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Introduction

Welcome to the third version of EASiTool (Enhanced Analytical Simulation Tool),
developed for CO2 storage-capacity estimation and uncertainty quantification.

This user manual will help you install and use EASIiTool.

EASITool is intended to help users achieve a fast, reliable, science-based estimate of
storage capacity for any geologic formation containing brine. EASiTool, which provides
strategies for optimizing a project's net present value (NPV), offers three major features:

e An advanced, closed-form analytical solution for pressure-buildup calculations used to
estimate both injectivity and reservoir-scale pressure elevation, in both closed- and
open-boundary aquifers (version 1.1)

e A simple geomechanical model coupled with a base model to evaluate and avoid the
possibility of fracturing reservoir rocks by injecting cold, supercritical CO2 into hot
formations, which can cause rock deformation (version 2.0)

e An active reservoir-management system throughout the brine-extraction process
(version 3.0).

Disclaimer
This project is funded by the U.S. Department of Energy (DE-FE0009301).

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.

Further Information

This software has been developed using MATLAB R2014b.

What's New?
Important changes in EASIiTool V4.0:

¢ A new module was added to EASIiTool which provide user with flexibility of placing the
injectors and extractors on their own arbitrary locations. This new module can handle
multiple reservoirs inside basin with arbitrary shapes.
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Getting Started

This section has information on system requirements and installment of the EASiTool.

System Requirements

EASIiTool is a Windows application. Windows Vista, Windows 7 (either 32-bit or 64-bit
versions), Windows 8 or Windows 10 are the recommended operating systems. Windows
XP (SP3) is also supported.

You must have administrative privileges on the system. You need a minimum of 700 MB
disk space during the installation process. 16-bit color depth is required (32-bit
recommended).

Instaliment

Once you download the install file from the EASiTool website, double-click it to start the
installment. Click "Next" once you see the window below:

(E EASIToolGUI Installer — O X

Connection Settings

EASiToolGUI 4.0

The Enhanced Analytical Simulation Tool (EASiTool) has been developed to produce a fast, reliable estimate of

storage capacity for any geological formation. EASiTool includes closed-form analytical solutions that can be .
used as a first step for screening of geological formations to determine which formation can best accomodate
storage needs over given period of time.

Bureau of Economic Geology
seyyed.hosseini@beg.utexas.edu

Cancel
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Determine the destination folder. If you don't want to change the location where the
installation folder will be saved, click "Next":

G Installation Options -

Choose installation folder:

C:\Program Files\EASiToolGUI Browse...

Restore Default Folder

[JAdd a shortcut to the desktop '

MATLAB Compiler Runtime is required. Determine the destination folder. If you don't
want to change the location where the installation folder will be saved, click "Next":

(Z Required Software — O X

MATLAB Compiler Runtime is required.

MATLAB

R2014b

Choose installation folder:

C:\Program Files\MATLAB\MATLAB Compiler Runtime| Browse...

Restore Default Folder

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Please see mathworks.com/trademarks
for a list of additional trademarks. Other product or brand names may be trademarks or registered trademarks of
their respective holders.

WARNING: This program is protected by copyright law and international treaties. Copyright 1984-2014, The
MathWorks, Inc. Protected by U.S. and other patents. See MathWorks.com/patents

5/52
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Select "Yes" to accept the terms of the license agreement. Then, click "Next":

(= License Agreement — O X

The MathWorks, Inc. i
MATLAB COMPILER RUNTIME (MCR) LIBRARIES LICENSE

IMPORTANT NOTICE
BY CLICKING THE "YES" BUTTON BELOW, YOU ACCEPT THE TERMS OF THIS LICENSE. IF YOU ARE NOT WILLING TO DO SO,
SELECT THE "NO" BUTTON AND THE INSTALLATION WILL BE ABORTED.

1. LICENSE GRANT. Subject to the restrictions below, The MathWorks, Inc. ("MathWorks") hereby grants to you, whether
you are an individual or an entity, a license to install and use the MATLAB Compiler Runtime Libraries ("MCR"), solely and
expressly for the purpose of running software created with the MATLAB Compiler (the "Application Software"), and for no
other purpose. This license is personal, nonexclusive, and nontransferable.

2. LICENSE RESTRICTIONS. You shall not medify or adapt the MCR for any reason. You shall not disassemble, decompile, or
reverse engineer the MCR. You shall not alter or remove any proprietary or other legal notices on or in copies of the MCR.
Unless used to run Application Software, you shall not rent, lease, or loan the MCR, time share the MCR, provide service
bureau use, or use the MCR for supporting any other party's use of the MCR. You shall not sublicense, sell, or otherwise
transfer the MCR to any third party. You shall not republish any documentation which may be provided in connection with
the MCR. All rights not granted, including without limitation rights to reproduce, sublicense, rent, sell, distribute, create
derivative works, serve other software by means of, decompile, reverse engineer, and disassemble the MCR, are expressly

Al AA_LLAAL_ .l

Do you accept the terms of the license agreement? ®¥es ONo

Cancel ). Mathworks

Click "Install" to begin the installation:

(= Confirmation - O X

EASiToolGUI will be installed in:
C:\Program Files\EASiToolGUI

EASiToolGUI requires MATLAB Compiler Runtime R2014b.

MATLAB Compiler Runtime R2014b will be installed in: .
C\Program Files\MATLAB\MATLAB Compiler Runtime\v84
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Once the installation is completed (this may take a few minutes), you will see the window
below. Click "Finish":

G Installation Complete —

Installation completed successfully.

Now you are ready to use the EASIiTool software by simply double clicking on the
EASIiTool icon.

7152



Input Parameters

Section 1 has information on the input data required to run the program.

1. Reservoir Parameters

Necessary input for reservoir parameters includes in situ pressure (MPa), temperature
(©), thickness (m), salinity of the formation brine (mol/kg), porosity (-), permeability (mD),
rock compressibility (1/Pa), maximum injection pressure (MPa), reservoir area (km?),
basin area (km?), and boundary condition, as shown in Section 1 at the top left-hand side
of the input screen.

Note: EASIiTool accepts only one set of fixed units; if the units differ from what is
shown on the interface, they must be converted first.

EASiToolGULI =[] x
Main Interface Ll
DERE RS

| - ﬁ I':Punw.uo}: KSON
- GULF COAST CARBON CENTER » i _Lnf_ET

1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4-NPV

["] General Geometry/Pattern [”] uniform Injection/Extraction Rate Injecter Drilling Cost [SMiwell] 1

Input File Name || sensitivity Analysis { Slow)

Extractor Drilling Gost [SMiwell] 1

Simulation Time [year]
Pressure [MPs] 20 2 =

Injector Operating Cost [SK/wellfyr] 500
Tempersture [C] & Injection Well Ragius (m] 0.1
Extractor Operating Cost [SKiwelliyr] 500

Thickness [m] 100 Min Extraction Fressure (WPa] 29

Monitaring Cast [SKiyrkm*2] 0

Salinity [mol/Kg] 2 Injection Rate [ton/day/well]

Tax Credit [$/ton] 10

Simulation Time [secl= ===

Forosity 11 o2 Extraction Rate [m*2/dayiwell]

Parmesbility [mD] 100

Max Number of Injectors a0 v

Rock Compressitility [1/Pa] 5e-10
Number of Extractors 0 -
Msx Injection Pressure [MPs] 30

Reservoir Area [xm*2]

Basin Area [im*2]

Boundary Gondition

Residusl Wster Saturstion

Residus| Gas Saturation

100

100

Closed -

2-RELATIVE PERMEABILITY (Brooks-Corey)

05

01

["] Estimate Max Injection Pressure Internally
Density of Porous Media [Kg/m#3]

Tots| Stress Rstio (HV)

Battom Hole Temperature Drop [K]
“Young's Madulus [GPa]

Depth [m]

5-RESULT CONTROLS

Number of Injection Wells -
Estimated Max Inj Pressure [MPa]

Total Injectad COZ [Mton]

Total Extracted Brine [Mm*3]

Highest Bottomhole Pres. [MPs]

Lowest Bottomhole Pres. [MPs]

Number of Failed Wells

Visit our website.

Reservoir Area (km?): A reservoir is a part of the basin in which injectors are distributed.
In the current version, we assume that reservoirs do not include detailed structures or dip
angles. We also assume that reservoirs are square and placed at the center of the
basins.

Basin Area (km?): A basin is the whole areal extent of the storage formation in which the
reservoir of our interest is located. In the current version, we assume that basins do not
include detailed structures or dip angles. We also assume that basins are square. The
basin area should be bigger or equal to the reservoir area.

Boundary Condition: Using the drop-down menu, select either an "open" or a "closed"
boundary condition (In the current version of EASIiTool, the selected boundary condition
will be enforced on all four sides of the basin.). A reservoir can be considered open as



long as the pressure change has not reached the boundaries. In an industrial-scale
injection operation, the pressure effect is expected to reach the boundaries of the basin
late in the injection process.

Note: EASIiTool is designed to perform the calculations for multiple scenarios in which
the number of wells increases from 1 to 400 in square numbers (1x1, 2x2, 3x3, 4x4,
..., 20x20). In each scenario, wells are equally spaced over the reservoir area. For
example, well distribution for a 2x2 pattern is shown below:

Basin —» Reservoir —

fa) w)
=" i
Y el
=l )|

The following table shows the range of parameters that are accepted by EASITool:

Initial Pressure <60.0 MPa

Initial Temperature <300.0 °C

Thickness 201 m

Salinity = 0.0 mol/kg and < 6.0 mol/kg
Porosity 2 0.0 and <0.9999
Permeability =20.0mD

Rock Compressibility <1.0E-08 1/Pa

Max Injection Pressure > Initial Pressure

Reservoir Area < Basin Area

The following six figures show the range and frequency of some reservoir parameters
based on two data sets prepared by the DOE and the USGS:
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2. Relative Permeability Parameters

Section 2 allows the input of parameters for relative permeability, including residual water
saturation (Sar), critical gas saturation (Sqc), end-point relative permeability for aqueous
phase (kra0), end-point relative permeability for gas phase (krg0), and power-law
exponents for the aqueous and gas phases m and n. This section includes equations for
relative permeability calculations from the Brooks-Corey model:

Sa < Sar

Main Interface
TR
=
& Bureau OF
GULF COAST CARBON CENTER JCONOMIC
oE= GooLocy
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4-NPV
|| General Geometry/Pattern || Uniform Injection/Extraction Rate Injector Drilling Cost [SMiwell] 1
Input File Name ["] sensitivity Analysis {Slow)
Extractor Drilling Cost [SMiwell] 1
Simulation Time [year]
Pressure [MPs] 20 d @
Injector Operating Cost [SKiwelliyr] | 500
Temperature [C] &5 Injection Well Ragius [m] 01
Extractor Opersting Cost [SK/wellfy] 500
Thickness [m] 100 Min Extraction Pressure [MPa] 29
Monitoring Gost [$Kiyrkm?2] 50
Salinity [mol/Kg] 2 Injection Rate [ton/day/well]
. Tax Cradit [S/tan] 10
oty 02 Extraction Rate [m*/dsyiwell]
Permesbility [nD] 100 2
Max Number of Injectors w0 -
Rock Compressibility [1/Pa] Se-10 .
Humber of Extiactors 0 -
Max Injection Pressure [MPa] 30 : Simulation Time [secl= ~ *****
|| Estimate Max Injection Pressure Internally
Reservoir Area [km*2] 100 S-RESULT CONTROLS
Density of Porous Media [Kg/m*3] Number of Injection Wells -
Basin Area [im"2] 100
Boundary Condition Closed = Total Stress Ratio (HV) Estimated Max Inj Pressure [MPa]

