey import wizard ? Wellbore inner diameter [inches] ™ oduction Interval 151108 90.0 140
’79‘56 ‘ 0 S.Lroduction Interval 15410.6 90.0 140

Product® 0.6 90.0 140

Adjust well landing depth wizard (7] £ Production nterval 16010.6 90.0 140
14| Production Interval 16310.6 90.0 140

<1:}| Production Interval 16610.6 90.0 140

- Optional recentering MD [ft] =) Production Interval 16910.6 90.0 140

WEII Stagﬁ SEtII:I wmrd ﬂ ’71 5260 ) ‘ 0 50| Production Interval 17210.6 90.0 140
.31 Production Interval 17510.6 90.0 140

.74 Production Interval 17810.6 90.0 140

we“ shlﬂ w ﬂ L5} Production Interval 17811.6 90.0 140
SURVEY TABLE 0 |_D |ZH Production Interval 17812.6 90.0 140

N\ ResFrac .‘ 73



I Wells and Perforations: import well from survey (slide 2 of 2)

Copy the well survey data from the excel sheet into the wizard

y A | B C | D |

Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section
MVertical Section
Vertical Section
Vertical Section
Vertical Section
M Vertical Section
Vertical Section
Vertical Section
Vertical Section
Vertical Section

= scroll

W ResFrac

the spreadsheet contents

Wellbore survey import wizard @

MD(ft) _Inclination (deg Azimuth (deg The azimuth ~ [eec £
0 0 140 of the well is
10 0 140 dicular
600 0 140 tperpen (1(:;;;.0 recentering MD [ft] ‘ P
900 0 140 o SHmax
1200 0 140 (50° +90°)
1500 0 140 surRveY TABLE @ [
1800 0 140 [ I
2100 0 1440 MD [f] Inclination [degrees]
2400 0 140
2700 0 140 0
3000 0 140 o
3300 0 140
3600 0 140 600
3900 0 wo| T —— 900
— 0 140 1200
1909 0 140 - 1500
4800 0 140
5100 0 140 1800
5400 0 140 - 2100
- 2400
Add a new row first to paste in ————» e resize e

‘ Reset to default values

Azimuth [degrees]

140

140

140

140

140

140

140

140

140
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Wells and Perforations: Confirm import

To view the imported well information, expand Well _Prod under the ‘Well Trajectories and Perforation
Locations’ section. There you'll find 1) the Well Vertices table, and 2) stage information (not yet defined).

I WELL TRAJECTORIES AND PERFORATION LOC

ATIONS QI

umber of ltemns: 1
~  Well_Prod

Well names
r'.-‘a'cl\_Plud

|@

TICes[FT] @ D)

WELL
I Measured depth [Ft] x-lacation [ft] y-location [f] z-lacation [Fft]

w
= ~ w = w ]
o

w Resize Table

W ResFrac

300

600

900

1200

1500

1800

2100

2400

(=] (=] o o

(=] (=] o (=]

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

-3.72988312734%6e-13

300
600
900

1200

Absolute roughness [in] e

0.00196850393700787
0.00196850383700787
0.00196850393700787
0.00196850393700787
0.00196850393700787
0.00196850393700787
0.00196850383700787
0.00196850393700787

0.00196850393700787

Confirm the well locations and ID
defined in the import wizard

manually edit here

9.56

9.56

9.56

9.56

The rest of these parameters have
been assigned default values

Check if cased [not openhole} 0

[< I < IO < I < A < I < I < B . B <.

1 8.987631079738
1 8.987631079738
1 8.987631079738
1 8.987631079738
1 8.987631079738
1 8.987631079738
1 8987631079738
1 8.987631079738
1 8.987631079738

NW complenity coefficent @y | Conductivity of low outside @

casing' [md-ft]

[psi/{bpm}*expanent]

0.5 0
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0

If the ID changes with depth,
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Wells and Perforations: 3D preview plot check (slide 1 of 2)

At this point you can re-open or refresh the 3D preview plot. Observe:
A) The newly imported well replaces the original 3 from the template.
B) The matrix location has been recentered. You can check this by turning on the ruler grid for the matrix.

Wh  ResFrac Pro- 3D Visualization ResFrac Corporation-Prod-Internal  EGS Example File from EGS Tutorial
<« Refresh to view the 0 i wiminiis | e— TO@Ster message indicates we
need to correct the external
fractures. That will be next, after
we add the second well.

recent changes here

@Omd@ooz@:ﬁwo -8000 -6000 -4000 -2000 0 2000
8001

B) Confirm the matrix is
centered along the lateral
(15,260 ft MD, 11,900 ft TVD).

A) Confirm new well is in
the correct location.

The matrix can also be re-
centered as part of the
Stages setup wizard (next)
or the Meshing panel.

Select ‘Ruler Grid’ to verify the
Linear Log depth of the well and matrix

0.000100000 0.0001000001

Initial permeability (Shmin dir) (md)

* ResFrac

Rotated Stretch Visibility (All Panel

1,140,1 Matrix Q \/ ;EH 0 Fracture 0
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Wells and Perforations: 3D preview plot check (slide 2 of 2)

Confirm your well and matrix placement using ‘Show value with click’.

W ResFrac Pro - 3D Visualization

‘Show value with click’
shows x, y, z —

X:2625928ft, Y

NaN md
3120.180 ft, Z: 11918.18 ft

Close

coordinates

‘Show value with ~
click’ tool

W ResFrac

0.0001000000

Rotated Stretch

1,140,1

Initial permeability (Shmin dir) (md)
I

0-8000  -6000
o2 B
800§006730

-8000

-10000

-12000

-14000

-4000

ResFrac Corporation-Prod-Internal ~ EGS Example File from EGS Tutorial

-2000

0

2000

Default X Y Z

Linear Log

0.0001000001

Point selected. You can select
along the wellbore or a point
in the matrix.
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| Wells and Perforations: create second well (option A) - import

Repeat for second well - Enter wellbore info, shifting the wellhead position

Wellbore survey import wizard @ Wellbore survey import wizard @

This wizard imports data from a wellbore survey. Before using this wizard, refer to the help content in the 'Well This wizard imparts data from a wellbore survey. Before using this wizard, refer to the help content in the "Well
inputted in a table with MD, inclination, and azimuth. You also need to provide the (x,y,z) coordinates of the well nputted in a table with MO, inclination, and azimuth. You also need to provide the (xy,z} coordinates of the well
along a series of line-segments defined between these points. This 'Wellbore survey import’ wizard converts fr along a series of line-segments defined between these paints. This "Wellbore survey import’ wizard converts fr
We recommend that you set up the coordinate system so that the X and Y axes are aligned with NS-EW. In add We recommend that you set up the coordinate system so that the X and Y axes are aligned with N5-EW. In add
stresses. With this setting, the simulation mesh will rotate from the X-Y coordinate directions to align with the With this setting, the simulation mesh will rotate from the X-Y coordinate directions to align with the direction 1
choose to use Northing-Easting, or may find it convienient to place the (0,0) origin of the coordinate systemat use Northing-Easting, or may find it convienient to place the (0,0) origin of the coordinate system at one of the

To account for the SHmax

ﬂ'-.ruu Prod ‘0 F‘ﬂ‘“‘ - ‘9 d|reCt|On (500 |n th'S Case),
apply the following equations:
N ° | x=400ft * sin(50%)

y = 400 ft * cos(50°)

Wellhead x-position [ft]
K o

Wellbore spacing of
s le <1400 ft horizontally
and 200 ft vertically

Wellhead y-position [ft]

257 ‘ (7]

[om EX 4 |» o Positive z values represent depth.

Wellbore inner diameter [inches]

Wellbore inner diameter [inches

o= o Lo e When importing the second well,
you do not need to re-center the

EZ @ [ |@ «~ matrix. It has already been
centered around the first well.
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I Inclination [degrees] Azimuth [degrees] e I Inclination [degrees] Azimuth [degrees] e - I
0 ;
B : - =

600 0 140




Wells and Perforations: create second well (option B) — copy (1 of 3)

Alternatively, you may copy the existing Well _Prod, and shift its location (using this 4-step process)

Wellbore survey import wizard

Q UETEITITEEE &> Step 4. Shift well down 200 ft**

Well stages setup wizard 7]

0 Step 3. Shift well over (in the SHmax direction) by 400 ft*

WELL TRAJECTORIES AND PERFORATION LOCATIONS e

Number of Items: 2 Add Item
.
Step 1. Duplicate
> Well_Prod Measured depth at toe: 17812.6 ft Total stages: 0 \
NeW We” — v \Well_Prod _2_ Measured depth at toe: 17812.6 ft Total stages: 0 Duplicate W
Well names
mm ® | «— Step 2. Rename copy to Well_In;

* The ‘Well shift wizard’ can also be used to test different well spacings.
** The ‘Adjust well landing depth wizard’ is useful for testing different depths (and temperatures).

W ResFrac 79



Wells and Perforations: create second well (option B) — copy (2 of 3)

Step 3: Well shift wizard

Wl shift wizard @ Goal: Shift Well_Inj over 400 ft

This wizard shifts the wells side-to-side by the specified distance. You can choose to enter the shift distance either as a distance along the SHmax azimuth or as a distance perpendicular to the well
azimuth. A positive shift distance moves the well in the direction of SHmax, as defined in the 'Static Model and Initial Conditions' panel. A negative distance shifts the well in the direction 180 degrees
opposed to SHmax.

Well shift distance specification method Q
Bl ResFrac Pro - 3D Visualization ResFrac Corporation-Prod-internal  EGS Example File from EGS Tutorial

@ Distance in SHmax direction

O Distance in perpendicular to the well azimuth ('gun barrel' distance)

WELL SHIFT DISTANCE [FT] e FD

Well name (] Well shift distance [ft] VleW new §ockpAG0F R0 8000 6000 4000 2000 0 2000
800
well location

Well_Inj 0

Well_Prod
-8000

m ‘ Reset to default values ‘ -10000

Turn on well
names to
differentiate

Linear Log

nitial permeabilit

ResFrac

Matrix Rainbow BGYOR




| Wells and Perforations: create second well (option B) — copy (3 of 3)

Step 4: Adjust well landing depth

Adjust el landing depth wizard © Goal: Shift Well_Inj down 200 ft

This wizard adjusts the wellbore landing depth to make sure that it is landed in the correct formation. Before using this wizard, refer to the help content for the ‘Wells and perforations' panel for

(to 12,100 ft TVD)

In ResFrac, we typically define formation properties versus depth and model only a section of the wellbore. A problem arises because if you import a wellbore survey, the well may be dipping up or
down to follow the natural dip of the formation, which isn't captured in the 'properties versus depth' table. Therefore, you need to adjust the wellbore landing depth in the model up or down in order to
make sure that the well is completed in the correct zone within the 'matrix region' that defines the section of the well that is being modeled.

b ResFrac Pro - 3D Visualization ResFrac Corporation-Prod-Internal ~ EGS Example File from EGS Tutorial

IMPORTANT: The wizard identifies the section of the well that crosses the center of matrix region (measured along the line running in the direction of SHmax). The Default X Y Z
except leaving the wellhead at surface, in order to land that section of the well within the user-specified depth interval. Make sure that the center of the matrix reg|
location that you want landed at the specified zone!

Well name

’7wm| Inj ~ | @
(P@M0-8000  -6000  -4000  -2000 0 2000
8006008380

Well landing zone
(Fmrmat\on A 0

Adjust the matrix region depth? -8000
’7ND - | @

Position within landing zone \ -10000
@ X We already re-centered

the matrix during
m ‘ Reset to default values | We”_PrOd ImpOI't

-12000

Well_Inj has
shifted down

\ -14000 WELL TRAJECTORIES AND PERFORATION LOCATIONS @

The landing zone is our single layer in the static model: Formation.
Calculate the desired position in the landing zone. In this case:
12,100 ft (target depth) / 20,000 ft (formation thickness) = 0.605. '

Initial permeability (Shmin dir) (md) > Well_Prod

* ResFrac

Number of Items: 2

Measured depth

> Well_Inj

Measured depth at toe: 180126 f

Total stages: 0




I Wells and Perforations: add stages

« We will be simulating a single stage, so the MD distance in the
model (Shmin direction) is set to be the same as the stage length.

Use length per cluster to specify perforation cluster locations (2]

@ Specify clusters per stage
Well stages setup wizard @

O Specify length per cluster

The section of the well near the toe that is notin any stage is assigned to stage '0. The section of the well at the heel that is not in any
number. So for example, if you are modeling three stages, then Stage ‘4" is the section of the well from the heel side to the well head tt

= = After the wizard has run, it is strongly recommended that you pull up the 3D preview image to visualize the wells, the matrix region, ar
Wellbore survey II"I"I|JOI't wizard o looks correct. The element size in the Shmin direction may be changed by this wizard.

Adjust we" |al1dil'lg depth Wizard 0 [ MD distance in model [ft]
’7200 " 0 \

When modeling a single
Well shift wizard [K2) STAGE LENGTH PERWELL @ ) stage, the stage and sector
> lengths are equal

WELL TRAJECTORIES AND PERFORATION LOCATIONS @ el © | stgelength perwell[f]

- , lenath sector length
. Well_Prod 200 stage lengin =
Excel file data: —> number of stages

Well_Inj 200 j

The matrix center dictates where the
[ stages are located along the lateral.
In this case, we already recentered
from the Wellbore survey import

wizard. This can also be done in the
W Stage setup identical for injector and producer Meshing OptiOﬂS panel.

Averaging option
(Mod\fv MD ~ @
Apply |‘ Reset to default values

’— (Optional) New matrix region center x-coordinate [ft]

’* (Optional) New matrix region center y-coordinate [ft]

L

W ResFrac




Wells and Perforations: expand well details and add clusters

Expand each well. Confirm the stage numbers have been updated in the Well Vertices table. Then
scroll past the table to define the clusters and perf data (see the Perfs tab in the excel file).

@ Well _Prod Measured depth at toe: 178726 ft otal stages: 1

Well names H .
[t v o Excel file data:
[
= Sscroll 4 a 2 <
™ I Stage length 200 ft
WELL VERTICES [FT] @ [ 2B Shots per cluster 6
T BErElE EQ Perforation shot diameter 0.28 in
’76 (7] LB Perforation discharge coefficient 0.9
Measured depth [ft] (2] Stage number (7] x-location [ft] (7] EllNUmber of clusters per stage 8
6
“ 142106 - 1792.96805046553 L pertoration shot diamete [ Stage setup identical for injector and producer
14510.6 2 1985.80433337155 0.28 (7]
14810.6 2 2178.64061627751
s 2 2371.47689918347 r— Perforation coefficient of discharge b
15159.9999999995 1 2403.23060710166 29 o Repeat for Well_lnj
15359.9999999945 0 2531.78812903897
15410.6 0 2564.31318208943 cLusTERs PERSTAGE @ 1]
15710.6 0 2757.14946499539
Clusters per stage e
16010.6 0 2949.98574790135
New Row  Resize Table 1 8
Observe: the well stages set-up wizard automatically Cluster spacing = Stage length / clusters per stage
reassigned the stage numbers. =200ft/8=25ft

* ResFrac The stage number column has been shifted - to move a column,

83
click header to select, then click again to drag and drop.



Wells and Perforations: check perforations in 3D image

* ResFrac Pro - 3D Visualization ResFrac Corporation-Prod-Internal  EGS Example File from EGS Tutorial

. O fresh) 3D '
pen (or refresh) preview

. Use “matrix slices” at the
bottom of the screen to hide
upper layers and reveal wells
(z-layers 1 - 35 are displayed
in this image)

3. Hover over visibility toggles
(green sliders at bottom of
screen), and turn on
“Perforations” visibility

4. Check that each well has 8
clusters. Use horizontal
stretch to help view the —_—
individual perforations.

5. This image is viewed from

above (by selecting the “Z”

display in the upper right

corner, then zooming in)

W ResFrac

N —

0.00, S — 4 0.0001000000 \. 000001 0.0001000001
erforation Diamete




Wells and Perforations: Remove external fractures

External fractures are used to capture stress shadowing from previous stages, which is important for
accurately simulating hydraulic fracturing. However, for this initial pass we will not be simulating hydraulic
fracturing but instead using pre-existing fractures (to be defined next in the Static Model and Initial
Conditions panel). We will revisit external fractures in the second phase of this tutorial.

EXTERNAL FRACTURES @ ] A

Approx distance from edge of . . .
Well name 0 matrix region [ft] 0 Center x-coordinate [ft] 0 Center y-coordinate [ft] 0 Center z-coordinate [ft]

Duplicate Row

Add Row Above

| Remove Row ]

Add Row Below

New Row Resize Table

« Highlight all three rows from the template and right-click to remove.
Or else resize table to O.

\Y

nber of rows for table*

New numb
d -
New Row v

W ResFrac
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I Pre-existing fractures can represent natural fractures, faults, or

hydraulic fractures

Angled or dipping natural
fractures or faults

W ResFrac

Hydraulic fractures

\ & Default X Y Z

Temperature (exact) (F)

67.96130

A ResFrac Mini-Guide on
Preexisting Fractures is
also available at this link.
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Static Model: Pre-existing Fractures (1 of 2)

Return to the Static Model and Initial Conditions panel. Pre-existing fractures can be defined in the Advanced
options section. Pre-existing fractures can also be used to represent natural fractures, but here we’ll just use
them to represent hydraulic fractures (to remove the computational time required for stimulation).

Each individual fracture can be defined explicitly in this table. Alternatively, define a single representative
fracture to serve as a ‘template’. In this case, we want to place identical fractures at every perf cluster, so we
will define a single fracture in the ‘Preexisting fractures’ table, which will serve as a template.

When a pre-existing fracture is used as a template, the x, y, z
coordinates are arbitrary and do not need to be specified. Fracture size & orientation

Hegize lable

W ResFrac

=@ 0 Ae (Warnmg will go away after next stem /

Orientation (clockwise from
I Center x-coordinate [ft] Center y-coordinate [ft] Center z-coordinate [ft] Fracture full-length [ft] Fracture full-height [ft] positive y-direction) [degrees] o
50

1000

Unpropped conductivity
EO (optional) [ft] (7} Eres (optional) [ft] @ | 90%dos [its:-iss*""t”“a”' (7 ”“F";:EF:M‘LJ [m'jd f't’]“ Y @ | stessde e e nl:][ ptional) @ Dip {optional) [degrees] @
psi®t=1

50

A /

~ —~
These can override the unpropped fracture Here, set a fixed fracture conductivity

aperture options in the static model. (and optionally apply stress dependence). 87



Static Model: Pre-existing Fractures (2 of 2)

Then use the ‘Autoplaced Preexisting Fractures’ feature to position a pre-existing fractures centered at each
perforation (which were just defined in the Wells and Perfs panel).

AUTOPLACED PREEXISTING FRACTURES

@[
Preexisting fracture template
o ’ -

Use row 1 of the ‘Preexisting fractures’ ! Well Prod ¥ _
table as the template, and apply to | _
each well. 1 Well_Inj v =

The warning for not placing x, y, z coordinates in the ‘preexisting fractures’
table will disappear once the fracture is assigned as a template.

Note: pre-existing fractures defined using the auto-placement feature will not appear
in the 3D preview. They will appear in the viz tool after the simulation is run.

W ResFrac
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I Meshing Options: Overview

1<

Meshing Options
M Welcome Specify spatial discretization parameters for wells, fractures, and matrix.
® Startup Editor Search

Meshing wizard [i(?]

& Static Model and Initial Conditions

Curve Sets ’7‘..3'5 Ibore element length [t]

s EX]

& Wells and Perforations

@ Meshing Options ’7 Fracture element length [ft]

100 ‘*0

Fluid Model Options

Fracture Options

’7 Fracture element aspect ratio
1
Proppants j

CENTER OF MATRIX REGION [FT]

Matrix center in x direction [ft] Matrix center in y direction [ft]
’7277350936807‘\58 e (*268366%5&‘\5687

Water Solutes

Well Controls

Meshing wizard — auto
creates matrix mesh

\,~ Wellbore and fracture

element size

 Matrix Mesh

Location
 Size
Shmin direction
SHmax direction
* Vertical direction

Matrix center in z direction [ft]
’712099‘96% 169069 (7]

—

Other Physics Options

MATRIX REGION LENGTH ALONG THE SHMIN DIRECTION

Numerical Options

Output Options Use uniform matrix elements in the Shmin direction? 0

Advanced Options

Number of matrix elements
Fzz ‘ (7]

Matrix region length in the Shmin direction [ft]
’7200‘0002 » O

W ResFrac

~/

MATRIX REGION LENGTH ALONG THE SHMAX DIRECTION

Apply logarithmic matrix mesh refinement in the SHmax direction (]

I:’ Use uniform matrix elements in the SHmMax direction? 0
93 (]

17083.3333333333 [~]

MATRIX BLOCK LENGTH (EITHER SHMAX OR Y) [FT] 0 ’_D

Matrix block length (either 0

SHmax ory) [ Min position along SHmax [ft] @

Max position along SHmax
[ft] L]

1000 -11225.3298208235 -10225.3298208235
900 -10225.3298208235 -9325.32982082355
800 -9325.32982082355 -8525.32982082355

MATRIX REGION LENGTH ALONG THE VERTICAL DIRECTION

Vertical mesh alignment tool (2]

] Use uniform matrix elements in the vertical direction? @

75 0

11533.4 (-]

MATRIX BLOCK LENGTH (VERTICAL) [FT1 @ 1)

Matmhln(k;ar]‘gmwmim” ° - ° e ° - I

2000 6333.26311690687 8333.26311690687



Meshing Options: Preview

L ResFrac Pro - 3D Visualization ResFrac Corporation-Prod-Internal  EGS Example File from EGS Tutorial
. Default X Y Z
Use the 3D preview Not " )
- ote non-uniform mes
heck the matrix : , : :
to check the mat Matrix length in refinement outside of
mesh extents and SHmax direction the central region
i Vs
refinement. —
A

Turn on matrix &

fracture edges to
: L —T > | Qe e cges 2
view the individual C ?
e o
=]
)
e
e
@
)

Matrix length in
ﬁ Vertical direction

mesh elements

Click to

expand

Visibility )

options Q Matrix length in
Initial permeabilit 3 Color Bar boritotee 2 Shmln dlrectlon Linear Log
== —
0.0001000000 Well Thickness 4 0.00010000 0001000 0.0001000001

i Stret

eset Su e Visibility (All Panels) z T Ruler Grid olor Scheme
* RESFrac 1,140,1 Matrix @i Well (i) Fracture i) GAaCTIEN | MatrixSlices | g Rainbow BGYOR




Meshing Options: specify wellbore and fracture mesh sizes

Meshing wizard (7]

e Meshing guidance:

Wellbore element length [ft]
e Wellbore element length should be less H » 0
than cluster spacing (currently 25 ft)
e Number of fracture elements is the (U” » ©

number one impact on computational time
e Recommended number of fracture e e s
elements: 1,000 to 5,000 R

» O

In this case: 20 fractures, each with dimensions 1000 ft x 500 ft = 10 million ft2 total fracture area.

If each fracture element is 50 ft x 50 ft, that’'s 2,500 ft2 area per element.
10,000,000 ft2/ 2,500 ft2 = 4,000 fracture elements. That falls within the recommended amount.
If the fractures collide, the total number of fracture elements will be less.

W ResFrac
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Meshing Options: matrix mesh location and Shmin refinement

CENTER OF MATRIX REGION [FT]

Currently centered around Well Prod o et e —
(at 15,260 MD and 11,900 TVD) | zrsoasaaoron 0 [ mosesisuses @ | rssssaniesos o

Matrix center in z direction [ft]

MATRIX REGION LENGTH ALONG THE SHMIN DIRECTION

The 1D submesh fracture Apply logarithmic matrix mesh refinement in the Shmin direction
algorithm typically makes
refinement unnecessary

> Use uniform matrix elements in the Shmin direction? @

Specify 8 matrix elements in
direction of Shmin (1 per cluster) Matrix element size in Shmin direction

Keep at 200 ft — this was =200ft/8 =25
automatically updated by the
stages setup wizard based on the
sector length we defined

Matrix region length in the Shmin direction [ft]

> ’7200.0002 » 0

Typical element size ranges from 5 — 25 ft

W ResFrac 92



Meshing Options: SHmax matrix mesh refinement

The default SHmax direction matrix mesh is small in the center, then grows gradually to the matrix edges.
This trick creates a large mesh without an excessive number of elements. Here, we’ll refine the mesh
logarithmically around each well, since that’s where most of the activity is occurring.

Alternatively, you could refine the

MATRIX REGION LENGTH ALONG THE SHMAX DIRECTION

e ————— o

Mesh refinement in the SHmax direction wizard [l 7]

: Mesh refinement in the SHmax direction wizard @
@ se uniform matrix elements in the SHmax direction?

This wizard refines the mesh in the SHmax direction towards each of the
direction’ tool can be used instead since it refines the matrix from a single
refine the matrix mesh size toward each of the wells.

’* MNumber of matrix elements

29 (7] Specify two parameters - the size of the matrix elements centered on the

Optionally, you may specify a third parameter to indicate the maximum el

* 0

" lon length in the SHmax direction [ftf] ——————————— :g”ler element size [ft]
9000 (7]

To change the matrix region length:

Elerment growth rate
1. Select ‘Use uniform matrix R

* 0

elements in SHmax direction’ to

aCtiVate ‘Matrix reg ion |ength, in put ” Optionak: maximum element length in the SHmax direction [ft]

2]

2. Enter 9000 ft
3. Apply ‘Mesh refinement in the

* ResFrac

SHmaX dlrectlon Wizard’ D Use the original algerithm for mesh refinement around each perf

Typical element size ranges
from 30 - 150 ft

—

MATRIX REGION LENGTH ALONG THE SHMAX DIRECTION

»~ mesh around a single central point @

Mesh refinement in the SHmax direction wizard [l 7]

|:| Use uniform matrix elements in the SHmax direction? @

When ‘Use uniform
e Py matrix elements’ is

deselected, the custom

‘Matrix block length’

table becomes active

MATRIX BLOCK LENGTH (EITHER SHMAX OR Y) [FT] 0 |_D

Matrix block length (eith - - M ition along SHmax
| HSH;; :Pﬁt[&(]! ° S i B Iu?%mg - -

=
L
[=]

-3010.66315415788 -2960.66315415788

H -2960.66315415788 -2920.66315415788
H 50 ~2920.66315415748 -2870 ARI15415788
62.5 enesas Outward 115415788
H 134.606015283848 an owth 113887403
from center
62.5 3 113887403
elements
50 -2611.05713___ __ 13887403
-2561.05713887403 -2521.05713887403
i 50 -2521.05713887403 -2471.05713887403

MNew Row  Resize Table
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Meshing Options: vertical matrix mesh refinement

There is no logarithmic refinement wizard in the vertical direction, so we will apply uniformly sized
vertical matrix elements here.

e Meshing guidance:

Vertical mesh alignment tool

e Recommended number of matrix

elements: no more than 200,000

In this case: 8 elements (Shmin direction) 5
x 35 elements (SHmax direction)
x 60 elements (Vertical direction)

MATRIX REGION LENGTH ALONG THE VERTICAL DIRECTION

o

Use uniform matrix elements in the vertical direction? @ Typlcal element size (In non-/ayered

formations) ranges from 30 - 150 ft

— Number of matrix elements

Matrix element size in Vertical direction
=4500 ft/ 60 = 75 ft

r— Matrix region length in the z direction [ft

= 16,800 matrix mesh elements. 4500

This falls well below the maximum amount.

