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1- Starting with RETINA Simulation 1

The startup window of the RETINA Simulation 1 (Figure 1) is displayed after running it.

RETINA Simulation™

File Tools

LD

Start Here I@§ RETINA Simulation™ 1 Recent Data Files clearal
N

New RETINA Project Founded in 2012, Engineering Suppor_t & Technqlogy Development (ESTD) @ Open ECLIPSE Data File
works on development of a 3D dynamic Black Oil simulator program for

& Result Viewer fractured carbonate reservoirs named "RETINA Simulation™ 1" certified by

subsidiaries of National Iranian Qil Company (NIOC) including: testDAA delte

% Simulation Queue - National Iranian South Qilfields Company (NISOC)
- Iranian Offshore Oil Company (IOOC)

- Iranian Central Qil Fields Company (ICOFC)
Recent Projects clear all - Petroleum Engineering and Development Company (PEDEC)

() Ocen RETINA Project

tEStDATAretma CEIEtE
. ) - Contact Support
Y —
o 0h 2

! Teb  +98218888 4437
4Dl Fax: +9821 8878 8649

certificates

User Technical
Manual Brief simulation
Site:  www.estdco.com

Email: info@estdco.com

Action: "Close Project” executed successfully Lock State: OK

Figure 1 —Starting Window of the RETINA Simulation 1

In addition to a brief introduction about RETINA Simulation 1, certificates, contact
support information and tutorials are available here. User can use one of the following
options to start working with RETINA:

Creating a New RETINA Project
Opening Results

Loading a Saved Project of the RETINA
Opening an Eclipse (E100) Data File

% Simulating a Queue of Files

For accessing certificates of Engineering Support & Technology Development Co. (ESTD)
information, links are available in “RETINA Simulation 1” and “Contact Support” sections,
respectively.

Page 13
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Recently used projects, and opened Eclipse data files as a history list, are displayed in this
page, also. User can remove history list either manually using “delete” option or remove

all of them by “clear all” button. Clicking on each project or data files in recent items, will
open the selected one. User can access to the file directory, by right clicking on each data

file in history list.

Note: No need to open a model or project in case of using “Open Results”, i.e. user can
open any result without loading a model.

Warning: The RETINA will be close after 10 min if the status of lock is not “OK “. The 5
definitions of DEFCON_5 to DEFCON_1 exist for lock status, if you don’t have proper lock
the status will come down from DEFCON_5 to DEFCON_1; afterward, the program will be
closed.

The options of open project, new project, open Eclipse project, and Exit options are also
available in the “File” tab (Figure 2). As displayed in Figure 3 the “Tools” tab includes the
open results option. Keyboard shortcuts for each button are also displayed, for example
the shortcut of “Ctrl+E” will lead user to open an Eclipse data file.

("2 RETINA Simulation™ 1 : tes

New CtrlsIN
D Open Ctrl+0O ,fq]_

B) Opentcipse  Cuiet I\@é«\? RETINA Simulation™ 1 Recent Data Files cesrai

Exit Ctrl+W

Founded in 2012, Engineering Support & Technology Development (ESTD) @ Open ECLIPSE Data File
works on development of a 3D dynamic Black Qil simulator program for
L Result Viewer fractured carbonate reservoirs named "RETINA Simulation™ 1" certified by

subsidiaries of Mational Iranian Oil Company (NIOC) including: =R 22
% Simulation Queue - National Iranian South Qilfields Company (NISOC)

- Iranian Offshore Qil Company (I00C)

- Iranian Central Oil Fields Company {ICOFC)
Recent Projects clear al - Petroleum Engineering and Development Company (PEDEC)
cerificates

() Open RETINA Project

E—
) s Contact Support
E‘ s 4 ¥ |

MP4

Tel +9321 3388 4437

User Technical 4D live Fax  +0821 5878 3640

Manual Brief simulation
Site:  www estdco.com
Email: info@estdco.com

Action: "Close Project” executed successfully Lock State: OK

Figure 2 — Start Page File Tab
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| . RETINA Simulation™ 1 : tes
File | Tools

I_ Result Viewer  Ctrl+T

Start Here g RETINA Simulation™ 1 Recent Data Files claral
\

New RETINA Project Founded in 2012, Engineering Support & Technology Development (ESTD) @ Open ECLIPSE Data File
works on development of a 30 dynamic Black Oil simulator program for

