Developed by NITEC
LLC under a Federal
Assistance Agreement
with the U.S.
Department of
Energy/National
Energy Technology
Laboratory




Table of Contents

O PP RPPRP
TaADIE Of CONTENTS.....ciiiiiiiite et e e et ettt e e e e s s e e e e e e e [
1 COZView/COZSIM INIrOQUCTION. ........uiiiiiiiiee ettt e e e e e e ame s 1
R R o (o] 0 (L= o =T [PPSR 1
I S (0] = Tod 1Y/ = T g F= T 1T 41T L 2
1.3 GUIAANCE TADS. ...ttt s e 3
L4 ADOUL ... e e e r e e e s e 3

2 GUIdanCe and RESOUICES ..........uuuriiiiieeeiiiiierieiiiiiee et e e e e s sibnseeesrne e e e e e e s esinnnneeeeeessameee e e e
2.1 Data REQUITEIMENTS. ... ..o it e e e e e e e e e e e e e e e aaaaaaaeaeaeeseasssaaaeaasaasansnnnannes 4
2.2 MOUSE OPEIALIONS......cceeeieee e e e e e e e e e e et e e e e e aaaaaaaaaaaaeaaeaaeaasaassaanannnnnes 4
DA T S T- AV o To [ D L= = P 7
2.4 SCreen REfrESNING....cccviiiiiiii e 4
2.5 Guidance and MenuU TahsS........ccccviiiiiiiiiiiiiiie e snnee e snnee o ]

P2 ST o = o O 10

G T o o Tt TSI b q ] 0] (= F TSR 13
3.1 SHALIC MOUEL....ieeeeee e 14
311 SHUCTUTE. ..o et e e e e e e e e e e e e e e 16
3.1.1. 1 DefiN@ CONIOUIS ...ciiiiiiiieiitii ettt ettt e et e e e e s anne e 16
3.1.1.2 Define Area BOUNALY..........uuuiuiiiiiiiiiiiieiiiiieerieeeee e ee e e e e e e e e e e e e e e e s e e e e e e e s e eannennnes 19
3.1.1.3  ASSION COOMAINALES......cciiieee e e e e e e e e e e e aaaaaaaaeas 21
3.1.1.4  ScCaled MOAEL......cco oo 23
3.1.1.4.1 ASSIN EleVatiONS.......c.eeiiiiieiiieiiieeee e 23
3.1.1.4.2 ASSIGN FAUIS ..o 27
3.1.1.4.3 ASSION WEIIS ... e e 29



G I I I o S Y [ 0 11U F= L (o ] T o T 30

3.1.15  VIEW 3D MOGEL......eiiiiiiiiie et 31
3.1.2 I N T g 0 01T 1= 33
3.1.3  VieW Layer PrOPEIIES. .. ...ttt e e et e e e e e e e e e e e e e e e e e e e e s e s s s nnnnnes 35

3.2  Fluid and Saturation Properti@S.........cccooii i e e e e e e e e e 37
3.21 Y DO TP PP PPUPPPPPRRPRTN 37
3.2.2  Saturation FUNCHOMNS.........c.vuiiiiiiiieiiiiie e snnee e sneee e AL

3.2.2.1 Advanced SEtiNGS......ccuuureeiiiiiiiiiiiiieeiieeeeee e nnennnnrnnsrennnnene AT

3.3 Verify MOEL.. ... e e e e e e 40
3.3.1  Model Initialization and View Model VOIUMELrCS ........ccueviiiiiiiiiiiiiieiieec e 49

B4 WBII DALA. ...ttt e e 58
3.4.1  WEll LOCALION DALA......ccciiiiiiiiiiiiee ettt e e 58
I N VY | I @0 Ty ] ][] 1T0] o PP 61

3.5 PrediCtion PeIOM. ... ...uiiiiiiiieiiiiit ettt 62
3.5.1 Wl PArameters.......cueeiiiiiiiie ettt 62

3.5.1. 1 WEll CONSIIAINTS....cciiuiiiieiiiiiee ettt e et e e e s anne e e 62

3.5.1.2 WAG SCREAUIE.......c..eiieeiee ettt a e 67

3.5.1.3 Wl LIMIES..cciiieiiiieie ettt ee e e e e e sieeee e e e s s snnnnneeeeessssnnnnnneeeessnnnesd O

3.5.1.4 Well Productivity ParameterS.........cccoooieeieeiiiii e 12
3.5.2  FIeld PArameterS.......cooiiiiiiieiitie ettt 73

3.5.2.1 el CONIOIS ... ettt et e e 73

3.5.2.2 FIeld LIMIES. ..ttt e e e e e e e e e e e e e e e e e e e e e e nnnneeneeneeeeee d O
3.5.3 ECONOMIC PAraMeterS. ......coiiiiiiiiiiiiiiee et e e e 79