W ResFrac

When you select uniform matrix/

elements, the custom matrix
block length table will disappear.

e~
MATRIX BLOCK LENGTH (VERTICAL) [FT] @ rl:|

fatrix block [\fetl']lgm (vertical) e Top [ft] e Bottom [ft] e
80

990.800000000005

4861.20000000001

4921.40000000001

4921.40000000001 4981.6

4981.6 5041.8

94



Meshing Options: 3D preview plot check

Use the 3D preview
to check the matrix
mesh extents and
refinement.

Turn on matrix &
fracture edges to
view the individual
mesh elements

W ResFrac

W ResFrac Pro - 3D Visualization

ResFrac Corporation-Prod-Internal ~ EGS Example File_v3_v3 Copy 1 from EGS Tutorial

Matrix length in SHmax direction
(logarithmic mesh refinement)

Y A

Viatr e Edges 0 ’
Stres on Paints °
Facie °
Well Name: (] .
External Fractures e CIICk tO
e e expand
olorbar ) TR
3D panel controls /) VISIbIIIty
options
D r Font 12
1Tt “
Visibility (All Panels) Ma
| Q Well o Fracture Q . . Yo

N\

Matrix
length in
Vertical
direction

Matrix length in

Shmin direqtniegpr

0.0001000001
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Fluid Model Options: Overview

This panel defines the properties of the reservoir fluid. As a water-only system, most of this is can be ignored.
No changes to the template are needed.

& .
Fluid Model Options .
A Welcome Specify parameters related to fluid model (black oil or compositional) Water denSIty and VISCOSIty WI” be LBC COEFFICIENTS @ TD
© s Editor - Search based on its temperature and pressure |
D —— LBC Coefficients 0
@ Static Model and Initial Conditions Compositional library (2] . l
" 0.1023
® CurveSets Compositional wizard 7] -
0.023364
Water viscosity and density calculation method (7]
@ Wells L OMPONENTS [VARIOUS UNITS USED] @ ¢l 1)
Wells and Perfarations o ) ) 0.058533
O Specify constant viscosity, constant compressibility, and reference density
o Mesh ng th ons Name Molar mass @ Correlations based on pressure, temperate, and salinity -0.040758
0.0093324
@ Fluid Model Options Flash components viscosity model @ *Constant Va/ues m[ght
Fracture Options O Simplified viscosity model be preferred if Comparing
h NITIAL COMPOSITION BY LAYER IC
@ Lohrenz-Bray-Clark (LBC) correlation resu,ts to an analytlcal 9 D
Proppants New Row Resize Table : '
solution (e.g. Gringarten)
IWaterSolites NITIAL FLASH COMPONENT COMPOSITION @ |_D LBC madel parameter source @ Layer name o

@ Specify critical molar volume of each component, and the LBC ceefficients

Formation

CRITICAL MOLAR VOLUME [FT~3/LBMOL] 0 FQ

Well Controls BT o Initial flash component @y
composition O Use default LBC model parameters
Other Physics Options

Numnerical Options ON-WATER ENTHALPY OPTION FLUID TYPES @ [[]

| Advanced options Vv

e T AT 0 Critical molar volume 0
Output Options P [ft~3/Ibmol] Component name @ Non-water enthalpy option @
FLASH COMPONENT BINARY INTERACTION COEFFICIENTS @ |—D P fluid types
=

Advanced Options
Component 0
-

* ResFrac : We will use steam correlations —» | | & v .0 96




Fracture Options: Parameters relevant to pre-existing fractures

This panel defines options for fractures. Some of the parameters apply only to hydraulic fractures, while
others apply to pre-existing fractures as well. The following parameters are relevant to our pre-existing
fractures (though no changes to the template are needed yet). We will also revisit this panel when we start
creating hydraulic fractures in Phase 2.

Allow flow behind casing if

Cased well and fracture connecti ance t
fractures are within 10 ft of Fm » 0
perforation (creating a

hydraulic connection)

Allows fractures (originating
from different wells) to collide if F“ welborestefracius connection conductiulty multilier % ©
they come within this distance
of each other.

The 'relative' distance % T Fl colliton ceSattve ciszance {erent wels
the fracture element length =
the absolute 'collision’ distance:
0.2 x 50 ft =10 ft

Because the pre-existing fractures are already initiated in-line with
* ResFrac each other, the collision distance parameters aren'’t critical here.
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Proppants and Water Solutes: Skip

These two panels would be next if generating hydraulic fractures. We will consider these in Phase 2
of this tutorial. Skip these panels for now.

W ResFrac
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Well Controls: Overview

< Well Controls define the injection, production, and shut-in sequences.
Well Controls
™ Wt Specify injection and production schedules
Editor  Search When you arrive at this panel, there will be Errors because the well
& Startup .
. N , names have changed and no well controls are defined.
& Static Model and Initial Conditions 0
& CurveSets Maximum simulation time [hours]
- | 2oz EX: ~Z * Import or export well control blocks
& Wells and Perforations s - o ° Simulation end time
R _ N Sequence wiza . . . . _ . .
i — — } < « Wizards to assist in creating injection and production blocks
& Fluid Model Options . —— 9 R ° We” Contr0| blOCkS
Fracture Options N 0 A 0 A / 1 d EaCh We” haS a tab
Well _Prod Well _Inj e . . .
proppants - « For each well, create injection, production, shut-in,
S . and/or general sequence blocks to define the
S 1 * No blocks are currently populated

« Well flow scalers (in Advanced options)

Other Physics Options

‘ Advanced options

weLL FLow scaLers @ [ A

I- o e

10090

A ResFrac Mini-Guide on
Boundary Conditions is
also available at this link. 99

9990
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https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Boundary%20conditions.pdf

Well Controls: Simulation time

Well Controls

Specify injection and production schedules

Editor Search
0
Maximum simulation time [hours] ) SpeCIfy S|mUIat|On tlme
| 262800 * O - 30 yrs x 8,760 hrs/yr = 262,800 hours

* ResFrac 100



| Well Controls: Create new production block for Well Prod

WELLBORE BOUNDARY CONDITION CONTROLS 0 A

| ‘._-""._-'ell_lrj 0 A

| Well_Prod @ A

Number of Blocks: 1

v  1.Shut-in

Start time: O Hours

Ensure the Well Prod tab

IS selected.

Duration: (Blank) Hours

Number of controls: 1

Type
’7NDFIuidDrH eatFlow

Q

NoFluidOrHeatFlow

InjectionSequence

ProductionSequence

General

W ResFrac

A

Crasos ) +— ‘Add Block

Then change the block
type from Shut-in to
ProductionSequence.
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Well Controls: add long-term production condition

“ 1. Production Sequence Start time: 0 Days Duration: (Blank) Days lumber of controls: & =
’j:‘-:;;uttinnSeque-ﬁce v 0

To include the full wellbore in the simulation, set BC MD to 0 (uses WHP as the pressure
PRODUCTION SEQUENCE SUMMARY @ [T / constraint). If placing a pump in the production well, set MD to the pump depth.

Boundary condition MD @ Duration to truncate 9 Optional secondary (7
(optional) [ft] sequence [Days] production type

Production type 0 Time units 0

1 LiquidPlusGasRate ¥ Days ¥ 0 LiquidPlusGasRate ¥

™~ As no oil or gas is present, ‘LiquidPlusGasRate’, ‘LiquidRate’, and ‘WaterRate’ will all yield the same result

PRODUCTION SEQUENCE BOUNDARY CONDITION CONTROL RECORDS 0 ||| _D

I SattmeDael @ Duion(oay @ MAmUmpodcinte @ | Mimumpodcion @ ingcivetme racion Options)secondary masimirm @

- 0 0.1 1500 500 0 =
0.1 0.1 7500 500 0 =
0.2 0.1 25000 500 0 =
0.3 T 53280 500 0 =

wewrow reszeaoe |1 1@STENLry is left blank, the sequence will end | Rate and Pressure controls —
when the simulation ends (set at 262,800 hrs) |« Production rate ramps up to avoid water hammer issues.

RAEESRE CoE i e p Sk 6 « Max production rate is set equal to the injection rate. Since production
will always be less than injection, the system will be pressure limited.
* ResFrac «  Well_Prod WHP will be kept above 500 psi. (Production pressure must | 102

be above the saturation pressure to maintain single-phase flow).




| Well Controls: Create new general block for Well_Inj

WELLBORE BOUNDARY CONDITION CONTROLS 9

Well_Prod @ | Well_Inj @ | <— Ensure the Well_Inj tab is selected.

Number of Blocks: 1 e S ‘Add BIOCk,

1
~  1.Shut-in Start time: 0 Hours Duration: (Blank) Hours Number of controls: 1 =
Type
’7I\laFluidDrHeatFIw.r v | @
MNoFluidOrHeatFlow Vv

InjectionSequence

ProductionSequence

Alternatively, an injection sequence may be used. However, a General condition is
more flexible and is useful to prevent water hammer, as we’ll see on the next slide.

* ResFrac 103

Then change the block
type from Shut-in to
General.

A



| Well Controls: add long-term injection conditions

~  1.General Constraint Start time: 0 Days Duration: (Blank) Days Number of contrals: 1

Type
(Gcr‘cral A e

To include the full wellbore in the simulation, apply a
GENERAL SEQUENCE sumMARY @ IT] / wellhead constraint (and/or set BC MD to 0)

Check to use gas units (not 0 Time units e

Production type e Control applied at 0

liquid) for injection (optional) [ft]

Boundary condition MD e Duration to truncate 0 Optional secondary 0

sequence [Days] production type

0 LiquidRate ¥

1 LiquidRate ¥ Wellhead ¥ O Days ¥
™~ Injection is liquid only
GENERAL WELLBORE BOUNDARY CONDITION CONTROL RECORDS @  [[]
Start time [Days] (7] Duration [Days] (2] Min stage (7] Max stage (7]
All stages ¥ All stages ¥

Maximum production rate Maximum injection rate
[bbl/day] e e

[bpm]

1000 37 3000 150

Pressure [psi] 0 Temperature [F] e Inactive time fraction

Injection is entirely water
(no water solutes) \

Relative water injection e
fraction

New Row Resize Table
Isolate well controls reset wellbore pressure * (7]

Long-term circulation occurs in all stages
(though there’s only 1 in this sim)

Max production rate is set >0 to avoid issues with water hammer
at the start of injection. This is only possible using a General
constraint. Otherwise, ramp up injection rate (like production).

W ResFrac

-

Re-injection temperature

Additional columns in General
BC control table dictate water
solute and proppant quantities
—allmust be setto 0

Rate and Pressure controls —
Well_Inj has a target total injection rate of 37 bpm (~100L/s).
WHP must also be kept below 3000 psi during injection (due to

pump limitations).

Downhole pressure must also be <Shmin to avoid fracture growth 104

The controlling factor may change over time.




Well Controls: well flow scalers - introduction

‘Well flow scalers’ are used to scale the flow from the wellbore (representing full lateral flow) to the sector model (which
represents only a fraction of the reservoir).

In the example shown in the schematic below, 50,000 bbl/day is the target flow rate for the full lateral. However,
because we are using a sector model that represents only 1 of the 10 total stages, only 1/10 of the total flow should
pass through the modeled reservoir.

By setting the injector well flow scaler to 10, the 50,000 bbl/day wellhead boundary condition is scaled down by a
factor of 10, resulting in 5,000 bbl/day being injected into the modeled stage. On the production side, a well flow
scaler of 10 scales the produced flow back up by a factor of 10, from 5,000 to 50,000 bbl/day in the wellbore,
representing the combined contribution of all 10 stages along the lateral.

In this way, the reservoir experiences the appropriate single-sector flow rate, while the wellbore calculations
reflect the full-lateral flow rate, allowing friction and heat-loss effects to be represented more accurately.
Stages:

Full Wellbore Flow -
Flow Multiplier = 10 /
(50,000 bbl/day) MD_prod,” Production Well

y /' Sector Flow
MD. inj / (5,000 bbl/day)
L — _W Injection Well

Full Wellbore Flow -

Flow Multiplier = 10
* ReSFrac (50,000 bbl/day) 105




Well Controls: well flow scalers

Find under ‘Advanced options’. Delete all existing rows (which contain the old well names and template values).
« Option A: select all rows > right-click > ‘Remove row’
« Option B: Resize Table > 0

Create two new rows, one for each well .
W W row W Start time of 0 days corresponds to when long-term

WELL FLOW SCALERS @ [ / circulation starts in the model.

Coefficient of variation 0
penalty scaler

EGEE 0 Flow multiplier 0 Start time [days] End time [days] 0

1 Well_Prod ¥ 151106 28 0

2 Well_Inj v 151106 28 0

\ The production interval of the well is 5,100 ft long, which
can fit 28 identical stages (180 ft each). Therefore we
will scale up the well flow rate by a factor of 28.

v Well_Prod Measured depth at toe: 17812.6 ft Total stages: 1

Well names

Well_Prod ‘ (7]

M1

weLL verTIcES[FT] @ [

Choose an MD just upstream from our sector model. The MD can
be chosen using the Well Vertices table (Wells and Perfs panel).

Measured depth [ft] Stage number x-location [ft]

(48106 2178640616277 The heel end of the stage in Well_Prod is 15,110.6 ft MD.
@6 /2 71.47689918347
15150 8195866022 ; 5403.11463965668 Note: The Well_Inj MD may or may not match the Well_Prod MD, depending
2o a1esareans ; IS on how you set-up your second well. Check both well vertices tables. 106




Other Physics Options: Generally, no changes are required

W ResFrac

@ Other Physics Options

Other Physics Options

Editor Search

Near-wellbore complexity erosion factor [bbl
(500: . X7

Advanced options A

Mear-wellbore complexity variance
K EX

D Iransient dual porosity applies to therma *- (7]

Modulus averaging technique @

D Clean proppant from well at start of production or shut-in ’- (7]

D Don't clean proppant from well at shutin *- 0

Clean out well at start of MD production *- 9

CONSTANT COMPOSITION EXPANSIONS 9 |_D

I Temperature [F] o Minimum pressure [psi] e

1

L]
L]

r Preexisting fracture conductivity multiplier
1

This parameter can be used to
quickly scale up the fracture
conductivity of all pre-existing
fractures together. Useful for
sensitivity analysis workflows.
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Numerical Options: Use latest numerics version

No changes to the template are needed.

€
Mumerical Options
er e Utilize latest available numerics version (unless
@ e e |r N | you're working with an already history-matched
208 . . .
® Cunvesets model based on a prior numerics version).
______ Update to compositional effect on multiphase flow *- 9 SeIeCtIng the pUZZ|e plece WI" aUtO_apply IateSt'
.......... D Component affinity with compositional multiphase flow adjustment * (7]
Fluid I
Fracture Options — ‘Min composition difference’ with ‘update to compositional effect on mul — * 0
I — ‘Max composition difference’ with ‘update to compositional effect on mu — * 0
Other Physics Options i L o o | p - ] e
@ Numerical Options B o B
- e De-activate, unless thermoelastic stresses are
. turned on in the Startup panel. This improves
~ [J wnumerical options for long-term thermoelastic fracturing 3§ @ numerical performance in thermoelastic SimS,
* Res D Mumerical options for long-term EGS circulation *- (7] bUt Can impaCt reSUItS' 108




I Output Options: Overview

l&

Output Options
A Welcome 5 options related to simulator outputs

c

© startup Editor S
@ Static Model and Initial Conditions Output options library 9\
@ Curve Sets Overall putput frequency scales

[ o)
& Wells and Perforations
Q Lite matrix export ’- (7]

@ Fluid Madel Options Only output raw results on flagged snapshots I @

& Fracture Op

Only output raw results an the final timestep * (7]

Proppants

o O O

Qutput per well raw results files ’- (7] j

Water Solutes

STRESS OBSERVATION POINTS AND PLANES e |_D

& Well Controls
@ Other Physics Options ) &
& Numerical Options

@ Output Options

Resize Table

Mew Row

ed Options

STRESS OBS POINTS AT WELL MD e |_D

Well name o

Measured depth [ft]

W% ResFrac :

2]

Save or import
output options from
a library

Change amount of
output files

Stress obs points &
planes — in matrix
and along well

e Econ N
models

F emporal averaging for production rates [hours] —‘

Qutput obs point strains * 0

Only sxx stress in obs points ’- (7]
! PRODUCTION VOLUME MULTIPLIERS 9 rD

K [J Rotate stress observation planes with LATERAL LENGTH PER WELL IN THE MODEL [FT] @ D)

ADDITIONAL LINE PLOTS FOR HISTORY MATCHINC I

Production volume multipliers o

Well name 0

D Qutput displacements to tracking file Well_Prod

Well_Inj
Extra stress observation plane outputt

Lateral length per well in the 0
model [ft]

Well name 0

‘Well_Prod 200
Well_Inj 200
[ Economic models library (7]
Area per DSU [ft"2
i * 0
ECONOMIC MODELS @
L]
ymber of ltemns: 0 VOLUME TO FIRST RESPONSE TRACKERS @ [T .
L]
I D Frac hit trackers include shut-in period *- (2]

ECONOMICS MODEL ADDITIONAL SPENDING 0

r Perf efficiency area erosion cutoff —‘ * ©

New Row  Resize Table

Time [days]

\ verf efficlency fluid flow.

cutoff [bbI]
Ro

cHITTRACKERS @ 0]

PROPERTY OUTPUTTING RECTANGLES @ |_D

I

I Injection well I

X-center [ft]

New Row  Resize Table

| Advanced options v

(2]
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Output Options: Geothermal economics module (1 of 8)

Create a new economic model, and select ‘geothermal’ to calculate electricity generated, net present value (NPV)
and levelized cost of electricity (LCOE).

Output Options

Editar Search
ECONOMIC MODELS @
v  Geothermal Economics Duplicate i
Mame
(Geothe-mal Economics [ 7]

[ oilandgas 3¢ @

< Geothermal ¢ @

Geothermal end use option (7]

@ Electricity

K (O Direct-use heat
A ResFrac Mini-Guide on Economic
* ResFrac Models is also available at this link. 110



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Economic%20models.pdf

Output Options: Geothermal economics module (2 of 8)

This table compiles the parameters that are specific to the Geothermal economic model. Meanwhile,
the parameters below this table are applicable to all economic models (oil and gas included).

GEOTHERMAL ECONOMIC MODEL INPUTS 9 FD

Additional surface plant cost ¢ Incom I ng

per net capacity (electric)

[$/ke] electri Clty
revenue

(Optional) Cost of electricity e Time when surface plant cost e

Surface plant cost per gross o
for pumping power [$/kW-hr] is applied [days]

Surface plant cost [$] e' capacity (electric) [$/kWe]

Price of electricity [$/kW-hr] @

L 0.15 0.15 0 2500

- Time to start calculating peak o - -
Installed gross plant capacity Geothermal facilities cost per Fixed geothermal operational Surface plant OPEX per year : -
(electric) [MWe] 0‘ oulput for s[l:g?ce plant cast e well [dollars/well] e cost per year [$/year] e as a fraction of up-front cost 0 i ent tax credit T} e

30 200000 0 0.01 0.55

Tax and royalty rate on Optional power plant
Number of years to apply PTC e o efficiency (not including e Lower cutoff temperature [F] e

Production tax credit (PTC) e
geathermal revenue inj/prod well pumgp...

Replacement water cost 0
[$/kW-hr]

[$/bbI]

0 220 1

Injection pump inlet pressure e Production pump outlet e

Fraction of produced water e
pressure [psi]

Production pump efficiency e lost in power plant

Injection pump efficiency e‘

[psi]

450 0.8 0

W ResFrac
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Output Options: Geothermal economics module (3 of 8)

This table compiles the parameters that are specific to the Geothermal economic model. Meanwhile,
the parameters below this table are applicable to all economic models (oil and gas included).

GEOTHERMAL ECONOMIC MODEL INPUTS 9 FD

Additional surface plant cost ° S U rfa Ce p I a nt

Surface plant cost per gross o per net capacity (electric) 0

capacity (electric) [$/kWe] [$/kWe] CA P EX

0.15 0.15 0 2500

- Time to start calculating peak o - -
Installed gross plant capacity Geothermal facilities cost per Fixed geothermal operational Surface plant OPEX per year : -
(electric) [MWe] 0‘ oulput for s[l:g?ce plant cast e well [dollars/well] e cost per year [$/year] e as a fraction of up-front cost 0 i ent tax credit T} e

(Optional) Cost of electricity e Time when surface plant cost e

for pumping power [$/kW-hr] is applied [days] Surface plant cost [$] (7]

Price of electricity [$/kW-hr] e

30 200000 0 0.01 0.55

Tax and royalty rate on Optional power plant
Number of years to apply PTC e o efficiency (not including e Lower cutoff temperature [F] e

Production tax credit (PTC) e
geathermal revenue inj/prod well pumg...

Replacement water cost 0
[$/kW-hr]

[$/bbI]

0 220 1

Injection pump inlet pressure e Production pump outlet e

Fraction of produced water e
pressure [psi]

Production pump efficiency e lost in power plant

Injection pump efficiency e‘

Lpsi]

450 0.8 0
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Output Options: Geothermal economics module (4 of 8)

This table compiles the parameters that are specific to the Geothermal economic model. Meanwhile,
the parameters below this table are applicable to all economic models (oil and gas included).

GEOTHERMAL ECONOMIC MODEL INPUTS 9 FD

Additional surface plant cost ° S U rfa Ce p I a nt

Surface plant cost per gross o per net capacity (electric) 0

capacity (electric) [$/kWe] [$/kWe] O P EX

0.15 0.15 0 2500

- Time to start calculating peak o - -
Installed gross plant capacity Geothermal facilities cost per Fixed geothermal operational Surface plant OPEX per year : -
(electric) [MWe] 0‘ oulput for s[l:g?ce plant cast e well [dollars/well] e cost per year [$/year] e as a fraction of up-front cost 0 i ent tax credit T} e

(Optional) Cost of electricity e Time when surface plant cost e

for pumping power [$/kW-hr] is applied [days] Surface plant cost [$] (7]

Price of electricity [$/kW-hr] e

30 200000 0 0.01 0.55

Tax and royalty rate on Optional power plant
Number of years to apply PTC e o efficiency (not including e Lower cutoff temperature [F] e

Production tax credit (PTC) e
geathermal revenue inj/prod well pumg...

Replacement water cost 0
[$/kW-hr]

[$/bbI]

0 220 1

Injection pump inlet pressure e Production pump outlet e

Fraction of produced water e
pressure [psi]

Production pump efficiency e lost in power plant

Injection pump efficiency e‘

Lpsi]

450 0.8 0
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Output Options: Geothermal economics module (5 of 8)

This table compiles the parameters that are specific to the Geothermal economic model. Meanwhile,
the parameters below this table are applicable to all economic models (oil and gas included).

GEOTHERMAL ECONOMIC MODEL INPUTS 9 FD

Additional surface plant cost ° TaxeS a n d taX

per net capacity (electric) e‘

[$/kie] credits

(Optional) Cost of electricity e Time when surface plant cost e
for pumping power [$/kW-hr] is applied [days]

0.15 0.15 0 2500

- Time to start calculating peak o - -
Installed gross plant capacity Geothermal facilities cost per Fixed geothermal operational Surface plant OPEX per year : -
(electric) [MWe] 0‘ oulput for s[l:g?ce plant cast e well [dollars/well] e cost per year [$/year] e as a fraction of up-front cost 0 i ent tax credit T} e

Surface plant cost per gross o

Surface plant cost [§] o capacity (electric) [$/kWe]

Price of electricity [$/kW-hr] e

30 200000 0 0.01 0.55

Tax and royalty rate on Optional power plant
Number of years to apply PTC e o efficiency (not including e Lower cutoff temperature [F] e

Production tax credit (PTC) e
geathermal revenue inj/prod well pumg...

Replacement water cost 0
[$/kW-hr]

[$/bbI]

0 220 1

Injection pump inlet pressure e Production pump outlet e

Fraction of produced water e
pressure [psi]

Production pump efficiency e lost in power plant

Injection pump efficiency e‘

Lpsi]

450 0.8 0
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Output Options: Geothermal economics module (6 of 8)

This table compiles the parameters that are specific to the Geothermal economic model. Meanwhile,
the parameters below this table are applicable to all economic models (oil and gas included).

GEOTHERMAL ECONOMIC MODEL INPUTS 9 FD

Additional surface plant cost ° POWG r p I a nt

per net capacity (electric) e‘

(e design criteria

(Optional) Cost of electricity e Time when surface plant cost e
for pumping power [$/kW-hr] is applied [days]

0.15 0.15 0 2500

- Time to start calculating peak o - -
Installed gross plant capacity Geothermal facilities cost per Fixed geothermal operational Surface plant OPEX per year : -
(electric) [MWe] 0‘ oulput for s[l:g?ce plant cast e well [dollars/well] e cost per year [$/year] e as a fraction of up-front cost 0 i ent tax credit T} e

Surface plant cost per gross o

Surface plant cost [§] o capacity (electric) [$/kWe]

Price of electricity [$/kW-hr] e

30 200000 0 0.01 0.55

Taxand royalty rate on Optional power plant
Number of years to apply PTC e‘ e efficiency (not including e‘ Lower cutoff temperature [F] e‘

Production tax credit [PTC) e
geothermal revenue inj/prod well pumg...

Replacement water cost e
[$/kW-hr]

[$/bbi]

Injection pump inlet pressure e
[psi]

Production pump outlet e

Fraction of produced water e
pressure [psi]

Production pump efficiency e‘ last in power plant

Injection pump efficiency e

450 0.8 0

Set 50 psi below min production pressure
* ResFrac to account for losses in the plant. 115



Output Options: Geothermal economics module (7 of 8)

Additional economics inputs. Many of these will not be applicable, or are covered by other parameters.
The red parameters represent CAPEX, and the blue parameters represent OPEX.