- fractured carbonate resenvoirs named "RETINA Simulation™ 1" certified by
Result Vi
& S subsidiaries of National Iranian Oil Company (NIOC) including: et TIATA iz

% Simulation Queue - National Iranian South Oilfields Company (NISOC)
- Iranian Offshore Qil Company (I00C)

- Iranian Central Qil Fields Company (ICOFC)
Recent Projects clear all - Petroleum Engineering and Development Company (PEDEC)
() Cpen RETINA Project

E— %
: ) e Contact Support
- |
Cror I o I s

Tel: +5821 BBBB 4437
Fax: +9821 8576 8649

certificates

User Technical 4D live
Manual Brief simulation
Site:  www.estdco.com
Email: info@estdco.com

Action: "Close Project” executed successfully Lock State: OK

Figure 3 - Start Page Tools Tab

1-1- Create a New RETINA Project

CIicking, the window of the Figure 4 which g

includes Project Name, Reservoir Name, | NewProjec
Engineer Name, Supervisor Name, Validator
Engineer Name, Start Date, Grid Type, and
System Phase fields is displayed. User can | esgincertiame Defaul Engineer

Project Name:

Reservoir Name: Default Reservoir

either fill these fields or leaves them | suevisortame Default Supervisor
defaulted. “Grid Type” must be set to one of

|H

Walidator Engineer Name: Default Validator

Start Date: Wednesday, June 11,1986

the “Single” or “Dual” cases. The single grid

Grid Type: [Smg\e

type describes a model with no fracture and | ssemphse Ol Water, Gas and Dissolved Gas

the dual grid type is applied for the fractured [ Conca ][

models. User can select the system phase of Figure 4 - Create a New Project

the model, using the “system Phase” combo
box. This combo box includes following five
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types of petroleum reservoir fluids: oil, gas,
water, dissolved gas, and vaporized oil.

1-2-  Open Results

User will be able to open multiple results of either RETINA or Eclipse for viewing or

comparing, using the button of &; afterward, the window of plot result viewer which

has been displayed in Figure 5 is opened. User can import multiple cases, and select
multiple vectors and objects. Also user can define multiple result sheets and select the
numbers of chart in each sheet.

Before loading the result files, the “Table” and “Comparison” buttons are inactivated.
User can import result files using + ~ button or remove them by — ; imported results
can be renamed by clicking on them. There are three choices for importing result files in
RETINA plot result viewer window:

Import RETINA Result File (with an extension of *.rri)

Import Eclipse Summary File (Eclipse unified or multiple binary result files with
extension of *.SMSPEC)

Import Eclipse RSM File (with an extension of *.RSM)
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e Result Viewer =)
Vector Results:

ctor Re +Ms @ Es

Settings:
2= v -
4 DD Vectors Select a chart first to show setting
W General data
[F1%4, Ratios

[l gt Performance
E1E, Rates
DQ Cumulatives
[FIEA pressures
173 volumes
[} B Froperties
a [ objects
[l o Field
[E1 B8 Groups
[ M Aquiters
[ W Regions
[ 54 wels
[ I0W Blocks
[ I8 well Completions
[ I Inter Region Flows
][ Region Types
[ B0 Aquifer Types

Cazes:

+-—EB0O@

Figure 5 - Plot Result Viewer Window

User can also choose or change unit system or precision of data, using Field
Figure 6 dropdown list and option, in all windows of the RETINA, ~ Metric (ECLIPSE™)

RETINA Result Viewer dialog will be described extensively, in Section 5l
5.

Figure 6 - Unit System

1-3- Open a Saved Project

Clicking on the D button, user can load a RETINA saved project, using Figure 6 window.

After selecting the path of the project, and a file with format of *.retina, the project is
going to open.
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_—- "
a Choose a .retina file to be opened- X

f"“" (rmsty  v|éllsearchesT P

Organize * Mew folder

.