3.5.3.1 Capital EXPENSES . ..o oot a e e e e e e e e e e e e e e e e e e 81

3.5.3.2  Operational EXPENSES. ......uuuuuiuuiiiiiiiieiiieeiiieeeeeee et e et e aeaaaaaaaaaeaaaaaeeaaaaasaaaaaannnneannes 81



3.5.4  RUN SIMUIALION. .....ooiiiiiiiii it e e 82
3.5.4.1 SIimulation RUN TIMES......ccoiiiiiiiiiiiie et 85

3.6 View Simulation RESULILS...........cuiiiiiiiiiiiiic e 85
Bi6.1  PlOTS e 85
3.6.2  AITAY 3D VIBW..oeiiiiiiiiiiee e aaaaas 90
3.6.3  TADIES. .. 95
3.6.4  Array TabDIES.. ... —— 97
3.6.5  CalCUIAE NPV... ..ot 99

T A @ o] 1] 474 1o ] o OO 100
3.7.1  CONfiQUre Par@meteLS.......cccccuuuiiiiiiiiiiiirirrreee e reereeeeeeeeaeaaaaaeeaaaaaeaeeaaseassaesaananaanns 101
3.7.2  CONfIQUIE RUNS.......coo it e e e e e e e e e e e e e e e e e e e e e e s e e e s e e s e e e s naaannennees 103
3.7.3  PerfOrmM RUNS.......oiiiiiiiie ettt 105
3.7.4  Case ComparisSon PIOLS........cuuiiiiiiiiiiiiice e 107

R DT | - 0 { ] 0] = PP 111
o R V= T g T To L3N €14 o £SO 111
N O 11 1Y/ =Y = T (= 0 =] o PN 112
4.3 Manual RUN SIMUIBLIAN. .........uuiiiiiiii e e e 115
4.4  Load SImulation RESUILS........ccoiiiiiiiiiiieei e 117

5 Sharing a ProjeCt Database. ..........cooiiiiiiiiiiii et e e e e 118
5.1  Saving a ProjeCt tASE.............coooi i 118
5.2  Restoring the project database..........ceeevviiiiiiiiiii 119

LI Y o] o= o T [ o = SPPRR 121
6.1  Appendix A Data Input ReqQUIrEMENTS........ceiiiiiiiiiiiiiieieeee e 121



1 COZzZViewCOZSim Introduction

COzZVieWCOZSimwas developed by NITEC LLC under a Federal Assistance Agreement with the U.S.
Department of EnerdgiNational Energy Technology Laboratory. The software was developed during
2011 and 2012.

COZzVieWCOZSinwas developed with the goal that

1) a technically respectable fieldide COZEOR feasibility analysis can be accomplished in less
than one month, and
2) suchan analysis can be affordable to small and-simé companies.

From a technial perspective, the objective wde develop a credible€O2EORsoftware solution that
includes:

1) the necessary physics that is lacking in simplistic solutions,

2) ease of use ttough presentday graphical user interface technologies,

3) sophisticated numerical algorithms and procedures for field development planning, and
4) global optimization technology to maximize the net present value of the- EXQR application.

The software intgrates an easy to use user interface for pre and post processing of the reservoir
simulation results, a technically rigorous 3Ept8ase, 4component,extended black oil simulator, and a
net present value (NP\gptimization functionality foevaluation of CO2EORN oil reservoirs.

COzViewattempts to simplify the simulation model development process while emulating the actual
reservoir under evaluation as closely as possidlethite paper will be available on numerical aspects of
COZSim.

1.1 Home Page
The Hone page consists of a Project panel on the leftprmation Tabs at the top and Guidance Tabs on
the right

The Information Tabs; Get Started, Guidance and Resour@xl Latest Newsprovide useful
information to the user.

The Guidance TalisData Explore Process Exploreand About are the key operational tabs for the
software. A Singlelick on these tabs will display a menu of operations.
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Information Tabs _L

Getstarted | Gudance and Resources | Latest News |

n0gy

New Project

Open Project Welcome to COZView the preprocessing and postprocessing 2
Clean Project manager for COZSim. Gui dance Tabs

Save Project As To get started in COZView you need a Project file which
Delete Project is where all your data related to a given COZView Project
is stored.

Ja10(dxq 552001

To create a Project file click on the New Project button. This will
prompted you for a location to store the Project file on your
Frontier computer and a unique name to referance it by. Once you have
created a Project file it will be remembered and appear in the
R t Projects list. Thus when you shutdown COZView you
can startup again by picking your Project file name in the Recent

Project Panel Projects list

You can also create multiple Project files and switch between them
by picking them off the Recent Projects list.