2-RELATIVE PERMEABILITY (Brooks-Corey) T Rk LT

Residual Water Saturation 05
Foisson's ratic Total Extracted Brine [Mm*3]
Residusl Gas Saturation 041
‘Coefficient of Thermal Expansion (i) Highest Bottomhale Fres. [MPa]
m 3

Bottom Hole Temperature Drop [€] Lewast Bottomhole Pres, [MPs]

Number of Failed Wells

s

Young's Medulus [GPs]

Depth [m]

The following table shows the range of relative permeability parameters that are accepted
by EASIiTool:

2 0.0 and £ 0.9999
0.0 and < 0.9999

Residual water saturation, Su
Residual gas saturation, Sg 2

Water relative permeability Corey exponent, m <1.0
Gas relative permeability Corey exponent, n <1.0
Water end-point relative permeability, Krao 20.0and=1.0
Gas end-point relative permeability, Krgo 20.0and=1.0

13/52



A typical range of relative permeability parameters based on data published in literature
is listed in the table below:

Residual water saturation, Sx 0.2-0.6
Residual gas saturation, Sg 0.1-0.35
Water relative permeability Corey exponent, m 15-40
Gas relative permeability Corey exponent, n 15-4.0
Water end-point relative permeability, Krao 1.0

Gas end-point relative permeability, Krgo 0.1-0.6

3. Simulation Parameters

Section 3 has input parameters for simulation: simulation time (years), injection well
radius (m), minimum extraction pressure (MPa), maximum number of injectors, and
number of extractors.

Main Interface k]
TR e
& Bureau oF %
GULF COAST CARBON CENTER Ecoricaic JACKSON
X GEOLOGY Tt seacEac
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4PV
["] General Geometry/Pattern [”] uniform Injection/Extraction Rate Injecter Drilling Cost [SMiwell] 1
oA [] sensitivity Analysis {Slow}
Extractor Drilling Gost [SMiwell] 1
Si lati Ti
P 20 imulation Time [year] 20
Injector Operating Cost [SKiwelli] | 500
Tempersture [C] a5 Injection Well Radius [m] 0.1
Extractor Operating Cost [SKiwelliyr] 500
Thickness [m] 100 Min Extraction Fressure (WPa] 29
- Monitaring Cast [SKiyrkm*2] 0
Sl 2 Injection Rate [tan/dayiwell]
" Tax Credit [$/ton] 10
Parasity 1] 0.2 Extraction Rate [m*3/dayiwell]
Parmesbility [mD] 100
Max Number of Injectors w0 -
Rock Compressitility [1/Ps] 5e-10
Number of Extractors 0 -
Max Injection Pressure [MPs] 30 Simulation Time [secl= ===
["] Estimate Max Injection Pressure Internally
Reservoir Area [xm"2] 100 5-RESULT CONTROLS
Density of Porous Media [Kg/m*3] Number of Injection Wells -
Basin Area [im"2] 100
Boundary Condition Closed Totsl Stress Ratio (HV) Estimsted Max Inj Pressure [MFPa]
2-RELATIVE PERMEABILITY (Brooks-Corey) Bist Cosfficient T EE = R L ]
Residual Water Saturation 05
Pgisson’s ratio Total Extracted Brine [Mm*3]
Residus| Gas Ssturation 01
Coefficient of Thermal Expansion [R10] Highest Bottomhcle Pres. [MPa]
m 3
Bottom Hole Tempessture Drop [] Lawest Bottomhole Pres. [MPs]
3
“Young's Modulus [GPa] Number of Failed Wells
Kial 1
Depth [m]
. 03 Visit our website.

The maximum acceptable injection well radius is 1.0 m. The minimum extraction pressure
can be between 0 and 60 MPa and must be less than the maximum injection pressure.
The maximum number of injectors can be set by the user on the basis of the size and
properties of the aquifer. The maximum number of injectors can be varied between 1 and
400. This option gives the flexibility to avoid long simulation runs when a large number of
injectors is not needed; for example, when the aquifers are small. The number of
extractors should be fixed before running the simulation. The number of extractors can be
0, 4, 8, or 16.



Geomechanics Package

EASITool can calculate the maximum allowable injection pressure internally from the
reservoir properties. To include the geomechanics, check "Estimate Max Injection
Pressure Internally.” Next, in the new boxes, provide the following properties to estimate
the maximum injection pressure:

EASiToolGUL ===

Main Interface

DRE S

& = Burecuor

GULF COAST CARBON CENTER W Leonovic JACKSON

o GEoLOGY —
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4-NPV
["] General Geometry/Pattern [] uniform Injection/Extraction Rate Injector Drilling Gost [SMiwell] 1

Input File Name ["] Sensitivity Analysis { Slow)}
Extractor Drilling Cost [SMiwell] 1

Simulation Time [y=ar]

Pressure [MPa] 20 1 20
Injector Operating Cost [SKiwelliyr] | 500

Temperature [€] & Injection Well Radius [m] 0.4
Extracior Operating Cost [3KAvelli] 500

Thickness [m] 100 Min Extraction Fressure [MPa] 29
Menitaring Cost [SKiyrim*2] 0

I 2 Injection Rate [tan/dayiwell]

Tax Cradit [Sttan] 10

Peresity [] 02 Extraction Rate [m*3/daywell]

Fermesbility [mD] 100

Max Number of Injectars v
Rack Compressibility [1/Pa] 5e-10

Humber of Extiactors 0 -
Max Injection Pressure [MPa] Simulation Time [sec= ===

Estimate Max Injection Pressure Internalii
Reservoir Area [km"2] 100 5-RESULT CONTROLS

Density of Porous Media [Kg/m"3] 2200 Number of Injection Wells -
Basin Arsa [km"2] 100

Boundary Condition Closed = Total Stress Ratio (HV) 085 IBIlmaled Max Inj Pressure [MFa] I

2-RELATIVE PERMEABILITY (Brooks-Corey) Bict Cosfficient 0.95 Total Injected GO2 [Mtan]

Residusl Water Saturstion 05
Paissan's ratic 025 Total Extracted Brine [Mm*a]

Residus| Gas Ssturation 041
‘Coefficient of Thermal Expansion 11| 1e-5 Highest Bottomhole Pres. [MPs]
m 3
Bottom Hole Temperature Drop [K] 5 Lowest Bottomhole Pres. [MPs]

“Young's Medulus [GPs] 10 Number of Failed Wells

Depth [m] 2200
— 0z Visit our websile, |

Density of Porous Media (p) [kg/m?]: Density of porous media can be calculated as p =
pd (1 - @) + ¢ pfr, where ¢ is porosity, ptis fluid density, and pdis dried density of the
matrix.

Total Stress Ratio (H/V): The ratio of horizontal to vertical stress, Kn, is Gn/0Ov.

Biot Coefficient (a)): The effective-stress principle is of fundamental significance in soil
and rock mechanics and is defined as Oeft = Oc - Op, Where oc and op are the total
confining stress and fluid pore pressure, respectively. However, in fluid-saturated rocks,
Terzaghi’s principle of effective-stress may not be always valid. The Biot coefficient a
(other than unity) was suggested to modify the effective-stress principle (Biot, 1941),
which is given by Oeff = Oc - a Op. The Biot coefficient o is a property of a solid constituent
only. The existence of the Biot coefficient suggests that pore pressure modifies not only
effective normal stresses but also effective shear stresses.

Note: ¢ < a <1, where ¢ is porosity, a will be near its upper limit for soil-like materials.

Poisson's Ratio (v): An elastic constant that is a measure of the compressibility of
material perpendicular to applied stress; that is, the ratio of latitudinal to longitudinal
strain (0 < v <0.5). Poisson's ratio can be expressed in terms of properties that can be
measured in the field, including velocities of P-waves and S-waves. The Poisson's ratio
for carbonate rocks is ~ 0.3, for sandstones, ~ 0.2; and for shale, above 0.3.



Coefficient of Thermal Expansion [1/K]: The coefficient of thermal expansion
describes how the size of an object changes when the temperature changes. Specifically,
it measures the fractional change in size per degree change in temperature at a constant
pressure.

Bottom-Hole Temperature Drop [K]: The temperature difference between the formation
and the injected fluid (CO2) at the bottom of the wellbore. The fluid temperature is lower
than the bottom-hole static temperature. The corresponding temperature difference
causes thermal stresses in the formation and affects the maximum injection pressure.

Young's Modulus (E) [GPa]: Young's modulus, also known as the tensile modulus,
modulus of elasticity, or elastic modulus, is defined as the ratio of the stress (force per
unit area) along an axis to the strain (ratio of deformation over initial length) along that
axis in the range of linear behavior of the material.

Depth [m]: Depth of the fluid injection (depth of perforation zone).

Estimated Max Injection Pressure [MPa]: Pressure above which the injection of fluids
will cause the rock formation to fracture hydraulically. The reactivation of preexisting
fracture planes via shear slip is likely to occur prior to other types of geomechanical
failures in most cases. The Mohr-Coulomb shear failure criterion for the maximum

pressure limit Pmax jg expressed as

T=c¢+ (C"_n_ "-IPmrz:r}l-'I’

where T is shear stress, “» is normal stress acting on a preexisting fracture plane, € is
cohesion, and ¥ is the coefficient of friction.

Then, the Brax is

11

1 1 sin2d
Frnax - [E (51 + 0'33' + E (51 - '53}'5'932'5' - E (51 - 533'

]

where 71, %3, and ¢ are major principal stress, minor principal stress, and angle with
reference to minor principal stress, respectively.

The estimated maximum allowable injection pressure will be provided in the results
section.