- Favorites
Bl Desktop

Mame

| TESTCASE.retina.arrays

Date medified

8/11/72016 10:51 AM

Type

File folder

8/11/2016 10:51 AM

RETIMA File

| Public | _| TESTCASE.retina

= Libraries
3 Documents
J‘. Music

- 4|

File name:  TESTCASE.retina *reti vl

Cancel ]

Figure 7 - Project Path Window

1-4- Open Eclipse Data File

The “Import Eclipse” window of Figure 8 is opened, using @ button. It should be noted
that, RETINA can open the Eclipse data files with *.DATA format.

In the “File Path” section the recently opened data file paths are shown. In this section
the most recent item is displayed in the first row of file path table. For clearing all recent
paths, you can use the “Clear History”. User can select 3D check-box for having three
dimensional view of the reservoir model.
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Import Eclipse

ECL

Recently opened Eclipse data files:
File Path

DMESTDNProjects\RETIMA Sirnulation' Tasks\ Cases\test\testWTEST.DATA
DAESTDMProjects\ RETINA Simulationt Tasks\ Cases\test\test. DATA

Path: DAESTD\Projects\RETINA Simulation\Tasks\Cases\test\testWTEST.DATA E]

View 3D

’ Clear History ] ’ Cancel ] ’ oK

Figure 8 - Open an Eclipse Data File Window

Clicking the “OK” button and closing the window, “Message List” window is displayed.
User can see three levels for the messages of window. The first level which is indicated by

@ is Error messages. The second and third levels of the messages are indicated by A
(warning messages) and @ (information messages), respectively (Figure 9).
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2} Errors, Warnings and Informatiol EE ll

60 Messages; Errors:(5), Warnings:(1), Infos:(54) >.< T —

i
Data file was successfully opened with the following messages. Please review these messages as they can effect the results of simulation.

[DIA]®)

15 | @ Keyword Ignored: NSTACK -
I 17 | €3 Unhandled Keyword: DRV

18 | (@ Keyword Read: EQUALS ‘
19 | @ Keyword Read: COPY

20 | @ Keyword Read: MULTIPLY

21 | A, Errorin Keyword: DRV
22 | @ Keyword Read: SWFN
23 (I) Keyword Read: SGFM

24 | @D Kevword Read: SOF3

€) Unhandled Keyword: INRAD

This keyword has not been handled in RETINA Simulaticn™. The data associated to this keyword has been ignored. This can
affect the results of your simulation.

Figure 9- Message List Window

Error messages are displayed when there are one or more keywords in the data file,
which RETINA does not cover them. Simulating the data file without these keywords is
impossible. User must resolve the displayed Errors by removing or modifying them.
Note that for each keyword, the separate message is displayed where user can select
each message to see its details.

Warning messages are displayed when there are one or more keywords in the data
file, which RETINA does not cover them, but simulating the data file without these
keywords is possible. It should be noted that ignoring these types of keywords can
affect the running behavior and results of the simulation. If user wants to have same
results as Eclipse, these keywords must be removed from data file. Same as Error
messages, the separate message is displayed for each keyword, where user can select
each message to see its details.

® The information messages are displayed when keywords of the data file are covered

by the RETINA. The information messages are categorized in two types: a) messages
which are displayed for successful reading, and b) messages for ignoring some
keywords which have not effect on results of the simulation. Same as Error and

Page 20
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warning messages, the separate message is displayed for each keyword, where user
can select each message to see its details.

User can also filter the displayed messages for displaying just desired messages level
(Figure 10).

Q.i Errors, Warnings and Informatio

60 Messages; Errors:(5), Warnings:(1), Infos:(54)

oAe

it
!
i
Data file was successfully opened with the following messages. Please review these messages as they can effect the results of simulation.

Excepticn while Transferring Keyword: DRY Mot implemented Yet!