Recent Projects

121003 e1eq

Once you have a Project file you can use the Process Explorer
tree on the right to build a model approximating your field. It also
has steps for adding properties for formations in your field, along
with fluid and saturation properties. You can supply optional well
information]:if needed, and then run and view your simulation
results.

Once you have a basic model working the Data Explorer tree
allows you to perform more advanced operations.

10f 1) @@-—

The Project panel provides the user the opportunityntanageold and newprojects. Old projectsmay
be archied in the COZView project folder and/mientified under Recent ProjectsA Singleclick will
activateany of the items in the Project Panel

The user should seledtew Projecupon first use of COZView. The user will be asked to enter a project
name.A Project Namecannot contain any blank spacdhe name of thenew active project will appear
in the upper left asCOZViewProject Name

The user will not be allowed to enter COZView without an activated project.

1.2 Project Management
Project management foBOZViewis handled from the Home Page. A number of options are available to
the user.

1 New Project
Allows the user to initiate a new project from scratch.
1 Open Project

Allows the user to open a previously created project that is in@i@ZViewproject direcory,
but is not in the Recent Project list.

1 Clean Project



Allows the user to retain all project input data, but remove all simulation result files from the
current project

1 Save Project As
Allows the user to create a duplicate of the activejpct under anew project name.
91 Delete Project

Allows the user to remove all input and simulation result files associated with the project from
the COZView directory.

1 Recent Projects

Allows the user to seleet recent projectas the active project. A rigidlick on theproject name
will allow the user to remove the project from the Recent Projects list. This does not impact any
of the input or simulation result files in the COZView directory.

1.3 Guidance Tabs

The Guidance Tabs are tReocess Exploremnd Data ExplorerThe Process Explorés intended as the
primary guidance tool for most users. It will systematically guide the user through the required steps to
build a simulation model that is representative of the adtteservoir to be investigated and toake a
simulaion prediction run or optimization runs.

TheData Exploretab provides additional functionalitie®r the simulation modelrun submission and
data loading which are typically not needed by the user.

1.4 About

The About Tab provides versionumbers andeleasedates forCOZViewand the integrated simulator
COZSimThese are important should the need arise to communicate with the software developers
concerning apparent softare bugs of the software version being used.



2 Guidance and Resources

The software has bee designed to make the building of the representative simulation model and
viewing the simulation results as easy as possible. Parameter default values and internal correlation to
develop certain data will be used when appropriate.

The user is encouraged twtilize the Process Explorer menus whenever possible as these have been
designed to streamline the process.

2.1 Data Requirements
The software has been designed with the primary intent that the user will build a representative
simulation model of their res&pir and run usedesignedCO2EOR prediction cases.

A list of required and optional data that the user will need to supply during the model building process is
provided in theData List chart at the end of this documeithe user may find it useful toipt this list
and gather the relevant data before starting the data input proce€30ZView

2.2 Mouse Operations
A number of unique, user friendly features have been incorporated®zViewwhich are controlled by
the mouse. These mouse operations are docuoted below as a guide to the user.

Left-Click

Singleg selects
RightClick

Displays a menu
Lists /Tables

Highlight a range of items

Select and highlight (leftlick) followed by SHIFT+ select and highlight-Qiédk) further
down the list of items. Tik will highlight the range selected.

EXAMPLE:

Select and highlight (leftlick)



SHIFT+ select and highlight (lefick)

All Well Groups i

Aright-click in a column of the highlighted data will display a menu

5



Modify Valuesg provides a menu of choices for the selectmlumn; all rows changed
to the selected choice

Undo Changes to this constraintcancels changes made to the selected column for all
rows

Undo All Changes cancels all changes since last Save

Delete Selected, deletes all highlighted rows

{8 COZview - LakotalA ==X
Well Status - Prediction Home Page = X

All Well Gr v Batch Generate Done
an

4/30/2012

4/30/2012
4/30/2012
4/30/2012
| well_s 4/30/2012

s ssa0id|wmoqy

Medify Values
Undo Changes to this Constraint

Undo All Changes
Delete Selected

101 eRq

Highlighting

CTRI+ Selectt YR RN} 3 gAff KA 3IKTRA A9 (allovis KnBltiplé Beldtighéof NI y 3
individual items. Each CTRL click adds to the current selection,

Delete a range of items

Highlight as noted above and rigblick for menu to delete or sete Delete key
Tabs

Left-click to select.

Rightclick on Menu tabs across top of screen for menu to close tab or float tab

3D Operations



Rightclick and drag
Zoom

Leftclick and drag
Rotate

Centerclick and drag

2.3 Saving Data

The saving of data inputy the user does not occur automatically@®ZView There are three buttons
used in the various windows that cause the data to be saved. Thesgaar and ContinueSave and
Quit and Done Save and Continusaves the data and does not close the winddwattis in useSave
and Quitsaves the data and returns to the prior windoone saves the data and returns to the prior
window also. Any of thesselections should result in messagesimilar to the onebelow. The user
should respond accordingly.

