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Proprietary notice

© Copyright ExcSim Development, 2015, 2016, 2017. All rights reserved.

Reproduction or alteration without prior written permission is prohibited, except as allowed under
applicable law.

Use of this product is governed by the License Agreement. ExcSim Development makes no warranties,
express, implied, or statutory, with respect to the product described herein and disclaims without
limitations any warranties of merchantability or fitness for a particular purpose.

End-User License Agreement

IMPORTANT- READ CAREFULLY BEFORE INSTALLING THE SOFTWARE.

This End User License Agreement (this "EULA") contains the terms and conditions regarding your use of the
SOFTWARE (as defined below) and material limitations to your rights in that regard. You should read this EULA
carefully.

By installing the ExcSim software (hereinafter the "SOFTWARE"), you are accepting the following EULA.
1. THIS EULA.
1. Software Covered by this EULA.

This EULA governs your use of the EXCSIM enclosed either as part of a SOFTWARE installer or otherwise
accompanied herewith. The term "SOFTWARE" includes, to the extent provided by EXCSIM DEVELOPMENT: 1)
any revisions, updates and/or upgrades thereto; 2) any data, image or executable files, databases, data engines,
computer software, or similar items customarily used or distributed with computer software products; 3) anything
in any form whatsoever intended to be used with or in conjunction with the SOFTWARE; and 4) any associated
media, documentation (including physical, electronic and online) and printed materials (the "Documentation").

2. This EULA is a legal agreement between you and EXCSIM DEVELOPMENT.

If you are acting as an agent of a company or another legal person, such as an officer or other employee acting for
your employer, then "you" and "your" mean your principal, the entity or other legal person for whom you are acting.
However, importantly, even if you are acting as an agent for another, you may still be personally liable for violation
of laws such as copyright infringement.

This EULA is a legal agreement between you and EXCSIM DEVELOPMENT. You intend to be legally bound to this
EULA to the same extent as if EXCSIM DEVELOPMENT and you physically signed this EULA. By installing,
copying, or otherwise using the SOFTWARE, you agree to be bound by the terms and conditions contained in this
EULA. If you do not agree to all of the terms and conditions contained in this EULA, you may not install or use the
SOFTWARE. If you have already installed or begun to install the SOFTWARE you should cancel any install in
progress and uninstall the SOFTWARE. If you do not agree to all of these terms and conditions, then you must
promptly return the uninstalled SOFTWARE to the place from which you purchased it in accordance with the return
policies of that place.

II. YOUR LICENSE TO DEVELOP AND TO DISTRIBUTE. Detailed below, this EULA grants you two licenses:

1) a license to use the SOFTWARE to develop an unlimited number of EXCSIM MODELS in the form of Excel
Workbooks (the "Development License");

2) a license to use and/or distribute the Developed Software (the "Distribution License"). Both of these licenses
(individually and collectively, the "Licenses") are explained and defined in more detail below.

1. Definitions.
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Terms and their respective meanings as used in this EULA: "Developed Software" means those Excel Workbooks
that are developed by or through the use of the SOFTWARE.

2. Your Development license

You are permitted to use the SOFTWARE to develop Excel Workbooks on computers with the Microsoft Office for
Windows environment.

3. Your Distribution License.

License to Distribute Developed Software. Subject to the terms and conditions in this EULA, you are granted the
license to use and to distribute Developed Desktop Software, provided that you do not distribute any portions of the
SOFTWARE (EXCSIM);

4. Updates/Upgrades.

Subject to the terms and conditions of this EULA, the Licenses are temporary. When Licenses expire, you should
immediately extend or renew your Licenses or uninstall the SOFTWARE, delete it from your computers and files
and destroy all traces of it.

License Extensions/Renewals to the SOFTWARE may be provided by EXCSIM DEVELOPMENT at their discretion
when appropriate though EXCSIM DEVELOPMENT does not commit to providing such extensions or renewals,
and, if so provided by EXCSIM DEVELOPMENT, are provided upon the terms and conditions offered at that time
by EXCSIM DEVELOPMENT

Updates and upgrades to the SOFTWARE may be provided by EXCSIM DEVELOPMENT at their discretion at
timely intervals though EXCSIM DEVELOPMENT does not commit to providing such updates or upgrades, and, if
so provided by EXCSIM DEVELOPMENT, are provided upon the terms and conditions offered at that time by
EXCSIM DEVELOPMENT.

III. INTELLECTUAL PROPERTY.
1. Copyright.

You agree that all right, title, and interest in and to the SOFTWARE (including, but not limited to, any images,
photographs, code examples and text incorporated into the SOFTWARE), and any copies of the SOFTWARE, and
any copyrights and other intellectual properties therein or related thereto are owned exclusively by EXCSIM
DEVELOPMENT, except to the limited extent that EXCSIM DEVELOPMENT may be the rightful license holder of
certain third-party technologies incorporated into the SOFTWARE. The SOFTWARE is protected by copyright laws
and international treaty provisions. The SOFTWARE is licensed to you, not sold to you. EXCSIM DEVELOPMENT
reserves all rights not otherwise expressly and specifically granted to you in this EULA.

2. Backups.
You may make one copy the SOFTWARE solely for backup or archival purposes.
3. General Limitations.

You may not reverse engineer, decompile, or disassemble the SOFTWARE, except and only to the extent that
applicable law expressly permits such activity notwithstanding this limitation.

4. Termination.

Without prejudice to any other rights it may have, EXCSIM DEVELOPMENT may terminate this EULA and the
Licenses if you fail to comply with the terms and conditions contained herein. In such an event, you must destroy
all copies of the SOFTWARE and all of its component parts.

IV. DISCLAIMER and WARRANTIES.

Disclaimer
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1. EXCSIM DEVELOPMENT's entire liability and your exclusive remedy under this EULA shall be, at EXCSIM
DEVELOPMENT's sole option, either

(a) return of the price paid for the SOFTWARE;
(b) repair he SOFTWARE through updates distributed online.

EXCSIM DEVELOPMENT cannot and does not guarantee that any functions contained in the Software will meet
your requirements, or that its operations will be error free. The entire risk as to the Software performance or quality,
or both, is solely with the user and not EXCSIM DEVELOPMENT. You assume responsibility for the simulator input
to achieve your intended results, and for the installation, use, and results obtained from the SOFTWARE.

2. Warranty. EXCSIM DEVELOPMENT makes no warranty, to the maximum extent permitted by law, either
implied or expressed, including without limitation any warranty with respect to this Software documented here, its
quality, performance, or fitness for a particular purpose. In no event shall EXCSIM DEVELOPMENT be liable to
you for damages, whether direct or indirect, incidental, special, or consequential arising out of the use of or any
defect in the Software, even if EXCSIM DEVELOPMENT has been advised of the possibility of such damages, or for
any claim by any other party. All other warranties of any kind, either express or implied, including but not limited
to the implied warranties of merchantability and fitness for a particular purpose, are expressly excluded.

V. MISCELLANEOUS.
1. This is the Entire Agreement.

This EULA (including any addendum or amendment to this EULA included with the SOFTWARE) is the final,
complete and exclusive statement of the entire agreement between you and EXCSIM DEVELOPMENT relating to
the SOFTWARE. This EULA supersedes any prior and contemporaneous proposals, purchase orders,
advertisements, and all other communications in relation to the subject matter of this EULA, whether oral or
written. No terms or conditions, other than those contained in this EULA, and no other understanding or agreement
which in any way modifies these terms and conditions, shall be binding upon the parties unless entered into in
writing executed between the parties, or by other non-oral manner of agreement whereby the parties objectively
and definitively act in a manner to be bound (such as by continuing with an installation of the SOFTWARE,
"clicking-through" a questionnaire, etc.) Employees, agents and other representatives of EXCSIM DEVELOPMENT
are not permitted to orally modify this EULA.

2. You Indemnify EXCSIM DEVELOPMENT.

You agree to indemnify, hold harmless, and defend EXCSIM DEVELOPMENT and its suppliers and resellers from
and against any and all claims or lawsuits, including attorney's fees, that arise or result from this EULA.

3. Interpretation of this EULA.

If for any reason a court of competent jurisdiction finds any provision of this EULA, or any portion thereof, to be
unenforceable, that provision of this EULA will be enforced to the maximum extent permissible so as to effect the
intent of the parties, and the remainder of this EULA will continue in full force and effect. Formatives of defined
terms shall have the same meaning of the defined term. Failure by either party to enforce any provision of this EULA
will not be deemed a waiver of future enforcement of that or any other provision. Except as otherwise required or
superseded by law, this EULA is governed by the laws of Norway. If the SOFTWARE was acquired outside of
Norway, then local law may apply.
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Figure 1 Example of a 35 x 35 ExcSim model with water (blue), oil (green) and gas (red) and a geological
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ExcSim 2.4 User Manual

Reservoir Simulator add-in for Excel

This user’s manual applies to ExcSim version 2.4. ExcSim is a 2D 3-phase reservoir simulator containing
35 x 35 grid blocks. This guide also serves as user documentation for the smaller 10 x 10 grid block
ExcSim Personal version.

The main sections are

e Installing EXCSIM
e Introduction
e The ExcSim Ribbon
o Describes the ribbon (or menu buttons)
e How to Build a Model
o Describes how to create a reservoir and simulation model
e The History worksheet
o Describes how to enter historical production/injection data for history matching
purposes
e Simulation output
o Describes the various simulation out
e Map generation
o Describes how to generate maps (structure maps, thickness maps, permeability maps,
etc) using ExcSim’s simplified map generator
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EXCSIM version 2 comes with an automatic installer for Excel 32 bits, “Setup ExcSim Excel32.exe”.
Just run the installer and follow the instructions. The installer will also provide this User’s Manual as a
pdf-file in the installation directory.
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EXCSIM is a two-dimensional 3-phase fully implicit reservoir simulator add-in for Microsoft® Excel
2007 and later versions of Microsoft® Office. It simulates production of oil and gas from underground
oil and gas fields, as predictions and forecasts.