Discount rate Miscellaneous taxes Economic calculation start time [days]
01 X E EX) [ EX:

’7 Drilling cost per well [dollars]

Working interesting in CAPEX Operations annual cost per well (phase one) [dollars/ well/year]
8000000 ‘ * 0 (1 ‘ % © rzaaooo % 0

[Optional) Drilling cost per measured depth [dollars/ft] Working interesting in OPEX ‘Operations cost' phase one duration [years]
and land [ o [ X [ * 0

costs

Land cost [dollars/acre] Ouverhead rate Operations annual
0 % @ (o EX L

cost per well (phase twao) [dollars/well fyear] “

Fixed fracturing cost per well [dollars] Produced water cost [dollars/bbl] ‘Operations cost’ phase two duration [year]
’73009000 ‘ * 0 ’70 ‘ b N7 r ‘ o

[Optional) Completion cost per stage [dollars] Miscellaneous up-front cost [dollare] Operations annual cost per well (phase three) [dollars/well/year]
I e o EX: I e

Fracturing

and Apply fracturing cost at the start of injection *- 9

’7 Facilities coct per well [dollars/well] * [Optional) produced water cost phase two [dollars/bbl]

i o \ r e

completions =

COStS ” Fracturing proppant cost [dollars/1b]
0

‘ Fixed fracturing cast per well per maximum injection rate [dollars/bpm] [Optional) produced water cost phase three [dollars/bbi]
* Res Frac Injection water cost [dollars/bbl]
\ . ‘ ’ a Start discounting from start of simulation " 9
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Output Options: Geothermal economics module (8 of 8)

[ LATERAL LENGTH PER WELL[FT] @ [ INCLUDE IN MoDEL @ [

Well name 0 Include in model

Well name (7] Lateral length per well [t} @

Well Prod 5600 Well_Prod
For | |
. - Well_Inj 5600 - Well_Inj
calculating
|and area AVERAGE WELL SPACING PERWELL[FT] @ [ WELL SCALING FACTOR @ [[]
costs

Set equal to the
well flow scalers.
This is a separate

Well name e Average well spacing per well o

) Well name e Well scaling factor

Well_Prod 400 Well_Prod 28 .
=i S input used for the
\ Well_In] 400 Well_Inj 6 economics model.
NET-OUT INSTANTANEOUS INJECTION AND PRODUCTION START AND END TIMES BY WELL ﬂ |_D

[Optianal) Start time of period {Optional) End time of period Smce Fher_e IS !'10
© | onetoapplycostfornet onetospphycustiornet @ fracturing in this
model, we’ll set
Well_Prod 0 start times to O for

% ResFrac Well_inj 0 now. 117




Output Options: Geothermal economics module - advanced

In the Advanced options section, there are custom options that may be applied in certain circumstances.
These are also located near our older version of the geothermal economics model.

A reference temperature is required for enthalpy outputting and electricity generation calculations, since
power plant efficiency is based on net thermal output. Typical correlations used in ResFrac expect a 0°C
value (which is set by default).

’7 Reference temperature for heat in place [F]
32

* O —

’7 Reference temperature for enthalpy outputting [F]
32

If you’re interested in ‘heat-
in-place’ calculations, enter
a reference temperature.
Sometimes reinjection
temperature is used.

I

1

W ResFrac

REFERENCE ENTHALPY FOR ENTHALPY OUTPUTTING (NON-WATER) [BTU/LBE]

Reference enthalpy for
enthalpy outputting (non-

water) [BTU/Ib]

Check this box if you wish
to change the reference
temperature.

Calculate electricity output with respect to 'reference temperature for enthalpy outputting’ ’- (7]

The ‘Brine efficiency versus temperature
table’ can be optionally used to used to

compute the 'Gross electricity generation rate'

BRINE EFFICIENCY VERSUS TEMPERATURE @ ) l
I

- 284 0.09
n 302 0.1
320 0.11
“ 335 0.12
n 356 0.13
n 374 0.14
n 392 0.15
410 0.16
E 428 0.17
Mew Row  Resize Table

118



Advanced Options: Overview

Generally, no changes needed in this panel.

Advanced Options

& Voo G s e o s s e e oo | Special simulator features not yet available in the Ul can
gt Search be entered here. Only use if instructed by ResFrac.
Typically used for unique applications or quick bug fixes.

(7]
{ Select which features will be visible in the Ul. Some
D) Overidenput sefctors and dot e ny s 96 @ templates restrict feature visibility for a cleaner Ul

Input selector import/export wizard [ (application specific). The EGS template has all
features visible by default.

I | If ‘Advanced Units’ are selected in the Startup panel,

Recommended settings

T T LT LD O

Temperature C F

* ResFrac Pressure MPa osi v 119

Permeability m"2 md ¥

startuppanel.recomme t 1 th 't h
Startu v/ q , I | |
P wizard 4 ndedsettingswizard you Can CUS O Ize e u nl S ere .
. s Use advanced unit startuppanel.uslead\ran(
system edunitsystem
. . tarts l.usefield
- Startup Use field units StartuppaneLusete l_Jtn -
Ty i II 5 L]
Startup Thermal option startuppanelt e[miizg
. startuppanel.fluidmode Unit li (7]
- Startup Fluid model PP | system library
@ Advanced Options . . tart |.dual i UNITS In
' ) Startup Dual porosity option startuppaneldualporost s @ 10
tyoption
. . startuppanel.adsorptio
7 Startu Adsorption option v/
. P P P g nopt Unit category [7] Sl unit [7] Selected unit (2]
s Thermog\astlc S‘tI’EES:S sta rtuppanel.:_:a\culatet
changes in the matrix hermoelasticstresses
g Poroelastic stress startuppanel.calculatep - Length m ftov
changes in the matrix oroelasticstresses
5 . tart |.rotatesi 2 i i v
Rotate simulation mesh startuppanelrotatesim - Diameter m in
Startup . . ulationmeshtoalignwith
to align with stresses -
stresses 3 Proppant size m mesh ¥




| Save and Exit Builder

Click Save Changes,
which will validate and
save your model.

Warning(s):

The maximum production rate in a boundary condition seems a bit high. Are you sure this is
what you intended? If you set maximum production rate too high, it can lead to unrealistic
rate spikes and in rare cases can cause cycles in the boundary condition contrals.

Consider using 'Initial wellbore fluid mixtures' to specify the initial fluid composition in the
wells. Specifically, you may want to initialize the well full of low viscosity friction reducer to
avoid a pressure spike at the beginning of injection.

In thermal simulations, it may be useful to set 'surface depth’ to a number other than 0 if
the wellheads are not at z = 0. The 'surface depth' is used in the initialization of temperature
from 'surface temperature! If should be set to the z-coordinate of the surface of the Earth.
Note that "surface depth’ is NOT used for the initialization of pressure or stress if you
specify a gradient - those are still specified from z = 0.

The validation window will appear after
saving. Any errors must be addressed
prior to running the sim. Meanwhile,
warnings should be reviewed, but may
not always need addressing. Many of
the warnings are targeted to O&G
applications, and these may be ignored.

In well 'Well_Prod’ (and possibly in other wells), adjacent well vertices within the same well
are within one meter. This is OK, but keep in mind that well elements do not cross well
vertices, and short well elements can have a negative impact on numerical performance.

The specified temperature at depth is greater than 250 F. Are you sure this is what you
intended?

For proppant: £0/70, the conductivity at effective normal stress of 3000 psi is greater than
400 md-ft. This is ok, but is higher than we usually use. We typically use conductivity values
significant lower than API spec because of various damage processes that can reduce
conductivity in field-scale fractures. Remember that you can plot conductivity versus
effective normal stress using the plotting tool in the builder.

In at least one production sequence record, the max allowed rate is greater than 100 BPD
per perforation cluster. This is fine, especially if you are setting the rate to match actual
production data. But otherwise, keep in mind that it's best to avoid setting excessively high
maximum production rate constraints. This can lead to production at excessively high rate
for a very short period of time.

* ResFrac 120



Run Simulation (slide 1 of 2

Click on the simulation name, or the ellipses on the right, and select “Run Simulation” from the list of actions.

* ResFracPro  ResFrac Corporation-Prod-Internal ] Download Manager

Home » EGSTrining » EGS Tutorial

Sandbox Details @ Edit e

Workflow name Simulations Creation timestamp
EGS Tutaorial 3] Dec 2, 2025 at 11:20 am
Description

Location of data
Local : C:\ResFracProtdata

> SIMULATION NAME STATUS DATE CREATED LAST MODIFIED

> EGS Example File_3 Mot Yet Submitted Feb 23, 2026 at 4:16 pm Feb 23, 2026 at 4:16 pm

Simulation Details

> EGS Example File_2 Finished running Feb &, 2026 at 12:10 pm SNRERN) £t Simulation in Builder

Run Simulation

> EGS Example File Finished running Dec 15, 2025 at 3:20 pm Jan 28, 203 Copy Simulation
Copy Simulation to a Sandbox

b Preexisting fractures Mot Yet Submitted .
- Dec 2, 2025 at 12:56 pm Dec2,202 Check for New Results in Next Sync

Export Simulation Folder

> Base_from template Not Yet Submitted Dec 2, 2025 at 11:58 am Dec 2, 202
Open Simulation Folder in File Explorer

You have reached the end of the list drealtomment i

ResFrac
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Run Simulation (slide 2 of 2)

Click “Run Simulation” to submit the job.

W ResFrac

Run Simulation

EGS Example File_3

Created as a copy of simulation EGS Example File_2 at 16:16:10 2026-02-23
1) corrected the production WHP min rmum to 500 psivs 200 psi (to maintain single-phase flow in the wellbore)

2} increased the fracture size

Created as a copy of simulation 08_FullFact _7 at 12:10:18 2026-02-04
Imported from simulations.csy file

Simulator Yersion *

2026-02-10 10:58:19 -0800 439f9c10

Jab Priority *

Morma -
Vm Size

( Regular (1x new CPUs, 1.2x cost per hour, approx 20 percent reduction in runtime} -
Run Simulation Cancel » Then wait for simulation to run.

This sim should take <1 hr.

Generally, select latest
available simulator version

Job priority has no impact

Choose Vm size depending
on how fast you want the sim
to run. On Regular, this sim
should run in <1 hr.
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Builder shows current status of each simulation

Expand the chevron left of the sim to check status details: submitted, running, completed, or cancelled.
» |If not complete, it will also show how far along the simulation is, in simulated time and wallclock time.
» If completed, it will indicate how long the simulation took to run, and whether the results have been fully

downloaded.
Click here to expand Simulation successfully completed, and results are downloaded.
status info for all
SimuAati}y(/\ﬂ/ sims in your workflow
hd SIMULATION NAME STATUS DATE CREATED ) LAST MODIFIED

‘ v Simple 2 Well EGS w12 Finished running Jul 8, 2025 at8:23am Jul 8, 2025 at 11:38am

lob completed successfully. Simulation reached max simulation time and completed successfully. Simulation wallclock time is: 41.3292 min. Current memory usage of 1.3 percent (max ever: 3.1). Results are fully downloaded.

> Simple 2 Well EGS v11 Finished running Jul 7, 2025 at 7:35 pm Jul 7, 2025 at 9:48 pm
v Simple 2 Well EGS v10 Cancelled Jul 7, 2025 at 7:17 pm Jul 7, 2025 at 10:1& pm

Cancelled at request of koenraad(@resfrac.com Timestep 3469, dt = 1.212 days, cumulative time = 7.20533 years. Simulation wallclock time is: 2.33868 hours. Current memory usage of 3.7 percent (max ever: 3.7). Results are fully downloaded.

You may still view the results of an in-progress simulation, if some of the results have been downloaded.

Results will not download while the computer is shut-down. To ensure a timely download, make sure your
computer remains on.

* ResFrac 123



| Submitted simulations can no longer be edited

When clicking “Edit Simulation in Builder” from the job manager, it

will open the simulation but you can no longer make changes
|

Simple 2 Well EGS 12 l ® vaidate | [ Eat |

To edit your simulation, you
need to create a new version
by clicking “Copy Simulation”

= A Read only: Any changes made in the builder will not be saved, and the buttons for ‘Discard current changes, 'Save; and 'Suggest value' have been disabled.

A Welcome Welcome to the Simulation Builder

Startup Overview Search Updates (42)

Note on Item Visibility

In the 'Advanced’ panel, you can toggle the visibility of parameters in the builder. In most of the built-in template simulations, many of the built-in parameters have their visibility
Wells and Perforations toggled off' in order to streamline the user experience. If you are looking for an option and don't see it, refer to the advanced panel and toggle visibility in the 'Input Selectors’ menu.

3-Minute Tutorial

iid Model O n
B el == - -

‘ ResFrac

Simulation Details

Edit Simulation in Builder

Open Economics Navigator

Run Simulation

Copy Simulation

LOpY SIMUIATIoN T0 & Sananox
Check for New Results in Next Sync
Re-Download All Results

Export Simulation Folder

Open Simulation Folder in File Explorer
Open Comments File

Open Text Settings File

Open Text Input File

Download Restart Files

Import Additional Files

Visualize Simulation Results

Visualize Results with Layout

Set Up Sensitivity Analysis

Set Up History Matching

Set Up Optimization

Go To Workflows Based on This Sim

Share Simulation
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W ResFrac

colleague, or yourself.

Simulation Details

Edit Simulation in Builder

Open Economics Navigator

Run Simulation

Copy Simulation

Copy Simulation to a Sandbox
Check for New Results in Next Sync
Re-Download All Results

Export Simulation Folder

Open Simulation Folder in File Explorer
Open Comments File

Open Text Settings File

Open Text Input File

Download Restart Files

Import Additional Files

Visualize Simulation Results
Visualize Results with Layout

Set Up Sensitivity Analysis

Set Up History Matching

Set Up Optimization

o Ta \lark e wcod Aan Thic Cim

Share Simulation

| Other Job Manager Options: Share Simulation

Click “Share Simulation” to open a window for emailing the model to support@resfrac.com (default), a

Share Simulation

Click "OK" to share this simulation with recipients in the email list below. They will receive
an email with a download link. By default, the most recent restart file will also be
included. Optionally, you can use the menu to select a different restart file. If you are
reporting a simulation problem to ResFrac support, please select a restart file from right
before when the problem occurred.

— E-mail reciplents (separated by semicolons)*
support@resfrac.com;
s

20/5000

— Restart files

restart_Simple 2 Well EGS v12_1875 113.631 days

Message

“

0/5000
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Other Job Manager Options: Open files and Automated Workflows

Simulation Details

Edit Simulation in Builder

Open Economics Navigator

Run Simulation

Bt Copy Simulation
Copy Simulation to a Sandbox
Check for New Results in Next Sync
Re-Download All Results

Export Simulation Folder

Open simulation folder in Windows File Explorer
R Open comments file for debugging simulations

Open Text Settings File

e Tt nput i — Entire simulation set up is stored in settings and input text files

Download Restart Files

VET:

Import Additional Files

Visualize Simulation Results

Visualize Results with Layout

Set Up Sensitivity Analysis

AL —— Set up automated workflow based on this simulation
Set Up Optimization

Go To Workflows Based on This S5im

Share Simulation

* ResFrac 126



I Other Job Manager Options: Open Simulation Folder (1 of 2)

Model input files and results are stored in the simulation folder

workflows » EGS Training Course July 22nd  » simulations »  Simple 2 Well EG5v12 > Search Simple 2 Well EG5 v12

Simulation Details

Tl Sort = View
Edit Simulation in Builder
Open Economics Navigator Marne Date modified Type Size
Run Simulation Additional _Files 7/8/2025 9:23 AM File folder
Copy Simulation . _ i
Input_Files 7 File folder
Copy Simulation to a Sandbox
Results 7/8/ 33 AM File folder
Check for New Results in Next Sync
Ee e T Ee Settings_Files 7/8/2025 10:53 AM File folder
ST ST X '_';,J cpuinfo 7 5 TXT File 45 KB
Open Simulation Folder in File Explorer '_';,J dmesg 7 136 AM TXT File 0OKB
Open Comments File & input_Simple 2 Well EGS v12 7 TXT File 63 KB
Open Text Settings File B matrix_prop_names 7/8/2025 11:11 AM TXT File 1KB
Open Text Input File .
I misc_visualization_data T/8/2025 11:11 AM TXT File 2 KB
Download Restart Files X
. Ly settings_Simple 2 Well EG5 w12 7/8/202511:11 AM TXT File 472 KB
Import Additional Files
Visualize Simulation Results .| static_matrix.bin 7/8/202511:11 AM BIM File 8812 KB
Visualize Results with Layout : static_wellfrac.bin 7/8/202511:11 AM BIM File TKB
Set Up Sensitivity Analysis '_';,J stderr 7/8/2025 11:36 AM TXT File 2KB
SetUp History Matching v stdout 7/8/2025 11:36 AM TXT File 170 KB
Set Up Optimizati ,
et Up Optimization L syslog 7, TXT File 504 KB

Go To Workflows Based on This S5im

Share Simulation

W ResFrac
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| Other Job Manager Options: Open Simulation Folder (2 of 2)

Line plot and 3D visualizations stored in the sim_track file, within the “Results” Folder

jorkflows > EGS Training Course July 22nd  »  simulations  »>  Simple 2 Well EGSv12 » Results >

Tl Sort = View
MName a Date modified Type Size
nEwviz 7/8/2025 11:38 AM File folder
Raw_Res 7/8/2025 11:36 AM File folder
E_' 30_day_prod_Simple 2 Well EGS w12 7/8/2023 11:38 AM Microsoft Excel Comma...
,'_';’ comments_Simple 2 Well EGS v12 7/8/2025 11:38 AM TXT File
1 1 1 Ll t_stat 7/8/2025 10:53 AM TXT Fil
Sim_track file stores line plot data H corent sates .
- . 87 daily_prod_Simple 2 Well EG5 w12 7/8/2023 11:38 AM Microsoft Excel Comma...
and can be opened in o .
Ly fracture_info_file_for_testing 7/8/2025 11:35 AM TXT File
spreadsheet editor such as Excel B matr prop_names TXT Fil
misc_visualization_data TXT File

|..’
E_' original_sim_track_Simple 2 Well EG5 v12 Microsoft Excel Comma...

B2 sim_track_Simple 2 Well EG5v12

Microsoft Excel Comma...

= simulationUescriptor_simple w12 TXT File
] static_matrix.bin BIN File
: static_wellfrac.bin BIM File
E_' timesteps 7/8/2023 11:38 AM Microsoft Excel Comma...

W ResFrac

TKB
5KB
4374 KB

4374 KB
271 KB
8813 KB
TKB

53KB

Search Results
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Results Phase 1 —
Pre-existing Fractures

% ResFrac 129



Visualizing Simulation Results - Overview

Objective: Use the 3D viz tool to visualize the EGS tutorial simulation and analyze the results.

« Line plot 1 « 3D Images to plot

* WHP « Pressure & temperature distribution

* BHP » Fracture height, length, and conductivity
* Line Plot 2

« Water Inj Rate

« \Water Prod Rate For an introduction on using the viz tool,
. Line Plot 3 watch Module 4: Vizualization Tool on

the ResFrac Online Resources page.

 Wellhead Temperature
« Cumulative Net Electricity

* Line Plot 4 If you have any issues with your sim
* LCOE setup, you may download the results for
« NPV Phase | at this

W ResFrac
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https://www.resfrac.com/onlinetraining#elementor-toc__heading-anchor-3
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS%20Tutorial_Phase%20I.zip

Content

e Summary of available / recommended parameters to plot
e Visualization tool: line plots and 3D figures

e EXxporting and sharing results

e Simulation folder and Sim_track file
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Various 2D and 3D visualizations
available for geothermal simulations

« Common 2D line plots for geothermal: wellhead temperatures,
pressures, enthalpy, steam mass fraction, flow rates, thermal output,
gross electricity generation, net electricity generation, NPV and
LCOE

« Common 3D visualizations for geothermal: temperatures,
pressures, steam mass fraction, proppant mass per area, fracture
conductivity, fracture aperture, thermoporoelastic delta stress

» Other useful metrics: net water flow through each perf to evaluate
flow uniformity, stress observation planes, temperature change from

o —_
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— = .
“Ll:ﬂ 400 — = 5 -%- Fracture conductivity (md“ft) Reserfanges Linear Log
by Producer ?E = 50 —50 m —— ——
= —0.8e+5 o E o 9.497500e-8 0001871569 27 9.605 1763682
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E E B 30+ 20 5
& 2004 = 2 &
= —0.4e+5 D o =
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=T -0.2e45 © E .. | B
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% = i w
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Visualize Simulation Results

Click on the simulation name, or the ellipses on the right, and select “Visualize Simulation Results” from the

* ResFrac Pro ResFrac Corporation-Prod-Internal || Download Manager

list of actions.

W ResFrac

Home » EGSTraining > EGS Tutorial

Sandbox Details @ Edit e

Workflow name Simulations Creation timestamp
EGS Tutarial 6 Dec 2, 2025 at 11:20 am
Description

Location of data
Local : C:\ResFracPro\data

T ... | s [ osn oo | i
> SIMULATION NAME STATUS DATE CREATED +) LAST MODIFIED

> EGS Example File_3 Not Yet Submitted Feb 23, 2026 at 4:16 pm Feb 23, 2026 at 416 pm

> EGS Example File_2 Finished running Feb &, 2026 at 12,10 pm Feb 23, 2026 at 3:43 pm

Simulation Details

> EGS Example File Finished running Dec 15, 2025 at 3:20 pm Edit Simulation in Builder

Open Economics Navigator
> Preexisting fractures Not Yet Submitted Dec 2, 2025 at 12:56 pm Run Simulation

Copy Simulation
> Base_from template Mot Yet Submitted 5

Dec 2, 2025 at 11:58 am Copy Simulation to a Sandbox
~ Check for New Results in Next Sync
You h nd of the list

Re-Download All Results

Export Simulation Folder

Open Simulation Folder in File Explorer
Open Comments File

Open Text Settings File

Open Text Input File

Download Restart Files

Import Additional Files

Visualize Simulation Results

Visualize Results with Layout
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| Viz Tool: Default View

By default, the results of the simulation will show one line plot and three 3D plots.

ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_2 Copy &4 from EGS Tutorial = >
B~ & (7] Default X Y Z
1100 6500
1000+
- 6000
900
z Z
2 8004 I-5500 &
o
I i
= )
700+
- 5000
600
500 ~4500
T T T T T T
0 5 10 15 20 25 30
Pressure (psi) Linear Log
Simulation time (Years) EE———— ]
4359.360 7889.338
(7] Default X Y Z (7] Default X Y Z
Total aperture (in) Linear Log Proppant total mass per area (Ibs/ft"2) Linear Log
I D] [ ]
0.0002435730 EE 0.003484403 0 7 0.000001000001

29.97947 yrs / 86 1,1401

Res Frac A Time / Snapshot Ratated Stretch ra 3D Panel Control Visibility (All Panels) i 7 th Click Individual Wells Individual Facies Individual Fractures L t Setti 134
. Show Value wi k see
T+ All Panels Matrix 0 Well o Erickive 0 Sha ue with Clic Al Al Al Matrix Slices ayout Settings



Viz Tool: Panel Grid (slide 1 of 3

Select “Panel Grid” at the bottom of the Viz tool to change the plots types and number of plots.

W ResFrac

N ResFrac Pro ResFrac Corporation-Prod-Internal  EGS Example File_2 Copy & from EGS Tutorial = X
B o~ & (2] Default X Y Z
1100 I-6500
1000
6000
900
2 2
2 8004 I-5500 &
o
I ax
= o
700
- 5000
600
500 4500
T T T T T T
0 5 10 15 20 25 30
Pressure (psi) Linear Log
Simulation time (Years) I L ——
4359.360 5 06.843 7889.338
@ Default X Y Z @ Default X Y Z
.
ellipses (...)
tions
Total aperture (in) Linear Log Proppant total mass per area (Ibs/ft"2) Linear Log
Ruler Grid Color Scheme Pt M DI 1o Pandls
Norc Rainbow BGYOR anel Grid anage Line Plot Data Sets Equalize Panel Set
Time / Snapshot Rotated St ra 3D Panel Control lity (All Panels) i - Individual Wells Individual Facies Individual Fractures . . L t Setti
. Show Value with Click
2997947 yrs /86 | 1,140,1 o All Panels Q wel G Facture @i oW VRUEWIREICC gy Al Al LSl o brimiabs it i
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Viz Tool: Panel Grid (slide 2 of 3)

Choose plot type or add additional plots (panels).

Modify Panel Grid

This frame lets you choose the arrangement and type of viewer panels in the simulation viewer,

STAGE PREVIEW

Remove Panel

3D panels
with matching
camera
groups
display the
same angle
and zoom

* ResFrac 136




Viz Tool: Panel Grid (slide 3 of 3)

To analyze this data, we will enable all six panels, and display four line plots and two 3D viewer panels.

Modify Panel Grid

This frame lets you choose the arrange

STAGE PREVIEW
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| Viz Tool: Selecting parameters to plot

Choose what each plot is showing via the gear icon (line plot), or by choosing a new displayed parameter

(3D plot)

WHP (psl)

WHP (psi)

W ResFrac

ResFrac Pro

ResFrac Corporation-Prod-Internal

1100 I-6500
1000
6000
900
800 Lsso0 &
o
I
m
700
5000
500
500+ 4500
T T T T T T
0 5 10 15 20 25 30
Simulation time (Years)
B o~
1100 6500
1000
- 6000
900
800~ I-5500 é
o
I
m
700
I 5000
600
500+ = 4500
T T T T T T
0 5 10 15 20 25 30

Time / Snapshat
29.97547 yrs / 86

Simulation time (Years)

Rotated Stretch ra 3D Panel Control
1,140,1 b All Panals

Visibility (All Panels)

Matrix Q

EGS Example File_2 Copy & from EGS Tutori |

WHP (psi)

1100+ - 6500 1100+ I-6500
1000 1000
- 6000 6000
900+ 200+
3 7 7
800 5500 & 2 800+ 5500 &
o o
& I i
m = m
700 700
- 5000 -5000
600 600
500+ 4500 5004 4500
T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Simulation time (Years) Simulation time (Years)
Default X ¥ Z 2] Default X ¥ Z
Proppant total mass per area (lbs/ft*2) Linear Log Proppant total volume fraction Linear Log
I I

@

7.500008e-70.000001000001

Layout Settings

08e-70,000001000001 o

Individual Wells Individual Facies Individual Fractures

an Al al Matrix Slices e

Show Value with Click
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Viz Tool: Line Plots — Pressure (1 of 4)

Select the settings (gear) icon for the first plot to customize.

On Axis 1, plot:
WHP

On Axis 2, plot:
BHP

W ResFrac

[ '« Add title

PLOT DATA

® e Also select WHP for Well_In;.

AXIS 1

Data to Plot* Position

|—WHP Well_Prod, sim_track_..v | @ ’7 Left

D Plot* Position
- ‘0 ’7EHP,Well,Pmd,sim,tratk,, - ‘0 Right

oo AXis 1: By default plots WHP for Well_Prod.  Axis 2: Repeat process.
Select BHP for Well_In;.

v |9

HP, Well _Prod, sim_track_EGS Example File_2.csv

HP, Well_Inj, sim_track_EGS Example File_2.csv

D BHP, Well_Prod, sim_track_EGS Example File_2.csv

. _ Type or scroll to find parameters.
o T iR ek 2 Watch out for abbreviations.