Figure 10 - Filtering of the Messages for warnings
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2- Main Components of the RETINA View

The main view of the RETINA after loading or creating a project will be similar to Figure
11, which consists of the following components:

e Program Standard Toolbar
e 3D View Toolbar

e Data Toolbar

e Left Panel

| 2\ RETINA Simulation™ 1 PSANPL =EE)

File Project Setting Validation Simulation Tools Options Help

D @ X .QPreprocessPerspective ’ &
Model Tree 3D Properties . Well Path M o~ SP-[-£-2- & -Q @

BT

4 Properties
ACTMNUM
EQLNUM
PERMX
PERMY
PERMZ
PORO
PORV
PVTNUM
ROCKMNUM
SATNUM

Grid Results (Loaded)
Grid Results (Live)

Geametry & Grid Data

Za @ e

m
)
=
[=)
o
=
T
g
o
o
=
1]
=]
o
=
=
E=]
5]
a=
]
w

Time Player - Grid Filters Enhanced Probe
L &

Step: 1, Date: 2005/02/01

Start D

Step:

Nurnerical Data & Results

I+

Time:

Project (name = PSAMPLE) was opened Lock State: OK Metric (ECLIPSE™) -

Figure 11 — RETINA Simulation 1 View
2-1-  Program Standard Toolbar

Program standard toolbar has been placed in top of the main view and consist of File,
Project Setting, Validation, Simulation, Tools, Options, and Help buttons. There are also
Facilities for opening and creating project, closing, saving, left panel show/hide,
perspectives, and result viewer options.
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File Project Setting Validation Simulation Tools Options  Help

D @ X :gii gpreprocessperspective D &

Figure 12 - Program Standard Toolbar
2-1-1- File

Create a New Project

Open a RETINA Saved Project
Open an Eclipse Data File
Close Project

Save Current Project

X EDY

Save Project as a New One
Exit

o

2-1-2- Project Setting

[j Project Information

?E Open Eclipse Import Messages
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2-1-3- Validation

Full Project Validation

Grid Validation

Function Validation
Initialization Validation
End-Point Scaling Validation
Aquifers Validation
Scheduling Validation
Numerical Validation
Output Validation

NNNSNNNNN

2-1-4- Simulation

B=  Start Simulation
@5 Simulation Configuration

2-1-5- Tools
& Open Plot Results Viewer
2-1-6- Options

?& Input/output Path

Validation

Bs.  Property Template

2-1-7- Help

@ Help Document
*{) Technical Document
& Keyboard Shortcuts

2-1-8- Perspectives

&Q Preprocess Perspective
E Simulation Perspective
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2-2- 3D View Toolbar
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3D view toolbar has been placed below the program standard toolbar, which is shown in
Figure 13.

*P-W-2-22- @BEC @hl=

Figure 13 — 3D View Toolbar

Dual View Option:

M Show Matrix View
F

%

Show Fracture View

Show Both Matrix and Fracture View
Sync Fracture and Matrix views

5§/5 Un -Sync
g‘gj Sync

Reset View

Render Actions consist of:
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Render Points
[J]  Render Wireframe
@) RenderSolid
T Camera Mode Option:

)  Perspective
)  Orthographic
x Camera Direction Actions consist of:
Camera direction on negative X-coordinate
Camera direction on positive X-coordinate
Camera direction on negative Y-coordinate
Camera direction on positive Y-coordinate
Camera direction on negative Z-coordinate
Camera direction on positive Z-coordinate
Z Scale Actions which is used for scaling the z-axis of a model in 3D view
3D View Setting

Save 3D View as .png File
Show or hide inactive cells

Create Polygons
Show or hide model grids

Show or hide model wells

Z3
&
£
1%
B

Show or hide aquifers
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2-3- Data Toolbar

The Data Toolbar consist of following 4 main tabs, which will describe in
this section:

e Geometry & Grid Data

e Reservoir Data

e Scheduling Data

Geometry & Grid Data

3 & 8][e

e Numerical Data & Results

2-3-1- Geometry & Grid Data

Geometry & Grid data tab is used for defining geometry and grid

Reservoir Data

properties, which includes following buttons:

Initializing Grids (is used just for new projects)

. 2.
¥

Grid file Importer
Grid data (like DX, DY, DZ, COORD and etc.)
Grid Property (like porosity, permeability and etc.)