EXCSIM handles both metric and field units.

An EXCSIM reservoir model consists of up to 35x35=1225 grid blocks of any size in a single layer or
cross-section, and any number of wells (producers and injectors). It is a modified black oil (MBO)
simulator with the three primary phases: oil, gas, water, and two secondary phases: gas dissolved in oil
(solution gas) and oil dissolved in gas (vaporized oil).

Figure 1 Example of a 35 x 35 ExcSim model with water (blue), oil (green) and gas (red) and a
geological fault.

A fully implicit formulation implies that the simulator can take longer time steps and thereby run faster
and remain more stable than an explicit formulation (or IMPES).

Figure 2 Example of a cross-sectional model (through up to 35 layers) with water (blue) and oil
(green) saturation.
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EXCSIM is a Microsoft Excel add-in. A single Microsoft Excel workbook (Excel file) contains both the
model input and the simulated output. Users may freely distribute EXCSIM workbook files to anyone
having Microsoft Excel. The workbooks can be opened, read and edited by anyone, even if they do not
have EXCSIM on their computer. Recipients of the Excel file can do their calculations, plot data, copy
and paste, insert their particular purpose worksheets and add their own personalized VBA macros for
automatically performing repetitive tasks, like in any other regular Excel file. With ExcSim you retain
full flexibility.

With EXCSIM you can

e  Model complex reservoirs with internal barriers, geological faults, and inactive grid blocks.

e Make production forecasts of oil, gas, and water from oil and gas fields.

e Optimize the number of wells and their locations.

e Optimize sweep by inspecting saturation maps and moving wells to superior locations.

e Optimize the size and capacities of production facilities by providing a range of potential
development scenarios for economic evaluation, comparison, and final selection.

e Do sensitivities, feasibility studies, and uncertainty analyses by running multiple simulations
covering the range of possible outcomes.

e Design well tests.

e Justify drilling of new wells by signifying their simulated production potential.

e  Moreover, much more.

The typical EXCSIM user is a professional reservoir engineer, petroleum engineer, geologist,
geophysicist or a professional decision maker in the oil business.

Some colleges and universities also use EXCSIM as part of their courses and activities.

When time is of the essence, and your project team requires quick production forecasts and predictions,
many petroleum engineers resort to the equivalence to drawing a simple straight line on a piece of paper.
They need two fixed points: 1) the initial flow rate potential when cumulative production is zero and 2)
zero flow rate potential when the cumulative production has reached ultimate recovery. Hence, they
have to guess the initial flow potential and the ultimate cumulative production.

Since the cumulative production grows slower as the flow rate declines, the straight line becomes curved
(exponential decline) when plotted versus time. Production ‘forecasts’ thus created are then passed up
the value chain for economic analysis and evaluation.
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Initial flow rate potential Initial flow rate potential

Ultimate Cumulative
Production
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Cumulative Production Time

Figure 3 A typical exponential decline curve used by many companies for quick evaluations

Such predictions are questionable, to say the least. Many oil companies have surely gone bust due to
forecasts as the one described. Oil companies continue to base huge business decisions on precisely this
kind of ‘analysis.'

Simulation Resulis
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Figure 4 Example of 50-year forecast showing total field and individual well production rates

Business developers, for example, often decide whether to acquire, buy shares, farm into oil and gas
fields or even buy entire oil companies, based on very little data and with a very short time for making
the decision.

With EXCSIM, engineers can set up simulation models based on real data, for example at a data room?,
and provide forecasts that are far more realistic.

EXCSIM will also show pressure and fluid saturation changes during and after the simulation, as seen
in Figure 5. This allows engineers to easily identify where any bypassed and remaining oil most likely
resides.

1 When oil companies want to sell part of their share in an oil or gas field, they typically invite potential
bidders to a ‘data room’ where basic information about the prospect is provided. A data room can last
from a few hours to several days, depending on the size of the project. After the data room, potential
bidders normally have very little time to make the final bid.
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Figure 5 Visualizing sweep and remaining oil
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5 Getting Started

5.1 The EXCSIM Ribbon

In Windows 2007, Microsoft replaced menus and toolbars by a Ribbon, which is a part of the Microsoft
Office Fluent User Interface. The EXCSIM ribbon in Excel acts as a menu for the simulator.

s % ,,““f Sbout ExcSim Basic
‘ ',_-5:_‘.'- P FRY kA i

Mew Initialize Run S5CAL Generate F‘ru:uductlcun Material 3D
Exc5im Map Profiles  Balance Viewer
SIMULATICN CORRELATIONS GRAPHICS ABOUT

Figure 6 EXCSIM ribbon in Excel

The Ribbon Buttons are grouped according to their function and purpose. Below is a short description
of each of them.

5.2 The SIMULATION Ribbon Group

D u The SIMULATION group contains three buttons directly associated with running

the simulator.
New Initialize Run
ExcSim

SIMULATION

5.2.1 The New ExcSim Ribbon Button

except the “New ExcSim” button, will be disabled. Pressing the “New ExcSim” button will
open a new Excel spreadsheet containing a working template model and enable all the other
ribbon buttons. You should change the data in the template file to fit your own particular
needs and save the changes under a different file name for future work and reference. All
Ribbon Buttons will be enabled the next time the file loaded.

D If EXCSIM does not recognize an Excel file as being an EXCSIM file all ribbon buttons,

Mew

ExcSim

5.2.2 The Initialize Ribbon Button

When a valid ExcSim workbook is loaded, pressing the “Initialize” button will initialize the
model, i.e. will read all relevant input data and calculate the initial state of the reservoir

regarding oil, gas, and water pressures, saturations, fluid contacts, and volumes. Note that
any output from previous runs may be deleted or overwritten in preparation for a new
——=  simulation run.

Initialize
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Pressing the “Run” button will first initialize the model (the same as pressing the “Initialize”
u button), then immediately start the dynamic simulation. A small “Simulation Progress”

R
41T status.

window will pop up providing essential information regarding the simulation progress and

Figure 7 shows a snapshot of the progress window. The first line indicates that the simulator has
completed the time-step leading up to 2/24/2006 23:38:54. The second line shows that it is currently
running with 180-day time steps. The third line shows that it has been running for 24 seconds, and the
fourth line that it is in its third iteration of the next time step. The progress bar at the bottom shows that

the simulation is 30% complete.

The Stop button will complete the current loop of iterations and then end execution.

Simulation Progress

Completed sim time |2_."2-+_."EI-’: 23:38:54 (m/dfyy hh:mm:ss)

Timestep size 180 d QQ:00:00
Run time 0d00:00:24
Iterations: |9

Progress - 30%

Figure 7 Simulation Progress pop-up window during a simulation run

EXCSIM comes with correlations to aid the user in generating reasonable input

& < when real data is not available. In particular, one correlation for generating fluid

PVT SCAL Generate
Map

CORRELATIONS is included.

properties and one for generating relative permeability and capillary pressure data

Use correlations only when actual laboratory measurements are unobtainable.

Pressing the “PVT” button will generate PVT (Pressure-Volume-Temperature) tables based
i on input provided by the user. The table format is similar to that of Schlumberger’s Eclipse®
PVTO, PVTG, and PVTW keywords. The PVT correlation is modeled after the popular but

PVT

programmable hand-held calculators.

no longer manufactured Hewlett Packard Petroleum Fluids Pack for their HP-41 series

The required input to the correlations is entered into the light blue cells to the right of the tables in the
“PVT & Relperm” worksheet, as seen in Figure 9, and shown closer up in Figure 8.
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Fluid densities, the green cells above the input table in Figure 9, are also required for the correlation to
work, but they are not considered correlation input since they are required in every simulation -
regardless of whether the PVT correlations are used or not.

Input to PYT Correlation

ONLY for generating new PVYT tables from correlation

PYT correlation input

Re=ervair temperature 200 Celcius
Separatar Temperature 15 Celcius
Separator Prezsure 1.1 bara
M 1] e
co, ] e
H.5 1] b
Salinity 4 A

Cormrelation output ranges

Law High
Rz range 10 100 Sm'Sm’
Pesemoir pressure 100 =] bara
Hrows Saturated 10 »1
Under-sat = >1

Figure 8 Input form for PVT correlation

Pressing the “SCAL” button will generate SCAL (Special Core Analysis) tables similar to
Schlumberger’s Eclipse® SWOF and SGOF keywords. The required input to the correlations

SCAL

and shown closer up in Figure 10.

is entered on the right-hand side of the “PVT & Relperm” worksheet, as shown in Figure 9,

EXCSIM requires two sets of SCAL data - for oil/water and gas/oil mixtures, respectively.
Each set of SCAL data is a table with four columns. The first column of the oil/water table contains the
range of water saturation values; the second column gives the water relative permeability corresponding
to each water saturation, the third column gives the corresponding oil relative permeability (assuming
that S, = 1 — S,,), and the fourth column gives the corresponding oil/water capillary pressure, P.,,, =

P, —P,.

EXCSIM requires a similar table for the gas/oil SCAL data.
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Figure 9 The "PVT & Relperm" tab

Input to SCAL Correlation
ONLY for generating new SCAL tables from cormrelation

#linezin
05 table

N 01 20

Water
[u)]

0.4
0.z

il
m
£

Mgy z2
o P 0.z
= b, 4

Gasi0il
K

0.7

rara
k: S, 0.05
n, 2

Keaza 0.3

5] Sarq 0.z
Magq Z

Pcd‘.nu 0.1

Fc

q8

Figure 10 Input form for SCAL correlations

When all three phases co-exist in a grid block, oil relative permeability is calculated by combining the
two SCAL tables.