5

You've made changes to the Well Location Data. Would you like to save them?

Yes MNo

In some cases the user my wish to make a copy of the current project, such that the duplicate project
can be altered in some minor manner. The user shouldSase Project Aen theHome Pageavindow.

2.4 Screen Refreshing

ThroughoutCOZViewdata provided in one@een may be related to data on another screen. In many
cases a particular menu tab may not be automatically refreshed when a data change impacting that
screen is made elsewhere even though the data has been saved by the user usBayédue Done
buttons.

To refresh an affected screen, close the menu tab at the top of the window for that screen and reopen
the screen from thé’roces€xploremenu area.

2.5 Guidance and Menu Tabs
The Guidance tabs are the vertical tabs on the right side o€C@&Viewvindow. The Menu tabs are the
horizontal tabs across the top of tl@&0ZVievwindow.

7



The Menu tabs appear when a specific menu item is selected from within one of the Guidance tabs. The
picture below shows the Static Model Structure Menu tab alongside the Home ®h. This was the

result ofsingleclicking on the Structure Menu under the Static Model in the Process Explorer Guidance
tab.

§ Cozview - Shannon _ =] x|
Static Model Structure Home Page Process Explorer v & X

C Defi [= Static Model
ine Contours Structure
Rotation: 61 deg Select an Option on the Left

Layer Properties
Aspect Ratio: 1.33 M e n u Tabs [ Fluid and Saturation Properties
[# Well Data
" Define Area Boundary # Simulation
Q Run Simulation
Assign Coordinates [ View Simulation Results

3\» Guidance Tabs

Any menu tab can be transferred to a separate window by selecting and dragging the tab to another
area of the screen as stvn below. This can be very useful when multiple monitors are available. This
allows multipleCOZViewnenus to be viewed at the same time.

Jas0jdx3 e3eq

Ja10/dx3 5590014

nogy

Save and Continue
Save and Quit|
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Home Page

GetStarted | Guidance and Resowses | it News i
New Project '
Open Project Static Model Structure — &l 7
Clean Project B
Save Project As g
Delete Project g"i
2|
o & 1
Project % |
P
™
Tutoriall
Tutorial2
Tutorial3

Tol

Now a separate
window

9 o1 EEE - +

28 D% o6

A menutab window can be returned to the horizontal tab area by righitking the Title bar and
selectingDockas Tabbed documeniThe menu window and the tab can be closed by rajicking the
Title bar and selectinGlose

Home Page s

Get Started | Guidance snd Resources | Latest News | g
New Project [ F
Open Project Welcome to COZView the preprocessing and 3
o postprocessing manager for COZSim. l =
Save Project As |_To_ get started in COZView you need a 5—‘ .
Delete Project Static Model Structure I T I B i o - — =] g* ]
e Formation Layers |
Select an Optior # LayerName  Thickness g‘
1 Juayen 10 g
$ Dock as Tabbed Document g
Projectl Define Area Boundary Ve ‘J
P4 »
T4
Tutoriall ® |,
Tutorial2
Tutorial3 ®
Tol
@
Y
®©
»
P
$
o ; J
ST T T T S I
[Save and Qut




Rightclicking on a menu tab, while in the horizontal tab area, allows the user to <&llestor Close All
But Thign order to reduce tke number of tabs in the horizontal tab area.

L i oot
Static Model St—-~--=~ === o
Close
C  Define Contour:  Close All But This Formation Layers
Rotation: 0 dv Select an Option on the Left #  Layer Name Thickness
Aspect Ratio: = New Hortzontal Tab Group 1
1] New VerticalTab Group
€ Define Area |
€ Assign Coordinates N !

" Scaled Model
" Assign Elevation
" Use Contours

" Use Coordinates
" Assign Faults
C  Assign Wells

B
B

a
X

Jai0(dxa s00id | anogy.

S0l @eq

€ View 3D Model

'f’b '1?’0 '5"'& & %"?’Q
Save and Continue
Save and Quit:
2.6 Help

A COZzView/COZSidser Manual is available for access by the user. This manual can be downloaded
and printed as a pdf file from the area where installation materials were provided. The manual can also
be accessed from ang@OZVievwindow.

To activateHelpfor a specific topic, the topic must be active. In the Static Model Structure windo
below, the topicDefine Area Bundarywas selected. A rightlick on the topic displays a Help béielp
may be accesskon some screens by a rigtlick on the screen itself.