D BC MD pressure, Well_Prod, sim_track_EGS Example File_2.csv

Forizontal Min Horizontal Max ‘HeFzontal SEale Units
Fa 168808781402895e-11 (2] r29,852802E7L7L3LEL 9 Linear horizontal-seale - ‘ @ | veas

- ‘

AXIS 1
\fertical Min Vertical Max Vertical Scale
Fum 59124875 (7] |— 1163 8667249999999 (7] Linear vertical-scale -~ | @
Apply
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Viz Tool: Line Plots — Pressure (2 of 4)

Select the settings (gear) icon for the first plot to customize.

Scroll down to
the Settings
sections:
Change font size

Turn on legend

W ResFrac

Label
’7 BHP, Well_Prod - sim_track_EGS Example File_2.csv

Line Width
( 2px - e

WHP, WELL_IN)

Label
FWHP, Well_Inj - sim_track_EGS Example File_2.csv

Line Width
E - e

BHP, WELL_IN)

Label
( BHP, Well _Inj - sim_track_EGS Example File_2.csv

Line Width
( 20 - | @

SETTINGS

"e

es to all line plots

F‘;";i” - @ «—— Increase font size

Add legend

Optionally change
the line appearance
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Viz Tool: Line Plots — Pressure (3 of 4)

Practice changing the panel size and the zoom features. See tips on how below.

ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_2 Copy & from EGS Tutorial
Pressure ~
—— WHP, Well_Prod
Logend —— "7 Hover over the plots Can scale each
—— BHP, Well_Inj to see data ValueS axis inaiviaua y

30004 8500

Double click anywhere
on plot to auto-zoomto ——

8000

extents
/ Zoom by clicking + dragging
- on the plot (up-down, side-to-
_—— side, or both). ﬁO
Axis 1 label —> = :
’ T N Axis 2 lak
Change scale by
1. clicking + dragging,
Or 500 4500
2. clicking + typing C‘j ! () . B x 5 /
* ResFrac S||de Sca|e by Simulation time (Years)

Resize panels 141
clicking + dragging OL/_—



| Viz Tool: Line Plots — Pressure (4 of 4)

Return the panel grid to original size, and zoom back to extents on the Pressure plot.

Note: max injection
pressure reached
after 17.4 yrs

W ResFrac

WHP (psi)

le_2 Copy 4 from EGS Tutorial

ResFrac Pro rporation-Prod-Internal EGS Example
Pressure B o~
—— WHP, Well_Prod
WHP, Well_Inj
—— BHP, Well_Prod
BHP, Well_Inj
9000
3000—/ I-
(17.42693, 8,028.03) 000
2500+
2000 I-7000 2
o
&
1500+ 6000
1000—_//’/__
-5000
500
T T T T T T
0 5 10 15 20 25 30
Simulation time (Years)
EREE -
1100 6500
10004
6000
200+
800~ I-5500 é
o
I
o
7004
5000
600
500 [~4500
T T T T T T
0 5 10 15 20 25 30
Simulation time (Years)
Time / Snapshat Rotated Stretch e 3D Panel Control Visibility (All Panels)
2987947 yrs /86 1,140,1 L+ All Panels Matrix @

Q Fracture Q

Show Value with Click

Individual Wells Individual Facies Individual Fractures

an Al all Matrix Slices e

B o~ A B~ &
1100 - 6500 1100+ I-6500
1000 - 1000
- 6000 6000
900 200+
2 800 Lssoo & 2 800+ lssoo 8
o o
I & I i
= 0 = o
700 700
- 5000 -5000
600 600
s00 4500 s00 4500
T T T T T T T T T T T
0 5 10 20 25 30 0 10 15 20 25 30
Simulation time (Years) Simulation time (Years)
(7] Default X ¥ Z 2] Default X ¥ Z
Proppant total mass per area (lbs/ft*2) Linear Log Proppant total volume fraction Linear Log
T [ I
0 2.500003e-7 5.000005e-7 7.500008e-1),000001000001 0 2.500003e-7 7.500008e-70,000001000001

Layout Settings
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Viz Tool: Line Plots — Injection and Production Rates (1 of 4)

Select the settings (gear) icon for the second plot to customize.

On Axis 1, plot:

Water inj rate,
Well_Inj

Water prod rate,
Well Prod

Remove Axis 2

W ResFrac

TITLE

Add aTitle H
’7Prudu(tionandInjer_tiunRates | <_ Add tltle

Axis 1: Clear axis. Add Water inj rate,
"9 Well_Inj, and Water prod rate, Well_Prod.

@ Regular Series

Axis 2: Remove

-~/ @ +
:
Sii . 1 .

SEL D Water inj rate, Well _Prod, sim_track _EGS Example File_2.csv

'ater inj rate, Well_Inj, sim_track_EGS Example File _2.csv

ater prod rate, Well_Prod, sim_track_EGS Example File_2.csv

D Water prod rate, Well _Inj, sim _track EGS Exarnple File_2.csv

FOI
I:I Water crossflow rate, Well_Prod, sim_track_EGS Example File_2.csv

You may plot inj & prod rates by
individual well, or as ‘overall’
rates. Since we only have one inj
and prod well in this sim, the
overall values will be identical.

Horizontal Min Forizontal Max HeFzontal Seale Units
’7 3.168808781402895e-11 e r 29.852802874743464 e ’7 Linear horizontal-scale - ‘ 0 ’7‘/9&’5

- ‘

AXIS 1

Vertical Scale
‘ Vertical Min | o | Vertical Max ‘ a (Lmearvemca\—s[a\e - o
L
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Viz Tool: Line Plots — Injection and Production Rates (2 of 4)

Select the settings (gear) icon for the second plot to customize.

Scroll down to o |
the Settings R -
sections: o - Je
Change font size [ i ety s Ecamplrie 2o

Line Width
E - e

BHP, WELL_IN)

Turn on legend

Label
( BHP, Well _Inj - sim_track_EGS Example File_2.csv

Line Width
( 20 - | @

SETTINGS

- @ «—— Increase font size Optionally change
Add legend the line appearance
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Viz Tool: Line Plots — Injection and Production Rates (3 of 4)

Zoom in on the Production and Injection Rates curve.

Zoom in

ResFrac

Time / Snapshot
29.97947 yrs / 86

3D Panel Control
All Panels

Rotated Stretch ra
1,140,1 -*

Visibility (All Panels)

Matrix

& wel

o Fracture o

Individual Well
Show Value with Click Heieer

All

Individual Facies
All All

Individual Fractures

Matrix Slices

ResFrac Pro Prod-Internal EGS Example im EGS Tutorial
Pressure B o~ o B~ @ H o~
—— WHP, Well_Prod 11004 5500
—— WHP, Well_Inj
—— BHP, Well_Prod 1000+
BHP, Well_Inj L 6000
(9000
200+
3000 H
8000 = z =
b 4 800+ | ss00 &
2500 @ = —
—~ — 4 I ¥
H 7000 7 3 = @
2 2000 =X < 700+
o o
g I I-5000
1500+ -6000 600
1000—//’——
-5000 500 ~4500
0
500
T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Simulation time (Years) Simulation time (Years) Simulation time (Years)
B~ 3 a Default X Y Z 9 Default X Y 2
1100 6500
1000
- 6000
00
2 so0q Lssoo &
o
I b
= m
700~
- 5000
600
500 4500
T T T T T T
0 5 10 15 20 25 30
Proppant total mass per area (Ibs/ft*2) Linear Log Proppant total volume fraction Linear Log
Simulation time (Years) —— L — —— L —
0 2.500003e-7 5.000005e-7 7.500008e-1.000001000001 0 2.500003e-7 5.000005e-7 7.500008e-70.000001000001

Layout Settings

145



I Viz Tool: Line Plots — Injection and Production Rates (4 of 4)

Compare injection and production rates to quantify water loss.

Observations:

* Production and
injection rates
are almost
identical
(minimal water
loss)

 Rates drop
when the max
WHP is reached

A ResFrac blog
post on water
loss in EGS is
also available at
this link.

W ResFrac

* ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_2 Copy 4 from EGS Tutorial
Pressure B~ o2 Production and Injection Rates B o~ 2 B~ o2
WHP, Well_Prod —— Water inj rate, Well_Inj 11004 I-6500
WHP, Well_Inj —— Water prod rate, Well_Prod
—— BHP, Well_Prod 5.de+d 1000
BHP, well_Inj L s000
9000 .
_ 5.3e+4 900
T » 0l ek >
I-8000 @ 5.2e+d 'i, 500 e
25004 = = [-5500 2
o o o
= = Z 5.1e+4 é 5
= L = w e+d m
2 2000+ 7000 g = 700
o o S
I -
= % z Se+4 -1 5000
1500 6000 600
1000_///__ 4.9e+4
5000 500+ —4500
5001 4.8e+4
T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Simulation time (Years) Simulation time (Years) Simulation time (Years)
B ~ o Default X ¥ Z Default X Y Z
1100 6500
10004
- 6000
200+
2 so0 lsso0 &
o
I i
= m
7004
I 5000
600
500 I-4500
T T T T T T
0 5 10 15 20 25 30
Proppant total mass per area (lbs/ft*2) Linear Log Proppant total volume fraction Linear Log
Simulatien time (Years) C— _—— e—
0 2.500003e-7 5.000005e-7 7.500008e-10,000001000001 0 2.500003e-7 7.500008e-7),000001000001
. Time 7 Snanshat Rotated Stretch - 30 Panel Control Visibility (All Panals) hen ith Click Individual Wells Individual Facies Individual Fractures M o L t Setti
29.97947yrs /B6  1,140,1 L+ All Panels Matrix @ well @ Fractore @iy | "o YAuewnUic Al Al Al atrix Slices ayout Settings
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Viz Tool: Line Plots — Total Water Volumes (1 of 2)

Select the settings (gear) icon for the second plot to customize.

On Axis 2, plot:

TITLE

Water tot inj, FPm;ucttTonanﬂ Injection Rates
Well_Inj Axis 2: Clear axis. Add Water tot inj,

Water tot prod, .

Wel I P rod Data to Plat* Position DatatoPlat* Position
(Watermj rate, Well_Inj, sim_... ¥ o ’7Left hd ‘ e |—Watertut|nj, Well_Inj, sim_tr...» | o liﬂlgnt hd o

Q water|tot
Add new axis —

SELECT WELL(S) D Water tot inj, Well_Prod, sim_track_EGS Example File_2.csv

Water tot inj, Well_Inj, sim_track _EGS Example File_2.csv

‘ Select Well(s)

Water tot prod, Well_Prod, sim _track_EGS Example File_2.csv

D Apply well selection to all panels
D Water tot prod, Well_Inj, sim_track_EGS Example File_2.csv

FORMATTING  Reset to defaults
D Stage water tot prod, Well_Prod Stage 1, sim_track _EGS Example File _2.csv

puorrvee @ Well_Inj, and Water tot prod, Well_Prod.

Horizantal Min Horizontal Max UAiEE
(3 168808781402895e-11 (7] r29.601079531sa1453 (7] ’7Llnear horizontal-scale - ‘ [7] "Yeam ~ | @
AXIS 1
\ertical Min Vertical Max Vertical Scale
Fneaﬁ.nsmsawaz (%] r 54674.636119425544 (7] ( Linear vertical-scale ~ | @
Apply

W ResFrac
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| Viz Tool: Line Plots — Total Water Volumes (2 of 2

Compare cumulative injection and production volumes to quantify water loss.

Observations:

Cumulative
water production
and injection
totals similarly
show minimal
water loss

W ResFrac

W

%;
o
o
I
=

WHP (psi)

C
1100+ I-6500
10004
I-6000
900
é 800 I-5500 fé
o
I ¥
= o
7004
I-5000
600
500~ I- 4500
T T T T T T
0 5 10 15 20 25 30
Simulation time (Years)
Default X Y 2
Proppant total volume fraction Linear Log
[ Bl
0 2.500003e-7 5.000005e- 7.500008e-7.000001000001

Individual Fractures

ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_2 Copy 4 from EGS Tutorial
Pressure B o~ R Production and Injection Rates B o~ %
WHP, well_Prod —— Water inj rate, well_Inj
WHP, Well_Inj —— Water prod rate, Well_Prod
—— BHP, Well_Prod —— Water tot inj, Well_Inj
BHP, Well_Inj — Water tot prod, Well_Prod
[-2000 5.4e+4
[~ 6e+8
3000
|-s000 3-3e+4] |se+s
2500 " -
~ 5 5.2e+4 - | 4ess 5
20004 7000 Z z e z
[ dle+4 -} L4
- = |3e+8 5
o = =
1500 - 6000 ] i 5
5 Se+d loesg =
1000 |
_//—_ 5000 4.9e+4 =1e+8
500 4.8e+4 o
T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Simulation time (Years) Simulation time (Years)
3 ~ Default X ¥ 2
1100 6500
1000
- 6000
900
800~ Lssoo &
o
I
m
700
I 5000
6500
500 4500
T T T T T T
0 5 10 15 20 25 30
Proppant total mass per area (Ibs/ft"2) Linear Log
Simulation time (Years) ——— Ce—
0 2.500003e-7 5.000005e-7 7.500008e-70.000001000001
me / Snapshot Rotated Stretch ra 3D Panel Control Visibility (All Panels) < o Click Individual Wells Individual Facies
2997947 yrs /86 1,140,1 b All Panals Matrix @ wel @ Fracure Gl owbalue Wit EIEk Ty Al All

Matrix Slices

Layout Settings
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Viz Tool: Line Plots — Temperature and Electricity (1 of 3)

Select the settings (gear) icon for the third plot to customize.

On Axis 1, plot:

Wellhead
temperature

(exact),
Well Prod

Wellhead
temperature

(exact),
Well_Inj

On Axis 2, plot:
Cumulative net

electricity
generation

W ResFrac

TITLE

Add aTitle B .
( Temperature and Electricity Generation | — d d tltl e

PLOT DATA

@ Regular Series

Data to Plot*
|— Wellhead temperature ([exact).

Axis 1: Clear axis. Add Wellhead temperature
@ (exact) for both Well_Inj and Well_Prod.

Q temperature

I:I Wellhead temperature (model internal), Well _Inj, sim _track_EGS Example File_2.csw

Bottomhole temperature (model internal), Well _Prod, sim_track_EGS Example File_2.csu

Bottomhole temperature {model internal), Well _Inj, sim_track _EGS Example File_2.csv

B |0 O

\Wellhead temperature (exact), Well_Prod, sim_track_EGS Example File_2.csv

FOl
Wellhead temperature (exact), Well_Inj, sim_track_EGS Example File_2.csu

<]

Axis 2: Remove BHP. Add

o)/ v e __— Cumulative net electricity generation
To [Z o [ o [ e

PEmEOR Ll Min Horizontal Max HGriZontal Seale
3.168808781402835¢e-11 (7] r 29852802874 743464 (2] Linear horizontal-scale

Units
- ‘e (Years - ‘e

AXIS 1

l ¢
‘ Vertical Min ‘ [7] | Vertical Max ‘ (%] |—Lmearvertical-5[a\e

Apply

-le

Note: ‘Exact’ vs ‘internal’ temperature:

When using steam correlations to interpolate
across the saturation line, the code may use an
approximation to the water phase behavior. The
'‘exact' temperature corresponds to the element's
enthalpy and pressure. During two phase
conditions, will be exactly on the saturation line,
even though the 'internal' temperature may
deviate by several degrees. Under single-phase
conditions, both outputs are identical.
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Viz Tool: Line Plots — Temperature and Electricity (2 of 3)

Select the settings (gear) icon for the third plot to customize.

Scroll down to o |
the Settings R -
sections: o - Je
Change font size [ i ety s Ecamplrie 2o

Line Width
E - e

BHP, WELL_IN)

Turn on legend

Label
( BHP, Well _Inj - sim_track_EGS Example File_2.csv

Line Width
( 20 - | @

SETTINGS

- @ «—— Increase font size Optionally change
Add legend the line appearance

W ResFrac 150




I Viz Tool: Line Plots — Temperature and Electricity (3 of 3)

See how temperature declines in the production well, and note the diminishing electricity generation rate.

Observations:

* Lower cutoff
temperature for
electricity
generation is
300°F (based ot
geothermal
economics
model).

« When
temperature
reaches 300°F,
electricity
generation
stops.

W ResFrac

v

.’%‘
a
o
L
=

WHP (psi)

ResFrac Pro

ResFrac Corporation-Prod-Internal

EGS Example File_2 Copy 4 from EGS Tutorial

Temperature and Electricity Generation

Wellhead temperature (exact), well_Prod
Wellhead temperature (exact), Well_Inj

Cumulative net electricity generation,

Econ Model: Geothermal Economics =
500 !
=
o 7e+s Z
T 5
& 400 F6e+5 o
o o
= id
& 2
w -5e+5 )
2 300+ =
o [~de+5 =
S 5]
a =
£ F3e+s5 o
£ 2004 w
o F2e+5 [l
£ @
i Fle+5 3
£ 1004 =
=]
T T T T T T 0 £
0 5 10 15 20 25 30 O
Simulation time (Years)
Default X Y 2
Proppant total volume fraction Linear Log
I I
0 2.500003e-7 5.000005e-7 7.500008e-70,000001000001

Individual Fractures

Pressure B~ o2 Production and Injection Rates B o~ 2
WHP, Well_Prod —— Water inj rate, Well_Inj
WHP, Well_Inj —— Water prod rate, Well_Prod
—— BHP, Well_Prod —— Water tot inj, Well_Inj
BHP, well_Inj — Water tot prod, well_Prod
[-9000 5.4e+4
[~6e+8
3000
|-s000 3-3e+4] b ses+s
2500-] - -
~ 5 5.2e+4 - | 4eug 5
2000 700 8 b4 e 1ea b
@ dle+4— W
% = F3e+8 5
m = =
1500 6000 3 3
= Se+4— -2e+8 =
1000—///__ |
5000 et b 1e+s
500 4.8e+4 o
T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Simulation time (Years) Simulation time (Years)
B ~ o Default X ¥ 2
1100 6500
1000+
6000
900~
@
800~ 5500 &
o
I
o
700+
5000
6500
500 4500
T T T T T T
0 5 10 15 20 25 30
Proppant total mass per area (lbs/ft*2) Linear Log
Simulation time (Years) —— Ce—
0 2.500003e-7 5.000005e-7 7.500008e-70.000001000001
Time / Snapshat Rotated Stretch e 3D Panel Control Visibility (All Panels) e ok ik Individual Wells Individual Faries
2987947 yrs /86 1,140,1 L+ All Panels Matrix @ Well @ Fracture @y | "o VRUEWIEIC Al Al Al

Matrix Slices

Layout Settings

300°F
cutoff
reached
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I Viz Tool: Line Plots — Economics (1 of 3)

Select the settings (gear) icon for the fourth plot to customize.

On Axis 1, plot:

LCOE

On Axis 2, plot:

NPV

W ResFrac

TITLE

e «—— Add title

PLOT DATA

PLOT TYPE @

® rawseee. AXIS 10 LCOE Axis 2: Cumulative

Data to Plat* Position Data to Plot* Position
( LCOE, Econ Model: Geotherm... ¥ | @ ’7 Left -~ | @ |— Cumulative discounted cashfl.> | @ ’7 Right -~ | @
add S h f E / Q, econ
new axis —
earc Or Con D Cumulative cost, Econ Model: Geothermal Economics, sim_track_EGS Example File_2 Copy 4.csv
SELECT WELL(S)
Model parameters

D Cumulative revenue, Econ Model: Geothermal Economics, sim _track _EGS Example File _2 Copy 4.csv

Select Well{s)

D Cumulative discounted cost, Econ Model: Geothermal Economics, sim_track _EGS Example File_2 Copy 4.csv

D Apply well selection to all normal line plots D Cumulative discounted revenue, Econ Model: Geothermal Economics, sim_track _EGS Example File _2 Copy &.csv

FORMATTING  Reset to defaults ics, sii
Cumulative discounted cash flow, Econ Model: Geothermal Economics, sim_track_EGS Example File_2 Copy 4.csv

/ v e _— discounted cash flow (NPV)

Horizantal Min Horizontal Max Horizontal Seal Urits
’7 3.168808781402895e-11 o r 29.852802874743464 o ’7 Linear horizontal-scale - ‘ e ’7Years

AXIS 1

Vertical Scale
‘ Vertical Min ‘ [7] | Vertical Max ‘ [7] rL\nearuenical-scale ~ | @

Apply
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Viz Tool: Line Plots — Economics (2 of 3)

Select the settings (gear) icon for the fourth plot to customize.

Scroll down to
the Settings
sections:
Change font size

Turn on legend

W ResFrac

Label
’7 BHP, Well_Prod - sim_track_EGS Example File_2.csv

Line Width
( 2px - e

WHP, WELL_IN)

Label
FWHP, Well_Inj - sim_track_EGS Example File_2.csv

Line Width
E - e

BHP, WELL_IN)

Label
( BHP, Well _Inj - sim_track_EGS Example File_2.csv

Line Width
( 20 - | @

SETTINGS

"e

es to all line plots

F‘;";i” - @ «—— Increase font size

Add legend

Optionally change
the line appearance

153



I Viz Tool: Line Plots — Economics (3 of 3)

See how temperature declines in the production well, and note the diminishing electricity generation rate.

* ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_2 Copy 4 from EGS Tutorial —
Obse ations . Pressure B o~ & Production and Injecticn Rates B o~ % Temperature and Electricity Generation B o~ &
- WHP, well_Prod —— Water inj rate, Well_Inj Wellhead temperature (exact), Well_Prod
° LCO E iS $ 1 25 WHP, Well_Inj —— Water prod rate, Well_Prod Wellhead temperature (exact), Well_Inj
—— BHP, well_Prod —— Water tot inj, Well_Inj Cumulative net electricity generation,
MW_h r Wh ich iS BHP, Well_Inj —— Water tot prod, Well_Prod Econ Model: Geothermal Economics £
L] [~ 9000 5.4e+4] 2009 Z
] . - Ge+8 I -7e+5 Z,
a bit high g g
— (=)
. L8000 5384 L sern S 400 Foe+s o
H 2500 m " b 5]
< -Nnr |S 3 5.2e+4 4 - se+s §
e —~ 3 [-4e+8 2 2 o
= | —
2 2000 7000 8 2 3 £ 00 Laess 2
I o b @ S5.le+d4- | sesg @ S 3]
areasonable  : : 3 3 S
1500 - 6000 3 2 z
5 Se+d— | seis & 2 5004 ]
o o
target (see lates - : oo 5
1000+ 4.9e+41 £ ©
5000 [-1e+8 T 1e+5 2
azar S E
500 4.8e+4 2
T T T T T T T T T T T T 0 T T T T T T o g
d ata) Q 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 (]
Simulation time (Years) Simulation time (Years) Simulation time (Years)

* NVPislow. The
system should s e

Economics

be opti mized to LCOE, Econ Model: Geothermal Economics

Cumulative discounted cash flow, Econ Model:

im prove the Geothermal Economics

1000
. —
economics. [
0.8 - 2e+7 E
s
E |- le+7 E
Rescale the 5 0o Z
< 0 B
- i 3
LCOE axis 2 oed
s o
to go from . P27 2
=
0to 1
- —4e47 Y
0 T T T T T T
0 5 10 15 20 25 20
| ( ) Proppant total mass per area (Ibs/ft"2) Linear Log Proppant total volume fraction Linear Log
Simulation time (Years _——— L — _——— L —
0 2.500003e-7 5.000005e-7 7.5000082-710.000001000001 0 2.500003e-7 5 05e-7 7.500008e-1),000001000001
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| Viz Tool: 3D Plots, parameter selection

Select the bottom right parameter to change it to ‘Pressure’.
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I Viz Tool: 3D Plots, navigation and visibility

3D Control tips are available in the viz tool via the (?) icon.

Review the 3D
controls and
practice zooming
and navigating
the 3D views. All
panels in the
same camera
group are
adjusted
simultaneously

Turn off matrix
visibility to view

the fractures (for
all panels)
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Viz Tool: 3D plots, fracture dimensions

Under “Show Value with Click,” toggle the “Calculate Distance” tool to measure the length and height of the

fractures.
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I Viz Tool: 3D Plots, rotated stretch

To more easily view individual fractures, apply a 10x horizontal stretch.

This tip window
can be kept open
and moved
around.

Apply a 10x
horizontal stretch
to better view
individual
fractures
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I Viz Tool: 3D Plots — Fracture Conductivity (1 of 2)

Change 3D view from ‘Proppant mass per area’ (since there is none) to ‘Fracture conductivity’.
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I Viz Tool: 3D Plots — Fracture Conductivity (2 of 2)

Choose “Show value with click”

to output the facture conductivity in a specific element in the model.
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I Viz Tool: 3D Plots — Temperature (1 of 2)

Change 3D view from ‘Fracture conductivity’ to ‘Temperature (exact)’.
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| Viz Tool: 3D Plots —

Change 3D view from ‘Fracture
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| Viz Tool: 3D Plots, timesteps

Changing timesteps can be done using the bottom right menu.

Prod-Internal EGS Example File_2 Copy 4 from EGS Tutorial

Clicking the
“Time /
Snapshot”
button opens
menu to
navigate 3D
views through
time. The
default is at
the end of sim.
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Viz Tool: 3D Plots, layout settings (1 of 2)

Save the layout you just created to easily revisit these plots. Layout Settings are in the bottom right corner.

Make sure that
the timestep
and the color
scale are set
to the desired
value when
saving layout.

Save CSV of CSV Files to Include
sim_track file Please sl ich data e o e with eyt
with your layout--

if you want to

compare your

results with

another sim.

Otherwise, leave

deselected. Or

save a version

each way.

Save Current Layout As New

Layeut name*
EGS Tutorial Testd|
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Viz Tool: 3D Plots, layout settings (2 of 2)

Revert to saved layout by selecting ‘Apply Layout'.

Layout Settings
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layout

Saved Layouts
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Improving Simulation Results

The completion design in this model is underperforming. Try iterating on some parameters to improve the
performance.

« Parameters to test:
« Fracture size
» Fracture conductivity
 Injection pressures / rates

* Well spacing & configuration

* ResFrac 166



% ResFrac

Tutorial Phase 2 — Hydraulic
Fracturing
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Phase 2 Overview

Problem description:

* Once the pre-existing fracture case has given you have a preliminary design target, you can replace the pre-
existing fractures with hydraulic fractures

« This requires changing the well controls to include a stimulation period, and defining proppants, water
solutes, and additional fracture options.

« The goal of this part of a project is to optimize the pump job design to reach your target fracture conductivity.

« We have created a stimulation preliminary design to review performance, and compare against the pre-
existing fracture case. This is not a fully optimized model.

For insights on
calibration parameters
from the Utah FORGE
project, refer to the
following paper.

168
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https://resfrac.com/papers/calibration-parameters-required-to-match-the-utah-forge-16a78-32-stage-3-stimulation-with-a-planar-fracturing-model

Phase 2 — Steps to Setup Model with Hydraulic Fracturing

Copy existing simulation
Static model panel - remove the pre-existing fractures
Fracture Options panel

Proppants panel

Water Solutes panel

Well Controls panel

Wells and perforations panel - add external fractures
Output Options panel

NSO D=

If you have any issues with your sim

setup, you may download the results for
Phase | at this

* ResFrac 169
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I Copy existing simulation

Copy your existing pre-existing fractures simulation, name your new file, then open it in the Builder.