10
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When a numerical structure map for the grid is not available, EXCSIM provides a rough
contouring feature for generating the needed input from a picture or drawing showing the
contours.

o
Generate

Map Although most people would not consider map generation a correlation, that is, in fact,

what it is in EXCSIM. It is a best-fit polynomial regression or correlation between sets of
contour values and their corresponding X and Y coordinates.

The required input is given in the “Contouring” worksheet, and the output is also generated there. The
maps may be structure maps or property maps, such as permeability or layer thickness maps. The output
includes the map in matrix form ready to copy and paste, as well as the mathematical formula used for
the generating the matrix.

The GRAPHICS ribbon group contains routines for visually viewing the output
data. The first button shows the production and injection profiles as functions
of time. The second button shows the material balance as a function of time. The
third button shows the pressure and saturations across the model, in 3D, as the
simulation progresses.

~ Pt

= T L e
= - | %\\
LA

Production Material 3D
Profiles Balance Viewer

GRAPHICS

Show

Production The “Production Profiles” button will open a pop-up window that displays the production

profiles for the total field and the individual wells. The data plotted includes daily rates,
cumulative production, water cut, gas/oil ratios as well as bottom-hole pressures.

The production profiles are curves in plain 2D plots, but the curves may also be displayed with a distinct
3D separation. The user may zoom in and out for a closer view. A special button for copying the plot to
the clipboard provides a convenient possibility to paste the plot in any word processor for reporting and
documenting purposes.

11
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-
Production Profile Plots
Data Sources
Field Prod Simulation Results
[ Field Inj | 16
OF 1 I 15
B Ficld Prod Oil Rate Sm¥/d
w1 2,000 I 14 @ OP 1 0il Rate Sm*d
w2 P ”». @ OP 2 0il Rate Sm¥/d
1300 B Field Prod Cum Oil Mill Sm®
: |12 B OF 1 Cum Ol Mill Sm*
LeftY-axis  Right Y-axis 1,700 W ©F 2 Cum Oil Mill Sm*
—— 1,600 Rl
1,500 b 1o
1,400 g
1,300 "
1,200
2 1,100 7
5 2
T 1,000 5 }s
S s 2 1s
[~ Stay on top
¥ 3D 800 L4
[~ Show production history oo L2
Copy Plot to Clipboard E
500 P2
400 b
300 0
200
100
o
1102902027 11/27/2035 110252043
Time

Figure 11 Production Profile plot

5.4.2 The Material Balance Ribbon Button
The “Material Balance” button will open a graphic window showing two graphs: the
:_I_ reservoir offtake represented as oil, gas, and water production under reservoir
conditions, and the reservoir drive energy represented by water and gas injection, oil
expansion (including solution gas drive), formation and connate water expansion, gas
cap expansion, and aquifer influx. Both graphs are shown in reservoir volumes or
volumetric rates, alternatively. Adding all the offtake should yield a value (curve) identical to the sum of
the drive mechanisms.

Show Material
Balance

As with the Production Profiles graphics previously described, the user may zoom in, pan along the axes
and copy the graphs to the clipboard for reporting and documentation purposes.

- ExcSim Besic Materil Baance -

Pt
Resenvoir Offtake Drive Mechanisms € Cumdative Reservoir Offtake
Doty Rates

% Stay OnTon I~ StoyOnTeo

Figure 12 Material Balance Graphs of reservoir offtake and drive mechanisms, both cumulatively
and daily

5.4.3 The 3D Viewer Ribbon Button

The “3D Viewer” button will open a pop-up window that displays pressure and saturations
as the simulation steps forward over time. The viewer may also be used to display some
static properties in 3D. Figure 13 demonstrates two views side by side: saturations to the
left and pressure changes to the right. The model can easily be rotated using the mouse
and zoomed in and out using a slider track bar to the left of the view. Handles are also

Trad,

Show 30
Wiewer

12
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provided beneath the plot legend to make slices in both the X and Y direction. Double-clicking on the
handles let you type in the respective row and column numbers directly.

K ExcSim Basic - 30 Model Viewer — O X | K3 xcSim Basic - 30 Model Viewer =G
Cokorizaton
Cx

s 3D VIEW PRESSURE CHANGES o 3D VIEW SATURATIONS

™ Permeablity  Permeabitty |

© Porcaty T8 © Poroaty

 Ssturatons @ Saturations

© premrec| [ . heiueder] 8

e omod | [Epreomerd] |

3 - ;

: i I

S S

v j v i
8 - h -

scer v peet

) v

(] LI

I~ Spirring model
¥ sayonTop

I~ Sprring model
¥ stayonTop

Figure 13 3D Model Viewer displaying changes in saturations and pressure

5.5 The ABOUT Ribbon Group

5.5.1 The About ExcSim Ribbon Button

About ExcSim Basic The about button opens a window that displays the current version of ExcSim and a
copyright message.

ABOUT

5.6 The LICENSE Ribbon Group

: The LICENSE ribbon group displays information relating
o ( to the user’s ExcSim License. To the left of the divider is

User name: Mike

User code: B1FOD30A . LICENSE Redi
Expires: 9/25/2016 nte(r: ODE S9SN the User Name as reported by Windows
2. a unique User Code that must be included when the
LICEMSE . .
user registers ExcSim

3. the expiry date of the ExcSim License

5.6.1 The Register Ribbon Button

Use this button to register your copy of ExcSim. It will take you to a special registration web page,
http://www.excsim.com/Register.html. Upon registration, you will receive a LICENSE CODE that will
unlock ExcSim for the entire purchased License Period.

When registering ExcSim you need to provide the following information:

e Your First and Last Names (required)

e The email address to which your LICENSE CODE will be sent (required)

e The unique User Code found to the left of the divider of the Ribbon Group (required)
e The Order Confirmation Number that you received by email

5.6.2 The Enter LICENSE CODE Ribbon Button
Use this button to enter new LICENSE CODEs received from ExcSim (see Chapter 5.6.1.)

13
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EXCSIM can handle both metric and field units. Choose your preferred unit system from a drop-down
list, found in cell “U2” in the “Wells & Controls” worksheet. See Figure 13 for a close-up.

Notice that the unit selection cell has a red outline for easy identification (when not selected). EXCSIM
uses drop-down lists for cells that have only a small number of permissible values. The red outline is a
feature common to all such drop-down lists.

WELL DATA
Prod fuig [HI0ERE MaxWeut | o fuid 22 gpon date

2 20 25 2900 1172001
s 23 ] 112022
1 2900 1112004

12000 Wates 112021

&
gzoe
g

33 3
10000 s 112022

Gid | PTa Relpaem el o Controls  |ARBIBRINAERY) [JPEINR) SORRGATRGE] visoy  comourng

Figure 14 Units selection drop-down menu

When the user changes the units system, EXCSIM automatically changes all relevant text and number
fields in the workbook. By relevant we mean all numerical input and output data and all text in column
headings describing the units. For example, the text “Sm3/d” may change to “stb/d” when changing
from metric to field units.

The EXCSIM model uses a 35 x 35 Cartesian grid. Each grid block is represented in the worksheet as a
spreadsheet cell, and the whole model is represented by a set of 35 x 35 arrays of cells in Excel. The set
of arrays is located in EXCSIM’s “Grid” worksheet and consist of a

1. Top map, i.e. the depth to the top of each grid block.
e Deeper grid blocks have greater depths. Hence, the top of the model will be the
shallowest point with the lowest numerical value.
2. Thickness map gives the vertical height of each grid block.
Permeability map gives the permeability of each grid block.
4. Porosity map gives the porosity of each grid block.
e Areal number between 0.0 and 1.0.
5. X+ Transmissibility Multiplier map gives the transmissibility multipliers in the positive X-
direction for each grid block.
e Transmissibility multipliers are non-negative numbers. The default values are 1.0.

w

14
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¢ Any number other than 1.0 will change the transmissibility between the grid block in

question and the grid block to its right (i.e. in the X+ direction).
6. Y+ Transmissibility Multiplier map gives the transmissibility multipliers in the positive Y-
direction for each grid block.

¢ Transmissibility multipliers are non-negative numbers.

o The default values are 1.0.

¢ Any number other than 1.0 will change the transmissibility between the grid block in
question and the grid block beneath it (i.e. in the Y+ direction).

Two additional 1D arrays hold the X- and Y-dimensions of the grid blocks along the upper and left edges
of the Top map, respectively. Figure 15 shows an example where all grid blocks have an area extent of

100 x 100m2.
A B C D E F

1 |
2
3 Z28B20.58431| 2810.80753| 2871.55115| 2910.18568| 2931.39125
4 2842.36109| 2868.55243| 2886.10463| 2896.21197| 2900.02298| 289%f
5 2900.15189| 2899.19546| 2892.63722| 2885.98488( 2878.8998| 2871
6 2932.76965| 2911.23202| 2893.11802| 2877.67947| 2864.3059| 285:
7 29306.68085| 2911.32906| 28895.21104| 2870.01872| 2853.46782| 283t
8 2928.68013| 2904.57339| 2882.30516| 2862.18379| 2844.41182| 282
9 2910.45339| 2894.70384| 2873.54269| 2853.73081| 2835.83128| 282(
10 2905.10052| 2884.32721| 2863.8465| 2844.5144( 2826.96423| 2811
11 2897.6179| 2875.11814| 2853.94573| 2834.61763| 2817.48087| 280:

Figure 15 X and Y grid block sizes in cells with black background along edges of the Top map

EXCSIM uses a right-handed coordinate system: think of the X-direction being oriented towards the
east, the Y-direction towards the south and the Z-direction towards the center of the earth.
Consequently, grid blocks are referenced by (i, j) labels, where i is the column number and j is the row
number, starting from (1, 1) in the upper left-hand corner.