10



[l COZView - Shannon

Static Model Structure PVT Saturation Functions Home Page

A
X o

(C Define Gentours

Rotation: 0 deg Select an Option on the Left #  Layer Name Thickness
Aspect Ratio: 1.00

Lo o
2 |2
(~ Define A ;elp = ,\’QQ,‘
Assign Coordinates
 Scaled Model
€ View 3D Model

Formation Layers

Save and CDnUnuEI
Save and Quit

Selection ofHelpaccesses the related topic in the User Manual and displays it as a separate window.
This window can be dragged to a different location by the user if desired. The window ceorsdx oy
selecting the X in the upper right corner of the Help window.

The user can view multiplelelp windows by selecting a different topic on a COZView window and
activatingHELP

In addition, the scroll bar on the right of any HELP window can betasadve forward or backward in
the documentation.

11



Select an Option on the Left

3.1.1.2 Define Area Boundary
The boundaries of the surface that will be used in the simulation model are established by selecting the coordinates with left mouse clicks at the
appropriate locations on the structural surface map. At least four control points must be selected. More can be selected as needed to define the
boundaries of the area to be investigated. The actual boundary location values are assigned later in the Assign Coordinates menu.

Boundary control
points

12




3 Process Explorer
TheProcess Explorés designed to aid the user in quickly creating a representative simulation model of
the reservoir to be investigated. The necessary steps to

1
T

T
1

Qreate astatic mode]

Define appropriatePVTand Saturation Function§elative permeabilityand capillary pressune
Identify well locationsandcompletions

Establish field and well simulation modeperating controlsand limits;

Define economic parameters

Launch asimulation run

Review thesimulation resultsand

Makeoptimizationruns

are provided in theProcess Explor@rrea. We strongly advise initial users to develop their model by
systematically moving step by step through the Process Explorer menus.

Other less fregantly neededunctionality is provided in th®ata Explorearea.

13



Process Explorer v 8 X
4 Static Model
Structure
Layer Properties
Layer Properties 3D View
Fluid and Saturation Properties
PVT
Saturation Functions
Verify Model
Model Initialization
Model Volumetrics
Well Data
Well Locations
Completions
4 Prediction Period
4 Well Parameters
Well Constraints
Well Limits
4 Field/Facility Parameters
Controls
Limits
Economic Parameters
Run Simulation
4 Simulation Results
Plots
Tables
Array 3D View
Array Tables
Calculate NPV
4 Optimization
Optimization
Case Compare Plots Optimization

LY

LN

LN

3.1 Static Model
The static model defines the geologic properties of the reservoir to be investigated which do not change
with time, pressure or saturatiomhese are the

1 Sructural surface

9 Formation thicknesses (net and gross)
1 Porosity

1 Absolute permeability

1 Rock compressibility

9 Ilrreducible water saturation

14



First time selection of thé&tatic Modelresults in a request for @opLayer Nameand grossThickness
along with identification of thethickness units.The Top Layer Namean be any alpha numeric
description.This starts the definition process of the modeO®ZView

Create New Layer Structure
Units: Ifeet vI

Top Layer Properties

Name:
Thickness: [— feet

==

At any time after defining th&op Layer Propertiethe user can save the model by clicking 8sve and
Continuebutton or theSave and Quibutton. Periodic saving is suggested as the model is built. Leaving
the Static Modelrea without saving may result in a loss of data.

Once a new model has been created or when an existing model has been selected, the Layer Name(s)
and gross thickness will appear in the upper right corner ofStagic Modekcreen.New layers can be
createdwith a rightclick on the last layer name and selection of Add New Lajeltiple layers can also

be added by selecting Add Multiple Layérke layers are assumed to be order&dm top to bottom ¢

1,2, 3, etc.

15



Save and Continue

3.1.1 Structure
The Structuresection of theStatic Modelallows the user to define a structural surface and adjust it to
approximate the reservoir to be investigatdd.the Static Model Sticturemenu

9 boundaries for the simulation model are established,
9 faults are located and

1 well locations can bdefined.

3.1.1.1 Define Contours

COzVievallows the user to develop a structural surface for the simulation model that approximates the
dza S NI auctuie2nap di the\idservoir to be invegdited. If available, the user should have their top
structuremap for reference when creating the structural surface for the simulation model.

SelectDefine ContoursThe default screen shows a circular set of eyespaced contours. Layer 1,
defined earlier, is shown in the upper right panel along with the gross thickness.