* ResFrac Pro ResFrac Corporation-Prod-Internal ] Download Manage

Home » EGSTraining » EGS Tutorial

Sandbox Details @ Edit e

Workflow name Simulations Creation timestamp
EGS Tutorial 5 Dec 2, 2025 at 11:20 am
Description

Location of data x

Local : C\ResFracProtdata CDF‘-_,-' Simulation

Specify the name for the new copy of the simulation. Name
. . should use letters, numbers, spaces, underscares only and ] X X
Simulations (5) Batch Run Simulations m
should be 30 or fewer characters in length.

Simulation Details

> SIMULATION NAME ' — Simulation Copy Name " ST MODIFIED
| EGS Example File_2 Copy 1 | Edit Simulation in Builder

> EGS Example File_3 il ar 12, 2026 at 546 | Open Economics Navigator

\ Run Simulation

> EGS Example File_2 H Lh 23 2026 at 343 4 Copy Simulation
Copy Simulation to a Sandbox
> EGS Example File F Simulation Details Eerngs  Check for New Resultsin Next Sync

Edit Simulation in Builder

Run Simulation

* ResFrac Copy Simulation 170




Static Model: Remove Pre-existing Fracture

Delete all rows from the ‘Preexisting Fractures’ and ‘Autoplaced Preexisting Fractures’ tables

AUTOPLACED PREEXISTING FRACTURES 0 |_D

Preexisting fracture template (7

renw inden LG E S e

Click (and drag) to highlight all rows, 1 Well Prod ¥

. . . ) Duplicate R
then right-click and select ‘Remove Row I Ipreare e Well inj v
Add Row Above - .

Add Row Below

PREEXISTING FRACTURES 9 |_D

Orientation (clockwise from

Center x-coordinate [ft] 0 Center y-coordinate [ft] 0 Center z-coordinate [ft] 0 Fracture full-length [ft] e Fracture full-height [ft] e EO (optio

positive y-direction) [degrees]

- 1000 500 50

MNew number of rows for table*
ew ”-“'-“"'l “ - Alternatively, select ‘Resize Table’,
and enter the value ‘0’

W ResFrac
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Fracture Options: Overview

Meshing Options

Fluid Madel Options

& Fracture Options

Proppants

Water Solutes

Well Controls

Other Physics Options

Mumerical Options

Output Options

Advanced Options

W ResFrac

I«

M Welcome
Startup

@ Static Model and Initial Conditions
Curve Sets

@ Wells and Perforations

Fracture Options

Specify fracture physics options

Editar Search °

Fracture options library gl 7]

Relative fracture toughness per square root fracture size [1.0/ft".5]
’70.101993 » O

D Scale toughness by larger dimension *- (7]

Effective fracture aperture conductivity factor
’70.39‘4"1 73272625642 % 0

\lertical open and roughness fracture eonductivity multiplier
’75 508779772386477 » O

ust submesh for multiphase flow distance [ft] —‘
ubmesh for POP flow distance [ft] —‘
Water bank ‘rel perm increase’ scaling thickness [m]

T~ N\

Library — save or import
panel settings

 Submesh fractal D
(fracture swarms)

* Fracture initiation
randomness

» Collision parameters

Toughness scaling
Conductivity scaling
Submesh adjustments
Water banking

\

Propped wellbore-to-fracture connection conductivity multiplie

[ 100 * 0
Fracture collision relative distance (different wells)

[oc2 )

Depleted fracture collision distance (different wells) [ft]
E * @

racture collision depletion stress [psi]

EX

| [

HYDRAULIC FRACTURE PROPAGATION REGIME BY LAYER 0 |_D

Fluid efficiency with XLink e

L Formation 0.389193124765592

| Advanced options v

0.862708751265831
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Fracture Options: frac geometry tuning parameters

€<
Fracture Options
A Welcom Specify fracture physics options
_ Editor Search
Startu
If Set, fracture toughneSS & Static Model and Initial Conditions Fracture options library 7]

increases with size,
making smaller fractures

0 * 0O

’* Relative fracture toughness per square reot fracture size [1.0/ft".5]

& Wells and Perforations

D Scale toughness by larger dimension ’- (7]

Meshing Options

Control viscous pressure

d ro p i n fra Ctu re " I n CreaSi n g Flukl Macle :II::IC = — Effective fracture aperture conductivity factor
viscous pressure (by | bs X
. L. ~———&_Eractyre Options
decreasing conductivity) ,
Creates mOre Sym m etrical Proppants — Wertical open and roughness fracture conductivity multiplier * e
0.6
fractures

Water Solutes

* ResFrac 173



Fracture Options: Other key parameters (1 of 2)

Always set to 0 to deactivate R Fﬁ' . PN
this feature — use PDP instead
Introduce randomness In . ’fal-rutl.rei'1il-..'.iur'ru'mdur'.r'usbl.‘iu'.u'u.u:fl: * a
location where fractures initiate

Cased well and fracture connection distance [ft]
Allow flow behind casing if o * 0
fractures are within 10 ft of
perforatlon (Creatlng a Conductivity of the ‘connect frac through ‘cased well fracture collision dis
hydraulic connection) (1“"—“3’0 —‘ * O

Propped wellbore-to-fracture connection conductivity multiplier

(ma » O

Determines when fractures
(originating from different wells) _ |
connect. Multiply by fracture ————» Fﬂ N B % ©
element length to get absolute
distance. 0.2 x 50 ft = 10 ft

A ResFrac Mini-Guide on Fracture
* ResFrac Connections is also available at this link. 174



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Fracture%20connections.pdf

Fracture Options: Other key parameters (2 of 2)

W ResFrac

Fracture initiation Cased well and -
randomness fracture connection Fracture collision
distance = +/- 8 ft distance - +/- 10 ft distance = 10 ft

_

—~" — "
3>

~

Cluster spacing = 25 ft

If the perforations across the two wells are in line with each other, and ‘fracture
initiation randomness distance’ is < ‘cased well and fracture connection distance’,

then all frac hits with the well will hydraulically connect (through cross-flow behind
the casing).

A ResFrac Mini-Guide on Fracture

Connections is also available at this link.
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Proppants: Overview

1€
Proppants

M Welcome Specify parameters related to proppants ¢ Proppant

Startun Editor Search /. lerary — Import prOppant SpeCS |mm0b|||ZtaEOE and
) from our library, or save your own screenout behavior

@ Static Model and Initial Conditions Proppant library

Proppant conductivity wizard R Individual proppant specs : l
proPPANTS @ 41 D)

Maximum immobilized proppant mass per area [Ibs/ft"2]
’i; 15 » 0
Name Diameter of grains [mesh] e Density of grains [lbs/ft*3] e EDI‘I‘I;?SPS'I):;::YP?;; ]

& Wells and Perforations

Meshing Options

Fluid Model Options

Proppant screenaut minimum ratio
20770 00000?584233024064 ’71.23 ‘ %0

® Fracture Optians 00000?584233024064

100 100 165 o5 -

2 55

Q p’DJFEﬂtS TIME-DEPENDENT PROPPANT CONDUCTIVITY LOS e ||| D

New Row Resize Table

olute:

PROPPANT MIXTURES @ [T

I Proppant Name Rate constant [days*-1] 0 I

\Well Controls
40/70
Other Physics Options Name Density [Ibs/ft"3] Mass fraction 40/70 Mass fraction 100
100
umerical Options
NoProppant
Uutput Options 2 100mesh 165 0 1 \ Time dependent conductivity loss smoothly approaches minimum con

hETE O T 40/70 mesh 165 1 0
| Advanced options v I

. \ Proppant mixtures — this is * Proppant degradation
. what is used in Well Controls.
Mixtures may consist of 1 or

W% ResFrac more proppants. 176



| Proppants: Proppant meshes and mixtures

Key history match parameter to specify propped fracture
conductivity and control obtained circulation flow rates

propeants @ 4l I
Proppant pack Proppant pack gamma (‘perm Settling velocity adjustment
I Diameter of grains [mesh] 0‘ Density of grains [lbs/ft*3] 0 compressibility [psin-1] compressiility’] psin-1] 0 Factor 0

25765899
40/70 s | O 0000?384233024064 002035 0.00025765 8498?0

Jose
o 100\ 165 000007584233024o$ 00712436 o 0.000_550135602701; 1

The 40/70 mesh is approximated as a single proppant of intermediate
size, and a single-component mixture. This is the typical approach.

NTMIXTURES @ ]
I- e -
NoProppant =

100mesh 165 0 1

z
40/70 mesh 165 @ 0

Alternatively, 40/70 could be specified by a range of individual
proppant sizes that are then combined as a proppant mixture.

* ResFrac 177



Proppants: Create new proppants

As an exercise, we’ll turn the 40/70 mesh a mixture.

Right-click on the row number and duplicate the 40/70 entry (twice)

proPPANTS @ 1 D

Diameter of grains [mesh] e Density of grains [Ibs/ft*3] e

55

100 165 Split the 40/70 mesh into a 40, 55, and 70 mesh proppant.

| Change the diameter of the new proppants accordingly.
y AddRow Below PROPPANTS @ 41 T (we’'ll keep kO constant, and let diameter impact conductivity)

Remove Row

Add Row Above

Proppant pack

Diameter of grains [mesh] o Density of grains [lbs/ft"3] o compressibility [psir-1]

40 40 165 0.00007584233024022
55 55 165 0.00007584233024022 oo
70 70 165 0.00007584233024023 oo
100 100 165 0.00007584233024064 Cors

* ResFrac 178



I Proppants: Create new proppant mixtures

Redistribute the components of the 40/70 mesh mixture to contain 40, 55, and 70 mesh.

PROPPANT MIXTURES @ [0

Density [Ibs/ft"3] ass fraction ass fraction e ass fraction e Mass fraction 100

MNMoProppant 0

100mesh 165 0 0 0 1

- - 165 0.25 0.5 0.25 0

* ResFrac 179



Proppants: Other proppant properties

Specify maximum immobilized proppant mass per area:

s i imimobilized proppant mass per area [Ibs/fen2]

O

ResFrac does not currently support a temperature-dependent correlation for proppant degradation.
However, time-dependent proppant conductivity loss could be used to account for degradation of proppant
over time. In this simulation, we will skip this.

TIME-DE oPPANT conpDuCTVITY LoSS @ It 1]

Rate scaling with effective Minimurn conductivity
e e R e R e

1
1
3 70 1
1

Apply a vertical proppant flow holdup factor (Advanced options) to account for roughness

Vertical proppant flow holdup factor

* 0
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| Water Solutes: Overview :

Reactions and chemical
proppant pack damage

I«
Water Solutes
A We . Specify parameters related to water solutes
Bdtor  Search % Library — Import water solutes
O e o e o Water solutesibrary [ from our library, or save your own
Water solutes wizard Qg Individual water solute specs
© \ellc anc Perforations waTER SOLUTES @ 4l1 [0
E ;72_:-\- I u.scos“rnr:;itflrpal:ftl;np:romw e
. Xlinkgel Modified Power Law ¥ 1000000 882.72
® Fracture Op Xlinkgel_degraded Inert Solute ¥ 1000000
@ Froppants Slickwater Modified Power Law ¥ 1000000 30
@ Water Solutes
MNew Ro Resize Table
el Conrols o Fluid mixtures — this is
what is used in Well
B . Controls. Mixtures may
_ consist of 1 or more
B > Xtink solutes.
b Water

Expand fluid mixture

v

> Slickwater

’* Wellbore friction adjustment factor
1

EX)

W ResFrac :

[]
REACTIONS BETWEEN WATER SOLUTES [1/HOURS] e ||| E

I - Bmgrmaﬂmmmmnt i -

Xlinkgel_degraded ¥ 0.666666666666667

Xlinkgel ¥

New Row  Resize Table

FRACTURE PROPPANT PACK DAMAGE REACTIONS e |_D

) {Optional) second water } Potency constant for the
I Primary watersolute @ Reaction rate constant [1/s] @ e (7]

Resize Table

New Row

\ [0 Dpamage proportional to both oil and gas saturation S @

[ v Slickwater

Name
’75“L<W;“.L" 0

MIXTURE PROPERTY SUMMARY 9 |_D

(73 Density at reservoir (2
temperature [g/cc]

Density of fluid mixdure at

Viiscosity at reservoir
o room temperature [g/cc]

temperature and 1705-1
[cpl

Viscosity at room
temperature and 170 5"-1 0

lepl
1.00097309345029

3.52211644565805 0.429173920097687 1.00070851633401

myecTion FLuib mixTure composmon @ I User inpUtS applled here

Unit for input 0 Input quantity 0

Water solute 0

O

Xlinkgel Mass fraction ¥

Xlinkgel_degraded Mass fraction ¥
Slickwater Mass fraction ¥ 0.001
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Water Solutes: Delete Xlink gel solute and mixture

We will just use slickwater here. To clean up the panel, remove the cross-linked gel, its degradation
product, fluid mixture, and reactions.

WATER SOLUTES @ 4l1 D)

Viscosity multiplier per 0.001 e

mass fraction

1 Xlinkgel Modified Power Law ¥ 1000000 882.72
2 Xlinkgel_degraded Inert Solute ¥ 1000000
Duplicate Row - Modified Power Law ¥ 1000000 30 :
Y st row ne The water solute and the fluid

mixture are both named
“‘slickwater”. Keep in mind that
these are different.

N Add Row Below

> XLink UL.JHCEII@

> Water Duplicate W

? Slickwater Duplicate i

Wellbore friction adjustment factor
[ EX

REACTIONS BETWEEN WATER SOLUTES [1/HoURs] @ 1 T

I Reactant e
{ e I
i

First-order reaction constant
- i e i -
L L =

e SreeeaeeneaeeaaeT
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Water Solutes: Rename water solute

In the EGS template, both the water solute and the fluid mixture are named “slickwater”. To help differentiate
the two, we will rename the water solute to “FR” for friction reducer. This is a common naming convention,
and is used in the water solutes library.

waTer soLUTES @ i 0]

Viscosity multiplier per 0.001 e

mass fraction

Modified Power Law ¥ 1000000 30

MNew Row Resize Table

* ResFrac 183



Water Solutes: Solute specification methods

There are four ways to specify the slickwater properties:

1. Use the default slickwater (now named FR) from the template.

2. Use the library to apply pre-saved values.

3. Use the wizard to calculate properties (often to match a target viscosity).
4. Enter custom values based on known properties of the intended fluid.

Water solutes library [l? 1S aummy Option 2. Library
@< Option 3. Wizard

IRTER SOLUTES @ 4l1 1)

Shear rate for transition t

Modified Power Law 1000000 30 0.6 1 1 0.19

/ /

Option 1. Default Option 4. Customize

A ResFrac Mini-Guide on Water
* ResFrac Solutes is also available at this link. 184
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Water Solutes: Water solute wizard (1 of 3)

We will use Option 3, the water solutes wizard, to adjust the solute properties based on a target viscosity.

Water Solutes

Specify parameters related to water solutes

Editor Search

Water solutes library (7]

=D

C

W ResFrac

Note: A pre-requisite for using the wizard
is to have a fluid mixture containing a

non-zero quantity of the solute. This
mixture already exists from the template.

v Slickwater

MNarme
Sliu-,'.'i‘.u) 0

T —

MIXTURE PROPERTY SUMMARY 9 |_D

Viscosity at room Viscosity at reservoir N . c
Q Q Density of fluid mixture at @ Density at reservoir Q
A M
I em peratur?c::,a\d 17051 temperau TEE!;d 170 e room temperature [g/foc] temperature [g/cc]

3.52211644565805 0.429173920097687 1.00070851633401

INJECTION FLUID MIXTURE COMPOSITION e rD

I Water solute o Unit for input o Input quantity e
- @ Mass fraction ¥

1.00097309345029
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Water Solutes: Water solute wizard (2 of 3)

We will use Option 3, the water solutes wizard, to adjust the solute properties based on a target viscosity.

Water Solutes

Specify parameters related to water solutes

Editor Search

Water solutes library 7]

{ Water solutes wizard DL?J

The wizard changes the properties of the
water solute (FR) that makes up this fluid
mixture, in order to match the slickwater

mixture properties specified in this wizard.

W ResFrac

Water solutes wizard @

This wizard sets the modified power law input parameters for water solutes. Prior to using this wizard, you should have already spt
nonzero concentration for exactly one water solute. This wizard can only be used on a fluid mixture that has exactly one water solu
with nonzero concentration, it would be ambiguous how much effect each solute should have on the viscosity (which is why thisis
solutes, then there is nothing for the wizard to do. Once you've done that, this wizard helps you choose the value for ‘'viscosity mult
rate' if none have already been specified. If you specify that the fluid is a cross-linked gel, this wizard sets up a 'degraded' geland a

Is this fluid a cross-linked gel? If you specify 'yes, then this wizard will automatically create a 'broken gel' and a 'water solute reactit

Cross-linked gel?
’7No

What is the name of the fluid mixture for which you would like the wizard to set up the viscosity parameters?

Fluid mixture name
’75Iickwater

Do you know the fluid viscosity at a particular shear rate?

Hnow viscosity?
’7YES

| e | N

Water solutes wizard @

Specify the fluid mixture viscosity at a particular shear rate.

Specify the Fluid viscosity at reservoir conditions and the specified shear
’70.5 —‘ (7]

— Specify the fluid viscosity at room temperature and the specified shear r —
— The shear rate at which the fluid viscosity above s spacified [s™-1]
170 (7]

orions ||
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Water Solutes: Water solute wizard (3 of 3)

Observe: the viscosity
multiplier updated, and
the viscosity of the
slickwater now matches
what was entered into
the wizard (0.5 cP at
reservoir temperature
and 170 s”-1).

W ResFrac

waTER SOLUTES @ 41 10

Modified Power Law ¥ 1000000 35.115894452468

Viscosity multiplier per 0.001
I - 0 - ° o °

New Row  Resize Table

v Slickwater

The wizard revised
the viscosity
multiplier to achieve
the slickwater
viscosity target

@ | Viscosity now matches what
was entered into the wizard

Vliscosity at room Viiscosity at reservoir
temperature and 170 s"-1 e temperature and 170 s*-1 e
[epl lcp]

4.10336728389315 0.5

Density of fluid mixture at Q

Density at reservoir (7
room temperature [g/cc]

temperature [g/cc]

1.00070851633401 1.00097309345029

NJECTION FLUID MIXTURE COMPOSITION 9 _D

I Water solute e Unit for input e Input quantity

Mass fraction ¥

()

The wizard considers
the quantity of the
solute when
calculating the
viscosity multiplier




Water solutes: initial wellbore fluid mixtures

Initialize the wellbore so that it's already filled with one of the defined fluid mixtures. Since
we’ll be using slickwater for our stimulation, it makes sense to initialize the wellbore with
slickwater.

INITIAL WELLBORE FLUID MIXTURES @ [ INITIAL WELLBORE FLUID MIXTURES @ I[]

I Well name e Initial wellbore fluid mibdures 0 I
Well_MB1 Default ¥ ~ Well_MB1 Slickwater ¥
-

Initial wellbore fluid midures 0

Well_TF1 Default ¥ Well_TF1 Slickwater ¥

Default

ST e | HVFR20cP

Consider using ‘Initial wellbore fluid mixtures’ to specify the initial fluid compaosition in the Fresh water
wells. Specifically, you may want to initialize the well full of low viscosity friction reducer to Filtercake permeability [md]
avoid a pressure spike at the beginning of injection. ra_aﬂﬂmmazqg%%zam Slickwater

* ResFrac 188



Well Controls: Overview (again)

e ell Controls Well Controls define the injection, production, and shut-in sequences.
Editor  Search When you arrive at this panel, there will be an Error because we've
o — added new proppants. We must fix this in the General Constraint.
EEN EX) « Import or export well control blocks
o | nioction soquerca mizara. K0 « Simulation end time
on sequence . . . . - . .
: : } < « Wizards to assist in creating injection and production blocks
| 0

 Well Control blocks

- WELLBORE BOUNDARY CONDITION CONTROLS 9 A
@ Fracture Options © A oA \/ hd EaCh We” haS a tab
Well_Prod Well _Inj _ . . .
o b > « For each well, create injection, production, shut-in,

and/or general sequence blocks to define the
 No blocks are currently populated
> 1.Production Sequence « Well flow scalers (in Advanced options)

& Water Solutes

@ Well Controls

Other Physics Options

Advanced options A

WELL FLOW SCALERS @ [T

I Well name o Flow multiplier End time [days] o oeffiiert of varition A ReSFraC Mini'GUide on
B Boundary Conditions is

Well_Prod ¥ 15110.6 28 0

* ResFrac Well_Inj ¥ 15110.6 28 0 aISO available at this M. 189



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Boundary%20conditions.pdf

Well Controls: Planned Pump Schedule (1 of 2)

We'll perform a zipper frac, starting with Well Prod. Each stimulation takes 167 minutes, with a 60-min
shut-in between each. Long-term circulation starts on day 10.

User Inputs
Duration [Minutes] Stage Fluid type Slurry injection rate [bpm)] Proppant/Pad Proppant mass per volume [ppg]
10 1 Slickwater 10 MoProppant 0
2 1 Slickwater 10 MoProppant 0
11 1 Slickwater 50 MoProppant 0
14 1 Slickwater 80 100mesh 0.25
14 1 Slickwater 80 100mesh 0.5
14 1 Slickwater 50 100mesh 1
13 1 Slickwater 50 100mesh 1.25
13 1 Slickwater 80 100mesh 1.5
12 1 Slickwater 80 100mesh 1.75
10 1 Slickwater 50 MoProppant 0
13 1 Slickwater 80 40/70 mesh 0.73
13 1 Slickwater 80 40/70 mesh 1
11 1 Slickwater 50 40770 mesh 1.25
11 1 Slickwater 80 40/70 mesh 1.4
& 1 Slickwater a0 MoProppant 0
Total time = 167 minutes
. Well_Prod Well_Inj
Zipper Frac —
Timing: _
Shut-in Shut-in

Duration: 167 min 60 min 167 min 60 min
* ResFrac 190



Well Controls: Planned Pump Schedule (2 of 2)

We’'re simulating a single stage. To account for stress shadow from previous stages, we include ‘external
fractures’ (Wells and Perfs panel, see next slide).

The best practice for setting up a model with an external fracture is to initiate the model one stage before the
sector model is stimulated, as shown below.

Activate Activate Start Start
Well_Prod Well_Inj  stimulation stimulation
Model external external of Well Prod of Well_Inj
start time fracfure fracture )
P | \ 4

Timeline: ! AI

Well Prod  Shut-in Well_Inj Shut-in ~ Well Prod  Shut-in Well_Inj Shut-in

Simulation
Time (min): 0 167 227 394 454 621 681 848 908
— N /
'l NV
Stage 0 stimulation Stage 1 stimulation
(not explicitly included in sector model (sector model — explicitly represented

* ResFrac — represented by external fracture) by injection sequence in Well Controls) 191



Wells and perfs: add external fractures

External fractures are used to “mimic” stress shadowing from the previous stages. Activate these at the shut-
in time of the previous stage (167 and 394 min, respectively).

Create a newrow  Specify external fracture location

for each well « Convention is to place an external fracture at 0.5*{cluster spacing} outside the matrix
A » Assign either fracture distance from the edge of the matrix, or (x,y,z) coordinates of the fracture.
F‘Em-_.a._r:.amu:.zs @ 0 V A ~

Settings do not need to be exact, but
I Well name e Appr mdah:araglf DT&]dg fe enter x-coordinate [ft] e Center y-coordinate [ft] o enter z-coordinate [ft] e Something ‘representative’ helps to
preserve realism. Optionally, this can

1 Well.pProd 12 be done iteratively by running the sim
el ~ 120 once to select representative fracture
oA properties for future runs. (see External
— wel_pros EXTERNAL FRACTURES @ [T Fractures Mini-Guide to learn how)
Well_lnj
- 250 300 200 . .
250 300 200 0.5 0.2 6.4
— /ﬁ—/\//
Mew Row  Resize IabIE-/Y / / /
Assign either net pressure or Anticipated propped Time fractures Activation time — 192
fracture volume. This should be | fracture size (or slightly | close after shut-in time for the
* ResFrac the stress shadow at the end of | smaller to avoid activation, and previous stage
the previous stage’s stimulation. | excessive overlap). residual net P (see Well Controls)



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/External%20fractures.pdf
https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/External%20fractures.pdf
https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/External%20fractures.pdf
https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/External%20fractures.pdf

| Well Controls: Create new injection block for Well Prod

WELLBORE BOUNDARY CONDITION CONTROLS @ A

Ensure the Well Prod tab

| Well_Prod @ A | Well_in) @ A is selected.

Cuese) = «— ‘Add Block

1

> 1. Production Sequence

& Collapse the block to
) drag it to the top of the

v 2.Shut-in Well Control blocks list
’7|*J_.“rd dOrHeatFlow >~ | @

Q|

HoFludbrreattlow v P Then change the block
« type from Shut-in to

o InjectionSequence.

(7
Gen
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Well Controls: specify pump schedule

Copy schedule from spreadsheet.

Expand injection -
sequence - Pressure constraints and
/ . n . .
NJECTION SEQUENCE SUMMARY @ [ —— InJeCtIOn temperature (amblent)
These dictate how - - A high max
proppant and fluid I Proppantinputvariable @ Fluid input variable Time units (2] pressure ensures
injeCtion quantities are MassPerSIurry\folume v SlurryRate ¥ 13000 72 Minutes ¥ I’ate-COI’)tf'O”ed
defined. These change |- . _ . stimulation
the COIumn nameS in NJECTION SEQUENCE BOUNDARY CONDITION CONTROLRECORDS @ 4y 1)
the Control Records I e o | rommrasporoims
ry injection rate [bpm| Proppant/Pad ope]
table below.
0 454 Isolate wellbore ¥ Slickwater ¥ 0 NoProppant ¥ 0
. 454 10 1 Slickwater ¥ 10 NoProppant ¥ 0
Pump SChedU|e In the 464 2 1 Slickwater ¥ 10 NoProppant ¥ 0
SpreadSheet Can be 466 1 1 v Slickwater ¥ 80 NoProppant ¥ 0
COpIed and pasted here 1 277 14 1 Slickwater v 80 100mesh v 0.25
. 491 14 1 Slickwater ¥ 80 100mesh ¥ 0.5
(Ctr|+V). NOte: the We” IS 505 14 1 v Slickwater ¥ 80 100mesh ¥ 1
Shut-in fOr ﬁrSt 454 min - 519 13 1 Slickwater ¥ 80 100mesh ¥ 1.25
(to represent pl’eVIOUS 532 13 1T Slickwater ¥ 80 100mesh v 1.5 |
stage). ~ ~ —" ~ —~
W ResFrac Duration of injection step, | Proppant and slurry types + quantities 194
and stage being stimulated




Well Controls: preview pump schedule (1 of 3)

Select graph symbol to preview the injection sequence.

v 1.Injection Sequence

(l"':::LIU'ISeqUE"LE 904 m °
80
INJECTION SEQUENCE SUMMARY 0 |—D
I 70_
Proppant input variable 0 Fluid input variable
60+
MassPerSlurnyVolume ¥ SlurryRate ¥ £
% 501
INJECTION SEQUE é 404
I Start time [Minutes] %
301
o)
. | B
-1 0 1 2 3 4
n 491 14 Time (hours)
505 14
n 519 13
“ 532 13
621 15 1 Sickuater * » < Note: last step has a rate of 0 bpm. This
esFrac allows the simulator to calculate ISIP. 195
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Well Controls: preview pump schedule (2 of 3)

In the settings, add another axis showing the proppant concentration.