//
///./
®_

/

Figure 16 The red and green
blocks have the same volumes

the direction of flow).

The EXCSIM grid projects a 35x35 two-dimensional Cartesian grid
on the XY plane. However, the grid blocks’ location in the Z-
direction (i.e. their depths) and their Z-dimensions (thicknesses)
may vary. Although it is natural to think of the grid blocks as a 2D
array of tightly packed cuboids (rectangular boxes), this
interpretation may be misleading. It is better to think of them as
points in space (associated with volume elements) connected to
other similar points in space.

In Figure 16 both the red and the green cells have the same volume,

but different flux surfaces and different separation (measured along

Due to the Cartesian nature of the grid, the grid blocks form rows and columns. All grid blocks in one
column have identical DX-dimensions, and all grid blocks in the same row have identical DY-

15
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dimensions. The X- and Y-dimensions are specified along the top and left edges of the Top Map array in
the “Grid” worksheet. See Figure 15 for an example.

The Top map gives the depth to the top surface of each grid block in the model. To be more precise, the
top map gives the depth to the center of the top surface of each grid block. Notice that the crest of the
structure has the shallowest depth, and hence the smallest Z-value. The units are meters or feet.

For visual purposes, grid blocks are presented as cuboids, but EXCSIM assumes free flow between
neighboring grid blocks (unless the transmissibility multipliers are set to zero), even if they appear to be
offset from each other, in accordance with transmissibility calculations.

The Thickness map gives the thicknesses, or vertical height, of each grid block in the model. The units
are meters or feet.

The Permeability map gives the horizontal permeability for each grid block in the model. Since the
model is a 2D single-layer model, there is no permeability in the vertical direction. The units are milli-
Darcies.

The Porosity map gives the porosity for each grid block in the model. Note: EXCSIM does not use any
Net-To-Gross parameter. Porosity is a dimensionless number between 0.0 and 1.0. If a value of zero is
entered, that grid block becomes inactive.

The X+ Transmissibility Multiplier map modifies the default transmissibility between the grid block in
question and the grid block to its right (in the positive X-direction), by a factor. This is useful when the
user wants to emulate a barrier to flow, in which case the factor should be 0.0 (zero), or a restriction to
flow, perhaps in connection with a geological fault.

The Y+ Transmissibility Multiplier map modifies the default transmissibility between the grid block in
question and the grid block below it (in the positive Y-direction), by a factor. This is useful when the user
wants to emulate a barrier to flow, in which case the factor should be 0.0 (zero), or a restriction to flow,
perhaps in connection with a geological fault.

About ExcSim

000 . @ = &

Mew Initialize Run SCAL Generate Production Material 3D

ExcSim Map Profiles  Balance Viewer

SIMULATION CORRELATIONS GRAPHICS ABOUT
7 - fel 1

A B C D E F

1 |Orientation: |X-section |
2
3 DY\DX 170 170 170 170 170
4 160 1001.53708| 1005.33375| 1010.09375| 1015.81708| 1022.5037

Figure 17 Select X-section (see red outline) to generate a cross-sectional model in the Grid
worksheet

16
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When you select ‘X-section’ in the Orientation cell (red outline) at the top of the Grid worksheet, ExcSim
will generate a cross-sectional model rather than a single layer model. Input to the Top map is
interpreted very differently. In particular, only the top row of the Top map is relevant; the top of the
uppermost layer and the thicknesses of the layers above determine the top of each layer in the cross-
section. Note that a full 35 x 35 Top map must be provided, but only the first row matters when in X-
section mode.

Furthermore, every grid block in a cross section will have identical DY values or ‘widths.' Hence, only
the first DY value is relevant. Regarding the Thickness map, they will be the vertical thicknesses of each
grid block and may vary along any ‘layer.'

The Transmissibility multipliers in the Y-direction will be interpreted by ExcSim to be vertical
transmissibility multipliers and could be used to account for the fact that vertical permeability normally
is lower than horizontal permeability. Typical transmissibility multipliers could be in the 0.001 to 1.000
range.

Also, note that X-section mode affects wells. For details, refer to chapter 6.4.1.1.

The PVT & Relperm worksheet contains three fluid description tables (PVT tables), one for each fluid,
and 2 SCAL (Special Core Analysis) tables for oil/water and gas/oil mixtures.

The worksheet also contains rock compressibility data and fluid densities.

Furthermore, the worksheet contains input to the PVT correlations and the SCAL data correlations.
These are provided only in the case that the user lacks real data.

EXCSIM uses the same format as the Eclipse PVTO keyword for oil PVT. The data comprises a table of
live oil PVT functions. The table consists of at least two groups of data. Each group gives PVT data for a
particular dissolved gas-oil ratio (R;). The first non-numeric entry in the second column terminates the
table.

All groups start with the following items of data:

1. The dissolved gas-oil ratio (Rs). Within a table, groups should be arranged in order of
increasing R;. The units are Sm3/ Sm3 and Mscf/stb

2. The bubble point pressure (Pyup) for oil with dissolved gas-oil ratio given by item 1. The units
are bara and psia

3. The oil formation volume factor for saturated oil at Py.. The units are Rm3/ Sm3 and rb/stb

4. The oil viscosity for saturated oil at Pyus. The units are cP

However some groups (optionally all) contain additional data which defines the properties of under-
saturated oil at the specified value of R,. This extra data must be specified for at least one R, in the table.
The additional data takes the form of 3 columns that continue from items 2, 3 and 4 in the list above.
See Figure 18 below.

17
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Qil PVT

p

Bo

Ho

Sm3/Sm?

bara

Rm3/Sm?

cp

10

55

100

48.6086304
274.304315
500
231.018819
365.50941
500
399.062479
449.53124
500

1.21086782
1.16095437
1.15621304

1.2778204
1.24817519
1.23471126
1.34477298
1.33328365
1.32418421

Figure 18 Example of Oil PVT Table

1.10289833
1.98947387
3.69029175
0.62169809
0.75576522
0.92754516

0.4688083
0.49684365
0.52691387

Saturated data

Under-saturated

Saturated data

Under-saturated

Saturated data

Under-saturated

Together, saturated and under-saturated data describe a 2-dimensional table. The table may be
visualized as in Figure 19.

14

1.35

13

125

12

1.15

11

200

Bo

300 400

500

600

Figure 19 Example of Bo from the PVT table above: Saturated points shown in blue. The under-

saturated points shown in other colors.

6.3.1.2 Gas PVT Table

EXCSIM uses the same format as the Eclipse PVTG keyword for gas PVT. The data comprises a table of
wet gas PVT functions. The table consists of at least 2 groups of data. Each group gives PVT data for a
particular gas phase pressure (Py). The first non-numeric entry in the second column terminates the

table.

All groups contain the following items of data:

18
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3.
4.

The gas phase pressure (Pg). Within the table, groups should be arranged in order of
increasing P,. The units are bara and psia

The vaporized oil-gas ratio for saturated gas at pressure Pg. The units are Sm3/Sm3 and
stb/Mscf

The gas formation volume factor for saturated gas at Py. The units are Rm3/Sm3 and rb/Mscf
Item 4 The gas viscosity for saturated gas at Py. The units are cP

However, some groups (optionally all) contain additional data that defines the properties of the under-
saturated gas at the specified value of P,. This extra data must be specified for at least one P, in the table.
The additional data takes the form of 3 columns which continue from items 2, 3 and 4 above. See Figure
20 below.

The water PVT table comprises a table that is terminated by the first non-numeric entry.

Each table row consists of the following items of data:

1.
2.

3.

The water pressure. The units are bara or psia
The water formation volume factor at that pressure. The units are Rm3/Sm3 or rb/stb
The water viscosity. The units are cP.

See Figure 21 below.

Gas PVT

R, Bg Ug

bara Sm3/Sm3 Rm3/Sm3 cp

100 3.1733E-05 0.0081639 0.01782161
0 0.00892139 0.018208
300 3.92E-05 0.00293421 0.03015581
0 0.0031782 0.02309949
500 4.8008E-05 0.00221124 0.04224024
0 0.00220086 0.02858611

Figure 20 Example Gas PVT Table
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Water PVT
p By Hy
bara Rm3/Sm3 cp

100 1.1365638 0.11188194
144.444444 1.13563127 0.11305771
188.888889 1.13468362 0.11423349
233.333333 1.13372085 0.11540927
277.777778 1.13274294 0.11658504
322.222222 1.13174989 0.11776082
366.666667 1.13074169 0.11893659
411.111111 1.12971833 0.12011237
455.555556  1.1286798 0.12128815

500 1.12762609 0.12246392

Figure 21 Example of Water PVT table

When no PVT data is available, EXCSIM provides a simple PVT generator to provide reasonable PVT
data for the simulations. The PVT generator is modeled after the popular but no longer manufactured
Hewlett Packard Petroleum Fluids Pack for their HP-41 series programmable hand-held calculators.

6.3.1.4.1 PVT Generator Input and Output Ranges
The required input to the PVT correlation is

e Reservoir temperature

e Separator temperature

e Separator pressure

¢ Nitrogen content in %

e Carbon dioxide in %

e Hydrogen Sulfate content in %
e Salinityin %

Also, the correlation relies on densities of all three phases.

Input to PVT Correlation
ONLY for generating new PVT tables from correlation

PVT correlation input

Reservoir temperature 392 fahrenheit
Separator Temperature 59 fahrenheit
Separator Pressure 16 psia
N, 0 %
co, 0 %
H,S 0 %
Salinity 4 %
Correlation output ranges
Low High
Rs range 0.05 0.6 Mscf/stb
Reservoir pressure 1450 7500 psia
#rows ! ISIatJurated 10 >1

Figure 22 Input to PVT correlations and 4specificati0n of
output ranges

20

The user must also provide ranges for
the output tables. This includes upper
and lower bounds for the R; (solution
gas/oil ratio) and pressure ranges for
the oil PVT and pressure and R,
(vaporized oil/gas ratio) for the gas PVT
table. The ranges should cover all values
expected to occur during the
simulations.