Scheduling Data

] [:

Fault Manager
Dual (fractured models) Options
Face Manager

Script Calculator

Murmerical Data & Results

2-3-2- Reservoir Data

Reservoir data tab is used for defining reservoir data like rock and fluid  Figure 14-Data
Toolbar

properties, Aquifers, Regions, SCAL data and etc. This tab includes
following 6 buttons:

PVT Region Data

Rock Region Data

Saturation Region Data

Equilibration Region Data

End Point Scaling Region Data

Aquifer Data
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2-3-3- Scheduling Data

Well, group, drilling, rig and VFP definition and scheduling data are available in scheduling
data tab using following buttons:

Date Manger

Well Manager

Well Group Manager

Group Recurrent Manager
Vertical Flow Performance Manger
Well Recurrent Manager

Reservoir Recurrent Manager

Drilling Manager

B @ Qo [ 8 30 b7 @

Rig Manager
2-3-4- Numerical & Results Data

It includes two following buttons which are used for output selection before run, and
some numerical parameters for the simulation like time steps, solver type and etc.

Edit Numerical Parameters
E4  Manage Output Data

2-4-  Left Panel

This panel has three main tabs of “Model tree”, “3D Properties”, and “Well Path”.
2-4-1- Model Tree

Initially, model tree includes a node of “Project” which is parent of the following nodes:

e Grid
Functions
Initialization
EPS (End Point Scaling)
Aquifer
Scheduling

Numerical
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The “Grid” node has two child nodes of “Geometry” and “Properties”. The geometry
node includes information about the geometry of the model (like ZCORD, COORD, DX, DY
and etc.). The properties of model like permeability and porosity maps, Region Nums (like
PVTNUM, SATNUM and etc.) and other grid properties which can be entered using “Grid
Properties View”. Double clicking on each node of “geometry” or “properties” will lead
user to related window.

The “Function” node includes “PVT”, “Rock”, and “Saturation” (SCAL) properties of the
model which are available in “Reservoir Data” tab. User can open each node to see the
defined reservoir functions. Double clicking on each node of the “PVT”, “Rock” or
“Saturation” will lead user to the related window.

The equilibration data are displayed as child of the “Initialization” node. User can double
click on the “Initialization” node to open the “Equilibration Data Management” window.

The end point scaling data are displayed as child of the “EPS” node. Like other nodes,
user can double click on the “EPS” node to open the “End Point Scaling Data
Management” window.

The “Aquifer” node includes defined aquifer data of the model which are available in
“Aquifers Data” window; user can open this window by double clicking on the “Aquifer”
node.

” o

The “Scheduling” node includes “Wells”, “Groups”, “VFPs”, “Rigs”, and “Drilling Queues”
nodes, which are available in “Scheduling Data” tab. User can open each node to see the
defined reservoir functions. Double clicking on each node of the “Wells”, “Groups”,
“VFPs”, “Rigs” or “Drilling Queues” will lead user to the related window.

Double clicking the “Numerical” or “Output Data” nodes will lead user to related window
in “Numerical Data & Result” tab.

If user validate project using “Validation” button of the program standard toolbar, the

state of each node changes to error (.) or warning (&) in case of validation issues,

otherwise it remains in validated state (£). The validation full text messages for each
node are available in “Validation Messages” tab below the “Model tree” tab (Figure 15a).
If user wants to see all validation messages of current project, he/she will select “Project”
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node from the model tree tab. In some cases user just wants to see a special node
validation messages, in such cases he/she can click on the desired node (Figure 15b).

There is also a message filtering facility in “Validation Messages” tab.

Model Tree . 3D Properties Well Path Model Tree - 3D Properties Well Path

@ ers

4 €3 Project

. €3 Grid

' 0 Functions
@ Initialization
@ eps
O Aquifer

' Q Scheduling
0 Murnerical
A\ Output Data

Statistics Validation Messages

BIA|®

Messages

vyl < | Incomplete Initialization Data
@ Invalid Well Marme in WELTARG

8
9 | A No Analytical Aquifer Data
10 | @ CVs Deactivated

-

L

X

Incomplete Initialization Data

PEUE and RS not found! Initialization

data is incomplete! Either Equilibration
data or Initialization arrays (SGAS,

SWAT, PRESSURE and PEUB or RS) need
to be provided '

(a)

@ Aquifer
a Q Scheduling
4 € Wells
@ r2
. @) Groups
& vres

y 0 Reservoir Recurrents
. 0 Rigs
D Drilling Queues

Statistics  Validation Messages

BIAI@®

Messages
il ¢ | Invalid Well Name in WELTARG

4 T

€ Invalid Well Name in WELTARG

Well by the name: P1 does not exist for -
Well Target Constraint at date:
1982/01,/01