Uniform Constant-Injection/Extraction Rate

The default mode for calculation of well rates is "optimal constant-injection/extraction
rate." EASITool provides an option to calculate the final well pressures on the basis of
user defined constant injection and constant extraction rates. To activate this option,
check "Uniform Injection/Extraction Rate." Here, you can input the injection rate
(ton/day/well) and extraction rate (m3/day/well).
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Main Interface E
TEAE &
& Bureau oF %
GULF COAST CARBON CENTER Lotwone  JACKSON
"% CEoLocy prrer——
1-RESERVOIR PARAMETERS. 3-SIMULATION PARAMETERS 4npy
Injectar Drilling Cost [ShAwell] 9
Input File Name
Extractor Drilling Cost [Siwell] 1
Simulation Time [year
Pressure [MPs] 20 d @
Injector Operating Cost [SKiwellyr] | 500
Temperature (€] e Injection Well Radius [m] 04
Extractor Operating Gost [SKiwellfy] 500
Thickness [m] 100 Min Extraction Pressure [MPa]
Monitaring Cost [SKiyrkmA2] 50
SR ) 2 Injection Rate [ton/day/well] 100
. Tex Credit [$/tan] 10
Parasity 02 Extraction Rate [m*3/dayiwell] 200
Permeability [mD] 100
Max Number of Injectors w00 v
Rock Compressibility [1Ps]  Se-10
Number of Extractors 0 -
Max Injection Pressure [MPs] 30 Simulation Time [secl= ===
["] Estimate Max Injection Pressure Internally
Reservoir Area [m?2] 100 5-RESULT CONTROLS
Density of Porous Media [Kg/m*3] Number of Injection Wells -
Basin Area [km"2] 100
Boundary Condition Closed = Total Stres: Ratio (HV) Estimated Max Inj Pressure [MPa]
2-RELATIVE PERMEABILITY (Brooks-Corey) Biot Cosflicient T (R [T
Residual Water Saturation 05
Paisson's ratio Total Exiracted Brine [Mm*3]
Residual Gas Saturaticn 01
Coefficient it of Thermal Expansion ] Highest Bottomhale Fres. [MFPa]
m 3
Battom Hole Tempersture Drop [K] Lowest Bottomhole Pres. [MFs]
3
Young's Madulus [GPa] Number of Failed Wells
Kez0 1
Depth [m]
kg0 03

The injection rate should be between 0 and 10,000 ton/day/well. The extraction rate
should be between 0 and 10,000 m3®/day/well. The injection and extraction rates are only
active for the "uniform injection/extraction rate" option.

Sensitivity Analysis

EASITool can perform a sensitivity analysis on any combination of initial reservoir
pressure, temperature, thickness, salinity, porosity, permeability, rock compressibility,
maximum injection pressure, and relative permeability parameters. To include the
sensitivity analysis of any of these parameters, check "Sensitivity Analysis (Slow)." Then,
in the new boxes, provide the minimum and maximum of the parameters for sampling.
This set of input for sensitivity analysis resembles the triangular probability distribution for
parameters:

Probabiity

min mode max
FProperty Fafue

The one-parameter-at-a-time method is used for sampling in this version of EASiTool. In
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this method, information about the effect of a parameter is gained by varying only one
parameter at a time. Because this procedure is repeated in turn for all parameters to be
studied, running sensitivity analysis simulations may take a few minutes to complete.

|

Main Interface E
DEES
=
& Bureau OF
GULF COAST CARBON CENTER JCONOMIC
K GRoLogy
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4-NPV
Injector Drilling Cost [SMiwell] 1
Input File Name .
- - Extractor Drilling Cost [SMiwell] 1
Simulation Time [year]
Pressure [MPs] 20 18 2z ! -
Injector Opersting Cost [SKiwelliy] | 500
Temperature [C] e | e0 70 Injection Well Ragius [m] 01
Extractor Opersting Cost [SK/wellfy] 500
Thickness [m] 10 | 75 | 125 Min Extracticn Pressure [MPs] 29
Monitoring Gost [$Kiyrkm?2] 50
SR ) 2 1 3 Injection Rate [toniday/well]
y Tax Cradit [Siton] 10
oty 02 018 | 022 Extraction Rate [m*2/dayiwell]
Fermesbility [mD] 100 | 10 | 200 .
Max Number of Injectors w0 -
Rock Compressibility [1/Pa] 5e-10 | 4e-10 | Ge-10 .
Humber of Extiactors 0 -
Max Injection Pressure[MPa] | 30 § 295 | 32 . Simulation Time [sec}= =+
Reservoir Area [fm*2] 100 5-RESULT CONTROLS
Density of Porous Medis [Kg/m*3] Number of Injection Wells -
Basin Area [im"2] 100
Boundary Condition Closedl] + Total Stress Ratio (HV) Estimated Max Inj Pressure [MPs]
2-RELATIVE PERMEABILITY (Brooks|Corey) Biot Coefficient Total Injected COZ [Mion]
Residus| Water Ssturstion 05 | 04 | 06
Paisson's ratio Total Extracted Brine [Mm*3]
Residusl Gas Saturation 01 N ooz | o1z
‘Coefficient of Thermal Expansion (W] Highest Bottomhale Fres. [MPa]
m 3 2 4
Bottom Hole Temperature Drop [K] Lewast Bottomhole Pres, [MPs]
3 2 4
Young's Medulus [GPs] Number of Failed Wells
Hiz0 1 0.95 1
Depth [m]
Kig0 03 Joz2s |o03s

The minimum and maximum of parameters should be in the ranges which were
described in reservoir and relative permeability parameters.

4. NPV Analysis

Section 4 provides the option to conduct a very simple net present value (NPV) analysis
along with the simulation. Here, you can input parameters such as injector drilling cost
($M/well), extractor drilling cost ($M/well), injector operating cost ($K/well/year), extractor
operating cost ($K/well/year), monitoring cost ($K/year/km?), and tax credit ($/ton):
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GULF COAST CARBCN CENTER

1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS
["] General Geometry/Pattern

|| sensitivity Analysis { Slow)

Input File Name
Simulation Time [yea:
Pressure. [MPa] 20 1
Tempersture [C] 65 Injection Well Radius [m]
Thickness [m] 100 Min Extraction Fressure [MPa]
Sago Al 2 Injection Rate [ton/day/well]
Frele] 02 Extraction Rate [m"/dayiwell]
Permeability [mD] 100
Max Number of Injectars
Rock Compressitility [1Pa] | 5e-10

Number of Extractars
Iax Injection Pressure [MFPa] 30

2-RELATIVE PERMEABILITY (Brooks-Corey) Bict Ceefficient

[”] uniform Injection/Extraction Rate

Reservoir Area [km?2] 100

Density of Porous Media [Kg/m?3]
Basin Area [km"2] 100
Boundsry Condition Closed ~ Tatal Stress Ratic (HV)

Residual Water Saturation 0s

Paissen's ratic
Residual Gas Saturation 01

Coefficient of Thermal Expznsion [1/K]
m 3

Battom Hole Temperature Drop [K]
n 3

“Young's Modulus [GPa]
Kial 1

Depth [m]
Krg0 03
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e

4 & Bureau or
= B.vwomlc

SR GEoLoGY

4-NPV

JACKSON

Injectar Drilling Cost [Shiwell] 1
Extractor Drilling Cost [SMiwell) 1
Injecter Opersting Cost [SKiwelliyr]

Extractor Operating Cost [SKiwell/yr]
Menitaring Cast [SKiyrkm"2] 50

Tax Credit [$/ton] 10

00 ¥

0 -
Simulation Time [sec]=

["] Estimate Max Injection Pressure Internally

5-RESULT CONTROLS

Number of Injection Wells -
Estimated Max Inj Pressure [MPa]

Total Injected COZ2 [Mion]

Total Extractad Brine [Mm*3]

Highest Bottamhale Pres. [MPa]

Lowest Bottomhole Pres. [MPa]

Number of Failed Wells

s

The following table shows the range of NPV parameters that are accepted by EASITool:

Drilling Cost

Operation Cost

Monitoring Cost

Tax Credit

Drilling Cost of Extractors
Operation Cost of Extractors

2 0.0001 million $/well

2 0.0001 thousand $/well/year
2 0.0001 thousand $/year/km?
2 0.0 $/ton

> 0.0001 million $/well

2 0.0001 thousand $/well/year
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Running the Simulation

To run the simulation, click "Run" in the EASITool interface. A message box pops up,
showing the progress in calculations:

Main Interface

DEES

GULF COAST CARBON CENTER

1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS

|| General Geometry/Pattern || Uniform Injection/Extraction Rate

Input File Name [] Sensitivity Analysis { Slow)

Simulation Time [year]
Pressure [MPa] 20 ! 2

- ) e m— A [
emperature —r—
4] EASiTool = 5
U= Please wait
[
Salinity [mol/Kg] |
Porosity [
Permeability [mD] 100 | 1 4
Max Number of Injectors 00 -
Rock Compressibility [1/Pa] 5e-10 .
Humber of Extiactors 4 -
Max Injection Pressure [MPa] 30 :
|| Estimate Max Injection Pressure Internally
Reservoir Ares [im"2] 100
Density of Porous Medis [Kg/m*3]
Basin Area [im"2] 100
Boundsry Condition Closed T S )

2-RELATIVE PERMEABILITY (Brooks-Corey) ST

Residus| Water Ssturstion 05
Paisson's ratio
Residusl Gas Saturation 041
Cosfficient of Thermal Expansion [1/K]
m 3
Bottom Hole Tempesature Drop [K]
n 3
Young's Medulus [GPs]
K0 1
Depth [m]
Krg0 03

=
Al Dureau OF
~ Lcanonc

JACKSON

= GroLocy T
4npY
Injector Drilling Cost [Shiwell] 1
Extractor Drilling Cost [SMiwell] 1
Injector Operating Cost [SKiwelliyr] | 500
Extractor Operating Cost [SKiwelliy] 500
Monitoring Cast [SKiyrkmA2] 50
Tax Cradit [S/tan] 10

Simulation Time [secj= ===

5-RESULT CONTROLS
Number of Injection Wells -

Estimated Max Inj Pressure [IMPs]
Total Injected COZ [Mion]

Total Extracted Brine [Mm*3]
Highest Bottomhale Pres. [MPs]
Lewast Bottomhole Pres, [MPs]

Number of Failed Wells

s

The simulation results will appear on the right side of the controller window to inform you
that the simulation is complete:

Main Interface
TEAE S

GULF COAST CARBCN CENTER

3-SIMULATION PARAMETERS

1-RESERVOIR PARAMETERS
|| General Geometry/Pattern || uniform Injection/Extraction Rate

[] sensitivity Analysis { Slow])

Input File Name
Simulation Time [year]
Pressure [MPs] 20 ! 2
Temperature [C] &5 Injection Well Ragius [m] 01
Thickness [m] 100 Min Extracticn Pressure [MPs] 29
sl 2 Injection Rate [ton/day/well]
oty 02 Extraction Rate [m"3/dayiwell]
Parmesbility [mD] 100 .
Max Number of Injectors 0 -
Rock Compressitility [1/Ps] 5e-10
Number of Extractors 4 -

Max Injection Pressure [MPs] 30
["] Estimate Max Injection Pressure Internally

Reservoir Area [km?2] 100

Density of Porous Media [Kg/m?3]
Basin Area [km"2] 100
Boundsry Condition Closed ~ Tatal Stress Ratic (HV)

2-RELATIVE PERMEABILITY (Brooks-Corey) Biot Cosfiicient

Residual Water Saturation 05

Paisson's ratio
Residusal Gas Saturation 01

Coefficient of Thermal Expansion [1/K]
m 3

Battom Hole Temperature Drop [K]
T 3

“Young's Medulus [GPs]
Krz0 1

Depth [m]
Krg0 03

& Bureau oF
= LoamomMIC
] COLOGY

4-NPV

JACKSON

Injecter Drilling Cost [Sh/well] 1
Extractor Drilling Cost [SMiwell] 1
Injector Operating Cost [SKiwelliyr] | 500
Extractor Operating Cost [SK/welliyr] 500

Monitoring Gost [SKiyrkm?2] 50

Tax Credit [Sitan] 10

Simulation Time [sec]=

71

5-RESULT CONTROLS

Number of Injecticn Wells 0 -~

Estimated Max Inj Pressure [MPa]
Total Injected COZ [Mton]

Total Extracted Brine [Mm*3]
Highest Bottomhole Pres. [MPa]

Lowest Bottomhole Pres. [MPa]

Number of Failed Wells

s
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Outputs

This section provides information on how to evaluate the outputs of EASITool.