Furthermore, the user should specify
the number of saturated points in the
table and, for the oil PVT table, the
number of under-saturated points
associated with each saturated point.
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There should be at least two saturated points and at least two associated under-saturated points. The
more points in the table, the smoother the simulation will run in general.

In the petroleum industry, special core analysis, often abbreviated SCAL, is a laboratory procedure for
conducting flow experiments on core plugs taken from a petroleum reservoir. Special core analysis is
distinguished from "routine or conventional core analysis" by adding more experiments, in particular
including measurements of two-phase flow properties, determining relative permeability and capillary
pressure.

In multiphase flow in porous media, the relative permeability of a phase is a dimensionless measure of
the effective permeability of that phase. It is the ratio of the effective permeability of that phase to the
absolute permeability. It is an adaptation of Darcy's law, originally a single-phase law, to two-phase
(sometime multi-phase) flow.

Two 2-phase SCAL tables must be entered in the 'PVT & Relperm' worksheet in EXCSIM; one for oil-
water and one for gas/oil mixtures. EXCSIM looks up the relative permeability of one phase in the
presence of another from the tables, for example, to find the relative permeability of oil in the presence
of water.

When three phases coexist in a grid block, EXCSIM combines both relative permeability tables to get
the resulting oil relative permeability. The method for three-phase oil relative permeability is based on
an assumption of complete segregation of the water and gas within each grid block. This model provides
a simple but effective formula that avoids some problems associated with other methods. The method is
identical to the Schlumberger Eclipse® default model for the three-phase oil relative permeability.

Relative permeability values vary depending on phase saturations, and EXCSIM will interpolate linearly
between data-points as required.

The SCAL tables also give corresponding capillary pressures between the phases. The capillary pressure
is the pressure difference between the non-wetting and the wetting phases. In EXCSIM, water is always
assumed the wetting phase in oil/water mixtures, and oil is assumed the wetting phase in gas/oil
mixtures.

EXCSIM gets water and gas pressures from the oil pressure and the capillary pressures, Pcowand Pego,
associated with S, and S, respectively. For example, P, = P, + F.4,(S,) where the parenthesis in the
term P.,, (S,) signifies that the capillary pressure is a function, by means of table look-up, of S;.

The oil/water SCAL table has the same general format as the SWOF keyword used by the Eclipse
simulator. The table is used to provide water relative permeability (krw), oil-in-water relative
permeability (krow), and oil/water capillary pressure (Pcwo) as functions of the water saturation. The
table ends at the first non-numeric cell in the saturation column. Any missing values in the other three
columns will trigger an initialization error alerting the user to the location of the first encountered empty
cell.
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Oil/Water relperm

S - Kiow E;j;

0.1 0 0.9 0.86498946
0.1875 0.0078125 0.6890625 0.58519182
0.275 0.03125 0.50625 0.4137931
0.3625 0.0703125 0.3515625 0.33786065
0.45 0.125 0.225 0.29259591
0.5375 0.1953125 0.1265625 0.26170574
0.625 0.28125 0.05625 0.23890356
0.7125 0.3828125 0.0140625 0.22118172
0.8 0.5 0 0.20689655

1 1 0 0.2

Figure 23 Example of an oil/water SCAL table

When no SCAL data is available, EXCSIM provides a simple SCAL generator to provide reasonable data
for the simulations. The generator uses a Corey exponent model.

6.3.2.3.1 SCAL Generator Input and Output Ranges

6.3.2.3.1.1 The Water /0il Table
The required input to the Water/Qil correlations is

e Relative permeability to water at S, =1 —S,,,,
e Irreducible water saturation, S,,;

e Corey exponent to water, n,,

e Relative permeability of oil at S, = S,,;

e Residual oil saturation in water, S,,.,

e Corey exponent to oil in water, n,,,

e Capillary entry pressure, P, 5,

e Pore size distribution index, 4,,,

6.3.2.3.1.2 The Gas/Oil Table
The required input to the Gas/Oil correlations is

e Relative permeability to gas at S; = 1 — S,
o  Critical gas saturation, S,

e Corey exponent to gas, ng

e Relative permeability of oil at S, = 1 — S,
¢ Residual oil saturation in gas, S,

e Corey exponent to oil in water, n,4

e Capillary entry pressure, P 4
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e Pore size distribution index, 1,4

Input to SCAL Correlation
ONLY for generating new SCAL tables from correlation
Water/Qil #linesin
= Krwro 0.5 table
o]
g S 0.1 20
Ny 2
[ 0.8]
3 Sorw 0.2
Now 2
o Pee,ow 0.2
-
Now 4
Gas/Oil
Kgro 07
@
& Se 0.05
ng 2
Krocg 0.8
5 Su 02
Nog 2
o Pee,ow 0.1
a B
Ao 15

Figure 24 Input to SCAL correlations and specification of table size

6.3.2.3.1.3 Table Size
Specify the size of the generated SCAL tables in the “# lines in table” box to the right of the input tables.
See Figure 24 for details.

The Wells & Controls worksheet contains the well definitions and run controls. The number of possible
wells is 10,000 and it therefore practically limitless. However, ExcSim will not read any well data beyond
the first encountered invalid well.

The Well Data Table in the Wells & Controls Worksheet consists of a table of all relevant well data. The
example in Figure 25 shows four oil producers, one water injector, and one gas injector.

WELL DATA
Well name Coluns Row eibrelia Skin paxirate Prod fluid DT HERIEMAXE OR Max Weut |  Inj fluid MaxIBHE Open date | Close date
1 J m Sm3/d bara Sm3/Sm? bara
OP1 15 15 0.15 0 1000 Oil 200 1/1/2020 1/1/2050
OP2 25 18 0.15 0 1000 Oil 200 1/1/2021 1/1/2050
OP3 23 12 0.15 0 1000 oil 200 1/1/2024 1/1/2050
OP4 12 18 0.15 0 1000 Qil 200 1/1/2025 1/1/2050
wi1 3 33 0.15 0 2000 Water 350 1/1/2022 1/1/2050
Gl1 33 3 0.15 0 Gas 310 1/1/2023 1/1/2050

Figure 25 Example of Well Data

The first column is a text field holding the well’s name. Wells whose names start with the two letters
‘HX or ‘HY’, such as in ‘HX_QilProd1’ for example, will be representing horizontal wells in the direction
specified by the second letter (X or Y). The order in which wells appear in the well data input table
persists in the production output tables. If a well is stopped and started repeatedly, the data must be
entered in separate rows in the Well Data table. Such wells can, and should, have the same name in each
row.
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The next two columns hold the ‘T’ and ‘J’ indices for the well’s location in the reservoir model. The upper
leftmost grid block has indices [I = 1, J = 1], where ‘T specifies the column number and ‘J’ the row
number. Then follows the wellbore radius and skin factor. The first five fields are required for all wells.

The 6t field holds the maximum rate for the well in question. This field is not required, but if it is empty,
then the Min BHP (for producers) or Max BHP (for injectors) must be specified.

Fields 7 - 10 are green and intended only for producers. The 7t field holds the target fluid, i.e. the fluid
whose maximum rate (if provided) refers to. The target fluid has to be Oil, Water, or Gas. The value may
be typed in directly or selected from a drop-down list. The 8t field holds the minimum bottom hole
pressure. This field is not required, but if it is empty, then the maximum rate must be specified. The gth
and 10t fields contain optional maximum gas/oil ratio and maximum water cut, respectively. If any of
these limits are reached the well will shut in. If conditions change, i.e. gas or water regresses, the well
may restart. Persistent stopping and starting may result from this, so it is advisable to close the well
permanently, in the 14t field, if this happens.

Fields 11 and 12 are blue in color and reserved for injectors. The 11t field is the injection fluid: Water or
Gas. The choice may be typed in directly or selected from a drop-down list. The 12t field holds the
maximum bottom hole pressure. This field is not required, but if it is empty, then the maximum rate in
the 6t field must be specified.

Note that at least one of the 6t or 8t field, or both, must be entered for producers, and at least one of
the 6t or 12th field, or both, must be entered for injectors.

The 13th and 14t fields provide the opening and closing times for the wells. The times must be entered
in the m/d/yyyy or m/d/yyyy hh:mm:ss format, such as in ‘1/1/2020’, ‘1/1/2020 1:00:00 PM’ or
‘1/1/2020 13:00:00’.

For details about building a cross-sectional model, refer to Chapter 6.2.8.

Wells in cross-sections are defined in much the same way as in a single layer model, but each row in the
well table will represent a perforation in the specified single grid block. A well may be perforated across
several layers and grid blocks, but each perforation must be defined on its own row.

WELL DATA
Well name Cone Row Wellboreliark Skin Maxirate Prod fluid Min _BHP MaxIGOR Max Wcut | Inj fluid Max _BHP Open date | Close date
1 J ft stb/d | Mscf/d psia Mscf/stb psia
oP 1 1 0.3 0 100 Oil 402.724779 1/1/2020 1/1/2050
oP 1 2 0.3 0 100 Oil 415.479705 1/1/2020 | 1/1/2050
oP 1 3 0.3 0 100 Oil 424.521002 1/1/2020 | 1/1/2050
oP 1 4 0.3 0 100 Qil 430.520154 1/1/2020 1/1/2050
oP 1 5 0.3 0 100 Oil 440.383476 1/1/2020 | 1/1/2050
oP 1 6 0.3 0 100 Oil 448.579644 1/1/2020 | 1/1/2050
oP 1 7 0.3 0 100 Qil 452.883118 1/1/2020 1/1/2050
opP 1 8 0.3 0 100 Qil 462.076768 1/1/2020 1/1/2050
oP 1 9 0.3 0 100 Oil 472.120854 1/1/2020 | 1/1/2050
oP 1 10 0.3 0 100 Qil 483.192124 1/1/2020 1/1/2050
oP 1 11 0.3 0 100 Oil 498.630608 1/1/2020 | 1/1/2050

Figure 26 Example of a well that penetrates 11 layers in a cross-section

Note that although perforations may be assigned maximum water-cut or gas-oil-ratio limits individually,
there are no provisions for assigning Wcut or GOR limits to a multiple-perforation well as a whole.
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Vi Gime steps The Run Controls comprise time step, convergence,
Days 0 units and initialization related controls.
Hours (] Initial

Minutes (o] owc GOC . . . .