W ResFrac

Add a Title

PLOT DATA

PLOTTYPE @

@ Regular Series

AXIS1  Clear axis AXIS2  Remove

-

Data to Plot* Position Data to Plot* Position
’7 Injection rate (bpm), Well_Pro..~ | @ ’7 Left ~ | @ |_ Proppant concentration {ppg),.. > | @ ( Right
Q
Add new axis

FORMATTING  Reset to defaults [0 mjection rate (spm), Well_Prod

D Maximum injection pressure (psi), Well_Prod

Horizontal Min Horizantal Max
|7'1 —‘ 7] r3.97m75muuuuuma 9
@am concentration (ppgl, Well_Prod >

AXIS 1

D Viscosity at 170 s*-1 [cp), Well_Prod

Vertical Min Vertical Max
r ] 0 r 90 e D Injection rate (bpm), Well_Inj

AXIS 2

Vertical Scale
|° (Linearuemcal-scale ~ | @

Vertical Min ‘ o Vertical Max
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Well Controls: preview pump schedule (3 of 3)

In the settings, add another axis showing the proppant concentration.

90~

T
-

80
70
60
€
ﬁ’ 501
e
S 404 X
ks AN
c 40/70
304 100 mesh mesh
20
10-
0 | .
-1 0 1 2

Time (hours)

W ResFrac

-1.4

ID o o o =
N) » o o ) [N
Proppant concentration (ppg)

o
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| Well Controls: Create new Shut-in block for Well Prod

WELLBORE BOUNDARY CONDITION CONTROLS @ A

| Well_Prod @ A

| Well_Inj @ A

1

» 1.Injection Sequence

» 2. Production Sequence

V-

Ensure the Well Prod tab
Is selected.

Juration: 13764 Minutes Number of contrals: 1

Geeowe I +— ‘Add Block

Type
(NDFIuidD-HeatFlow

Collapse the new block
to drag it between the
injection and production
sequences

Keep the block type as
Shut-in

Isolate wellbore option Isolate wellbore for

Time units
Minutes )

Shut=in type
Isolateiell )
S ——

W ResFrac

SHUT-IN SUMMARY @ [[]

1 Isolate wellbore

the well

Duration [Minutes] e Start time [Miriites]

13764

. |@ saves on computation
time, and cleans out

13,764 min so we
can start production
at exactly day 10
(13,764 + 636 =
14,400 min = 10 day)
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| Well Controls: Copy well blocks to Well_Inj

We will use the same injection sequence to stimulate the injection well. Duplicate the Well _Prod well blocks.

WELLBORE BOUNDARY CONDITION CONTROLS 0 A

| Well_Prod @ A
Number of Blocks: 3
1
»  1.Injection Sequence I ‘:J_Lr:'

? 2. Shut-in

» 3. Production Seguence

W ResFrac

| Well_Inj @ A

Duration: 182

Number of Proppant stage 1
contrals: 16 2236.9 |bs/ft
a mber of contr

Add Block

Duplicate Injection
<— sequence and Shut-in
blocks

Duplicate Block

Remove Block

Duplicate Block @

Which well would you like to duplicate the block to?

<— Copy blocks to Well_Inj
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Well Controls: Reorder well blocks in Well_Inj
Duplicated well blocks append by default to the end of the well block list. Reorder to match Well Prod.

WELLBORE BOUNDARY CONDITION CONTROLS @ 4

Well_Prod @ A | well_in @ A | Switch to the Well_Inj tab

Add Block e

1

> 1. General Constraint Start time: 0 Days Duration: (Blank) Days lumber of controls: 1 b <> MOVG bOth neW

N Start time: (Blank Duration: 182 MNumber of Proppant stage - Fluid stage 1 @ blOCkS above the
> 2.Injection Sequen... Ainutes Minutes cantrols: 16 2236.9 |he/ft 50.185 bhl/ft o
?  3.Shut-in Start time: [Blank) Days Duration: 9.8736 Days lumber of contrals: 1 @ s

General Constraint
Two new well blocks
have been copied > 1.Injection Sequence
over to Well_Inj

New order £ > 2shuin

> 3. General Constraint

* ResFrac 200



Well Controls: Revise Well _Inj injection sequence

Increase the shut-in at the start of the injection sequence (by 167 + 60 = 227 min) to account for the Well Prod
stimulation.

v 1. Injection Sequence

Type
’7l njectionSequence -

NJECTION SEQUENCE SUMMARY 9 |_D

I Proppant input variable (2] Fluid input variable (2] S 1D inii:::iiun SRS Time units (7]
A shut-in period within an

.. . . MassPerSlurryVolume ¥ SlurryRate ¥ 13000 72 Minutes ¥
injection sequence block is
deflned by NJECTION SEQUENCE BOUNDARY CONDITION CONTROL RECORDS @ 4l T

1. Selecting ‘Isolate wellbore’
a S th e S ta g e Start time [Minutes] @ Stage (7] Fluid type (7] Slurry injection rate [bpm] @ Proppant/Pad (7]

2 . Setting injeCtion rate to O —} 0 681 Isolate wellbore ¥ Slickwater ¥ _O NoProppant ¥ 0
681 10 17 Slickwater ¥ 10 NoProppant ¥ 0
691 2 1 Slickwater ¥ 10 NoProppant ¥ 0
693 11 1 Slickwater ¥ 80 NoProppant ¥ 0
704 14 1 Slickwater ¥ 80 100mesh ¥ 0.25
- 718 14 1 Slickwater v 80 100mesh v 0.5
732 14 1 Slickwater ¥ 80 100mesh 1
n 746 13 1 Slickwater ¥ 80 100mesh 1.25
n 759 13 1 Slickwater v 80 100mesh v 1.5

* ResFrac 201



Well Controls: Revise Well Inj shut-in block

Because we've increased the duration of the injection sequence, we need to shorten the shut-in duration too.

WELLBORE BOUNDARY CONDITION CONTROLS @ 4

Well_Prod @ A | Well_Inj @ A |
Add Block
1
> 1. Injection Seguence | u =
v  2.5hut-in Start time: 863 Minutes Duration: 13537 Minutes Jumber of controls: 1 =
(&:ﬁuinoﬂeamow > | @
WZEZ;“ -|@
|solate wellbore for
13,537 min so we
ﬁ!f;tllﬁiﬁ . can start production
SHUT-INsummary @ ] at exactly day 10

- - (13,537 + 863 =
Duration [Minutes] @ Start time [Miutes] @ 14’400 min =10 day)

* ReSFrac Isclate wellbore 13537 863 202




Well Controls: Correct Error Messages

Because we’ve made new proppants, it impacted the General Constraint.

WELLBORE BOUNDARY CONDITION CONTROLS @ 4

Well Prod @ A | well_Inj @ A | _— Error: Wellbore boundary condition controls MOSt We” Contr0|
The parameter 'proppant mass per volume in constant pressure boundary condition for well Seq u en CeS O n Iy d eal

"Well _Inj"™ cannot be defined as nan (not a number).

Number or BI0CKS: 3

with proppant mixtures.
However, because
General Constraints are

? 1. Injection Sequence

designed to be more
> 2. Shut-in Start time: 0.28403 Days Duration: 9.7161 Days Mumber of controls: 1 = ﬂGleIe, the quantlty Of
v 3. General Constraint Start time: 10 Days Duration: (Blank) Days Number of controls: 1 = eaCh IndIVIduaI proppant

must be specified. Enter
0 for all.

Proppant mass per volumea 0 Proppant mass per volume 0 Proppant mass per volume e Proppant massper volumea e Mater solute mass fraction 0 Optional secondary maximum e
40 [ppg] 55 [ppgl 70 [ppgl 100 [ppel FR production rate [bbl/day]

Mew Row  Resize Table

* ResFrac 203



Well Controls: well flow scalers

Change the start time of the Well flow scalers to apply after hydraulic fracturing. During stimulation, injection
occurs one stage at a time, so the flow does not need to be scaled up. Conversely, during long-term
circulation flow occurs in all stages at once, and that is when well flow scalers need to be applied to
represent flow across the full well lateral.

Start time of 10 days corresponds to when long-term

WELL FLOW SCALERS @ ] / circulation starts in the model.
I o T o e i e e -
Well_Prod ¥ 15110.6 28 10 =
Well_lnj v 15110.6 28 10 =

W ResFrac 204



I Output Options: Overview (again

@ Fluid Model Options

& Fracture Op

Proppants

Water Solutes

@ Output Options

ed Options

W ResFrac

ons

&

M Welcome

& Startup

& Static Model and Initial Condit
@ CurveSets

@ Wellsand Perforations

Q v

Output Options

’* Overall output frequency scaler

Lite matrix export ’- (7]

<]

Only output raw results on flagged snapshots *- (7]

Only output raw results an the final timestep * (7]

o O O

Qutput per well raw results files ’- (7] j

STRESS OBSERVATION POINTS AND PLANES e |_D

(7] ny

Resize Table

Mew Row

STRESS OBS POINTS AT WELL MD e |_D

Well name o

Measured depth [ft]

2]

Save or import
output options from
a library

Change amount of
output files

Stress obs points &
planes — in matrix
and along well

e Econ N
models

F emporal averaging for production rates [hours] —‘

[D Only sxx stress in obs points ’- (7]

PRODUCTION VOLUME MULTIPLIERS 9 rD

K [J Rotate stress observation planes with LATERAL LENGTH PER WELL IN THE MODEL [FT] @ D)

ADDITIONAL LINE PLOTS FOR HISTORY MATCHINC I

Qutput obs point strains * 0

Production volume multipliers o

Well name 0

D Qutput displacements to tracking file Well_Prod

Well_Inj
Extra stress observation plane outputt

Lateral length per well in the 0
model [ft]

Well name 0

‘Well_Prod 200
Well_Inj 200
[ Economic models library (7]
Area per DSU [ft"2
i * 0
ECONOMIC MODELS @
L]
lumber of ltems: 0 VOLUME TO FIRST RESPONSE TRACKERS 9 rD [
L]
I D Frac hit trackers include shut-in period *- (2]

ECONOMICS MODEL ADDITIONAL SPENDING 0

r Perf efficiency area erosion cutoff —‘ * ©

Time [days] New Row  Resize Table

\ verf efficlency fluid flow.

cutoff [bbI]
Ro

cHITTRACKERS @ 0]

PROPERTY OUTPUTTING RECTANGLES @ |_D

I

I Injection well I

X-center [ft]

New Row  Resize Table

| Advanced options v

(2]
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Output options: Stress observation plane (1 of 2)

Including a horizontal stress observation plane allows the mechanical stress to be viewed in the viz tool.

This can be used to depict the stress shadow, or matching fiber optic data.

WEe'll center the plane approximately around the center of the matrix.

CENTER OF MATRIX REGION [FT]

Matrix center in x direction [ft]

trix € Matrix center in y direction [ft] ———————— Matrix center in z direction [ft]
Fz:-.a;-.:ogaeaaxogr. (7] r-zs-z'.u.aea'b.f.' 5697 (7] r]’ESE- 9531169039

The matrix length is 200 ft by 9000 ft. We'll make a plane with the same SHmax extents, but slightly

longer in the Shmin direction (to better capture stress shadowing). To do that, set the min and max values

to be +/- 200 ft to the x center point, and +/- 4500 ft to the y center point.

Extents of the stress
observation plane

STRESS OBSERVATION POINTS AND PLANES e |—D

Additional

Q columns

Number of data points
(observations) to record.

W ResFrac

Matrix center can be found in
the Meshing Options panel
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Output options: Stress observation plane (2 of 2)

S OBSERVATION POINT LaNES @ 1]

minx [ft] mmiaex [ft]

2367.5 2567.5

New Row  Resize Table

S 0BS POINTS AT WELL MD
en miny [fe] maxy [ft] minz [f] maxz [ft]

I — — — —

New Row Resize Table T

The stress observation

Because the SHmaX r emporal averaging for production rates [hours —‘ e plane Wi” rotate
dlreCtlon IS nOt O’ We D Only sxx stress in obs points *- 9 around itS Center pOint:
need to rotate the (2467.5, -2940.7)
StreSS Observation Qutput abs point strains J @

plane to align with
the stress orientation.

|:| Output displacements to tracking file ’- (7]

xtra stress observation plane outputting *- e L H
\ e e A ResFrac Mini-Guide on Stress
tatest'ESS observation planes -.fu'hSt-'essesD Observatlon POIntS and Planes IS
* ResFrac also available at this link. 207



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Stress%20observation%20points%20and%20planes%20(Recreating%20fiber%20diagnostics).pdf

Output Options: Geothermal economics module - Update
Some modifications need to be made to account for the additional hydraulic fracturing phase.
GEOTHERMAL ECONOMIC MODEL INPUTS @ [T

Additional surface plant cost e * Shift Start times

[Optional) Cost of electricity Time when surface plant cost Surface plant cost per gross : :
for pumping power [$/kW-hr] e is applied [days] e Suface pantcost[5] @ e —— T o per net E?:ﬂi:r::](eiem) by 10 d ays to

account for
fracturing period

Price of electricity [$/kW-hi] @

2500

. Time to start calculating peak
Imm}lili::ﬁ:_::;wuw e' output for surface plant cost e
ey {Optional) Start time of period {Optional) End time of period

Well name (7] one to apply cost for net (7] one to apply cost for net (7]
instant... instantan...

wWell_Prod

Well_Inj

’7 Fixed fracturing cost per well [dollars]

2000000 | %0

 During the pre-existing fracture case, since . |

proppant and fluid injection were not included e

in the model, $3 million were added to the

‘fixed fracturing cost per well’ to account for

those costs. In this sim we are explicitly

modeling stimulation, so we’ll separate those

costs out based on the Well Control inputs N
* ResFrac and specify the cost per Ib and bbl. [y o % o 208

Apply fracturing cost at the start of injection * (7]

’, Fracturing proppant cost [dollars/1b]

o1 EX)




Output options: add VFR and frac hit trackers

Turn on Volume to first response (VFR) and Frac hit trackers.

VOLUME TO FIRST RESPONSE TRACKERS 9 |_D
Well_Prod ¥ Well_Inj ¥ =
Well_lnj ¥ Well_Pred ¥ =
Since we're stimulating
Resize Table both wells, we’'ll treat
them as both ‘injection’
FRAC HIT TRACKERS @ [ . . ,
and ‘observation’ wells
I-
Well_Prod ¥ Well_Inj ¥ =
Well_Inj ¥ Well Prod ~ = j
i Table A ResFrac Mini-Guide on Volume to

First Response and Frac Hit
* ResFrac Trackers is also available at this link. 209



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Stress%20observation%20points%20and%20planes%20(Recreating%20fiber%20diagnostics).pdf

| Output options: add extra fracture info

‘ Advanced options

= scroll
‘ tra fracture info iﬂtra@* Eh Should already be checked in the EGS template

* ResFrac 210



| Save and Exit Builder

Click Save Changes,
which will validate and
save your model.

Warning(s):

Consider using 'Initial wellbore fluid mixtures’ to specify the initial fluid composition in the
wells. Specifically, you may want to initialize the well full of low viscosity friction reducer to|
avoid a pressure spike at the beginning of injection.

In thermal simulations, it may be useful to set 'surface depth’ to a number other than O if
the wellheads are not at z = 0. The 'surface depth’ is used in the initialization of
temperature from ‘surface temperature! If should be set to the z-coordinate of the surface
of the Earth. Note that 'surface depth’ is NOT used for the initialization of pressure or
stress if you specify a gradient - those are still specified froam z = 0.

In at least one production sequence record, the max allowed rate is greater than 100 BPD
per perforation cluster. This is fine, especially if you are setting the rate to match actual
production data. But otherwise, keep in mind that it's best to avoid setting excessively
high maximum production rate constraints. This can lead to production at excessively high
rate for a very short period of time.

The validation window will appear after
saving. Any errors must be addressed
prior to running the sim. Meanwhile,
warnings should be reviewed, but may
not always need addressing. Many of
the warnings are targeted to O&G
applications, and these may be ignored.

For proppant: 40, the conductivity at effective normal stress of 3000 psiis greater than
400 md-ft. This is ok, but is higher than we usually use. We typically use conductivity
values significant lower than API spec because of various damage processes that can
reduce conductivity in field-scale fractures. Remember that you can plot conductivity
versus effective normal stress using the plotting toal in the builder.

For proppant: 55, the conductivity at effective normal stress of 3000 psi is greater than
400 md-ft. This is ok, but is higher than we usually use. We typically use conductivity
values significant lower than API spec because of various damage processes that can
reduce conductivity in field-scale fractures. Remember that you can plot conductivity
versus effective normal stress using the plotting tool in the builder.

For proppant: 70, the conductivity at effective normal stress of 3000 psi is greater than
400 md-ft. This is ok, but is higher than we usually use. We typically use conductivity
values significant lower than API spec because of various damage processes that can
reduce conductivity in field-scale fractures. Remember that you can plot canductivity
versus effective normal stress using the plotting tool in the builder.

* ResFrac 211



Run Simulation (slide 1 of 2

Click on the simulation name, or the ellipses on the right, and select “Run Simulation” from the list of actions.

* ResFracPro  ResFrac Corporation-Prod-Internal ] Download Manager

Home » EGSTrining » EGS Tutorial

Sandbox Details @ Edit e

Workflow name Simulations Creation timestamp
EGS Tutaorial 3] Dec 2, 2025 at 11:20 am
Description

Location of data
Local : C:\ResFracProtdata

> SIMULATION NAME STATUS DATE CREATED LAST MODIFIED

> EGS Example File_3 Mot Yet Submitted Feb 23, 2026 at 4:16 pm Feb 23, 2026 at 4:16 pm

Simulation Details

> EGS Example File_2 Finished running Feb &, 2026 at 12:10 pm SNRERN) £t Simulation in Builder

Run Simulation

> EGS Example File Finished running Dec 15, 2025 at 3:20 pm Jan 28, 203 Copy Simulation
Copy Simulation to a Sandbox

b Preexisting fractures Mot Yet Submitted .
- Dec 2, 2025 at 12:56 pm Dec2,202 Check for New Results in Next Sync

Export Simulation Folder

> Base_from template Not Yet Submitted Dec 2, 2025 at 11:58 am Dec 2, 202
Open Simulation Folder in File Explorer

You have reached the end of the list drealtomment i

ResFrac
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Run Simulation (slide 2 of 2)

Click “Run Simulation” to submit the job.

W ResFrac

Run Simulation

EGS Example File_3

Created as a copy of simulation EGS Example File_2 at 16:16:10 2026-02-23
1) corrected the production WHP min rmum to 500 psivs 200 psi (to maintain single-phase flow in the wellbore)

2} increased the fracture size

Created as a copy of simulation 08_FullFact _7 at 12:10:18 2026-02-04
Imported from simulations.csy file

Simulator Yersion *

2026-02-10 10:58:19 -0800 439f9c10

Jab Priority *

Morma -
Vm Size

( Regular (1x new CPUs, 1.2x cost per hour, approx 20 percent reduction in runtime} -
Run Simulation Cancel » Then wait for simulation to run.

This sim should take <1 hr.

Generally, select latest
available simulator version

Job priority has no impact

Choose Vm size depending
on how fast you want the sim
to run. On Regular, this sim
should run in <1 hr.
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Results Phase 2 —
Hydraulic Fracturing

% ResFrac



Visualizing Simulation Results - Overview

Objective: Use the 3D viz tool to visualize the EGS tutorial simulation and analyze the results.

Compare Phase | and Phase Il results.

« Line plot 1 « 3D Images to plot
* WHP « Pressure & temperature distribution
 BHP » Fracture height, length, and conductivity
* Line Plot 2 _
. Water Inj Rate * Proppant concentration & screenout
« Water Prod Rate « Stress shadowing
* Line Plot 3

 Wellhead Temperature

« Cumulative Net Electricity
Line Plot 4

« LCOE

« NPV

W ResFrac

For an introduction on using the viz tool,
watch Module 4: Vizualization Tool on
the ResFrac Online Resources page.

If you have any issues with your sim

setup, you may download the result for
Phase |l at this
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https://www.resfrac.com/onlinetraining#elementor-toc__heading-anchor-3
https://resfracsoma.blob.core.windows.net/collateral/templates/EGS%20Tutorial_Phase%20II.zip

Visualize Simulation Results

* ResFrac Pro ResFrac Corporation-Prod-Internal ] Download Manager

Click on the simulation R —
name, or the ellipses on the b et ©
right, and select “Visualize

Workflow name Simulations Creation timestamp
ol ) EGS Tutorial [ Dec 2, 2025 at 11:20 am
Results with Layout” from
Description

the list of actions.

Location of data

Local : C:\ResFracPro\data

Choose the Layout that you

saved during Phase | as a
. . > SIMULATION NAME STATUS LAST MODIFIED
starting point.
> EGS Example File_3 Mot Yet Submitted Feb 23, 2026 at &:16 pm Feb 23,2026 at 416 pm

Pu” up both the Phase I and > EGS Example File_2 Finished running Feb 4, 2026 at 12:10 pm Feb 23, 2026 at 3:43 pm

Simulation Details

I I Si m resu |tS to Com pa re . > EGS Example File Finished running Dec 15, 2025 at 3:20 pm WIS it Simulation in Builder

Open Economics Navigator

reexisting fractures It 5 i i
> Preexisting fractur Not Yet Submitted Der 2, 2025 at 12:56 pm Run Simulation
Copy Simulation
b Base_from template Mot Yet Submitted 5 5
e Der 2, 2025 at 11:58 am Copy Simulation to a Sandbox
) ~ Check for New Results in Next Sync
You have reached the end of the list
Re-Download All Results
! * Open file Export Simulation Folder
B Open Simulation Folder in File Explorer
B » ThisPC » O5(C) » ResFracPro » data » LayoutSettings Open Comments File
g g :
OmanEelT Mew folder Open Text Settings File
1A Pictures MName Date modified Type Size R A
X ) X ; Download Restart Files
0 Music Bakken tuterial_refresh 7/28/20. JSON Source File 31 KB
Import Additional Files
* Res Frac tz i videos I | EGS Tutorial refresh I 7/27/2026 5:43 PM JSON Source File 26 KB ‘ - P 2 1 6

‘ Visualize Simulation Results

Visualize Results with Layout



| Viz Tool: Phase | Results (for comparison

W ResFrac

WHP (psi)

LCOE ($/kW-hr)

ResFrac Pro Prod-Internal EGS Example File_2 Copy & from EGS T
Pressure B o~ % Production and Injection Rates B~ % Temperature and Electricity Generation B o~ %
~—— WHP, well_Prod —— Water inj rate, well_Inj ~——— Wellhead temperature (exact), well_Prod
—— WHP, Well_Inj —— Water prod rate, Well_Prod —— Wellhead temperature (exact), Well_Inj
—— BHP, Well_Prod —— Water tot inj, Well_Inj Cumulative net electricity generation,
—— BHP, Well_Inj —— Water tot prod, Well_Prod Econ Model: Geothermal Economics _¢
|- 9000 5.4e+4 -] e z
[-6e+8 [rag |-7e+5 Z
3000 - =
- = =}
- 8000 5.3e+4 |-5e+8 w400 [Foe+s &
2500 " . 3 5
. 3 5.2e+4- | qasg 2 o - 5e+5 %
- W ] ) 3
2000 7000 é g = 2 300 | 4e45 &
T @ S5.le+4- | 2018 2 g =
5 ) 5 & B
@ F=] B - 3e+5
1500 - 6000 3 3 @ 2z
S Se+d— F2e+8 = £ 2004 2
E -2e+5 @
1000 40044 2 o
| 000 .ge+ -le+8 5 |- le+5 2
= 100 H
500 4.8e+4 2
T T T T T T T T T T T T 0 T T T T T T 0 %
0 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 O
Simulation time (Years) Simulation time (Years) Simulation time (Years)
Economics B o~ % (7]
-
~—— LCOE, Econ Model: Geothermal Economics Show Value on Click
Cumulative discounted cash flow, Econ Model: a
Geothermal Economics ose
1-
3e+7 =
0.8 3
F2e+7 &
iy
il
T
0.6 Fies7 2
i}
c
3
o
0.4 n
F-le+7 ©
[
=
=
0.2 = --2e+7 =
E
3
-3e+7 O
0 T T T T T T
0 5 10 15 20 25 30
Temperature (exacf¥{F] Resetranges Linear Log Pressure (psi) Linear Log
Simulation time (Years) L — L ——
3336237 425.4356 517.2475 4359.360 5241.854 6124349 7006.843 7889.338
Time / Snapshot Rotated Stretch ra 3D Panel Control Visibility (All Panels) Show Val ith Click Individual Wells Individual Facies Individual Fractures Matrix Sii L t Sett
ow Value wr ICh bl
2007947 yrs /86 10,1401 “+  AllPanels Matrix @@y Well @i Fracture Al Al Al atrix Slices ayout settings
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| Viz Tool: Phase Il Results (Saved Layout View)

Our previously saved plot views show up, with the same axis scales.

EGS Example File_v3 _v3 ExtF3cp from EGS Tutorial

Observations

Max inj
pressure
reached
early

Less
favorable
economics

W ResFrac

OE \&/k-hr)

ResFrac Pro ResFrac Corporation-Prod-Internal

Pressure B ~ &
~——— WHP, well_Prod
—— WHE, well_Inj
—— BHP, Well_Prod
BHP, Well_Inj
2000
3000—L-.
|- 8000
2500+
2000 7000 8
o
&
1500+ 6000
1000
I~ 5000
500
T T T T T T
0 5 10 15 20 25 30
Simulation time (Years)
Economics B~ @
~——— LCOE, Econ Model: Geothermal Economics
Cumulative discounted cash flow, Econ Model:
Geothermal Economics
1+
- 3e+7 E
0.8 3
[-2e+7 =
=
]
(]
0.6 -1e+7 2
8
c
0 3
0.4 &
- -1e+7 ©
@
=
=
o
0.2+ - —2e+7 =
E
3
- —-3Jes7 U
0 T T T T T T
L] 5 10 15 20 25 30

Simulation time (Years)

Time / Snapshot
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1.

Let’s compare between the Phase | and Phase |l results directly.