(b)

Figure 15- a) Model Tree All Validation Messages of the Sample Project, b) Model Tree Selected Node Validation
Messages of the Sample Project
There is a “Statics” tab in addition to the validation messages tab for Model Tree. This tab
displays specific description for each node. The “Project” node includes project name,
validator, supervisor and engineer names, and finally project (simulation) start date. The
“Grid” node includes type of grid geometry i.e. center-point, corner-point, or ZCORN
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COORD, number of total, active, and inactive cells, minimum and maximum values for
x,y,z, and the dimension of data file i.e. Nx, Ny, Nz; The “Function” node statistics tab
displays the number of defined regions such as PVT, Rock and saturation; the type of the
initialization is displayed in “Initialization” node statistics tab. number of End point scaling
tables and type of end point scaling is displayed in “EPS” node statistics tab. the “Aquifer”
node includes the number of aquifers, type of defined aquifers and number of aquifer
tables. The number of groups, wells, VFP tables, and other scheduling data is listed in the
“Scheduling” statistics tab. Solver options and Modeling options are displayed in
“Numerical” node, and finally, the output data counts are displayed briefly in the
statistics tab of the “Output Data” node. All of the aforementioned nodes have some
child and each child has own statistics information in detail.

2-4-2- 3D Properties

In addition to legend options and grid results import facility, the 3D properties tab
includes following nodes (Figure 16):

e Properties
e Grid Results (Loaded)
e Grid Results (Live)

Three tabs of “Time Player”, “Grid Filters”, and “Enhanced Probe” exist in lower section
of the left panel for 3D properties tab.

The “Properties” node includes all grid properties which have been previously defined in
“Geometry and Grid Data” tab. User can see the desired property map by clicking on it.
For example Figure 16 shows the horizontal permeability of the sample reservoir in “Y”
direction and Figure 17 shows the porosity map of the sample model.

Initially the legend data range of all properties which are displayed in 3D view is set to
predefined template. User can adjust the legend data range to the displayed 3D property

using (:T). For example, if this action is performed on Figure 17, the porosity map will be

like Figure 18. The predefined template range of porosity is [0 - 0.3] (Figure 17), but after
adjusting the legend the maximum and minimum values of the sample model is applied
and figure 18 is displayed.
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File Project Setting Validation Simulation Tools Options Help

D @ X lgpreprocessPerspective ’ &

Model Tree | 3D Properties - Well Path M o~ F@P-[-£-28- @& i
LN R |

4 Properties
ACTNUM
EQLNUM
PERMX
PERMY
PERMZ
PORO
PORV
PVTNUM
ROCKNUM
SATHNUM

Grid Results (Loaded)
Grid Results (Live)

Geometry & Grid Data

Reservoir Data

e e

Scheduling Data

Time Player  Grid Filters Enhanced Probe
L] &

Step: 1, Date: 2005/02/01

start [ ]

Step:

MNurnerical Data & Results
=

Time:

View 3d was changed to property mode Lock State: OK a Metric (ECLIPSE™)

Figure 16- Y-Direction Horizontal Permeability Map of the Sample Model

File Project Setting Validation Simulation Tools Options  Help

D @ X lgpreprocessperspectlve . &

Model Tree 3D Properties . Well Path M - @F ED - &E-z22- &
hiticd

4 Properties
ACTHUM PORO
EQLNUM
PERMX
PERMY
PERMZ
PORO
PORV
PVTHUM
ROCKNUM
SATHNUM
Grid Results (Loaded)
Grid Results (Live)

Geometry 8 Grid Data

Reservoir Data

£ a8 e

Scheduling Data

Time Player - Grid Filters Enhanced Probe
L &

Step: 1, Date: 2005/02/01

Start D

Step:

Time:

Murnerical Data & Results

View 3d was changed to property mode Lock State: OK o Metric (ECLIPSE™) ~ | (D

Figure 17- Porosity Map of the Sample Model
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For resetting the legend configuration to its default, the button of (E°) is used. The

displayed property value can be either continuous or discrete according to selected
property; for example porosity is a continuous property whereas PVTNUM is a discreet

-
(]
.

one. User can change the displaying mode to discrete or continuous status using ().