Seconds 3 = = * Maximum time steps: are given in Days, Hours,

Max Iter 20 9200 9200 Minutes, and Seconds.

Tolerance| 1.00E-06 Datum
Block Conv 0.001 Depth Pressure . . .

FirstStep|  1:00:00 it psia * Step factor: Specifies how fast ExcSim increases or
Step factor L= i = decreases (when not converging) time steps. Note that the
Differential] _100E-04 step factor will be disregarded when the simulation
Derivatives| 1storder approaches a new well event. In that case, the time step

Figure 27 Run Controls, Unit Control, and Wil be cut as much as required to coincide with the time
2 9
Initialization Controls of the next event (well opening or closing).

* Max Iter: Specifies how many times ExcSim should try to solve the equations for a given time step
before abandoning the attempt and cutting the time step.

* Tolerance: Specifies the total reservoir material balance error, for each fluid phase. The default
value is 1E-6.

* Block Conv: Convergence criteria for each grid block and each phase in terms of a saturation-like
measure. The default value is 0.001.

* Derivatives: ExcSim also lets the user choose between 1st, 2nd and 4t order approximation of the
partial derivatives that are used to build the Jacobian matrix used by the solver. The 4t order should be
used only as a last resort when having severe convergence problems. The default value is '15t order'. This
field can be changed during simulation runs.

Computation of 2nd order approximations (of the derivatives) takes about twice as long as 15t order
computations. The computation time of 4th order approximation is roughly four times that of a 15t order
approximation.

f(x+Ax)—f(x)

18t order approximations are of the form f'(x) = v

fx+Ax)—f (x—Ax)

2nd order approximations are of the form f'(x) ~ e

—f(x+2Ax)+8f (x+Ax)—8f (x—Ax)+f (x—2Ax)
12 Ax :

4th order approximations are of the form f'(x) =

Although higher order approximations, in principle, should require fewer iterations for time steps to
converge, there is no guarantee that it will be the case. The real benefit of using higher order
approximations is in highly non-linear cases, for example when a large number of grid blocks are near
critical saturations or near saturated pressures.

* The Differential is the size of the incremental changes in variables (pressures and saturations) when

f(x+Ax)—f(x)
Ax

approximating derivatives for the Jacobian, i.e. the size of Ax in the terms. The default value

is 1E-4.

The differential is closely related to 1, 2nd, and 4t order approximation of the derivatives. An nth order
approximation is accurate to O(dx™). For example, a 21d order approximation together with a differential
of 10™* will produce derivatives accurate to about (107*)2 = 107%. In comparison, floating point
numbers (of type Double) are accurate to about 15 digits.

* Field or Metric units: Select from a drop-down list. When the selection changes, EXCSIM will
automatically convert all input and output to the user selected unit system (British or Metric).
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* Initial fluid contact depths: oil-water contact (OWC) and gas-oil contact (GOC). These may be
below or above the reservoir, respectively.

* Datum Depth: Depth within the model where a pressure (Datum Pressure) is the initial pressure

at that Depth. If the Datum Depth is in the water zone, then the Datum Pressure will be the water
pressure, and if the Datum Depth is in the oil zone, then the Datum Pressure will be the oil pressure, etc.
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For history matching purposes, a separate worksheet for entering production history is provided. Data
can be entered both as field-aggregated data and as individual well production/injection history. The
historical production/injection data can be overlaid simulation output to assist in the history matching
process.
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When the ‘Run’ button in the EXCSIM Ribbon is pressed, the simulation will start. During the
simulation, the user can view the simulation results as they happen. Tabulated output appears in the
‘Profiles’ and ‘Material balance’ worksheets, while grid block values such as pressure and saturations
appear in the ‘Solution maps’ worksheet.

Furthermore, most of the output can be viewed live graphically on the screen.

All production and injection data is tabulated in the Profiles Worksheet. Starting to the left, the first
column shows the start and end times for each time step.

Then follows the field-aggregated production data:

e Oil recovery factor
e QOil, water, and gas daily production rates, and
e QOil, water, and cumulative gas production.

Next follows the field-aggregated injection data:

e Water and gas daily injection rates, and
e Water and gas cumulative injection.

Following the field-aggregated data is the individual well data:

e Bottom hole pressure
e Oil, water, and gas daily production or injection rates, and
e Oil, water, and gas cumulative production or injection.

In the case of injectors, the oil rate and cumulative oil columns will always be zero. See Figure 28 for an
example.

Field Production Field Injection op1 op2
Timefrom TimeTo  Recovery OilRate WaterRate GasRate ~CumOil  CumWater CumGas WaterRate GasRate CumWater CumGas  BHP  OilRate WaterRate GasRate CumOil CumWater CumGas  BHP  OilRate WaterRate GasRate ~CumOil  CumWater CumGas
s a sw/d | smYd | MillsSm'  MllSm  Millsm' | Sm/d | Sm/d  Millsm’  Millsm’  bara Sm/d  SmYd  SmYd  MllSm'  MilSm'  Milsm'  bara swfd | sm/d  SmYd | MillSm’ | MillSm | Millsm®
2.4556E.05 1000 0.02729173 53122.9545 0002 5.4583E.08 010624591 o o0 o 0 24405849 1000 002729173 53122.9545 0002 5.4583E-08 010624591
98223605 1000 00408161 531547997 0008 2.9948£-07 042517471 0 0 0 0 240992827 1000 00408161 531547997 0,008 29948607 042517471
000031922 1000 0.05104125 53167.4162 0026 1218606 1382188 o 0 o 0 238548512 1000 005104125 53167.4162 0026 1218606 13821882
000098223 1000 0.06081608 531617752 008 45023E-06 425292406 o 0 o 0 235949455 1000 0.06081608 531617752 008 45023606 4.25292406
000297124 1000 0,07755098 53159.4965 0242 17066605 12.8647625 0 0 0 0 231398836 1000 0.07755098 53159.4965 0242 17066£-05 12.8647625
0.00449369 1000 0.08974289 53155.7528 0366 2819E05 19.4560758 o 0 o 0 228204474 1000 0.08974289 53155.7528 0366 28194E.05 19.4560758
0.00891372 2000 0.26056163 106283.432 0726 7.5095€.05 38.5870936 0 0 o o 21986721 1000 012544796 531519204 0546 50774805 29.0234215 218749498 1000 013511367 531315116 018 243605 956367209
1333% 2000 0357554 106277.59 1086 000013945 57.7170598 o 0 o 0 211084134 1000 016354941 5314932 0726 B0213£05 385902991 209342884 1000 0.19400459 53128.2698 036 5941605 191267607
1346% 2000 036022715 106277.449 109 000014126 58248447 o 0 o 0 210849738 1000 016460102 53149.253 0731 B103GE05 388560454 209.084134 1000 0.19562613 53128158 0365 GO2SE05 19.3924016
1382% 2000 0.36766886 106277.179 1126 0.00014677 59.8426047 200 0 003 0 210209967 1000 01673697 53149.0527 0746 83547605 39.6532812 208380703 1000 0.20029916 53128.1262 038 6322605 201893235
1493% 2000 038384146 106276334 1216 000016404 646250397 2000 0 o1 0 209243269 1000 0.17175562 53148.4107 0791 9.1276E-05 42.0849597 207.099911 1000 0.21208583 53127.9232 0425 7.2768£.05 225800801
1824% 2000 043456828 106274.381 1485 000022271 78.5720812 2000 o 039 0 208203338 1000 01777345 53146.6193 0526 0.00011528 492197533 205.604821 1000 0.25677378 53127.7622 056 0.00010743  29.752328
2200% 2000 0.57318431 106271.988 1826 000032015 97.0383193 200 0 07 0 207.278065 1000 018469956 531450827 1096 000014668 582544173 204.468935 1000 0.38848474 53126.9057 073 0.00017347 387835019
2684% 2000 095541744 106271.069 2186 000049213 116167112 4000 0 145 0 21276519 1000 0.16529431 53143.9159 1276 000017643 67.8203222 211403859 1000 0.79012313 53127.1528 091 00003157 483467895
3.026% 2000 202027813 106270.371 2546 000085578 135295778 000 0 217 0 219608062 1000 014037589 53142.5732 1456 0.0002017 773859854 218396912 1000 187990224 53127.7982 109 000065408 57.9097931
3.138% 2000 205088506 106270.408 2556 0.00086603 135827131 4000 0 219 0 219798784 1000 0.13967669 53142.5256 1461 00002028 77.651698 218591915 1000 191120837 53127.882 1095 0.00066364 581754325
3.193% 3000 227281483 159406612 2601 00009012 13821823 4000 0 225 0 22009926 1000 013877921 53142.4422 1476 000020448 78.4488345 2185559 1000 201572302 53127.8701 111 0.00069387 55.9723506
3359% 3000 272832105 159452.332 2736 00010229 145393585 000 0 243 0 220620056 1000 013783713 531411465 1521 000021068 80.8401862 218.508412 1000 246705235  53130.941 1155 0.00080489 613632429
3.856% 3000 652172442 15943383 3141 000190333 166917152 4000 0 297 0 222.498001 1000 01343237 531404617 1656 000022881 880141485 219.375733 1000 627272251 53126.7553 129 000165171 685353549
a.486% 3000 17.9385220 159422.586 3650 000497082 194.178414 4000 0 3650 0 226985665 1000 01301689 53139.7017 1827 000025107 $7.1010375 21977335 1000 177071166 53124.6032 1461 000467962  77.619662
5.370% 4000 67329792 212559.559 4370 001709018 232.439134 4000 0 43 0 220632634 1000 015364318 53138.8004 2007 000027873 106.666022 215.608313 1000 601106827 53125.3872 1641 0.01509955 87.1822317
6.254% 4000 13LO677ZT 212559 5090 004068237 270.699754 4000 0 509 o 2180008 1000 016073563 53137.674 2187 000030928 116230803 210023938 1000 12356392 53133.3256 1821 003774105 967462303
7.138% 4000 20887035 21255333 5814 007827904 308959354 4000 0 5814 0 215322289 1000 018626545 53137.0736 2367 000034281 125795476 204.122333 1000 20108034 531316058 2001 007393551 106309919
B015% 396473493 280536297 210686.037 6.52765229 0.12877557 346882841 4000 0 653 0 212517614 1000 020351756 53136569 2547 000037944 135360059 200 964734932 272431266 S1267.4085 217465229 0.12297314 115538053
B86%% 386457147 320266745 205366398 7.22327515 0.18714358 383848792 4000 0 7.250 0 209930111 1000 021991009 531361061 2727 0.00041903 144.924558 200 864571469 315765908 459502811 233027515 0179811 123.809104
9704% 377837914 360057622 200781501 7.9033834 0.2519539 419.983463 4000 0 797 0 207562085 1000 023542575 53135.7045 2907 0.0004614 154.88985 200 778379145 350941684 413673779 2.4703834 0.24298051 131255232