Select

‘Manage Line
Plot Data

Sets’

‘Import CSV
Dataset’

Navigate to
the sim_track
file of the sim
you'd like to

import

*If importing
external data,
match sim_track

format

W ResFrac

Manage Line Plot Data Sets

This menu allows you to import data from external data files,
alongside the simulation results. This can be useful for histol
results between simulations.

Currently loaded data files:

C:\ResFracPro\data\projects\EGS fraining\workflows\EGS Tt
Example File_v3_v3 Copy 2\Re:

The table has three header rows, of which: the fiySt row
grouping, or fracture; the second row is the n,
is the unit

The first column is time
The columns headers must be named idgfitically to the
headers. For example, "Oil tot prod", "Ojf prod rate', etc
The table contains numerical data (alynon-numerical vd

Its\sim_track _EGS Exampl

‘ Open

(C:) » ResFracPro » data » projects * EGSTraining * workflows > EGS Tutorial * simulations @ EGS Example File_2 Copy 5 > Results

| Viz Tool: Import External Dataset — Compare Sims (1 of 4)

Name - Date modified Type Size
=7 newviz 7/27/2026 T:02 PM File folder
: Raw_Res T/27/2026 657 PM File falder
| 30_day_prod_EGS Example File_2 Copy 5 7/27/2026 7:02 PM Microsoft Excel C... 156 KB
|:f comments_EGS Example File 2 Copy 5 7/27/2026 T:02 PM TXT File 1,153 KB
@' current_status 7/27/2026 6:36 PM TXT File 1KB
i/ daily_prod_EGS Example File_2 Copy 5 7/27/2026 7:02 PM Microsoft Excel C... 4640 KB
2| econ_summary_Geothermal Economics_..  7/27/2026 T:02 PM Microsoft Excel C... 92 KB
D' fracture_info_file_for_testing T/27/2026 657 PM TXT File 26 KB
D' matrix_prop_names 7/27/2026 6:36 PM TKT File 1KE
@' misc_visualization_data T/27/2026 T:02 PM TXT File 2KE
2| oniginal_sim_track_EGS Example File_2 Co...  7/27/2026 T:02PM Microsoft Excel C... 1,374 KB
|h1| sim_track_EGS Example File_2 Copy 3 T/27/2026 7:02 PM Microsoft Excel C... 1,374 KB|
g SimulationDescriptor_EGS Example File_2...  7/27/2026 6:36 PM TXT File 303 KB
[ static_matrix.bin 7/27/2026 6:36 PM BIM File 2,560 KB
D static_wellfrac.bin 7/27/2026 6:36 PM BIM File KB
timesteps 7/27/2026 7:02 PM Microsoft Excel C... KB




Viz Tool: Import External Dataset — Compare Sims (2 of 4)

Let's compare between the Phase | and Phase Il results directly.

For each
axis, select
the same
parameters

Ioad ed fro m PLOT DATA

the new e Newly imported sim_track file data

Sim_traCk AXIS1  Clear axis AXIS2Z Remove
file.

2 WHP, Well_Prod, sim_track_EGS Example File_w3_v3 Copy 2.csv

SEL

u rn th e WHP, Well_Inj, sim_track_EGS Example File_v3_v3 Copy 2.csw
I 1 ff H
e g e n S O WHP, Well_Prod, sim_track_EGS Example File_2 Copy 5.csv
to S ave o n WHP, Well_Inj, sim_track_EGS Example File_2 Copy 5.csv

S a Ce D BHP, Well_Prod, sim_track_EGS Example File_v3_v3 Copy 2.csv
p - Rortzontal Min ‘Horizontal Max Horizantal Scale
’7 3.168808781402895e-11 e r 29.852802874743464 e Linear horizontal-scale

AXIS 1
Vertical Min Vertical Max
F 42861910125 (2] r 3375 9

Apply

* ResFrac 220




| Viz Tool: Import External Dataset — Compare

Let’s compare between the Phase | and Phase |l results directly.

EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

The external
csv data
(Phase |) is
automatically
dashed.

The design
of the HF
system
(Phase II)
could be
improved.

W ResFrac
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Viz Tool: Import External Dataset — Compare Sims (4 of 4)

Save the layout with external data. Then the Phase | data will automatically load when opening the layout.

1. Select
‘Layout
Settings’

‘Save
Current
Layo ut’ CSV Files to Include

. Select the
Phase |
sim_track file
Wlth the Save Current Layout As New
layout so it
will auto-load
as an
external

dataset

W ResFrac




| Viz Tool: Phase Il Results — Return to the Saved Layout View

Now to remove the Phase | data, just re-load the original layout.

W ResFrac

WHP (psl)

LCOE ($/kW-hr)

ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 ExtF 3¢ from EGS Tutorial
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Viz Tool: Panel Grid

Remove line plots 2-4, keeping only the pressure line plot and the two 3D views.

Modify Panel Grid

This frame lets you choose the arrangement and type of viewer panels in the simulation viewer.

STAGE PREVIEW

* ResFrac 224




Viz Tool: 3D Plots — Fracture Conductivity (1 of 4)

Convert the first 3D plot parameter to ‘Fracture Conductivity’, and change the max value to 100 mD.

* ResFrac Pra ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

-

Pressure B o~ 02 Def; Defdult X ¥

WHP, well_Prod
WHP, Well_Inj

View fracture S
conductivity.

Scale from 0 to

100 mD to
compare with
the 50 mD in
Phase |.

Increase the : .
horizontal

stretch to 20
and rotate to \//
view fractures.

T T T T T T
0 5 10 15 20 25 30

Simulation time (Years) m pset ranges Linear Log Pressure (psyf Reset ranges Linear Log

7.25752(fe-9 ) ‘ 4359.36§ 5241.854 6124349 7006843 7889.338
Res Frac N me / Snapshot Rotated Stretch - 30 Panel Control Visibility (Al Panels) Show Val ith Click Individual Wells Individual Facies Individual Fractures Miatric 5l L t Setti 22 5
2007967 yrs /292 | 20,140, b All Panels Maix @ wel G Fracue @ o e Wit e Al Al Al atrixSlices ayout Settings




Viz Tool: 3D Plots — Fracture Conductivity (2 of 4)

Much of the
fracture area

hovers between
25 and 100 mD.—

However, the
toe fracs show
diminished —
fracture ¢
conductivity

(due to poor
proppant
placement).

rrrrrrrr

Simulat

ion time (Years)

Res Frac ~ Time / Snapshot Rotated Stretch ra
29.97547 yrs / 292 20,1401 -

Show Value with Click

4359.36(

NNNNNNNNNNNNN

6124.349

Linear Log

8888888
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Viz Tool: 3D Plots — Fracture Conductivity (3 of 4)

Turn on perforations and filter by fracture - choose a representative fracture to view.

¥ ResFracPro

ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

WHP, Well_Prod
WHP, Well_Inj

Fractures are ey

numbered
based on the ity P
perforation from 1
which it initiated.

2500

If a new fracture

merges with an _
existing one, it
may not create

a new named R
fracture (thus,

Pt — 100
there are 8 p——— | ‘
Well Prod fracs, e .

but only 2 e Ml s s e A I
Well_Inj fracs). L L ]

2000+ Filter Fractures by Well(s)

WHP (p

Choase which f
number

actures to show by fracture

Select All - Unselect All

acture #1, Well_Prod Stage 1
acture #3, Well_Prod Stage 1

acture ¥4, Well_Prod Stage 1

H R H

acture #5, Well_Prod Stage 1

acture #7, Well_Prod Stage 1
racture #8, Well_Prod Stage 1

racture #9, Well_Inj Stage 1

I <. I O A B A

Fi
Fi
Fi
Fi
Fracture #6, Well_Prod Stage 1
Fi
Fi
Fi
Fi

racture £10, Well _Inj Stage 1

Simulation time (Years)

3 ) Reset rabges | Linear Linear Log
> | |
L E— | App B ]
|

[ so | 75 6124.349 7006.843 7889.338
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Viz Tool: 3D Plots — Fracture Conductivity (4 of 4)

Measure conductive fracture length.

] ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

Precstire B o~ % (7] Default X Y Z (7] Default X Y 2Z

~——— WHP, Well_Prod
—— WHP, Well_Inj

Use ‘Calculate i

Distance’ to see
how large the
propped fracture -

is. i""\_

! '
Here, the )

conductive - - N T T
(propped) " ‘
fracture length —

is ~900 ft. In
Phase | the total |
fracture length ™7
was 1400 ft. \

2500

WHP (

-6500 @

1500 - 6000

T
10
Simulation time (Years) Fracture con ductivit y (md Pressure (psi) Reset ranges Linear Log
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9 : -
435 524 7889.338

7.257520e-9 2 Show alue on Cick @ 5\ 100 359.360
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A~ - Show Value with Click eee i
* RESI rac 2097947yrs/292 | 20,140,1 “+ | AlPanels Matrix @ Well @ Fracture @G \ Al Fracture #6 e Layout Settings




Viz Tool: 3D Plots — Proppant Placement

ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 ExtF 3¢ from EGS Tutorial

Pressure B o~ % @ Def; @ Defdult X Y

WHP, Well_Prod
WHP, Well_Inj

If you do look at ~ —&oue
the proppant
total mass,
you'll find a
close correlation
between
conductivity and
proppant
concentration.

Toe fracs show //
poor proppant

placement - |

4500

WHP (psi)
BHP (psi)

Simulation time (Years) Proppant totdl mass per area (lbs/ft*2) Linear Log Pressure (psif Reset ranges Linear Log

0.4955895 4359364 5241.854 6124349

B
0 0.123897 0.2477% 7006.843 7889338
Res Frac A Time/Snapshat Rotated Stretch - 30 Panel Contral Vfisibility (All Panels) Show Vakue with Gick Individual Wells Individual Facies Individual Fractures " . L  Setti 229
2997947 yrs /292 20,140,1 t+ allPanals Watrix @ Wel @ Fracture @@ ow Valuewith Click - py Al Al awrix Slices ayout Settings



| Viz Tool: 3D Plots — Identifying Screenout (1 of 3)

Add proppant
injection to
the line plot [huame

PLOT DATA

PLOTTYPE @

@ Regular Series

AXIS1  Clear axis AXIS2 Remove

(m:i::LPmd,sim_[ra(k_.,v [7] (E:{won -~ | @ (;::’,‘:;:T:Pmd,swm_track_,,.' [7] (;:i::n > | @
P Axis 3: Add new axis. Add Prop mass/vol
[[Fre e oa ~ | @ | e — e for both Well_Inj and Well_Prod.

0

Q, prop

IPrup mass/vol, Well_Prad, sim_track_EGS Example File_v3_v3 Copy 1.csv

Prop mass/vel, Well_Inj, sim_track_EGS Example File_v3_v3 Copy 1.csv

Prop mass added/vol, Well _Inj, sim_track_EGS Example File _v3_v3 Copy 1.csv

D Prop mass added/vol, Well _Prod, sim_track_EGS Example File_u3_v3 Copy 1.csv

Total prop inj, Well _Prod, sim_track_EGS Example File_v3_v3 Copy 1.csv

Horizontal Min Horizontal Max HGFZGHEal SEalE Units
3.168808781402895¢-11 (7] ano7313779:.t.me3512 [7] (Linearhnrizuntalfscale - |0 (Years

230
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Viz Tool: 3D Plots — ldentifying Screenout (2 of 3)

* ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 ExtF3cp from EGS Tutorial -
Pressure B~ & Defaufft X ¥ Z Defayf X ¥ Z

WHP, Well_Prod
WHP, Well_Inj

Zoom in on the e

stimulation st

period of the
line plot.
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-y,
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~
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e
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T T T -
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9.997179 Hours out of 262800 Hours 9.899717903137207 Hours - Snapshot ﬁ 74 of 262 Back 20% Back MNext Next 20%
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Viz Tool: 3D Plots — Identifying Screenout (3 of 3)

* ResFrac Pro ResFrac Corporation-Prod-Internal ~ EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

Pressure B o~ R Defauff X ¥ Z Defayf X Y Z

WHP, well_Prod
WHP, wWell_Inj

Change the first ~ —&ruar

image to o e, Wiy
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-
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6000 Q
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|/
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(set min = \ - R
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= % 1.5 g
3000 [F0.8e+4 g Save as a

new layout

These signals
indicate

screenout. Significant Sharp pressure

proppant settling decline along the
L, in the wellbore. toe of the well.
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1 1 1
0.001 0.0012 0.0014 0.0016
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9957178 hrs /74 | 20,1401 “+ AlPanels Matrx @ Well @ Fracture @ W CrowlEMEwIMUIEC gy Al Al Vit Sliess ayout ~ettings




Correcting Screenout

Here is a version of the simulation with the slickwater viscosity set at 1.5 cP instead of 0.5 cP.

* ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 Copy 2 from EGS Tutorial -

Pressure B~ & Defauffl X ¥ Z Defayf X Y Z

WHPF, well_Prod
WHP, Well_Inj

Observations: B

Increasing the o o Wk
fluid viscosity
removed B
significant
settling and
pressure decline o

in the toe of the =

‘J
~,

N

“\V

R

3.5

las &
a
well : i s .
- o - 11evs o B x;
I 4000 ' i o e ,
= o2 E
o /
2
o a
le+4
-
»,
0.9e+4 ~
ri
2000
0.8e+4
0.5
1000+
0.7e+4
T -0
0 2e-4 4a-4 Ge—4
Simulation time (Years) Proppant mass per volume (ppg} Resetranges Linear Log Pressure (pgi) Reset ranges Linear Log

0 3.993879 7.987758 1.9816: 15.97552 10500 10655.23 10B810.46 10965.68 1112091
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1.

| Viz Tool: Import External Dataset — Compare Sims (1 of 3)

Here’s how you would compare between the high viscosity case (current) and the low viscosity case (original).

Select
‘Manage Line
Plot Data
Sets’

‘Import CSV
Dataset’

Navigate to
the sim_track
file of the sim
you'd like to
import

*If importing
external data,
match sim_track
format

W ResFrac

Manage Line Plot Data Sets

This menu allows you to import data from
alongside the simulation results. This can
results between simulations.

The table has three header rows, of
grouping, or fracture; the second ro
is the unit

The first column is time

The columns headers must be name
headers. For example, "Oil tot prod",
The table contains numerical data (3|

Currently loaded data files:

C:\ResFracPro\data\projects\EGS
Example File_v3_v3 Copy 2\Rests\sim |

T« 05(C:) » ResFracPro » data »

Organize + New folder
P Pictures
o Music
i3 Videos
" Results

PycharmBfojects

_assistant

/ Support and Tuterials

% % % % % % %

Google Drive (G:)
Unsubmitted_as of 20260604
~ Support email supplemental fi
7 LayoutSettings

EGS Tutorial

v [ ThisPC

projects » EGS Training

> workflows > EGS Tutorial » simulations » EGS Example File_v3_v3 Copy 1 » Results »

> S 0S(C) |

> & Google Drive (G:)

b} # MNetwork

Mame Date modified Type Size
7 newviz 7/28/2026 8:52 PM File folder
7 Raw_Res 7/28/2026 8:50 PM File folder
" Stress_Obs 7/28/2026 8:50 PM File folder
|52l 30_day_prod EGS Example File v3 v3 Co..  7/28/2026 2:50 PM Microsoft Excel C... 157 KB
I;"{ comments_EGS Example File v3 v3 Copy 1 7/28/2026 8:50 PM TXT File 18,362 KB
r_j{ current_status 7/28/2026 1:25 PM TXT File 1KB
g/ daily_prod_EGS Example File_v3_v3 Copy 1 7/28/2026 8:30 PM Microsoft Excel C... 4,664 KB
[/ econ_summary_Geothermal Economics_...  7/28/2026 2:50 PIM Microsoft Excel C... 928 KB
|:j{ fracture_info_file_for_testing 7/28/2026 8:50 PM TXT File 133 KB
D{ matrix_prop_names 7/28/2026 1:25 PM TXT File TKE
I:j{ misc_visualization_data 7/28/2026 8:50 PM TXT File EKB
[ original_sim_track_EGS Example File_v3_v..  7/28/2026 8:47 PM Microsoft Excel C... 15,104 KB
‘bll sim_track_EGS Example File v3 v3 Copy 1 7/28/2026 8:47 PM Microsoft Excel C... 19,104 KB|
IL"{ SimulationDescriptor_EGS Example File_v..,  7/28/2026 .25 PM TXT File 304 KB
[ static_matrix.bin 7/28/2026 1:25 PM BIN File 2,360 KB
D static_wellfrac.bin 7/28/2026 1:25 PM EIN File 2KB
[ timesteps 7/28/2026 8:50 PM Microsoft Excel C... 12 KB

File name: | sim_track_EGS Example File_v3_v3 Copy 1
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Viz Tool: Import External Dataset — Compare Sims (2 of 3)

Let’'s compare between the high viscosity case (current) and the low viscosity case (original).

For each
axis, select
the same
parameters

Ioad ed fro m PLOT DATA

the new e Newly imported sim_track file data

Sim_traCk AXIS1  Clear axis AXIS2Z Remove
file.

2 WHP, Well_Prod, sim_track_EGS Example File_w3_v3 Copy 2.csv

SEL

u rn th e WHP, Well_Inj, sim_track_EGS Example File_v3_v3 Copy 2.csw
I 1 ff H
e g e n S O WHP, Well_Prod, sim_track_EGS Example File_v3_v3 Copy 1.csv
to S ave o n WHP, Well_Inj, sim_track_EGS Example File_v3_v3 Copy 1.csv

S a Ce D BHP, Well_Prod, sim_track_EGS Example File_v3_v3 Copy 2.csv
p - Rortzontal Min ‘Horizontal Max Horizantal Scale
’7 3.168808781402895e-11 e r 29.852802874743464 e Linear horizontal-scale

AXIS1
Vertical Min Vertical Max
F 42841910125 (7] r 3375 (]
Apply
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| Viz Tool: Import External Dataset — Compare Sims (3 of 3)

Let's compare the high viscosity case (current) to the low viscosity case (original) using the 6-panel |

The external
csv (original)
data is
automatically
dashed.

Despite
removing
screenout,
overall impact
is minimal
because frac
#3 is creating
a short-
circuit.

W ResFrac

WHP (psl)

LCOE {$/kw-hr)

ResFrac Pro ResFrac Corporation-Prod-Internal

EGS Example File_v3_v3 Copy 2 from EGS Tutorial
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3D Panel Control
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Linear Log
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Individual Wells

Show Value with Click Al Al
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2504
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i
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=
=
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o
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o
C
o
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=
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2
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o
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>
=
£
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Layout Settings
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panel
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| Viz Tool: Import External Dataset — Compare Job Size

This time, let's compare a sim with a 15% larger job size to our original sim.

daShed Ll 7 s e ,~<\/ 3 -2e+8

- 5500 4e+4— s S

~
1000_/——-—”‘_‘ /¢ \\\\ 150
L s000 L -1e+8

100

200 [-2e+5

-1le+5

ResFrac Pro ResFrac Corporation-Prod-Internal EGS Example File_v3_v3 Copy 7 from EGS Tutorial
Pressure B~ % Production and Injection Rates B ~ & Temperature and Electricity Generation B~ %
The external

3000 I~ 8500 4504 __ [-6e+5 _¢
csv (original) e e e \ €l S
/ - Se+4- \ Pe = g
. 25004, 7 /- \ P 2 =
/ I-7500 @ -de+8 = 350 b7}
ata is g \ - g :
Z 7000 = - \ 2 = g Bl
B 24 2000 2 g \ L g 2 300-] 5
= it v 4.5e+4- \ g l-3e+8 © £ S
¢ 6500 & a \ - a 8 F3e+5 &
= o = N - z £ 250 ©
3 \ s = | S @
> > k=1 [
o o
2 £
£ o
= >

@
E K
3
S
po &
()

Pressure limit | oy ],
iS reaCh ed Simulation time (Years) Simulation time (Years) Simulation time (Years)
later, leading

Economics B~ &
to greater i
1 -3e+7
production, .
. . -2e+7 g
net electricity,
:‘.3 0.6 \ F1le+7 §
and NPV. s |\
& Y 0 é
§ 0.4 &
- --1e+7 2
kS
0.2 - -2e+7 é
(s}
--3e+7
0 T T T T T T
0 5 10 15 20 25 30
simulation time (Years) Temperature (exacj/{F) Reset ranges Linear Log Pressure (psi) Re: Linear Log
= I 5 sss—

150 2418119 3336237 425.4356 517.2475 4359.360 5241854 6124349 7006.843 7889.338

ReSFra A Time/Snapshot Rotated Stretch = 3D Panel Control Visibility (All Panels) Showifai i Individual Wells Individual Facies Individual Fractures A & L t Setti 3
‘ : ’ - w Value with .. 2 7
29.97947 yrs / 324 10,140,1 LE All Panels Matrix ° Well Q Fracture 0 aWEaTe S HIE All All Al atrix Slices ayout Settings



Viz Tool: Stress Observation Planes (1 of 5)

Turn on external fractures so we can observe the stress shadow imposed on the sector.

A ResFrac Mini-
Guide on Stress
Observation
Points and
Planes is also
available at this
link.

W ResFrac

W ResFrac Pro

WHP (psi)

WHP, Well_Prod
WHP, well_Inj

—— BHP, Well_Prod
BHP, Well_Inj

Prop mass/vol, Well_Prod
~— Prop mass/vol, Well_Inj

ResFrac Corporation-Prod-Internal ~ EGS Example File_v3_v3 ExtF3cp from EGS Tutorial —

B o~ 2 Defauff X ¥ 2 Defayf X Y 2

r1l.4e+q
7000 -
1.3e+4 VS
6000 -]
1.2e+4
Stre e
5000 rares e
1.1e+4 Well Names °
,_,L < External Fract )
4000 es e
le+4 o
3000 - 0.9e+4 Q
s Min e
0.8e+4 -
2000 Wax °
®
x Ma:
0.7e+4 e
1000+
0.6e+4
0 lor B 12
T T
0.001 0.0012 0.0016
Simulation time Well Thickness 3 :(ppg) Linear Log Pressure (pgi) Resetranges Linear Log
B I
7.966458 11.94969 15.893292 10500 10645.15 10790.31 10935.46 11080.61
me / Snapshot Rotated Stretch nel Control Visibility (All Panels) _ ~ Individual Wells ndividual Facies ndividual Fractures

9997179 hrs / 74 20,1401

30 Panel Cont es
Show Value with Click T :
All Panels Matrix ° We! e Fracture 0 o Elue it Lo Al Al Al Matrix Slices

Layout Settings
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https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Stress%20observation%20points%20and%20planes%20(Recreating%20fiber%20diagnostics).pdf

| Viz Tool: Stress Observation Planes (2 of 5)

View ‘Delta stress (initial Shmin direction)’ to view the stress shadow from the fractures opening.

ResFrac Pro ResFrac Corporation-Prod-Internal ~ EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

Pressure B oo R (7] Defauf X ¥ Z (7] Defayff X ¥ Z

WHP, well_Prod
WHP, wWell_Inj

—— BHP, Well_Prod
BHP, Well_Inj

Prop mass/vol, Well_Prod
= Prop mass/vol, Well_Inj

r1l.4e+d
7000
Fisera 3
6000
F1.2e+4
2.5
5000
F1l.1le+d
4000 '_-L - E
— Fle+d %
E 0
o 5
I T 7
= o],5E
3000 ~0.9e+4 T oa
2
o
-0.8e+4
2000 1 Q delta stresg
Delta stress (initial SHmax direction)
F0.7e+4
1000 = Delta stress (initial Shmin direction)
0.5
-0.6e+4 Delta stress (vertical)
) Poroelastic delta stress (initial Shmin
direction)
T T T -0
0.001 0.0012 0.0014 0.0016
Simulation time (Years) Delta stress (initial Shmin direction) (psi) Linear Log Average ‘tofal system’ net pressure {psi) Linear Log
I Bl Bl ]
-1188.320 7108430 -233.5660 2438110 721.1880 34 5226365 696.8487

o Vale with i Individual Wells Individual Facies Individual Fractures Matrie Sl Stress Obs Plane - L £ Setti 239
o Fracture Q S Al All Al atmx slices z-plane at -1.190e+4 ayout Settings

Res Frac ~ Time / Snapshot Rotated Stretch ra 3D Panel Control
9997179 hrs/ 74 | 20,140, v Al Panels




Viz Tool: Stress Observation Planes (3 of 5)

Set the minimum delta stress value to O psi.

* ResFrac Pro ResFrac Corporation-Prod-Internal ~ EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

Pressure B~ R Defauf x ¥ z

WHP, well_Prod

Observations:
Greatest stress N

S had OWi ng o Prop mass/vol, WeILPr?d
occurs near the o

wellbore and at ™

the upper e

fractures, where

there is greatest -

net pressure. (Lﬂk R i
/ Y, Wi

1 1 1
0.001 0.0012 0.0014 0.0016

Rverage ‘tofal system’ net pressure (psi) Linear Log

e
( ) 1742122 348.4243 5226365 696.8487
Res Frac ~ me / Snapshot Rotated Stretch ra 3D Panel Control Visibility (All Panels) Show Value with Click Individual Wells ndividual Facies ndividual Fractures Matris Sii Stress Obs Plane - L £ Setti 240
9997179 s /74 | 20,1401 “+  AllPanels Matrix @@ Well i Facure @i | CTOWIEUEWITHIEC gy Al Al atmeslces 4 plane at -1.190e+4 ayout ettings

Simulation time (Years)




Viz Tool: Stress Observation Planes (4 of 5)

Change time to right before stimulation, to see the residual stress shadow exhibited by the external fractures.

—

* ResFrac Pro ResFrac Corporation-Prod- Internal EGS Example File_v3_v3 ExtF3cp from EGS Tutorial

Pressure B ~ & Defayff X Y Z

Observations:
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6000
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o
o
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2000 -
-0.7e+4
1000
0.5
0.6e+4
0
T T T -0
0.001 0.0012 0.0014 0.0016
Simulation time (Years) Linear Log
Bl |
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Viz Tool: Stress Observation Planes (5 of 5)

Change time to right end of Well Prod stimulation to see peak stress shadow.

Observations: coE
This plane B

allows you to oo i

estimate net .

pressure, time e N\

to closure,and |, | e [

residual stress | | |

shadow. This

data can be ﬂw L /,
used to g | | g v o *
populate the ¢ | Q

External ’

Fractures table. =« JH Lk !

A ResFrac Mini- | _ | , /
Guide on External

Fractures is also : !

available at this

F me / Snapshot Rotated Stretch a 3D Panel Control Visibility (All Panels s e Individual Wells Individual Facies Individual Fractures Stress Obs Plane 242
* Res rac ™ 1038724hrs/82 | fpo,140,1 e All Panels Matrix @ Well @) Fracture @ | OnowValewthtlide Loy, Al Al Matrix Slices | jane at -1.190e+4 Layout Settings



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Stress%20observation%20points%20and%20planes%20(Recreating%20fiber%20diagnostics).pdf

Click “square icon” to make a movie or save a screenshot

Making a movie can be a good way to monitor changes in the 3D view over time.