1. Optimal Constant-Injection/Extraction Rate

Optimal constant-injection/extraction rate: This procedure guarantees that
nonidentical constant-injection/extraction rates are calculated optimally at each well to
meet the maximum pressure limit for the injectors and the minimum user-defined
pressure limit for the extractors at the end of simulation time. For example, if the pressure
limit of injectors is selected to be 30 MPa and the minimum pressure of extractors is
selected to be 29 MPa for a 20-year simulation, then the program will calculate injection
and extraction rates for all wells so that the bottom-hole pressure of the injectors and
extractors will be 30 MPa and 29 MPa at the end of 20 years. If the calculated injection
and extraction rates exceed 2,000 ton/day and 2,000 m3/day, respectively, a warning
message box will appear.

After completing a simulation using the default "optimal constant-injection/extraction rate"
option, you can see the results on the right-hand side of the window:

EASITaolGUL

Main Interface

DR Ee

1-RESERVOIR PARAMETERS
|| General Geometry/Pattern

Input File Name
Pressure [MPs]

Temperature [C]

Thickness [m]

Salinity [mol/Kg]

Parsity [-]

Parmesbility [mD]

Rock Comprassibility [1/Pa]
Max Injection Fressure [MPa]
Reservoir Area [km?2]

Basin Area [km*2]

Boundary Condition

Residusl Water Saturstion

Residusal Gas Saturation

GULF COAST CARBON CENTER

20

100

100

5e-10

30

100

100

Closed ¥

2-RELATIVE PERMEABILITY (Brooks-Corey)

05

01

3-SIMULATION PARAMETERS
|| Uniform Injection/Extraction Rate

[] Sensitivity Analysis { Slaw)

Simulation Time [year]
Injection Well Radius [m]

Min Exiraction Pressure [MFa]
Injection Rate [ton/day/well]
Extraction Rate [m*3/day/well]
Max Number of Injectors

Number of Extractors 4

100 -

["] Estimate Max Injection Pressure Internally

Density of Porous Media [Kg/m*3]

Total Stress Ratio [HV)

Bottom Hole Temperature Drop [K]

Young's Medulus [GPs]

Depth [m]

& Bureau oF

F oo

4-NPV

Injector Drilling Cost [SMéwell] 1
Extractor Drilling Cost [SMiwell] 1

Injector Operating Cost [SKiwelliyr] | 500
Extractor Opersting Cost [$K/wellly] 500
Monitoring Cost [SKyrkm*2] 50

Tax Gredit [$/ton] 10

Simulation Time [sec]= 71

5-RESULT CONTROLS

Number of Injecticn Wells 0 -~

Estimated Max Inj Pressure I4Pa]
Totsl Injected COZ [Mton]

Totsl Extracted Brine [Mm*3]
Highest Bottomhole Pres. [MFa]
Lewast Bottomhole Pres, [MPs]

Number of Failed Wells
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The results include the "Storage Capacity (Mtons of COz2)," "NPV ($M)," "CO2 Plume
Extension” (graphical map view of the CO2 plumes and the location of extractors), and
"Well Rate (ton/day)" for injectors and extractors.

The output text file will be saved where the installation folder was installed.

Note: Make sure that the installation folder is writable. Otherwise, the output file will

not be saved.
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To look at the values, press the "Data Cursor" icon in the upper tab:

Main Interface

™
& BureAU OF i & 45
GULF COAST CARBON CENTER g ronanie  JACKSON I8
X GEOLOGY prEmmp——— = 40
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4PV 2
35
["] General Geometry/Pattern [”] uniform Injection/Extraction Rate Injecter Drilling Cost [SMiwell] 1 %
Input File Hame || sensitivity Analysis { Slow) S 30
Extractor Drilling Cost [SMéwell] 1 = 25
@
Si lati Ti
TR 2 imulation Time [year] 20 %
Injector Opersting Cost [SKiwelliy] | 500 Q20
Temperature [C] 65 Injection Well Radius [m] 0.1 o 50 50 100
Extractor Operating Cost [SK/welly] 500 Number of Injection Wells Number of Injection Wells
Thickness [m] 100 Min Extraction Pressure [MPa] 29
- Monitering Cost [SKiyrkm*2] p” 10im _CO2Plums Extension 0 Well Rate (ton/day)
Salinity [mol/Kg] 2 Injection Rate [toniday/well] T EEEEEEE YL s e 8 8 8 8 e 8 8
1
g Tax Cragit [Sten] 10 s s s 8 0 008808 v e e e e e e
Fersiy o2 Extraction Rate [m*3/dsyiwel] e oooss .. Sl I
.
Permeability [mD] 100 . Eﬁ... .. .0, E‘S.. * e e s e e
Max Number of Injectors 00 - . s s 60 00800 0 G “ s s s e e e
Rock Compressibility [1/Pa] Se-10 ) >_“ 4 . e @ s 0 0 TIEY| >_‘ 4 R
Mumber of Extractors 4 - s s @ s s @ s sl P T R R
Max Injection Pressure [MPa] 30 : Simulation Time [sec} 71 PR «e@ o ol e e e e e e st a .
|| Estimate Max Injection Pressure Internally 2 s e 8 P s ol 2 T EEEEEEE
Reservoir Ares [im"2] 100 S-RESULT CONTROLS Jde o eeceans ol eee e
e 10 Density of Porous Medis [Kg/m*3] Number of Injection Wells 0 - 0 5 10 5 10
X, km X, km
Boundary Condition Closed = Total Stress Ratio (HV) Estimated Max Inj Pressure [MPa]

2-RELATIVE PERMEABILITY (Brooks-Corey)

Biot Coefficient

Total Injected GO2 [Mtan]

Residual Water Saturation 05

Pgisson’s ratio Total Extracted Brine [Mm*3]
Residus| Gas Ssturation 01

‘Coefficient of Thermal Expansion [1/K] Highest Bottomhale Pres. [MPa]
m 3

Bottom Hole Tempesature Drop [K] Lowest Bottomhole Pres. [MPs]
n 3

“Young’'s Medulus [GPa] Number of Failed Wells
Krz0 1

Depth [m]
Krg 03

Then, click on the "Well Rate" plot to see the value and coordinates of each well:

Main Interface

=
& DUREAU OF i o 45
GULF COAST CARBON CENTER g eonomic  JACKSON |
X GEOLOGY et e o 40
=1
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4-NPV 0
5 35
["] General Geometry/Pattern [”] uniform Injection/Extraction Rate Injector Drilling Gost [SMiwell] 1 %
Input File Hame ["] Sensitivity Analysis { Slow)} = 30
Extractor Drilling Cost [SMiwell] 1 S a5
. il
PR " Simulation Time [year] 20 =4
Injector Opersting Cost [SKiwelliy] | 500 Q20
Temperature [C] & Injection Well Radius [m] 0.1 0 50 0 50 100
Extractor Operating Gost [SKiwelly] 500 Number of Injection Wells Number of Injection Wells
Thickness [m] 100 Min Extraction Pressure (WMPa] 29
Monitoring Cost [SKiyrkmA2] . 10im _692 Plume E_xtins_»oi _ 0 Well Rate (ton/day)
Salinity [mol/Kg] 2 Injection Rate [ton/day/well] EEEEEEEEEL R
1
y Tax Cragit [Sten] 10 e o o8 0 000 0 v e e e e s
Porosity [ 0.2 Extraction Rate [m"&/dayiwell] Bl o @ s s . .: 8. . “ e e e e
Permeability [mD] 100 . R c 6| = L
Max Number of Injectors 0 - = s s 808098009 Z N IR
Rock Compressitility [1/Ps] 5e-10 : > g o o ISR BIETEER| EEEEER
Humber of Extractors 4 - s e 00 s o .l N DR | R
Max Injection Pressure [MPa] 30 : Simulation Time [sec]= 71 PR P ol Melz 3871 e .
|| Estimate Max Injection Pressure Internally 2 s e 8 . e ol 2 olm e v sfe ¢+ o o
Reservoir Area [km"2] 100 5-RESULT CONTROLS s 6 60 0 08 06 .| e
" " o o
e 10 Density of Porous Medis [Kg/m*3] Number of Injection Wells 0 - 0 5 10 a 5 10
X, km X, km
Boundary Condition Closed = Total Stress Ratio (HV) Estimated Max Inj Pressure [MPa]

2-RELATIVE PERMEABILITY (Brooks-Corey)

Biot Coefficient

Total Injected GO2 [Mion]

Residual Water Saturation 05

Pgisson’s ratio Total Extracted Brine [Mm*3]
Residus| Gas Ssturation 041

‘Coefficient of Thermal Expansion [1/K] Highest Bottomhale Fres. [MPa]
m 3

Bottom Hole Temperature Drop [K] Lowest Bottomhole Pres. [MPs]
T 3

Young's Medulus [GPs] Number of Failed Wells
Kiad 1

Depth [m]
Krg0 03

The number of injection wells can be changed by clicking on the drop-down menu for
"Number of Injection Wells™:
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Boundary Condition Closed v

Tots| Stress Rstio (HV)

Estimated Max Inj Pressure (Ml

& Bureau oF i g 45 500
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1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4PV 2 o = ole®e o
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[ sensitvi - 30t ¢ o - o
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Extractor Drilling Cost [SMiwell] 1 = 25 ! ~a,
Simulation Time [year] 20 g 1 ~
Fressure [MPs] 20 @ é
Injector Operating Cost [SKiwelli] | 500 Q 20 -1000
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- Monitaring Cast [SKiyrkm?2] 0 10m _CO2Plume Extension _ Well Rate (ton/day)
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L ] L ] !
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Extraction Rate [m*3/dayiwell] A A .
Parmesbility [mD] 100 c 61 @ @ @ @® £ 6
Iax Number of Injectors 00 - =] ' S
Rack Compressiility [1/Pa] 5e-10 > 1 N
Mumber of Extractars 4 = e (] o [ > 4
Max Injecticn Pressure [MPa] 30 Simulation Time [sec]= 74 A A 1
2 2
Estimate Max Injection Pressure Internally I
Reservoir Area [km?2] 100 o 5-RESULT CONTROLS ® LJ L] L
o o
Der of Pe Medi ym*3] Number of Injection Well:
Basin Arza [km"2] 100 e Bz um Rtz o 5 10 0 5 10
X, km X, km

2-RELATIVE PERMEABILITY (Brooks-Corey} et eI n T L]

Residual Water Saturation 05

Pgisson’s ratio Total Extracted Brine [Mm*3]
Residus| Gas Saturstion 04

‘Coefficient of Thermal Expansion (W] Highest Botiomhale Fres. [MFg
m 3

Bottom Hole Tempersture Drop [K] Lowest Bottomhole Pres. [MPs|

3

“Young's Modulus [GPa] Number of Failed Wells
Kia0 1
Ko 03 peeinim Vistt our webstte.