Figure 28 Example of tabulated production and injection data in the Profiles Worksheet

The reservoir offtake and drive mechanisms are displayed in the Material balance worksheet. The same
worksheet also shows the initial and current volumetrics and recovery factors.

The material balance follows the Walsh formulation for volatile oil and wet gas, and is summarized in
the following table:
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Item

Description

F = NE, + (W, + W)B, + GB,

Simplified general equation.

The volume of withdrawal (production) at reservoir
conditions is determined by the oil, water, and gas
produced at the surface.

Total expansion.

F =N, (222%) + G, (222%) + B,

1-RgRy 1-RgRy

E,=E, + i—;mEg + Boi(1 + m)Ey,,
E = (Bo—Boi)+Bg(Rsi—Rs)+Ry(BoiRs—BoRs;)
0 1—RsRy
E = (Bg_Bgi)+Bo(Rvi—Rv)+Rs(BgiRv—Bngi)
9 1—RsRy

Epy = CrtewSw Ap Even though water has low compressibility, the volume of
1-Sw connate water in the system is usually large enough to be

significant. The water will expand as the reservoir

depletes. As the reservoir is produced, the pressure

declines and the entire reservoir pore volume is reduced

due to compaction. The change in volume expels an equal

volume of fluid as production and is, therefore, additive in

the expansion terms.

Ratio of gas cap to original oil in place. A gas cap also

implies that the initial pressure at the gas/oil contact is the

bubble point pressure.

If the reservoir has an active aquifer, then once the

pressure drop propagates throughout the reservoir, the

water will encroach into the reservoir resulting in a net

water influx.

Water and gas injection.

Oil expansion term for volatile oil.

Gas expansion term for volatile oil.

— GBgi
N By

W,B,

W;B,, and G;B,

The first two columns show the time and the average hydrocarbon pressure. The next three columns
show the oil, water, and gas cumulative offtake under reservoir conditions following the Walsh
formulation. Then follows the water and gas injection terms, followed by oil expansion (including
solution gas), pore volume compaction & initial water expansion, gas cap expansion and aquifer influx.
The last 5 columns show volumetric ratios, i.e. oil, water and gas formation volume factors, and solution
gas/oil and vaporized oil/gas ratios.

Time P reservoir res. Volume | i i FVF | Ratios
Pressure Qo | Qw | Qg \ ] Gl Eo | Efw | Eg We Bo Bw Bg | Rs Rv
1/1/200:00 277.045113] 0 0 0] 0 0 0 0| 1.25701902 1.13247864 0.00311981 53.13189354 3.82153E-05
1/9/200:00 276.832562| 0.00874732 3.3916E-07 0.00130966| 0 0.00465386 0.00076295 0.00464051| 1.25707616 1.13247976 0.00312208 53.13189176 3.82153E-05|
1/27/200:00 276.229191| 0.02842463 1.3796E-06 0.00426572| 0 0.01724421 0.00292908 0.01251842| 1.25723072 1.13248542 0.00312798 53.13188432 3.82153E-05|
3/21/200:00 274.640615| 0.08743108 5.0989E-06 0.0131864| 0 0.0494761 0.00863465 0.04251182| 1.25762639 1.13251289 0.00314231 53.13186429 3.82153E-05|
8/30/200:00 270.296314| 0.26423484 1.9329E-05 0.04040726 0 0.14202838  0.0242571 0.13837595| 1.25876256  1.1326068 0.00318265 53.13180823 3.82153E-05)
1/1/210:00 267.083869| 0.39935238 3.1934E-05 0.06171239) 0 0.21468023 0.03582891 0.21058756| 1.25965445 1.13267796 0.00321358 53.13177155 3.82153E-05|
6/30/210:00 257.740145| 0.79059546 8.5073E-05 0.12590458| 0 0.43311891 0.06958449 0.41388171| 1.26233625 1.132875 0.00330448 53.1317267 3.82153E-05
12/27/210:00 248.530546] 1.1804365 0.00015801 0.193407| 0 0.65006675 0.10299722 0.62093754| 1.26499978 1.13307732 0.00339249 53.13169434 3.82153E-05|

1/1/220:00 248.274223| 1.19124272 0.00016005 0.19533231f 0
1/16/220:00  247.94842| 1.22366546  0.0001663 0.20096866| 0.03399222
3/2/220:00 247.515031| 1.32119712 0.00018587 0.21745663| 0.13596853
7/15/220:00 246.695662| 1.61414986 0.00025235 0.26649048| 0.44190263
1/1/230:00 245.747711] 1.9830142 0.00036276 0.3284123| 0.82716544
6/30/230:00 252.656865| 2.37756313 0.00055754 0.38518812| 1.64274173
12/27/230:00  259.93867| 2.77326051 0.00096939 0.43911808| 2.45809154
1/1/240:00 260.141855| 2.78427073 0.000981  0.4405762| 2.4807367
1/16/24 0:00 260.249485| 2.83328108 0.00101961 0.44826327| 2.54867929
3/1/240:00 260.818339| 2.98060983 0.00115866 0.47082223| 2.75252525
7/14/240:00 262.810752| 3.42324357 0.00215586 0.53733437| 3.36405609
1/1/250:00 265.372178| 3.98458255 0.00563005 0.62025631| 4.13859694
6/30/250:00 262.822408| 4.76710172 0.01935733 0.74821059| 4.95424668
12/27/250:00 260.267715| 5.54900388 0.04608144 0.87784723| 5.77003895
6/25/260:00  257.41227| 6.32978749 0.08867263 1.01019046| 6.58596089
12/22/260:00  254.41875| 7.10265237 0.14588254 1.14391178| 7.40199807
6/20/270:00 251.710604| 7.85543837 0.21201586 1.27557642| 8.21809117
12/17/270:00  249.24131| 8.59064695 0.28545397  1.4057426| 9.03422977

0.65610488 0.10392917
0.66377979  0.1051139
0.67398948 0.10669012
0.69329251 0.10967097
0.71562424 0.11312099
0.55287145 0.08300946
0.38186377 0.06162922
0.37712215 0.06089435
0.37470086 0.06050519
0.36163027 0.05844849
0.31596298 0.05124906
0.25814527 0.04200329
0.31621147  0.0512072
0.37489826 0.06043958
0.44133723  0.07077187
0.51151138 0.08161847
0.57520523 0.09144392
0.63336508  0.1004134

0.62670103| 1.26507391 1.13308295 0.00339497 53.13169345 3.82153E-05)
0.62191452| 1.26516813 1.13307397 0.00339982 53.13169095 3.82153E-05)
0.6221915[ 1.26529346  1.1330711 0.00340642 53.13168354 3.82153E-05
0.63602658| 1.26553039 1.13308366  0.003416 53.13166395 3.82153E-05)
0.65587859| 1.26580451 1.13310335 0.00342586 53.13164507 3.82153E-05)
0.47968615| 1.26380621 1.13292533 0.00335737 53.13162791 3.82153E-05)
0.31176345| 1.26170656 1.13276108 0.00328724 53.13160822 3.82153E-05)
0.30707473| 1.26164834 1.13275648 0.00328528 53.13160777 3.82153E-05)
0.29867861| 1.26161861 1.13274635 0.00328478 53.13160545 3.82153E-05)
0.27998671| 1.26145802 1.13272644 0.00327989 53.13157161 3.82153E-05)
0.23146568| 1.26089711 1.13267882 0.00326082 53.13150315 3.82153E-05)
0.17172341| 1.26018704 1.13262095 0.00323593 53.13144065 3.82153E-05)
0.21300429| 1.26089971 1.13265814 0.0032606 53.1313621 3.82153E-05)
0.26755576| 1.26161998 1.13271279 0.00328451 53.13128167 3.82153E-05)
0.33058058| 1.26243547 1.13277621 0.00331126 53.13121392 3.82153E-05)
0.39731878| 1.26329676 1.13284329 0.00333927 53.13113013 3.82153E-05)
0.45829033| 1.26407847 1.13290477 0.00336468 53.13103955  3.8212E-05)
0.51383526| 1.26479226 1.13296084 0.00338862 53.13096035 3.82119E-05)

C0D00O0DO00O0OO0O0OO0O0OO0O0O0O0O0O0O0O0O0O0O0 0o o
O 0000000000000 O0O0O0OO0O0O0O0O OO0 o

Figure 29 Example of tabulated material balance output in the Material balance worksheet
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8.2.2 Volumetrics
In addition to the material balance data, the Material balance worksheet also gives the initial and current
volumetrics:

INITIAL:  TOTAL Oil Phase  Gas Phase Aquifer

STOOIP: 81.4475065 81.4475065 0 0 Mill Sm?
GlIP: 4327.46012 4327.46012 0 0 Mill Sm?
WIIP: 125.936752 35.6872081 0 90.2495438 Mill Sm?