“Import Grid Results” button () is used for importing *.rri RETINA file format which is
available during and after simulation in the project path in result folder. A list of grid
properties is displayed in “Grid Results (Loaded)” node after importing result file. The
property also is displayed in 3D view section (Figure 19). If imported file does not include
any grid result, an information message is displayed.

Note: Grid results are generated only in case of selecting desired variables in “3D
Visualization Variables” tab of “Output Data” window.

After importing result files, user can press play button of which is exists in “Time Player”
tab to see the variation of selected variable values during time. For example Figure 20
shows the oil saturation distribution in reservoir in date of 2009/02/01. Note that the
initial date of simulation is 2005/02/01 according to Figure 19. The following buttons
exist in “Time Player” tab:

Going to the first step

Going to the previous step

Playback

Pause

Play

Going to the next step

Going to the last step

Active live result loader (only during simulation)
User can see desired 3D variables lively during simulating using 69 button.
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File Project Setting Validation Simulation Tools Options Help

D @ X .Q Preprocess Perspective ’ &

Model Tree 3D Properties . Well Path M - @F m - @ - i -zt~ @
E31
(L 0N b

4 Properties
ACTNUM PORO
EQLNUM
PERMX
PERMY
PERMZ
PORO
PORV
PVTNUM
ROCKNUM
SATHNUM
Grid Results (Loaded)
Grid Results (Live)

Geometry & Grid Data

Reservoir Data

e e

Scheduling Data

Time Player  Grid Filters Enhanced Probe
L] &

Step: 1, Date: 2005/02/01

start [ ]

Step:

MNurnerical Data & Results
13

Time:

Contour values were adjusted with current property values Lock State: OK a Metric (ECLIPSE™)

Figure 18- Adjusted Porosity Map of the Sample Model

File Project Setting Validation Simulation Tools Options  Help

D @ x lg Preprocess Perspective . &

Model Tree 3D Properties . Well Path M - @F m - @ - :1 - zg - @
E31)
hitic 1t

PERMY
PERMZ BOSAT
PORO
PORV
PYTHNUM
ROCKNUM
SATNUM
4 Grid Results (Loaded)
EPR
BOSAT
BWSAT g
ERS - »".;::,'z::..-:‘g.a"

Grid Results (Live)

Geometry 8 Grid Data

Reservoir Data

£ a8 e

Scheduling Data

Time Player - Grid Filters Enhanced Probe
L &

Step: 1, Date: 2005/02/01

Start D

Step:

Murnerical Data & Results

Time:

Contour values were reset to property template default values Lock State: OK a Metric (ECLIPSE™)

Figure 19- Loaded Grid Results for Qil Saturation Variable (Initial State)
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“Grid Filter” tab is used to filtering grid 3D view to display desired section or layer of the
model. This tab includes two separated sections of “lJK-Slice Player” and “Filters”. The
IJK-Slice Player section not only is used for displaying defaulted Slices in 3 main directions
of I, J, and K but also is used for defining custom IJK slice. For example Figure 21 displays
the 20™ layer of the sample model in X direction.

The following buttons exist in “IJK-Slice Player” section of “Grid Filter” tab:

Going to the first layer
Going to the previous layer
Playback layers

Pause

Play layers

Going to the next layer
Going to the last step

File Project Setting  Validation  Simulation  Tools Options  Help

D @ X .Qprepro(essl’erspective . &
Model Tree 3D Properties - Well Path M - FsM-P-2-2zi- @ Q D e[=

i RON e |

4 Properties
ACTNUM BOSAT
EQLMUM
PERMX
PERMY
PERMZ
PORO
PORV
PUTHUM
ROCKNUM
SATHUM

4 Grid Results (Loaded)
EPR
BOSAT
BWSAT

Time Player ~ Grid Filters Enhanced Probe

Za e

L L | &

E

Step: 5, Date: 2009/02/01

Start [] ena

Step: 5
Time: 14610 day

I+
x

Numerical Data & Results  Scheduling Data ' Reservair Data - Geomnetry & Grid Data

Time player state is 2009/02/01 Lock State: OK o Metric (ECLIPSE™)  ~

Figure 20- Loaded Grid Results for Oil Saturation Variable (After four years)