The total CO2 storage capacity and NPV of the simulated scenario based on the number
of injection wells can be viewed by clicking on the circles of the "Capacity" and "NPV"
plots.

The "Zoom In" and "Zoom Out" options can be used to focus on the output figures.

The units of CO:2 injection and brine extraction rates are ton/day in the "Well Rate" figure.
The brine extraction rate unit can be converted from ton/day to sm3/day (standard cubic
meter per day) using the following table:

Salinity (mol/kg) Brine Density (kg/m3)
999.0
1038.4
1081.4
1127.2
11755
1226.6

1280.2

O, WNEO

2. Uniform Constant-Injection/Extraction Rate

Uniform constant-injection/extraction rate: This procedure applies identical constant-
injection/extraction rates at each well. The program will calculate the final pressures of all
injectors and extractors. The calculated final injection pressures will be compared with
the user-defined or estimated maximum injection pressure at the end of simulations.
Also, the calculated final extraction pressures will be compared with 50% of the initial
pressure. If the calculated pressures fall outside the acceptable range, a warning
message box will appear.

After completing a simulation using the "uniform constant-injection/extraction rate" option,
you can see the results on the right-hand side of the window:
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Main Interface

1-RESERVOIR PARAMETERS

Input File Hame

Fressure [MPs]

Tempersture [C]

Thickness [m]

Salinity [mol/Kg]

Porasity []

Parmesbility [mD]

Rock Compressitility [1/Ps]

Max Injection Pressure [MPs]

Reservoir Area [xm*2]

Basin Ares [im"2]

Boundary Gondition

Residusl Wster Saturstion

Residusl Gas Saturation

Kia0

Krg0
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2-RELATIVE PERMEABILITY (Brooks-Corey)
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3-SIMULATION PARAMETERS

Uniform Injection/Extraction Rate

Simulation Time [year] 20
Injection Well Radius [m] 01
Min Extraction Pressure [MPa]

Injection Rate [ton/day/well] 100
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Number of Extractors 4 -

["] Estimate Max Injection Pressure Internally
Density of Porous Media [Kg/m#3]

Tatal Stress Ratic (HV)
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Paissen's ratic

Coefficient of Thermal Expznsion [1/K]

Battom Hole Temperature Drop [K]
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Depth [m]

4-NPV

Injectar Drilling Cost [Shiwell]
Extractor Drilling Cost [SMiwell]
Injecter Opersting Cost [SKiwelliyr]
Extractor Operating Cost [SKiwell/yr]
Monitaring Cast [SKiyrkm*2]

Tax Gredit [$/ton]

Simulation Time [sec]= 2

5-RESULT CONTROLS

Number of Injection Wells 16
Estimated Max Inj Pressure [MPa]
Total Injected CO2 [Mion]

Total Extracted Brine [Mm?3]
Highest Bottemhole Pres. [MPa]

Lowest Bottomhole Pres. [MPa]

Number of Failed Wells
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3. Sensitivity Analysis

After completing a simulation with sensitivity analysis, you can see the results on the
right-hand side of the window:
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Input File Name

Pressure [MPs]

Tempersture [C]

Thickness [m]

Salinity [mol/Kg]

Porasity []

Parmesbility [mD]

Rock Gompressibility [1/Pa]

Max Injection Pressure [MPs]

Reservoir Area [km?2]

Basin Area [km"2]

Boundary Gondition

Residusl Wster Saturstion

Residual Gas Saturation

GULF COAST CARBCN CENTER

100

Se-10

30

100

100

Closed

05

01

2-RELATIVE PERMEABILITY (Brooks-Corey)

0.4

008

085

025

Wax

70

125

200

Be-10

3z

035

3-SIMULATION PARAMETERS

Sensitivity Analysis {Slow)
Simulation Time [year] 20
Injection Well Radius [m]

Min Extraction Pressure [MPa] 29
Injection Rete [toniday/well]
Extraction Rate [m*3/dayiwell]
Max Number of Injectars

54 v

Number of Extractors 4 -

Density of Porous Media [Kg/m*3]

Tots| Stress Rstio [HV)

Bict Coefficient

Poisson's ratic

Toefficient of Thermal Expansion [1/K]

Bottom Hole Tempessture Drop [1]

Young’s Modulus [GPa]

Depth [m]

=
& Bureau oF
LCONOMIC

SR GRoLocy

4-NPV

Injector Drilling Cost [SMavell]

Extractor Drilling Gost [SMiwell]

Injector Operating Cost [SK/welliy]

Extractor Operating Cost [SKiwelliyr]

Monitaring Cast [SKiyrkm*2]

Tax Gredit [$/ton]

Simulation Time [sec]=

5-RESULT CONTROLS
Number of Injection Wells 64
Estimated Max Inj Pressure [MPa]
Total Injected COZ [Mton]

Totsl Extracted Brine [Mm*3]
Highest Bottemhole Fres. [MFa]

Lowest Bottomhole Pres. [MPa]

Number of Failed Wells

s

JACKSON

500

500

120.5

1
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0 10
Permeability 4
Frac Pressure 4
Thickness 1
Rock Comp. 4
Porosity 4
Temperature 4
Krg0 4
m ]
Sge 1
Sar 4
n ]
Salinity Bl
Pressure 9
Kral 9
20 30 40 50 60 70 80 9 100
Capacity

The tornado chart on the lower right shows the impact of each parameter on the total
capacity. In this chart, the parameters are listed downward from the highest direct impact
to the highest inverse impact.
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General Geometry/Pattern

This module provides users with flexibility of selecting well locations and constraints as
well as reservoir and basin shape. In reality, multiple reservoirs with arbitrary shapes
might be under storage operations. Also, various well constraints and patterns might be
used in different reservoirs. In this module, user will be capable of including an Excel
input file containing several arbitrary-shaped reservoirs with various well patterns and
constraints. To activate this option, check "General Geometry/Pattern." Here, you can
include the input file name and define the length and width of the basin as well as the
other parameters defined in the input parameters section:

[Esrocn —oLx )
Main Interface El

RG-S

GULF COAST CARBON CENTER

1-RESERVOIR PARAMETERS
General Geometry/Pattern

3-SIMULATION PARAMETERS

Injector Drilling Gost [SMiwell]

Input File Name EASiTool_Casel1 xisx

Extractor Drilling Cost [SMiwell]

Simulation Time [yzar
Pressure [MPa] 20 g 2

Injector Operating Cost [SKiwelliyr]
T & Injection Well Ragius [m] 0.1
Extractor Operating Cost [SK/wellfyr]

Thickness [m] 100 Min Extracticn Pressure [MPs]

Monitoring Gost [SKiyrkm?2]

Salinity [molKg] 2 Injection Rate [ton/day/iwell]

Tax Cradit [Siton]

Simulation Time [sec)= =%+

Peresity [] 02 Extraction Rate [m*/day/well]

Fermesbility [mD] 100
Max Number of Injectors

Rock Comprassibility [1/Pa] 5610
Mumber of Extractors
Max Injection Pressure [MPa]

Reservoir Area [km"2] 5-RESULT CONTROLS

X [km] Y [km]

Density of Porous Medis [Kg/m*3]
Basin Area [im"2] 20 10

Number of Injection Wells

Boundary Condition Closed Total Stress Ratio (HV) Estimated Max Inj Pressure [MPs]

2-RELATIVE PERMEABILITY (Brooks-Corey) Total Injected CO2 [Mion]

Residusl Water Saturstion 05

Residusl Gas Saturation

m

Krg0

0.1

Bottom Hole Tempesature Drop [K]

Young's Medulus [GPs]

Depth [m]

Total Extracted Brine [Mm*3]
Highest Bottomhale Pres. [MPs]
Lewast Bottomhole Pres, [MPs]

Number of Failed Wells

Visit our website.

The basin can be a rectangle with a maximum length-to-width ratio of 10.

User has been provided with an example Excel input file named
"EASITool_Case01.xlsx." This Excel input file can be found where the installation folder
was installed. The first sheet of the example file includes the well number, well location in
X (m) and Y (m) directions, injection rate (ton/day), extraction rate (m3/day), maximum
allowable pressure (MPa), minimum allowable pressure (MPa), and well type. The origin
of the coordinate system for all wells is the left lower edge of the basin. Injectors and
extractors are assigned by 0 and 1 indicators, respectively. All extractors must be listed
after injectors. There is no upper limit for the number of wells. The rest of reservoir,
relative permeability, and simulation parameters can be entered through the interface as
before. Here, you can see a screen shot of the example first sheet:
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fEH ©- = EASiTool_Case0Llsx - Excel ?EH - 0O X%
FILE HOME ~ INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVEEW  VIEW i Reza Ganjdanesh -
1 - fe v
A B C D E F G H B
1 | ‘Well Number | well X (m) Well¥{m) Injection Rate (Ton/day) Extraction Rate (mA3,/day) Max Injection Pressure (Mpa) Min Extraction Pressure (Mpa) ‘well Type (0 for Injector/1 for Extractor)
2 1 2973.7965 6768.2827 500 0 3s 20 0
3 2 3290.6764 67435024 134 0 35 20 0
L] 3 2717855 64390244 378 0 35 20 0
5 4 3095.6734  6439.0244 174 0 35 20 0
a 5 35344302 64268293 367 0 35 20 0
7 6 26447288 65085.3659 446 0 3s 20 0
&8 7 29859842 6073.1707 419 0 35 20 0
Q 8 337593902 60731707 138 0 35 20 0
10 E] 3765.9963  6073.1707 405 0 35 20 0
11 10 38381225 57317073 432 0 35 20 0
12 11 3436.9287 5719.5122 421 0 3s 20 0
13 12 29859842 5719.5122 159 0 35 20 0
14 13 25716027 57317073 157 0 35 20 0
15 14 23547227  5365.8537 276 0 35 20 0
16 15 2608 1658 5353 6585 274 0 35 20 0
17 15 2949.4211 53414634 453 0 3s 20 0
18 17 3363.8026 5329.2683 287 0 35 20 0
19 18 38147471 53170732 353 0 35 20 0
20 19 3802.5504 4963.4146 215 0 35 20 0
21 20 34003656 49634146 455 0 35 20 0
22 21 2985.9842 4951.2195 301 0 3s 20 0
23 22 2583.7904 49395.0244 166 0 35 20 0
24 23 21815966 49634146 455 0 35 20 0
25 24 2071.9074 4536.5854 427 0 35 20 0
26 25 24375381 45121851 224 0 35 20 0
27 26 2864.1073  4475.5098 344 0 3s 20 0
28 27 3302.8641 44756098 239 0 35 20 0
29 28 3741621 44873049 273 0 35 20 0
30 29 40463132 | 41218512 411 0 35 20 0
31 30 36075564 41341463 274 0 35 20 0
32 ! 2998.1718  4109.7561 396 0 3s 20 0
33 32 25350396 41097561 349 0 35 20 0
34 33 20353443 41097561 158 0 35 20 0
35 34 1950.0305 | 3707.3171 196 0 35 20 0
36 35 2327.8489 3695.122 459 0 35 20 0
37 36 2827.5442 3658.5366 351 0 3s 20 0
38 37 33150518 36463415 152 0 35 20 0
39 38 38391225 36585366 310 0 35 20 0
40 39 4302.2547 3658.5366 368 0 35 20 0
41 40 47775746 36341463 481 0 35 20 0
42 a1 51919561 3621.8512 148 0 3s 20 0
43 42 1901.2797 33414634 431 0 35 20 0
44 43 2364 4119 32926829 286 0 35 20 0
45 aa 28519196 3256.0076 245 0 35 20 0
46 45 34125533 32073171 351 0 35 20 0
47 a5 3900.0609 32073171 274 0 3s 20 0
43 a7 43266301 32195122 455 0 35 20 0
49 48 47897623 3195.122 449 0 35 20 0
50 49 5301.6453  3170.7317 162 0 35 20 0
51 50 21937843 28292683 338 0 35 20 0
52 51 2681.2919 2829.2683 440 0 3s 20 0
53 52 31809872 27926829 282 0 35 20 0
54 53 36441194 28170732 305 0 35 20 0
55 54 41925655 2768.2027 227 0 35 20 0
56 55 46556977 27560976 337 0 35 20 0
57 56 24497258  2439.0244 288 0 35 20 0
58 57 29250457 24268293 403 0 35 20 0 -
12 T [l 3
READ B m ——+