16



il COZView - Testl

Static Model Structure Home Page |

(" Define Contours
Rotation: 0 deg
Aspect Ratio: 1.00

C Define Area Boundary

Save and Continue
Save and Quit|

Select an Option on the Left

=1=

s X

Formation Layers
# layerName  Thickness

(L Jryers  Jso |

x|

|1a101dxg 5590019 iJaAogd)g eeq

nogqy

To the right and below the center of the interior circle are tssizing barsvhich allow the user to alter
the shape of the contour surfacéovement of theresizing barvertically with a leftclick and drag
mouse operationresults in the figure below.

il COZView - Testl _|= ﬁ!
Static Model Structure /' Home Page | s X
(" Define Contours Formation Layers
Rotation: 0 deg Select an Option on the Left # _ Layer Name Thickness
Aspect Ratio: 0.25 (L Jryers  Jso |

C Define Area Boundary

|1a101dxg $590019 iJaAogd)g ejeq

nogqy

Vertical
| movement of
resizing bars

Save and Continue
Save and Quit|
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Movement ofthe resizing bahorizontally results in the figure below.

il COZView - Testl Ii _|= ﬁ!
Static Model Structure /' Home Page | s X
yel .

(" Define Contours Formation Layers : §
Rotation: 0 deg Select an Option on the Left # _ Layer Name Thickness o
Aspect Ratio: 4.00 (L Jyerr o |2

3

" Define Area Boundary QQ i \ ' 0 | it i g 5 : e )

N T I T T T
z 3
]
******* g
S
]
2

nogqy

Horizontal
movement of
resizing bar
;Q R
T
Save and Qu|

The yellow ball rotation contro) at the end of the yellow piltlacan be used to rotate the surface
clockwise or counterclockwise with a leftck and dragnouse operation.

18



i COZView - Testl =l=lx]

Static Model Structure / Home Page s X

(" Define Contours Formation Layers
Rotation: 31 deg Select an Option on the Left # _ Layer Name Thickness

Aspect Ratio: 4.00
C Define Area Boundary

noqy  |Jaiojdxg ssa201d ijalqua eeq

on control

Save and Continue
Save and Quit|

These controls can be used to create a surface that replicates the actual structure top map as closely as
possible.

3.1.1.2 Define Area Boundary

Selet Define Area Boundaryrhe boundaries of the surface that will be used in the simulation model
are established by selecting the coordinates with left mouse clicks at the appropriate locations on the
structural surface map. At leakiur control points mst be selected. More can be selected as needed to
define the boundaries of the area to be investigat@tie actual boundary location values are assigned
later in theAssign Coordinatasenu

19



i COZView - Testl B =l=lx]

Static Model Structure / Home Page | s X

C Define Contours Formationlayes |8
Rotation: 31 deg Select an Option on the Left # layerName  Thickness 2
Aspect Ratio: 4.00 L Jayers [0 |§

3
€ Define Area Boundary \,QQ | | | l | ' ' i | | | |

- T T

: &

QQ Sl ey e 2 S = S o

i : 3 <

S ‘ Boundary control

ol b e eI N N

T o >

2

points g

Save and Continue
Save and Quit|
i Cozview - Test1 _lzx]
Static Model Structure / Home Page | s X

C Define Contours Formationlayes |8
Rotation: 31 deg Select an Option on the Left #  Layer Name Thickness 5
Aspect Ratio: 4.00 3

€. Define Area Boundary (8]

C Assign Coordinates g

o
5
3
]

noqy

Save and Continue
Save and Quit|

Should the user wish to change a boundary control poiniglat-click on the control point will allow that
point to be deleted or all points to be deleted. The user can reset the desired control points with
appropriate left mouse clicks.

20



& cozview - UMuddy
Static Model Structure ~ Saturation Functions | Home Page
(" Define Contours Formation Layers

Rotation: 0 deg Select an Option on the Left #  Layer Name
1 layer1 10

Aspect Ratio: 1.00

sioiba eea |wioida ssnoid gy

Save and Corm‘nue]
Save and Quit:

Individual boundary control points can be moved by addiftk and drag t@a new location. If this is done
after the coordinates of the boundary control point have been set, the coordinates for the numiats
must be redefined.

3.1.1.3 Assign Coordinates
Selection ofAssign Coordinatesnd a rightclick on each boundary control pointll prompt the user to

input the X and Y coordinates for that control point. These coordinate values can be determined from

the actual structure top map or approximated by the user.

21
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il COZView - Testl ;]_Q]ﬁj

Static Model Structure / Home Page s X

Define Contours Formation Layers
Rotation: 31 deg Select an Option on the Left # _ Layer Name Thickness

Aspect Ratio: 4.00
C Define Area Boundary ' V
" Assign Coordinates

C  Scaled Model

noqy Ja10jdx3 $59201d ijalqua eeq

»—1“UD:UVOA~7y‘» 77777777 :7777777477777% ' 5280.8,707({
W P 0 & & A
Save and Continue
Save and Quit|

3.1.1.4 Scaled Model
Selection ofScaled Modetesults in display of thetmucture surface developed by the user and the
model boundaries on the mafhe usemust provide

9 contour elevations.
The user can also

9 locatefaults and

1 locatewells in this area.