—0.8e+4
2000 —
1
—0.7e+4
1000 —
—0.5
-0.6e+4
0
T T T =0
0.001 0.0012 0.0014 0.0016

Simulation time (Years)

Make a Movie Take a screenshot

Time / Snapshot 3D Panel Control

rotated >tretcr ra 3l = v\
A Y
10.40585 hrs / 81 20,140,1 5 r All Panels vrix @)

\

Click square icon to open panel

W ResFrac

Take a screenshot

‘ Sereenshot file location®

Browse

D Include ResFrac Logo

D Include Simulator Version

Make Movie

D Include ResFrac Logo
D Include Simulator Version

Show simulation time

m Eajce'
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Viz Tool: Additional Outputs — VFR and frac hit trackers (1 of 2)

You can show Volume to First Response (VFR) and frac hits on the injection plot.

TITLE

Add a Title
Pressure

PLOT DATA

“Add new Axis”

PLOTTYPE @
@ Regular Series
On Axis 4, add: Frac hit XS 1 Clear s AXIS2  Remove

t Data to Plot* Position Data to Plot* Position
counter WHP, Well_Prod, sim_track_..> | @ Left * | @ BHP, Well_Prod, sim_track_... * | @ Right ~ | @

« .y BXIS3 Remove RXI5 & Remove
Add new Axis

Data to Plot* Position Data to Plot* Position

Prop mass/vel, Well_Prod, si... = 9 Right - 9 Frac hit counter - Well_Prod t...> 9 Right - 9
On Axis 5, plot: VFR AXIS5  Remove

Data to Plot* Positi

VFR - Well_Prod ta Well_Inj, ..~ | @ Right * | @

Q

D Cumulative thermal production, Econ Model: Geothermal Economics, sim_track _EGS Example File_v3_v3 ExtF 3c.csv

SEL

A ResFrac Mini-Guide on
Volume to First Response
and Frac Hit Trackers is

aISO avallable at thls Ilnk . | D LCOE, Econ Model: Geothermal Economics, sim_track_EGS Example File_v3_w3 ExtF 3c.csv

VFR - Well_Prod to Well _Inj, Wolume to first response, sim_track_EGS Example File_v3_v3 ExtF 3c.csv

* ResFrac 244

D Cumulative gross electricity generation, Econ Model: Geothermal Economics, sim_track _EGS Example File_w3_v3 ExtF 3c.csv

D Curnulative net electricity generation, Econ Model: Geothermal Economics, sim_track _EGS Example File_v3_w3 ExtF 3c.csv



https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Stress%20observation%20points%20and%20planes%20(Recreating%20fiber%20diagnostics).pdf

Viz Tool: Additional Outputs — VFR and frac hit trackers (2 of 2)

You can show Volume to First Response (VFR) and frac hits on the injection plot.

[ ] ResFrac Pro

This shows 6
total frac hits in
the adjacent
well, with the
first frac hit
occurring after
3,240 bbl were
injected.

A ResFrac Mini-Guide on
Volume to First Response
and Frac Hit Trackers is
also available at this link.

W ResFrac
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https://resfracsoma.blob.core.windows.net/collateral/cheatsheets/Stress%20observation%20points%20and%20planes%20(Recreating%20fiber%20diagnostics).pdf

Viz Tool: Additional Outputs — Extra fracture info (1 of 2)

You can also show extra fracture information, which splits results up by each fracture or perforation.

Here we can use the
injection plot as a base.

“Remove” Axis 2-5

On Axis 2, add any frac
info of interest. In this
case, we selected the
height and length of the
fracture.

W ResFrac

TITLE

Add a Title

Pressure

PLOT DATA

PLOTTYPE @
@ Regular Series

AXIS1 C(Clear axis

WHP, Well _Prod, sim_track_..~ | @ Left

Add new axis

SELECT WELL(S)

Select Well(s)

D Apply well selection to all normal line plots

Data to Plot* Positio

FORMATTING  Reset to defaults
Horizontal Min Horizontal Max
0.0008597562203722785 (7] 0.0015867064567856013
AXIS 1
Vertical Min Vertical Max
-297.726322819149 9 7214.368714680852

AXIS 2

,9|’

Data to Plot*

Search for a given
frac number, e.g.
“Frac #1” to see
available plots.

Remove

ositior

Length (averaged across heig.. v | @ ight ~ | @

Q, frac#6 P

O

-

- O

Center x-position, Frac #6 - Well_Prod Stage 1 (2442.8359 -2911.2585 11900), sim_track_EGS
ExtF3cp.csv

Center y-position, Frac #6 - Well_Prod Stage 1(2442.8359 -2911.2585 11900), sim_track_EGS
ExtF3cp.csv

Center z-position, Frac #6 - Well_Prod Stage 1 (2442.8359 -2911.2585 11900), sim_track _EGS
ExtF3cp.csv

Length (averaged across height), Frac #6 - Well_Prod Stage 1 (2442.8359 -2911.2585 11900), s
File_v3_v3 ExtF3cp.csv

Height (averaged across length), Frac #6 - Well_Prod Stage 1 (2642.8359 -2911.2585 11900), si
File_v3_v3 ExtF3cp.csv
— HorzontalScale ———————— r— Units
Linear horizontal-scale v 0 Years v 0

(7]

©

Vertical Scale

Linear vertical-scale v 0
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Viz Tool: Additional Outputs — Extra fracture info (2 of 2)

Here we see the fracture growing during stimulation. Frac by frac production parameters could also be

shown.

WHP, Well_Prod
WHP, Well_Inj
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W ResFrac
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Improving Simulation Results

The completion design in this model is underperforming. Try iterating on some parameters to improve the
performance.

« Parameters to test:
» Higher frac fluid viscosity — to improve proppant placement
» Job size — to improve fracture conductivity and size
« Cluster distribution and perforation phasing — to improve flow uniformity

* Well spacing & configuration

* ResFrac 248



Advanced ResFrac
Geothermal Topics

% ResFrac 249



Content

« ResFrac geothermal features:

Superhot geothermal
Geothermal economics module
Pre-existing features
Thermo-elasticity

Templates

W ResFrac

Tips, tricks and troubleshooting
Geothermal templates
Pre-existing fractures

Tracers

Dual porosity model
Thermo-elasticity

Importing data

Automated workflows
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| ResFrac can simulate superhot geothermal conditions
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0 6575 13579.1 1000 500 90 0.0006 4] 10000000000
* New Row  Resize Table

Pre-existing fractures can simulate natural fractures or synthetic
hydraulic fractures

Pre-existing fractures represent synthetic

hydraulically created fractures or pre-existing faults. \
They can have any orientation and dip angle. "
Pre-existing fractures are computationally fast, N\

which allows to simulate the full reservoir instead of

only a section of the reservoir PSS

Specify pre-existing fracture location, geometry, ete

aperture parameter and/or fracture conductivity

under Advanced Options in Static Model and Initial

Conditions panel _LM
e @ 67.96130 59758 4 ’(_7?(\557?8@{

< x /\ ' .-'Av,x ‘,
R N - ~ _-"(‘ N / 5 \\,“l(
T > . o N
226.96 \ L) ) SEs A0 ’\ > ‘\‘ 4 L8755 %
R ) A 5 2l 2N > 2% v
~ - . - . " . , Orientation (clockwise from . . - 90% closure stress (optional) Unpropped conductivity
C - - z- o -heigl
Center x-coordinate [ft] 0 Center y-coordinate [ft] 0 Center z-coordinate [ft] 0 Fracture full-length [ft] e Fracture full-height [ft] 0 Dositve yodrectiony [egees] 0 ED (optional) [ft] Eres (optional) [ft] 0 Ipsi e {optional) [ma-F] 0
0

0 6975 13579.1 1000 500 20 0.0006 10000000000
0 6925 13579.1 1000 500 20 0.0006 0 10000000000
0 6875 13579.1 1000 500 90 0.0006 0 10000000000
0 6825 135791 1000 500 90 0.0006 0 10000000000

0 6775 135791 1000 500 90 0.0006 Q 10000000000

7 0 6675 13579.1 1000 500 20 0.0006 0 10000000000

- 0 6725 13579.1 1000 500 90 0.0006 Q 10000000000

n 0 6625 13579.1 1000 500 20 0.0006 0 10000000000



Cold water injection introduces thermo-elastic stresses causing
fracture opening and downward fracture propagation

Thermo-elastic fracture opening due to cold water injection has potential to cause premature
breakthrough because of the positive feedback loop. However, it can also cause buoyancy-driven
convection and downward crack extension over time, enhancing heat-sweep efficiency.

Thermo-elasticity activated in ResFrac by
turning on thermo-elastic stress changes in
the matrix and assigning a value for linear
expansion coefficient. Thermo-elastic
simulations generally increase
computational time.

@

0.00001
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Built-in ResFrac templates available to help you with setting-up
geothermal models

EGS template Pre-existing fractures Slug tracer test
3-well EGS model calibrated Doublet with horizontal laterals and Dual porosity model with 1
with publicly-available FORGE 100 pre-existing fractures injector and 3 producers.
and Fervo data. Sector model representing synthetic hydraulic Tracer injected for 0.1 day
simulating 1 stage for each fracture network. Fracture aperture and recovery monitored at
well, scaled up to a full constant at 0.00006 ft, corresponding the producers
reservoir with well flow to fracture conductivity of 100 md-ft.

—— Tracer mass frac, Well_injector_1

—— Tracer mass frac, Well_Producer_1
—— Tracer mass frac, Well_Producer_2
—— Tracer mass frac, Well_Producer_3

0.6e—4

0.4e—4

Tracer mass frac (unitless)

0.2e—4

0 T T — 1 L
10 10.0005 10.001 10.0015 10.002

Simulation time (Years)
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I If simulation fails, first thing to check is info in job manager and
comments file

Simulation status info in Job Manager:

v Wagner Test Model v3 Terminated early May 15, 2025 at 6:02 pm May 15, 2025 at 7:14 pm

Simulation terminated prematurely due to an error. Refer to the comments file for more details. Simulation wallclock time is: 31.5358 min. WARNING: Vertical frac propagation was prevented by the top or bottom of the matrix domain. Unless this was set up
intentionally to limit height growth, you should consider increasing the height of the matrix domain. Timestep £08, dt = 33.48 s, cumulative time = 3.85605 hours. Simulation wallclock time is: 28.3937 min. Current memory usage of 13.6 percent (max ever:
13.6). WARNING: Vertical frac propagation was prevented by the top or bottom of the matrix domain. Unless this was set up intentionally to limit height growth, you should consider increasing the height of the matrix domain. Results are fully downloaded.

Comments file:

Convergence in 4 iterations.

setting porothermoelasticlinearsolversettingstype #0
Before poro solve

The iterative solver for the explicitporothermoelastic system has converged according to the petsc residual in 11 iterations.
The iterative solver for the explicitporothermoelastic system has converged.

PC hypre type: boomeramg

porothermo system (true) |[lr||/||bl|= 3.917076e-08.
porothermo current rtol (i.e.

max(||x||/||k||) allowed)= 1.000000e-06&
porothermo convergence: ||r|| <= rtol*||b]||
porothermo convergence: ||r|| <= rtol
Checking that the solution is different from the null vector (in case the RHS is nonzero)
Porothermoelastic solution found

Timestep duration: 8.3333333333333331e-05 hours. Cumulative time elapsed: 3.924715907034404 hours.
Problem with calculating proppant turning function. This problem may be resolwved by running with
Simulation did not finish successfully. Problem during printing of tracking file.

Simulation did not finish successfully. Problem with postprocessing.

Simulation did not finish successfully due to internal error.

'numerics version number' set to 119 or higher,

or by running with 'testingflaglO5' set to 'true' in the manual entry panel. This is a code bug. Simulation will abort.
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Check 3D visualization plots if simulation fails during runtime

* Proppant screenout? Is proppant volume fraction above 0.667
* Wellbore connectivity?

* Pressure and temperature field as expected?

* Uniform fracture conductivity?

Poor connectivity between wells Some fractures are mechanically open,
taking majority of the flow

W

Eopen part of total aperture (in) Linear Log

0 0.4663780 0.5327559 1.39513 1.865512
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| Various resources available to help with addressing common

Issues and questions

e FAQ

e A-to-Z Guide

e Mini-Guides

e ResFrac Technical Writeup

e Template documentation: available in
the ResFracPro folder > resources >
documentation > Workflow templates

e Ask ResChat, our Al chatbot with
access to the full suite of ResFrac help
content.

e Share simulations with
support@resfrac.com

W ResFrac

c 25 drive.google.com/file/d/18NQvHD-dZESBIVWUF_OfxShalaTBunYl/view

B ResFrac FAQ.pdf

& Open with Google Docs

ResFrac FAQ

Updated: July, 2025

Table of Contents:
1. ResFrac License and Installation
Q: How can | use Microsoft Edge to download ResFracPro?
Q: How can | add and remove users from my company’s ResFrac account?..
Q: How do | check and monitor simulation hours used on my ResFrac Pro Llcense"
Q: How do we add Resfrac as a Registered App in our Azure environment for SSO capabmnes?
2. User-Interface and Cloud
How do | log-in to the ResFrac user interface to be able to run simulations?
: How do | access the built-in ResFrac templates
: How do | share a ResFrac simulation?.
: How do | import a simulation into ResFrac?.. s
: How can | troubleshoot issues with my simulation results downloading?..........ccooviiiiiniiiiinniinnnn.
How do | run ResFrac with ‘Detailed Logging' for debugging?.................
: How do | specify an additional ‘remote’ location to store simulations?... -
: How do | save all of my simulations in a different location such as a network drive?......
3. Visualization (Viz) Tool...
Q: How do | use the ‘rotated stretch optuon in the visualization tool?
Q: How can | import external datasets into the visualization tool?
Q: Can | plot the gun barrel summary of simulation results?
4. Simulator Inputs and Outputs... R
Q: How can | reduce the size or my swmu\allon downlcads'-‘
Q: How do | change the frequency of simulation outputs?
Q: How do | use the Economics Navigator?..............................

Q: How do | exporl prupemes from a Petrel pseudcwell to be used with the ‘Properties versus depth
wizard'?......ccoceven
Q: How can | refresh an old simulation with the most recent recommended senmgs?

555 Bryant St. #185 Palo Alto, CA resfrac.com
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| Use Winmerge to compare simulation settings files

W ResFrac

@] @8] SelectFilesor Folders  {§ settings_EGS Example Model.txt - settings_Simple 2 Well...

File Edit View Merge Tools Plugins Window Help

IS~

Location Pane x

- 495_‘agy**%*pql.,'llll‘av@
C:\._les\workflows\EGS Training Course July 22nd\simulations\EGS Example Model\settings EGS Example Model.txt =
/- Begin entry --——————————-——-——-————~

/1

// Name in builder interface: "Calculate electricity output with respec

!/
// Description:

// If set to false, then the 'power plant efficiency' in the geothermal

1/

// ResFrac internal wvariable name
Variable name:

calcelectricityoutputwithrespecttoreferencetemperatureforenthalpyoutput

Length:
1

Value(s) :
false

ff === ——————— Begin entry --------—------

//

// Name in builder interface: "Should refresh economic models"™

7/

// Description:

// Check to determine whether the economics should be refreshed in the

/1

// ResFrac internal variable name
Variable name:
shouldrefresheconomics

C:\...orkflows\EGS Training Course July 22nd\simulations\Simple 2 Well EGS v12\settings_Simple 2 Well EG5S v12.txt =

/H-———— Begin entry -----—-—-—-—————————-—————

1/

// Name in builder interface: "Calculate electricity output with respec
1/

// Description:

// If set to false, then the 'power plant efficiency' in the geothermal
1/

// BesFrac internal wvariable name
Variable name:
calcelectricityoutputwithrespecttoreferencetemperatureforenthalpyoutput

Length:
1

Value (s) :
true

[ ————————————————— Begin entry ---------—--————————————-

I/

// Name in builder interface: "Should refresh economic models"™

!/

// Description:

// Check to determine whether the economics should be refreshed in the

/7
// ResFrac internal variable name
Variable name:

shouldrefresheconomics

Ln: 13706 Col: 55/55 Ch: 46/46 UTF-8 Win

Ln: 13691 Col: 1/45 Ch: 1/37 UTF-8 Win
10 1 10 NoProppant 0 Slickwater true
10 1 9.999999999999998 NoProppant O Slickwater true
B
E
5

83 Differences Found
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Tricks

e Start with small, simplified model: only 1 stage, without thermo-elasticity, uniform rock
properties, etc.
o Start with available templates and modify for your conditions
o \Verify:
e Flow rates are as expected
e Fracture conductivity in single- to double-digit md-ft
e Matrix cools down around injection points
e Are you producing liquid, two-phase, steam?
e Meshing tricks:
e Number of fracture elements has number 1 impact on computational time
e Wellbore length should be less than cluster spacing
e Decrease mesh size by using non-uniform mesh distributions
e Recommended number of matrix elements: Up to 200,000
e Recommended number of fracture elements: Up to 5,000
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Geothermal ResFrac templates

e EGS model based on FORGE data:

https://resfracsoma.blob.core.windows.net/collateral/templates/EGS Template.zip

Links to run
versions of
the templates

e Pre-existing fractures:

https://resfracsoma.blob.core.windows.net/collateral/templates/geothermal preexisting fracs.zip

e Slug tracer test:
https://resfracsoma.blob.core.windows.net/collateral/templates/geothermal slug tracer test.zip

How to find

templates in ~_

the Ul

W ResFrac

geothermal _preexisting_fracs

geothermal _preexisting _fractures

geothermal _slug_tracer_test

| 4
Workflow templates
. . X p
Create Simulation
<« / ™ G [J > ThisPC » OS(C) > ResFracPro > resources > documentation > Workflow templates
| Simulation Name *
' & Mew - Tl Sort ~ = \iew ~
\ — Template s
Salect A Home MNarme Date modified Type Size
egs_template R| Gallery EGS Template 7/13/2026 &:12 PM Adobe Acrobat D... 10,507 KB
Fiber data output template 7/13/2026 812 PM Adobe Acrobat D... 3,014 KB
Fiber Outout D > @ Aileen - Resfrac Corporation
fher_Uutput_Dema Fracture turning template 7/12/2026 6:12 PM Adobe Acrobat D... 1,203 KB
Geothermal Pre-Existing Fractures Template 7/13/2026 812 PM Adobe Acrobat D... 1,184 KB
fracture_turning
M Desktop Geothermal Slug Tracer Test Template 7/13/2026 6:12 PM fidobe Acrobat D.. 1,258 KB

AN

Where to find template

documentation
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https://resfracsoma.blob.core.windows.net/collateral/templates/EGS_Template.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/geothermal_preexisting_fracs.zip
https://resfracsoma.blob.core.windows.net/collateral/templates/geothermal_slug_tracer_test.zip

Pre-existing fractures template

« The template simulates a geothermal EGS
reservoir with 100 pre-existing fractures.

« The stimulation phase (i.e., fracture \@ Detautt X ¥ 2
creation and growth) is not modeled; \
instead, the model assumes 100
rectangular, vertical fractures are present %
from time 0, connecting the injection well \
to the production well.

» Because the computationally-intense
stimulation step is skipped, the model
allows for rapid calculations including
simulating all fracture clusters along a S e
lateral for full reservoir simulations.
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Potential EGS simulation studies with pre-existing fractures

» Using pre-existing (i.e., pre-defined) fractures can be computationally fast, which allows to simulate the full reservoir
instead of only a section of the reservoir. Simulating the full lateral length allows to investigate, for example:
v Impact of frictional pressure drop in the laterals on flow and thermal performance of fractures at the toe vs. the heel
v Impact of non-uniformity of flow on thermal performance. For example, how is the production temperature profile
impacted if the reservoir has a few fractures with very high conductivity
v Impact of large pre-existing features (e.g., a fault) intersecting the reservoir on overall reservoir performance.
« Other studies that can be conducted with pre-existing factures include:
v Investigating the impact of cluster spacing on thermal performance
v Investigating required fracture area to limited thermal decline after x years by y %.
* Pre-existing fractures cannot be used and modeling she stimulation phase would be required to answer questions such
as:
v" What are the required pumping volumes, rates and pressure?
v" How effective is my proppant placement?

v" What is expected fracture conductivity?
One approach can be to apply a sector model to simulate one or a few stages per lateral for designing a stimulation

treatment plan, which can then inform fracture properties (i.e., geometry, aperture/conductivity) of a full reservoir model
with pre-existing fractures.
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Pre-existing fractures can also represent natural fractures or faults

Faults
Angled or dipping (hydraulic fracturing in
natural fractures conventionals)

A ResFrac Mini-Guide
on Preexisting
Fractures is also

available at this link. Proppant total mass per area (Ibs/ft*2)

0 0.3901579 0.7803158 1.170474 1.560632
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Slug geothermal tracer test

* In a tracer test, a small amount of detectable substance (the tracer) is
injected in an injection well(s) and the recovery is monitored in a
production well(s). In geothermal systems, the tracer typically injected as
a small pulse (“slug”) and monitored over an extended time.

» Tracer tests are performed to characterize a variety of subsurface
parameters such as inter-well connectivity, flow paths, swept volume,
swept area, porosity, mineralogy and reservoir temperature.

* Tracer types:

* Inert or conservate tracer tests do not react chemically or physically
with the formation fluids or rocks. These are the simplest tracers
and can currently be simulated in ResFrac.

* Reactive tracers interact with the reservoir chemically or thermally:

» Chemical reactive tracers react with rock minerals of in-situ
fluids and can estimate reactive surface area of mineral
dissolution rates.

« Thermal tracers break down at predictable rates at different
temperatures and can help estimate effective heat transfer
area and temperature distribution.

W ResFrac

Shook (2001) demonstrates a powerful example application
of a tracer test for an idealized, two-well geothermal system.
Using a tracer test performed around day 50, reservoir
thermal decline (starting around day 500) was predicted

within a few percent from the tracer test response.

Tracer production rate (t/hr)

I

185

0.0014

0.0012 +—=

0.001 §

0.0008 -

—

N

=

rate - tracer

5™

—— Temperature (C|

165

Y
™
@0

0.0006

0.0004 |

-
B
L

0.0002 |-

[}
@

o
o

.
o

400

500

600

Time (days)

700 800

8
S
@

Predicted temperature

Simulated temperature

e
@

Dimensionless temperature
o
Y

-]
1]

-]

o

250

750

1000

Time (days)

1250

1500

H
(1]
(D,) @amyesedwa)

264



Slug geothermal tracer test template results

» Tracer recovery at each producer plotted in the figure
on the right, indicating rapid arrival of tracer (within a N
f h t h I rticularl d 1 d —— Tracer mass frac, Well_injector_1
A .OUI”S) at each well, pa_ I.CU arly progucers 1 an —— Tracer mass frac, Well_Producer_1
3, which are closest to the |njector. —— Tracer mass frac, Well_Producer_2
* Ring-shaped tracer pathway within the matrix shown —— Tracer mass frac, Well_Producer_3
in the figure below.

le—4

0.8e—4 -

Tracer mass frac (unitless)

0.5e—4 -
0.4e—4—
0.2e—4—
) = =
Iracer overall mass fraction Resetranges Linear Log 10 10.0005 10.001 10.0015 10.0072
B ] ' - T -
0 000002500000 0.000050000C 0.00007500000  0.0001000000 265
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Dual porosity model: ResFrac can run “traditional” dual porosity
simulations

Choose a dual pOFOSIty OptIOn In the Start_up I Static model parameters controlling flow in a Dual Porosity/Dual Permeability model
panel: Dual porosity option @

O Mone

‘DP shape factor’ / ‘DP matrix permeability’
(O pss
Matrix Element Matrix Element Matrix Elemapt Matrix Element

@ Transient DP Fracture Compone <« | > “ Discretely meshed fracture - <« § > racture Component
; = ' T4 A
v v

v

Dual Permeability False Dual Permeability True

=]

P Matrix Compone; DP Matrix Component

D D ua | pE'I'ITI B El.hl | It'I,l' ‘ '9 DP Matrix Component P Matrix Componert

D Transient dual porosity applies to thermal ’- (7]

‘X/YVertical direction permeability’

Specify dual porosity
parameters in the static model

GEOLOGICAL UNITS (FACIES LIST) @ (1 D)

Rock solid matrix density e

Initial water saturation Fracture gradient [MPa/km] 0 Dual porosity mmi:;?;:;::[ﬁﬁ:; 1 e DP fracture porosity e DP shape factor [1/m*2] e DP matrix permeability [m~2] e [kg/mA3] Rock heat capa
P - 3,

2800

17.8702698908711 [ ]

17.8702698908711 0.00145 0.0001 12 Te-15 2800

17.8702698908711 [ 2800




| You can account for thermo-elasticity to investigate long-term
fracture opening and downward fracture growth

Activate thermo-elastic stress changes In Fracture Options panel, activate
in the matrix in the start-up panel stress shadow boundary condition
: 0
@
© Result: Fracture opening and downward fracture growth

Specify thermal expansion
coefficient in the static model

GEOLOGICAL UNITS (FACIES LisT) @ [y 1)

ock heat capacity [BTU/(Ib- 0 Thermal conductivity 0 Coefficient of linear expansion
Rl [BTU/{hr-ft-R]] [1/F]

0.239005736 1.44544012784629 0.000007

N0 ResFrac —



I Automated workflows: sensitivity analysis, history matching,

optimization

W ResFrac

Sandbox Details @

Workflow name
EGS Training Course July 22nd

Description

Location of data

Local : G\ResFracProdinternal\data

Simulations (11)

> SIMULATION NAME

> EGS Example Model v
3 EGS Example Model vi
> EGS Example Model v3
> EGS Example Model w2
> EGS Example Model

> Simple 2 Well EGSv12
> Simple 2 Well EGS w1

Home » Training Course Examples » EGS Training Course July 22nd

Simulations
1

Finished running

Cancelled

Cancelled

Finished running

Finished running

Finished running

Simulations Import Sim

DATE CREATED

Jul 8,

Jul 8,

Jul g,

Jul 8,

Jul 8,

Jul 8,

Jul 7,

2025 at 4:01 pm

2025 at 2:45 pm

2025 at 2:38 pm

2025 at 2:32 pm

2025 at 12:17 pm

2025at 923 am

2025 at 7:35 pm

Simulation Details

Edit Simulation in Builder

Open Economics Navigator

Run Simulation

Copy Simulation

Copy Simulation to a Sandbox
Check for New Results in Next Sync
Re-Download All Results

Export Simulation Folder

Open Simulation Folder in File Explorer

Open Comments File

Open Text Settings File

Open Text Input File

Download Restart Files

Import Additional Files

Visualize Simulation Results
Visualize Results with Lavout

Set Up Sensitivity Analysis

Set Up History Matching

Set Up Optimization

Go To Workflows Based on This Sim
Share Simulation

Move to Trash

Jul 8, 2025 at 1:56 pm

Jul 8, 2025 at 11:38 am

Jul 7, 2025 at 9:48 pm
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