The reservoir boundaries can be sketched point by point using the second sheet of Excel
file:
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H - 3 EASiTool_Case01.xlsx - Excel ? E - O X
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ! Reza Ganjdanesh -

vi - e v

A B C D E F G H 1 J K L M N Q P Q R S T -
1 [ResX1(m] Res¥l(m) ResX2 [m] Res¥2(m) ResX3(m] Res¥3(m) ResX4 (m) Res¥4(m) ResXS (m) ResYS({m) ResX6 (m) ResY5(m) ResX7 [m) ResY7 (m) ResX8(m) Res¥8(m) ResX9(m] Res¥9(m) ResX10 [m)ResY10 (m)
2 | 337599 1158.537 15027.42 3365.85¢ 10067.05 6280.4883
3 | 5606.338 2878.049 1516149 3390.244 1015235 6317.073
4 | 5618525 3073.171 1528336 3414.634 10237.66 6365.854
5 | 5606.338 3243.902 1540524 3463.415 10347.35 6426.829
6 | 5569.775 3426.829 1550274 3536585 10444.85 6487.805
7 | 5533211 3573.171 1558806 3609.756 10530.16 6548.78
3 | 5472273 3695.122 1566118 3695122 10603.29 6597.561
9 | 5374771 3780.488 15709.93 3792.683 10700.79 6719.512
10| 527727 3865.854 15770.87 3878.048 1076173 6817.073
11|5179.768 3939.024 15844 3987.805 1079829 6963.415
12 | 5082.267 3975.61 15917.12 4109.756 1082267 7085.366
13 | 4984765 4024.39 15978.06 4256.098 10834.86 7195.122
14 | 4899.452 4085.366 16051.19 4378.049 1087142 7317.073
15 | 4814.138 4134.146 1612431 4512.195 10907.95 7390.244
16 | 4716.636 4170.732 16221.82 4646.341 10968.92 7475.51
17 | 4606.947 4207.317 16307.13 4780.488 11017.67 754878
18 | 4509.445 4219.512 16392.44 4890.244 110908 7609.756
10 | 4411.944 4243.902 1644119 5024.39 1115174 7682.927
20| 432663 4268.293 1647776 5134.146 11224.86 7731.707
21| 4216841 4292.683 1651432 5231.707 112853 7829.268
22| 4119439 4341.463 1657526 5317.073 1131018 7963.415
23| 4058.501 4414.634 16648.39 5365.854 1132236 8073.171
24| 4021938 4536585 167337 5426.829 1133455 8170.732
25| 400975 4646341 1680683 5439.024 1133455 8304.878
26| 400975 4768.293 1689214 5451.22 1131018 8414.634
27| 400975 4878.049 1701402 5451.22 1122486 8500
28| 4009.75 5036585 1716027 5451.22 1110299 8536.585
29| 4034.126 5170.732 1724558 5463.415 109933 8597.561
30 | 4046313 5280.488 17379.65 5487.805 1090798 B8646.341
31| 4058501 5402.439 1750152 5512.195 1079829 B8670.732
32| 4058501 5524.39 176234 5585365 106886 8707.317
33 | 4046313 5695.122 1770871 5682.927 1056673 8707.317
34 | 4034.126 5890.244 1783059 5768.293 1042048 8707.317
35| 400975 6036.585 1790372 5878.049 10249.85 8707.317
36 | 3973.187 6146.341 17976.84 5951.22 1011578 8719.512
37 | 3924.436 6231.707 18037.78 6060.976 10006.09 8719.512
38 | 3839.122 6329.268 1809872 6146.341 9884217 B8731.707
30 | 3802559 6439.024 1813528 6280.488 9774528 B8707.317
40 | 3765.996 6573.171 18147.47 6402.439 9652.651 8682.927
41| 3729433 6682.927 18147.47 652439 9530.774 8646.341
42 | 3668.495 6792.683 1B135.28 6646.341 9408.897 8597.561
43 | 3607.556 6865.854 1B086.53 6731.707 9311.395 8560.976
44| 3522.243 6951.22 1806216 6817.073 9177.331 8524.39
45 | 3424741 7000 18025.59 6963.415 9043.266 8500
46 | 3339.427 7060.976 1800122 7060.976 8921389 8451.22
47 | 321755 7073171 1796466 7158.537 B762.949 8402.439
48 | 3132.236 7073.171 1789153 7256.098 B616.697 8365.854
49 | 3046923 7073.171 1779403 7280.488 B433.882 8329.268

1|2 (O} 1 3
M -——— -+ 100%

READY H

After completing the simulation for the example, you can see the results on the right-hand
side of the window. The upper figure show the pressure contours at the end of two years.
The red circles and blue triangles on the lower figures show the CO2 plume extensions
and the location of extractors, respectively. A third potential storage reservoir is located in
the same basin. A monitoring point at coordinates of (10km, 6.75km) is used to track the
pressure buildup in the third reservoir. The result section shows the total injected COz,
total extracted brine, highest bottomhole pressure, lowest bottomhole pressure, and the
number of wells whose bottomhole pressure fail to fall within the minimum and maximum
allowable pressure.
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Main Interface ¥

O S He

b Bureau OF

: > ; : 2 KSON
GULF COAST CARBON CENTER W oo JACKSON

Pressure Contour, MPa

1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4PV
General Geometry/Pattern Injector Drilling Cost [Shiwell] Y:6.75 3
) Level: 2877 0.5
Input File Name EASTool_Casel1.xlsx
Extractor Drilling Cost [SMiwell] 30
P 2 Simulation Time [year] 2 205
Injector Operating Cost [SK/wellfyr] 29
Temparsture [C] &5 Injection Well Radius [m] 01
Extractor Operating Cost [SKiwelliyr] 285
Thickness [m] 100 Win Extraction Pressure [MPs] 28
) Monitoring Cost [SKiyukm*2] 275
SalE z Injection Rate [ton/dayiwell]
, Tax Credit [Siton]
Porasity H 02 Extraction Rate [m"2/day/well] X, km
Permeability [mD] 100

Wax Number of Injectors
Rock Compressibility [1/Ps] 5e-10

Number of Extractors

Msx Injection Pressure [MPs] Simulation Time [secl= 73
Reservoir Area [km*2] 5-RESULT CONTROLS CO2 Plume Extension
X [km] ¥ [km] == e e e e e e e e .- e === =- -
Density of Porous Medis [Kg/m"3] Number of Injection Wells '
Basin Ares [km"2] 20 10 -
~— 1
. 8 (
Boundary Condition Closed + Total Stress Ratic (HV) Estimated Max Inj Pressure [MPa] | '
— R N 1
2-RELATIVE PERMEABILITY (Brooks-Corey) Bict Cosfiicient Total Injected CO2 [Mien] £ 1
1
Residual Water Saturation 0.5 -
Poisson's ratic Total Extracted Brine [Mm*3] o > 4 |
Residusl Gas Ssturstion 0.1 :
Coefficient of Thermal Expansion [1/K] Highest Bottomhole Pres. [MPa]  31.8187 2 |
m 3 1
Botiom Hole Tempersture Drop [K] Lowest Bottomhole Fres [MPa]  22.7793 0 . L . -
n 3 0 5 10 15 20
Young's Modulus [GPa] Mumber of Failed Wells 0 X, km
Kia0 1

Depth [m]
Krgl 0.3

User will be provided with an Excel output file including the final bottomhole pressure of
each well. The final pressure of each well will be checked with the maximum and
minimum allowable pressure of each well. The results of the pressure check will be
shown by 'P' or 'F' for pass or fail in the pressure criteria column of the output file.
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H ©- =
FILE HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW

a - I

A B C D E

1 |WeIINumber WellX_m WellY_m InjRate_TonPerDay ExtRate_CubicMeterPerDay

2 1 2973796 6768.293 500 0
3 2 3290676 6743902 134 0
4 3 2717.855 6435.014 378 o
5 4 3095673 6439024 174 0
6 5 3534.43 6426.829 367 o
7 6 2644729 B0B5.366 445 o
8 7 2985984 6073171 429 0
9 8 337599 6073.171 138 o
10 9 3785996 6073.171 405 0
11 10 3839122 5731707 432 0
12 11 3436.929 5719512 421 o]
13 12 2985984 5719.512 159 0
14 13 2571603 5731707 157 0
15 14 23254723 5365.854 278 o]
16 15 2608.166 5353.659 274 0
17 16 2949421 5341463 453 0
18 17 3363.803 5329.268 287 o]
19 18 3814747 5317073 353 0
20 19 3802559 4863415 215 0
21 20 3400.366 4563.415 455 o
22 21 2985984 495122 301 0
23 22 2583.79 4939.024 166 o
24 23 2181597 4963.415 455 0
25 24 2071907 4536.585 427 0
26 15 2437.538 4512.195 114 o]
27 26 2864.107 447561 344 0
28 27 3302864 4475561 239 0
29 18 3741.621 4487.805 73 o]
30 29 4046.313 4121951 411 0
31 30 3607556 4134146 274 0
32 31 2998.172 4109.756 398 o]
33 32 253504 4109756 349 0
34 33 2035344 4109756 158 0
35 34 195003 3707.317 198 o
36 35 2327849 3695122 458 0
37 36 2B827.544 3658537 351 o
38 37 3315.052 3646341 152 o
39 38 3839122 3658.537 310 0
40 39 4302.255 3658537 368 o
41 40 4777.575 3634.1456 481 0
42 41 5191956 3621951 148 0
43 42 1901.28 3341.463 431 o]
44 43 2364.412 3292.683 286 0
45 44 285192 3256.098 245 0
46 45 3412.553 3207.317 351 o]
47 46 3900061 3207317 274 0
48 47 432663 3219512 455 0
49 48 4789.762 3195.122 449 o]
50 49 5301645 3170.732 162 0
51 50 2193784 2829268 338 0
52 51 26B81.292 2825.268 440 o
53 52 3180987 2792683 282 0
54 53 3644.119 2817.073 305 o
55 54 4192.566 2768.293 227 0
56 55 4655698 2756.098 337 0
57 56 2449.726 1439.024 288 o]
58 57 2925046 2426.829 403 0

Sheetl

Out_EASiTool_Casell.xlsx - Excel

VIEW

F
Prssure_MPz

30.65217429
30.45737767
30.80085037
30.78613615
30.86491759
31.08422224
3122936263
31.05575854
31.10383417
31.30746263
31.4633056
31.27608434
31.06606011
31.09665821
31.3701904
31.6456472
31.57789674
31.45365052
31.47622766
31.78697902
3167789724
31.42635227
31.31466752
31.28993551
31.45942569
31.74676546
31.72650021
31.64203264
31.64999964
3172085702
31.81866076
3161572978
31.09598254
31.01634517
31.51115005
31.68368921
31.61978514
316766644
31.54272972
31.31492177
30.75716396
31.03002435
31.30705955
31.50509346
31.65199452
3155555615
3153397978
31.23940503
30.61736114
3098455724
31.37613199
31.4106062
31.45438758
31.24563787
31.06545398
30.8825732
31.19563575

G
Prssure_Criteria
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29/52

? EH - O X

Reza Ganjdanesh -

-



Warning and Error Dialogs

Several warning and error dialogs have been designed to help users with the simulation
process. The warning and error dialogs may pop up before, during and after simulations.