Behindthe scenes, the model uses ding technology to create informath needed for the simulation
grid cells.

3.1.1.4.1 Assign Elevations
Selection of Assigalevationgesults in the following display.
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A rightclick on a contour allows the user to assign a value to that contour. The user can assign contour
values to anytwo contous. The implied contour interval calculated by the software will be used to
assign values tohe rest of the contours. Should the user wish to start over with the contour value
assignment, a rightlick on the contour and selection Beset Alis availabd.
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Save and Quit

Be sure to click th&ave and @ntinue button before leaving thé\ssign Elevatiorarea.

Additionally, if the elevation contour values are changed at a later time, they must be saved or the
model is not updated and the 3D View will be incotrec

3.1.1.4.2 Assign Faults
Selection ofAssign Faultallows the user to define a vertical fault with left mouse clicks at the

appropriate locations. Theertical faultwill penetrate all layers in the model amdll act as a barrier to
flow. Partial communication@oss a fault is not allowed.
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Changesto a fault which has been created can be done as follows:

Delete a fault control point:a rightclick on the control point allows the user to delete that control
point;

Delete a fault trace:a rightclick on a sgment of the fault allows the user to delete the entire fault
trace.

Display or change fault nameA Fault name is assigned at the time of fault creation; this can be
displayed and changed by the user with a rigltk on a segment of the fault trace.

If the user wishes to inputnultiple faults a rightclick on a segment of the most recently defined fault
allows the user to seledt 9 RTi§ selection stops (unchecks) further editing of the current fault trace
and allows the user to start input of a new fault trace.
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Be sure to click th&ave and Continubutton before leavinghssign Faults

3.1.1.4.3 Assign Wells
Selection ofAssign Wellsallows the user to locate wells on the structure surface map previously

created.

Placement of well orthe map: aleft-click with the cursor at the desired location will result in placement
of a well. The default name is Well #he well # defaults to 1ral each new well is incremented to the
next number.

Change well namea right-click on the well symbol displaysweell panel for chanipg or inputting the
well name.

Input well KB and TDKB elevation and TD vakifor the wellare input in the well panelClick OK to
close thewell panel. These parameters are for reference only; they are not used in COZView or COZSim.

The X, y coordinate locatianf the cursorisdisplayed in the lower left of the window. This may assist the
user in locating wells in the mdel when the actual well coordinates are known.
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Be sure to clickave and Continuer Save and Quibefore leavingAssign Wells

If the user has the actual well locations and there are a number of wells to identify in the model, this
manual location okach well may be too time consuming. The user may wish to load the well locations
using the Import functionality in th@&Vell Data, Well Location Datsection3.4.1.

If the active screen is in the Static Model window, any Save operation after assignnedenations will
NB & dzf lipadkhg Y S &a l IGew grENbdeMaiRuntil the Loading messagéas disappeared
before proceeding.

3.1.1.4.4 Simulation Grid

COzViewwill create the simulation gridutomaticallyduring theScaled Modegprocess. The grid can be
viewed in the 3D displays. The number of cells in the simulation grid is based on the areal boundaries
and the shape of the area to be modeled. There are two overriding principles in creating tigelyyad

INRA R O Ssiohs@il noRbk ES than 330by 330ft and 2) all grid cells will be square.

The maximum number of grid cells in either theoKY-direction will be 100. If the model area is square
and the model area exceeds 3B8(Bft on each side, the grid will be 100 by 100,000 total cellper
layer)

If the square model area is less than 3@(Bft on each sidesay 10,000 ftthe grid will be 30 by 30 (®
total cells per lger). Each grid cell will be 333 ft by 383

If the model area is rectangular in shape, the longest dimension ofetttangular area will determine
the cell dimensions. For a model area with rectangular dimensions (X and Y) of 250Q®%000 ft,
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the grid will 75 cells in the-tirection and 4%cells in the Mlirection (3375total cells per layer)The cell
size wil be 333 ft by 333t.

When modeling areas of small dimensions, like a small acreage pattern or element of syntheetry
default minimum cell dimensions may result in too few cells in the model. Hence, the usewvistaio
override thedefault minimum cdl dimensions of 33th the minimum Cell Size box at the bottom of the
Scaled Model area.

Select an Option on the Left

Minimum
Cell size

Thisshould bedonewith caution. Reducing the minimum cell size will increase the number of total cells

in the model, which will increase the simulationruntine ¢ KA & &dK2dz R 2yfé& 068 R2yS
I ONB I 3 S ¢ ThY smiRiduimacdll size is 220 fthe maximum number of cells in the ¥nd ¥

directions will not be allowed to exceed 100.