CURRENT:  TOTAL Oil Phase  Gas Phase Aquifer

OIP 73.5441225 73.5441225 0 0 Mill Sm?
GIP 3907.46954 3907.46954 0 0 Mill Sm?
WIP 133.658799 43.7979827 0 89.8608161 Mill Sm?

RECOVERED: TOTAL Oil Phase  Gas Phase Aquifer

Oil 7.90338398 7.90338398 0 0 Mill Sm?

Gas 419.990578 419.990578 0 0 Mill Sm?
Water -7.72204695 -8.11077462 0 0.38872767 Mill Sm®

RF:  TOTAL

oil 9.70%

Gas 9.71%

Water  -6.13%

Figure 30 Example of volumetrics in the Material
balance worksheet

8.3 The Solution maps Worksheet

The Solution maps worksheet shows the solutions to the unknowns (pressure and saturations) of flow
equations for each time step. For comparison, the initial values are also shown, as well as the differences
between the current and initial values.
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Figure 31 Example of a (zoomed out) matrix of oil pressure from the latest time step

The solution variables from top to bottom of the worksheet, are:

=

Oil pressure

Gas saturation

Oil saturation

Water saturation

Solution gas/oil ratio (Rs)

. Vaporized oil/gas ratio (R,)
7. Pore volume

oUTpA WD

For each variable, the most recent solution values are shown together with the initial values and their
differences.

9 Map Generation
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The Contouring worksheet lets the user generate numerical maps (matrices) for input to the simulation
model. The maps (matrices) will be 2-dimensional 35x35 matrices matched to contours traced by the
mouse cursor.

The procedure for generating a map is as follows:

1. Open the “Contouring” worksheet.
2. Delete all pictures, drawings, and shapes from previous sessions, if any.
3. Paste a picture or drawing with contours of the map to be traced anywhere in the worksheet.
4. Select Excel’s Rectangle Tool from the Shapes palette and draw a rectangle on top of the
contoured picture, representing the extent of the desired EXCSIM map.
a. Remove the Rectangle’s color filling, so the whole picture becomes visible.
b. Click on the rectangle to select it. Its name appears in the box to the left of the formula
bar.
c. Change the name to ‘Model.'
5. Set the model dimensions in the green cells under the ‘Model size’ heading: Model size
6. Select Excel’s ‘Free form’ drawing tool ( [ 5 ) from the Shapes palette :Z :::;I gggg
and trace one contour at a time on the picture.
a. Only the points of the free form shape matter. The lines connecting cOntof:’“m‘é’:ntour
the points are irrelevant. ]| s
b. Remove the interior filling color so you can see behind it. Name the  cont1 2500
first contour “Cont1”. Subsequent contours will be named “Cont2”, (C:z:g i:%
“Cont3”, etc. Cont4 2800
¢. Write their contour levels in the Contours list, next to their names.  conts 2900
Expand the list to more names and contour levels if required. Ez::j 3100
7. Depending on the number of crests and troughs (ups and downs) in the e
picture, select suitable numbers of degrees for the polynomial best-fit, in Xdegrees| 5
the Best Fit table. Ydegrees| 5

8. Check that all ‘Free form’ contours have been given correct names and
numeric contour levels and that the outlining ‘Rectangle’ (named ‘Model’) has correct
dimensions.

9. Press the ‘Generate Map’ ribbon button.

10. When the map has been generated, copy it and paste it in its correct location in the ‘Grid’
worksheet.

Note that the map generation process also provides a mathematical formula for the map in terms of X
and Y, where X is the horizontal distance from the left edge of the rectangle ‘Model’, and Y is the distance
from the top edge of ‘Model’.

This equation may be copied and pasted into the spreadsheet if you want to change the default grid block
sizes while automatically updating the associated map.

If you are contouring a map with geological faults, we recommend contouring each side of the fault
independently, thus generating two maps that in turn are merged along the fault line using copy and
paste.

As a second step in the process, you should consider transmissibility multipliers across the fault.
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Appendices
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A named range in Excel is a set of grid cells that have been given a name for easy reference. ExcSim uses
many named ranges in Excel. For example, the range of depths to the top structure has the name ‘Top’
and is located on the ‘Grid’ worksheet.

You may access these named ranges in your own worksheet functions and Excel macros.

The total list of reserved named ranges in ExcSim is:

Range Name | Default Range Location Comment
Grid Worksheet
Dx =Grid!$BS$2:5AJS2 X-dimension of grid blocks
Dy =Grid!SAS3:5AS$37 Y-dimension of grid blocks
Permeability =Grid!$BS$77:5A1$111 Permeability of each grid block
Poro =Grid!SB$114:5A)5148 Porosity of each grid block
Thickness =Grid!$SB$40:SAIS74 Thickness of each grid block
Top =Grid!SBS$3:5A1S37 Depth to each grid block
Transmissibility_X | =GridI$BS$151:5AI$185 ;roas?tsi‘r/';';s_':i'::‘c’t?;‘r‘l't'p"er in the
Transmissibility Y | =Grid!$B$190:$AJ$223 ;roas?tsi‘r/';'is_':i'r"etzt?;g't'p"er in the
PVT & Relperm Worksheet
Density ='PVT & Relperm'!$X$4:5X$6 Densities of oil, gas, and water
GasPVT ='PVT & Relperm'!SFS6 Gas PVT table
GO_SCAL ='PVT & Relperm'1$7542:57549 Input to Gas/Oil SCAL correlations
Krog ='PVT & Relperm'ISRS6 Oil relative permeability in gas
Krow ='PVT & Relperm'ISNS$S6 QOil relative permeability in water
OilPVT ='PVT & Relperm'ISBS6 Oil PVT table
PVComp ='PVT & Relperm'ISX$1:5XS1 Pore Volume Compressibility
PVTcorrinput ='PVT & Relperm'1$2$12:57518 Input to PVT correlations
PVToutputSize ='PVT & Relperm'1$7$22:5AAS$25 Size of PVT table output
SCALlines ='PVT & Relperm'ISABS33 Size of SCAL table output
WaterPVT ='PVT & Relperm'1$)$6 Water PVT table
WO_SCAL ='PVT & Relperm'!$7532:57539 Input to Water/Oil SCAL correlations
Wells & Controls Worksheet
ChooseGOCRS ='Wells & Controls'!SUS5
DatumDepth ='Wells & Controls'!STS11
DatumPressure ='Wells & Controls'!SUS11
Derivatives ='Wells & Controls'!SRS14
Differential ='Wells & Controls'!SR$13
FirstStep ='Wells & Controls'!SRS$10
GOCorRS ='Wells & Controls'!SUS7:5US7
InnerConv ='Wells & Controls'!SRS9
Maxlter ='Wells & Controls'!SR$7:SRS7
MaxTimeSteps ='Wells & Controls'!SR$3:SRS6
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OowcC ='Wells & Controls'|STS7:5TS7
Schedule ='Wells & Controls'!SB$5:5055
StepFactor ='Wells & Controls'!SRS11
Tolerance ='Wells & Controls'!SRS8:SRS8
Units ='Wells & Controls'!SUS2

Material balance Worksheet

CurrVolumes

='Material balance'!SR$9:5US11

GBResiduals

='Material balance'!lSUS$25:5U%27

GlobalResiduals

='Material balance'!SVS$25:5VS27

InitVolumes

='Material balance'!SR$4:5US6

RecoveredVolumes

='Material balance'!SRS14:5US16

Solution maps Worksheet

InitPressure

='Solution maps'ISALS3:SBTS37

InitRs ='Solution maps'!SALS151:5BT$185
InitRv ='Solution maps'!SALS188:5BTS222
InitSg ='Solution maps'!SALS40:5BTS$74
InitSo ='Solution maps'!ISALS77:5BTS111
InitSw ='Solution maps'!SALS114:SBTS148
PoreVolume ='Solution maps'!SB$225:5AJ$259
Pressure ='Solution maps'!SBS3:SAJS37
Rs ='Solution maps'!SB$151:5AJ$185
Rv ='Solution maps'ISBS188:5A15222
Sg ='Solution maps'!SB$40:5A)574
So ='Solution maps'!SBS77:5A)5111
Sw ='Solution maps'!SB$114:5A1$148
Contouring Worksheet
ContourDegrees =Contouring!SE$2:SES3
ContourDX =Contouring!SF$29:5ANS29
ContourDY =Contouring!SES30:5ES64

Contourlevels

=Contouring!$B$4:5B$1048576

ContourModelSize

=Contouring!SES6:SES7

ContourOutput =Contouring!SF$30:5ANS64

X =Contouring!SF$28:5ANS28

Y =Contouring!SD$30:5D$64

ExcSimHidden Worksheet

ClosePlot =ExcSimHidden!SAS2

Graphing =ExcSimHidden!SBS4

MatBaling =ExcSimHidden!$BS3

Plotting =ExcSimHidden!$BS2
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