Presimulation Errors

The range of acceptable input parameters were listed in the "Input Parameters" section. If
one or more entered parameter is out of the acceptable range, an error will pop up at the
beginning of the simulation and the simulation will not proceed. For example, if the
entered initial pressure is 100 MPa, the following error will pop up:

[Esicn ol | =
Main Interface

DR Ee

GULF COAST CARBCN CENTER

L Pz JACKSON

SR LEOLOGY

1-RESERVOIR PARAMETERS
["] General Geometry/Pattern

3-SIMULATION PARAMETERS

|| Uniform Injection/Extraction Rate

|| sensitivity Analysis { Slow)

Input File Name
Simulation Time [year
Pressure [MPs] 100 ] 20
Tempersture [C] o5 Injection Well Radius [m] 01
Thickness [m] 100 Min Extraction Pressure [MPa] 29
EanEe il 2 Injection Rate [ton/day/well]
Frele] 02 Extraction Rate [m*¥/dsyiwell]
Permesbility [mD] 100
Max Number of Injectors 400 -
Rock Compressibility [1Pa]  Se-10 .
Number of Extractors 0 -

Iax Injection Pressure [MFPa] 30

["] Estimate Max Injection Pressure Internally
Reservoir Area [km"2] 100

Density of Porous Media [Kg/m#3]
Basin Area [km*3] 100

Total Stress Ratio [HV)

Boundary Condition Closed v

2-RELATIVE PERMEABILITY (Brooks-Corey)

Residual Water Saturation 05
Paisson's ratio
Residusal Gas Saturation 01
‘Coefficient of Thermal Expansion 11K
m 3
Battom Hole Temperature Drop [K]
3
Young's Madulus [GPa]
Krz0 1
Depth [m]
Krg0 03

4-NPV

Injector Drilling Cost [SMavell] 1

Extractor Drilling Gost [SMiwell] 1

Injector Operating Gost [SKiwelliy] | 500

Extractor Operating Cost [SK/welliyr] 500

Menitaring Cast [SKiyrkm"2] <

Tax Credit [$/ton] 10
Simulation Time [secs

5-RESULT CONTROLS

Number of Injection Wells -

Estimated Max Inj Pressure I4Pa]

Totsl Injected COZ [Mton]

Totsl Extracted Brine [Mm*3]

Highest Bottomhole Pres. [MPa]

Lowest Bottomhole Pres. [MPa]

Number of Failed Wells

Visit our website.

4] Error Dialog

= [t

Q Error: Initial p

re

ressure should be less than 60 MPa.

Midsimulation Errors

When the simulation cannot reach the convergence the simulation will fail. The main
reasons for convergence failure are the following:

e The total rate of extraction is much higher than total rate of injection, which results in

over-depletion of reservoir.

e The total rate of injection is much higher than total rate of extraction, which results in

over-pressurization of reservoir.

In the following example, the total extraction rate using eight extractors is much higher

than the total injection rate using nine injectors. Therefore, the reservoir pressure
becomes unrealistic and the convergence fails.
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Main Interface E
DR E e
& Bureau or %
GULF COAST CARBON CENTER Lot JACKSON
SR GEOLOGY  — Samworsccm:
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4PV
Uniform Injection/Extraction Rate Injectar Drilling Cost [Shiwell] 1
Input File Hame
Extractor Drilling Cost [SMiwell] 1
Si lati Ti
. 20 imulation Time [year] 20
Injector Operating Cost [SK/wellfyr] 500
Temparsturs [C] & Injection Well Radius [m] 0.1
Extractor Operating Cost [SKiwelly] 500
Thickness [m] 100 Min Extraction Pressure [MPa]
- Monitaring Cast [SKiyrkm*2] 0
Eamatina ol 2 Injection Rate [ton/day/well] 100
4. Error Dialo = =
Forosity [] 0z Tax Credit [$/ton] 10 9
Extraction Rate [m*3/dayiwell] 2000
Permeability [mD] 100 Error: Convergence did not achieved.
Msax Number of Injecters 100 +» It typically happens when the calcualted pressures are too low or too
high
Rock Comprassibility [1/Pa] 5e-10 &
Number of Extractors & - -
Max Injection Pressure [MPs] 30 Simulation Time [secl= === m
["] Estimate Max Injection Pressure Internally
Reservoir Area [xm"2] 100 5-RESULT CONTROLS
Density of Forous Media [Kg/m*3] Number of Injection Wells -
Basin Area [zm"2] 100
Boundary Condition Closed = Total Stres: Ratio (HV) Estimated Max Inj Pressure [MPa]
2.RELATIVE PERMEABILITY (Brooks-Corey) Bict Cosfficient Total Injected COZ2 [Mion]
Residual Water Saturation 05
Paisson's ratio Total Extracted Brine [Mm?3]
Residus| Gas Ssturation 01
‘Coefficient of Thermal Expansion (W] Highest Botiomhale Fres. [MFa]
m 3
Battom Hole Tempersture Drop [K] Lowest Bottomhole Fres. [MPa]
3
“Young's Modulus [GPa] Number of Failed Wells
Kia0 1
Depth [m]
Krg0 03 Visit our website.

Postsimulation Warnings

When the simulation is finished, the results will be compared with the monitoring

constraints. The monitoring constraints are the following:

e Uniform Injection/Extraction Rate: "Max Injection Pressure" for injectors and 50% of
the initial pressure for the extractors.

e Optimal Injection/Extraction Rate: 2,000 ton/day for injectors and 2,000 m3/day for
extractors.

In the "Uniform Injection/Extraction Rate" case, if the calculated pressures violate the
monitoring constraints, a warning will pop up at the end of the simulation and the
following will be suggested: adjust the operating constraints ("Injection Rate" and/or
"Extraction Rate"). In the following example, the bottom-hole pressure of some injectors
in well patterns of 49 and 64 injectors increases above the "Max Injection Pressure.” The
well patterns which have out of the range pressures will be marked by a red "X."
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Design Considerations:

- Bottomhole pressure of at least one injactor excesds the frac pressure

in the well patterns marked by x.

- and/or Bottomhole pressure of at least one extractor drops below 50% of
the initial pressure in the well pattems marked by x.

Consider adjusling these parameters:

= Injection rate - Extraction rate.

In the "Optimal Injection/Extraction Rate" case, if the calculated rates violate the
monitoring constraints, a warning will pop up at the end of the simulation, and the
following will be suggested: adjust the operating constraints ("Max Injection Pressure”
and/or "Minimum Extraction Pressure"). In the following example, the extraction rate of
some extractors in well patterns of 49 and 64 injectors is above 2,000 m3/day. The well
patterns which have out of the range rates will be marked by a red "X."
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4. EASiTool

Design Considerations:

- Injection rate of at least one injector axceeds 2000 toniday in the well
patterns marked by x.

- andior Extraction rate of at least one extractor exceeds 2000 m*3iday in
the well pattems marked by x.

Consider adjusting these parameters
- Maximum injection pressure - Minimum extraction pressure.
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At the end of the simulations, the plume extensions will be checked to make sure the CO:
plumes do not overlap or cross the reservoir boundaries. If the CO2 plumes overlap or
cross the reservoir boundaries, a warning message will pop up and the well patterns with
oversized plumes will be marked by a green "+". In the following example, some of the
COz2 plumes overlap or cross the boundaries for well pattern of 36 injectors.

Main Interface
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Design Censiderations
- CO2 plume of at least one injector crosses the resenvoir boundary or
averlaps another plume in the well patterns marked by +

‘Consider adjusting these parameters:
- Maximum injection pressure - Minimum extraction pressure - Injection

rate - Extraction rate.
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Examples and Verifications

Table 1 summarizes the input for the EASiTool template. The aquifer is located at a
depth of 1,000 m. In this study, the problem was solved for closed and open boundary
conditions. The basin area is the same as the reservoir area for the case of the closed
boundary condition. The basin area is 10,000 km? for the case of the open boundary
condition. The maximum allowable injection pressure is assumed to be 20 MPa.

Table 1: Reservoir Parameters

Initial pressure, MPa 10
Initial temperature, °C 40
Thickness, m 100
Salinity, kg/mol 0
Porosity 0.2
Permeability, mD 100
Rock compressibility, 1/Pa 5.0E-10
Maximum injection pressure, MPa 20
Reservoir area, km? 100

Basin area, km?
Boundary Condition

100 or 10,000
Closed or Open

Table 2 summarizes the relative permeability parameters used in the Brooks-Corey model
for a two-phase flow of gas and agueous phases.

Table 2: Relative Permeability Parameters for Brooks-Corey Model

Residual water saturation, Swr 0.5
Residual gas saturation, 2ar 01
Water exponent, ™ 3.0
Gas exponent, ™ _ 3.0
Water end-point relative permeability,ﬁ%-.- 1.0

0.3

Gas end-point relative permeability, krg

Table 3 shows the simulation parameters.

Table 3: Simulation Parameters

Simulation time, year 20
Injection well radius, m 0.1
Minimum extraction pressure, MPa 19
Maximum number of injectors 16
Number of extractors 0

The basin models were prepared for numerical simulation using GEM by CMG
(Computer Modeling Group) for both boundary conditions. The injection rates calculated
by EASIiTool were used in numerical simulation to compare the analytical and numerical
results. Figure 1 shows the pressure distributions throughout the reservoir and bottom-
hole pressures of all wells after 20 years of injection using 1, 4, 9, and 16 injectors. The
injection rates were calculated using the closed boundary condition of EASiTool. The
color legend shows the range of pressure throughout the reservoir at the end of 20 years.
It is observed that the maximum pressure in the reservoir is very close to the target
pressure of 20 MPa. The pressure distribution is more uniform by using more injectors.
The bottom-hole pressure of all wells is very similar throughout the injection period.
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Figure 1: Pressure distributions and bottom-hole pressures for the closed boundary condition after 20 years
of constant injection at a depth of 1000 m.