Be sure to selecdave and Continugefore leaving théScaled Modearea to effect the change.

3.1.1.5 View 3D Model
Selection ofview 3DModel allows the user to visualize the structure model that has been created in a
three dimensional format.
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The initial3Dview will be ahighangle representation of the surface with a tieal Z Magnification of 2.
This Z magnification can be changed by the user.

A color bar at the top of the view denotes the ranggudperty values in the model area.

A number of views and operations can be implemented in 3BeView The following clickand drag
mouse operations can be used: Leffoom, Right Pan, and Center Rotate.

¢tKS RAALIIE 2F ¢gSttax O2yi2d2NAI O0aAYdzZ I GA2Yy 0 Y2RS
activated with selection of the appropriate check boxes.

The Resé button allows the user to return to thénitial orientation on the screen. ThBone button
exits the 3D View screen and returns the user to the prior screen view.

TheView Optionsbutton allows the user to select the background display color (Defaudt @®lgrey).
The size, font, andotor of the well namegan be selected by theser (Default is Arial font, size 18)d
color white). Users are alsallowed to choose the weladius size (Default display sime2, color is
white.)
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3.1.2 Layer Properties
Sdection ofLayer Propertieallows the user to input various static reservoir properties required in the

simulation model. A group of properties for each laydrich has beerpreviously defined is shown in
the table. The properties are constant for eacldg but may be different between layers. The gross
thickness previously defined for each layasrd the net thickness and néb-gross valuesre shown in
the table. Default values are provided for all other layer properties in the tableese default vaks
aK2dZ R y2i 06S O2yaidiNHzR Fa | O0OSLIilIotS @t dsSa
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8 Co2view - Wolfcamp =lslx]

Static Model Layer Properties /Static Model Structure | Home Page s x
E

Dane g
Layer Name Property Name Property Value Property Unit
A | VT GRoss 10 feet %’
A TVI NET 10 feet &
A NET-TO-GROSS 1 [fraction g
A |ROCK CoMPRESSTBILITY B E-6/psi g
A PHI MATRIX 02 fraction +
A KX MATRIX |EJ mbarcy o
A KY_MATRIX 50 mbarcy g
B KZ MATRIX 5 mbarcy g
B TVT GROSS [ feet g
B TV NET 10 feet =
B NET-TO-GROSS 1 fraction
5 ROCK COMPRESSIBILITY B E6/psi
5 PHI MATRIX 0.2 fraction
5 KX MATRIX 50 mbarcy
B KY_MATRIX [50 mbarcy
B Kz MATRIX 5 mDarcy
C TV GROSS 100 feet
C TVT NET 100 feet
c NET-TO-GROSS ¥ fraction
c ROCK COMPRESSIBILITY B E-6/psi
c PHI MATRIX 02 Fraction
c KX MATRIX 50 mbarcy
c KY_MATRIX 50 mbarcy.
c Kz MATRIX 5 mbarcy.

Property values are input by double clicking in the Property Value field and inputting the desired value.
The property units for each property have defaulted to typicaits. Howeverdouble clicking in the
Property Unit fieldor a given propertyprovides a dopdown menu for selection dalternative units.

_lsix|

Static Model Layer Properties Field Model 3D View Static Model Structure |~ Home Page s X
>

Done g
Layer Name Property Name Property Value Propety unt_| |
A TVT GROSS 10 feet o
A TVT NET 10 feet ]
A NET-TO-GROSS 1 z
A ROCK COMPRESSIBILITY 5 E-6/psi g
A PHI MATRIX 02 fraction F
A KX MATRIX 100 mDarcy o
A KY MATRIX 100 mbarcy &
A KZ MATRIX 10 mbDarcy -%‘
B TVT GROSS 10 feet g
B TVT NET 10 feet -
B NET-TO-GROSS 1
B ROCK COMPRESSIBILITY 5 E-6/psi
B PHI MATRIX 0.25 fraction
B KX MATRIX 200 mDarcy
B KY MATRIX 200 mbDarcy
B KZ MATRIX 20 mDarcy
c TVT GROSS 100 feet

I[c TVT NET 100 feet

€ NET-TO-GROSS 1
c ROCK COMPRESSIBILITY 5 E-6/psi
c PHI MATRIX 03 fraction
C KX MATRIX 500 mDarcy
c KY MATRIX 500 mparcy

iz v il

o
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Once all values have been input selBoneto save the values.

Individual layers (all properties) or individyazroperties(all layers) can be displayed with a lefick on
the Layer Namer Property Name Selection of the triangle at the far right of each title will cause the
order of the list to be inverted.

3.1.3 View Layer Properties
Selection oliew Layer Proptesdisplays a 3D viewer window. It is initially blank.
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