Figure 2 shows the pressure distributions and bottom-hole pressures after 20 years of
injection using the open boundary condition. A 100-km? reservoir is located at the center
of a 10,000-km? basin. The final pressure from simulations differs slightly from the final
pressure of 20 MPa used for calculating the rates by EASIiTool. This difference decreases
when more injectors are used. In addition, the simulation results show that the effect of
pressure reaches the boundaries of the basin at the end of the injection process. The
implication is that the open boundary condition is not accurate for a 20-year process.
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Figure 2: Pressure distributions and bottom-hole pressures for open boundary condition after 20 years of
constant injection at a depth of 1000 m.

Figures 3 and 4 show the maximum capacity for closed and open boundary problems
versus the number of injectors. The open boundary reservoirs have a much larger
storage capacity. The storage capacity of reservoirs remains constant after a specific
number of injectors is reached.

300

i
)

[
~
)
@
o

200

-
o

i
o
i
o
=]

i
=
i
Q
=1

w
=1

»-
@
CO, Storage Capacity, Million Tons

CO, Storage Capacity, Million Tons

-
r~
o

0 20 40 60 80 100 0 20 a0 60 80 100
Number of Injectors Number of Injectors

Figure 3: CO:2 capacity for 20 years of injection Figure 4. CO:2 capacity for 20 years of injection
versus number of injectors using closed boundary versus number of injectors using open boundary
condition at a depth of 2000 m. condition at a depth of 1000 m.

The same comparative study was performed for a reservoir at a depth of 3,000 m. The
initial temperature and pressure in this study were 90 °C and 30 MPa, respectively. It was
assumed that the maximum pressure in the reservoir would be 40 MPa after 20 years of
injection. Figures 5 and 6 show the final pressure distribution obtained by simulation.
Again, the results of the closed boundary case are closer to the results of EASiTool than
are the results of the open boundary case.
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Figure 5: Pressure distribution for closed boundary condition after 20 years of constant injection at a depth
of 3,000 m.
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Figure 6: Pressure distribution for open boundary condition after 20 years of constant injection at a depth of
3,000 m.

Figures 7 and 8 show the maximum capacity for closed and open boundary problems
versus the number of injectors. It is observed that the open boundary reservoirs have a
much larger storage capacity.
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Figure 7: CO:2 capacity for 20 years of injection Figure 8: CO:2 capacity for 20 years of injection
versus number of injectors using closed boundary versus number of injectors using open boundary
condition at a depth of 3,000 m. condition at a depth of 3,000 m.

EASITool assumes that the reservoir is square, flat, and horizontal. The effect of reservoir
shape and structure on the EASITool estimations was studied. An anticline model was
used for reservoir simulation with the average properties of the reservoir used as input for
EASITool. Estimated injection rates by EASiTool were also used as input for reservoir
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simulation. Tables 4 and 5 show the average properties of the anticline reservoir and the
simulation parameters. Figure 9 shows the pressure distribution in the reservoir after 10
years of injection using 16 injectors. The simulation predicts the maximum pressure of
24.07 MPa, which is very close to the target pressure of 25 MPa.

Table 4: Properties of Anticline Reservoir

Reference pressure, MPa 16.55
Reference depth, m 1750
Initial temperature, °C 40
Average thickness, m 24.39
Salinity, kg/mol 0
Porosity 0.2
Permeability, mD 100
Rock compressibility, 1/Pa 5.0E-10
Reservoir area, km? 42.87
Basin area, km? 42.87
Boundary condition Closed

Table 5: Simulation Parameters

Simulation time, year 20
Injection well radius, m 0.1
Maximum injection pressure, MPa 25
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Figure 9: Pressure distribution after 20 years of injection using 16 injectors.

EASITool assumes that the reservoir is homogeneous. The effect of reservoir
heterogeneity on the EASiTool estimations was studied. The same anticline in Figure 9
was used for reservoir simulation using the average properties and simulation
parameters of Tables 4 and 5. Two realizations for permeability distribution were
prepared with Petrel software. Figures 10 and 11 show the histograms of the two
realizations. The second model is more heterogeneous than the first.
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Figure 11: Histogram of permeability for second realization.

Figures 12 and 13 show the permeability distributions of the respective models. The
estimated injection rates by EASiTool were used as input for reservoir simulation for both
models.
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Figure 12: Permeability distribution for first realization.
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Figure 13: Permeability distribution for second realization.
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Figures 14 and 15 show the pressure distribution in the reservoir after 20 years of
injection using 16 injectors. The simulation predicts the maximum pressure of 25.07 and
25.51 MPa, respectively, which are very close to the target pressure of 25 MPa.
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Figure 14: Pressure distribution for first realization.
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Figure 15: Pressure distribution for second realization.

Figures 16 shows the results of simulation using nine injectors and four extractors. The
initial pressure is 20.0 MPa. The final target bottom-hole pressures are 25.0 and 20.0
MPa for the injectors and extractors, respectively. Figure 16 shows the distribution of
reservoir pressure after 20 years. In addition, Figure 17 shows the bottom-hole pressure
of one injector and one extractor. The final reservoir pressures are 25.1 and 20.1 MPa
which are very close to the target pressures of 25.0 and 20.0 MPa.
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Figure 16: Pressure distribution throughout the aquifer after 20 years using nine injectors and four
extractors.
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Figure 17: Bottom-hole pressure of injector #5 and extractor #1 versus time.
Figures 18 and 19 show the results of simulation for 16 injectors and 4 extractors. The
initial pressure is 20.0 MPa and the target bottom-hole pressure of injectors and

extractors are 25.0 and 20.0 MPa, respectively. The predicted bottom-hole pressures
after 20 years using numerical simulations are very close to the target pressures.
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Figure 18: Pressure distribution throughout the aquifer after 20 years using 16 injectors and 4 extractors.
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Figure 19: Bottom-hole pressure of injector #10 and extractor #1 versus time.
Table 6 summarizes the reservoir parameters for a general example with 30 injectors and
8 extractors.

Table 6: Reservoir Parameters

Initial pressure, MPa 20
Initial temperature, °C 65
Thickness, m 100
Salinity, kg/mol 0
Porosity 0.2
Permeability, mD 100
Rock compressibility, 1/Pa 5.0E-10
Basin X, km 12
Basin Y, km 8
Boundary Condition Closed
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The relative permeability parameters for this problem is the same as the ones presented
in Table 2. Table 7 summarizes the simulations parameters.

Table 7: Simulation Parameters
Simulation time, year 10
Injection well radius, m 0.1

Table 8 summarizes the well locations and operating constraints for all injectors and
extractors.

Table 8: Well Locations and Operating Constraints

Well Well X Well Y Injection Rate Extraction Rate Max Injection Min Extraction Well Type (O for
Number (m) (m) (Ton/day) (m~3/day) Pressure (Mpa) Pressure (Mpa) Injector/1 for Extractor)
1 1790 5390 250 0 35 20 0
2 2090 5070 200 0 35 20 0
3 1650 4870 200 0 35 20 0
4 2110 4530 150 0 35 20 0
5 1510 4310 150 0 35 20 0
6 2090 3990 250 0 35 20 0
7 1450 3710 200 0 35 20 0
8 2070 3450 250 0 35 20 0
9 1350 3150 200 0 35 20 0
10 2790 2990 100 0 35 20 0
11 1390 2590 300 0 35 20 0
12 2910 2450 200 0 35 20 0
13 2630 1890 350 0 35 20 0
14 2030 1410 500 0 35 20 0
15 1630 1930 150 0 35 20 0
16 1850 3010 200 0 35 20 0
17 2430 2630 250 0 35 20 0
18 2090 2130 300 0 35 20 0
19 9050 3010 350 0 35 20 0
20 8770 3450 150 0 35 20 0
21 9310 3470 200 0 35 20 0
22 8690 3910 250 0 35 20 0
23 9530 3890 100 0 35 20 0
24 8730 4410 100 0 35 20 0
25 9150 4790 150 0 35 20 0
26 9830 4650 200 0 35 20 0
27 10450 4630 150 0 35 20 0
28 10190 5150 200 0 35 20 0
29 10590 5390 150 0 35 20 0
30 9210 4250 300 0 35 20 0
31 2170 1810 0 200 35 20 1
32 1890 2530 0 200 35 20 1
33 2330 3030 0 200 35 20 1
34 1770 3870 0 200 35 20 1
35 1770 4590 0 200 35 20 1
36 9030 3730 0 200 35 20 1
37 9390 4570 0 200 35 20 1
38 10190 4790 0 200 35 20 1




Table 9 summarizes the output file for the above example.

Table 9: Excel Output File

WellNumber WellX_m WellY_m InjRate_TonPerDay ExtRate_CubicMeterPerDay Prssure_MPa Prssure

Criteria

1

O 00 N O U1 b W N

W W W W W W W W W NN DNDNNNDNDNDNNNMNNRRRRRRRR R R
0O N OO 1l A W N PFP O OO0WWNO U A WNPREPOOOWLONO UV WNDNPELO

1790
2090
1650
2110
1510
2090
1450
2070
1350
2790
1390
2910
2630
2030
1630
1850
2430
2090
9050
8770
9310
8690
9530
8730
9150
9830
10450
10190
10590
9210
2170
1890
2330
1770
1770
9030
9390
10190

5390
5070
4870
4530
4310
3990
3710
3450
3150
2990
2590
2450
1890
1410
1930
3010
2630
2130
3010
3450
3470
3910
3890
4410
4790
4650
4630
5150
5390
4250
1810
2530
3030
3870
4590
3730
4570
4790

250
200
200
150
150
250
200
250
200
100
300
200
350
500
150
200
250
300
350
150
200
250
100
100
150
200
150
200
150
300

O O O O O o o o

0

O O O OO OO O O O O 0O 0O 0O 0O OO0 OO0 OouOOo o OoOoo o oo

200
200
200
200
200
200
200
200

33.43482
33.45416
33.45067
33.46696
33.45002
33.57468
33.52467
33.61311
33.54522
33.49868
33.60333
33.56705
33.65188
33.68509
33.49465
33.59129
33.62914
33.64285
33.41074
33.31918
33.32449
33.38588
33.24537
33.2718
33.25464
33.24743
33.14206
33.18715
33.09748
33.39318
33.3133
33.33027
33.33242
33.29281
33.23397
33.09923
33.0445
32.95544

W ©® U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U Ol




EASIiTool - User Manual - V4.0

Figures 20 and 21 shows the final pressure contour and CO; plume extensions.

Pressure Contour, MPa

335

334

33.3

332

331

Y, km

33

329

32.8

327

0 2 4 6 8 10 12
X, km

Figure 20: Pressure contour after 10 years of injection and extraction.

CO2 Plume Extension

2

5%

GL--------

X, km

Figure 21: CO2 plume extensions after 10 years of injection and extraction.

Figures 22 and 23 show the numerical simulation results for this general case. The results show
that the predicted pressure and plume extension by EASiTool is very close the predictions by
numerical simulation.
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Figure 22: Pressure contour by numerical simulation.
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Figure 23: Gas saturation by numerical simulation.
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