RETINA Simulation 1, User Manual

|, RETINA Simulation™ 1 : PSAMP) (o= o S|

File Project Setting Validation Simulation Tools Options Help

D @ X lgpreprocessPerspective ’ &
Model Tree 3D Properties - Well Path M - FSP-T- &£ -2t~ & Q %

LI ION e |

4 Properties
ACTNUM BOSAT
EQLNUM
PERMX
PERMY
PERMZ
PORO
PORV
PVTNUM
ROCKNUM
SATHNUM

4 Grid Results (Loaded)

Time Player Grid Filters . Enhanced Probe

e

DK-5lice Player
W W 4 L
Al @1 @) BK

1 0

Filters
+ -

[] User Defined Filters

=

Nurnerical Data & Results * Scheduling Data + Reservoir Data ~* Geometry & Grid Data

I+
X

UK-Slice was applied Lock State: OK a Metric (ECLIPSE™) -

Figure 21- 1JK-Slice in X-direction

It is possible to define five possible filters of box, geometry, polygon, property, and logical
using “Filters section. Clicking on the plus sign in the filter section allows user to define
desired filters. Each filter definition is explained here:

1. Block Box Filter: the dialog of the 5

Box Filter
Figure 22 is displayed if user wants to

add block box filter. Initially none of | firername Block Box 1

[} Invert the whole filter

the boxes are checked which means i
no filter is added to 3D view. The 1Bl Check L[ et VI From |4
name Of th e ”B | oC k_BOX_##” |S [7] Use AND operator between 1 and J filters instead of OR

J (ny = 36)

assigned to the defined block box

[ Check J Invert From: |1

filter, by default; this name is
. . . [7] Use AND operator between J and K filters instead of OR
editable. For adding filter on each K(nz=8)

direction, user should just check the kel Lkl 4

related box and enter the minimum

[ Cancel ] [

and maximum index in the specified

. . . Figure 22 Adding Block Box Filter
direction. For example the Figure 23
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displays the configurations for adding
a filter index of 2 to 10 in the “I”
direction. Clicking on the OK button,
filter will be applied on 3D view
(Figure 24). Note that the editing of
the defined filter is allowed by double
clicking on the added one in the
Filters section. If user unchecks the
“From” or “To” index values the 1
and maximum index of the model in
desired direction is assumed for
them, respectively.

User can define filters on two or
three directions, for example the
25 the filter
configuration for I-index of 2 to 10
and J-index of 3 to 25.

Figure displays

;“ Box Filter

Box Filter

Filter Name: Block_Box_1

[TlInvert the whole filter
I(nx=34)

[V Checkl [TlInvert] [¥]From: 1 #To:
[7] Use AND operator between I and J filters instead of OR
J(ny = 36)
[T] Check J Invert J From: |1
| Use AND operator between J and K filters instead of OR
K(nz=8)
| Check K

Invert K From: |1

[ cance  |[ ok ]

Figure 23 Adding Block Box Filter Index of 2 to 10 in the “I”
Direction

In such cases the sum of both filters are added to the 3D view (Figure 26); if user

checks the “AND operator” box (Figure 27) only grid cells which are exist in both
filters are displayed such as Figure 28. For having invert filters the “invert” check
box either for each direction or for whole filters must be checked. The Figure 29
displays the invert filter of the Figure 28 filters.
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File Project Setting Validation Simulation Tools Options  Help

D @ x .DPreprocessPerspective ’ &

Model Tree 3D Properties . Well Path M @f @ = @ - & - zg = {@
— E3n
LN |

4 Properties
ACTNUM PERMY
EQLNUM mDarcy
PERMX
PERMY
PERMZ
PORO
PORV
PYTNUM
ROCKNUM
SATNUM
4 Grid Results (Loaded)

Gaeometry & Grid Data

Resanvoir Data

Zlla @ e

Time Player Grid Filters . Enhanced Probe

Schaduling Data

TIK-Slice Player

@Al B1 ®) ®

Filters
+ v -

a [J] User Defined Filters
Block Box (1)

Murnarical Data & Results

Action: "Update After Filter Change" executed successfully Lock State: OK Metric (ECLIPSE™) @

Figure 24 Applied Block Box Filter Index of 2 to 10 in the “I” Direction on 3D View

o ==

Box Filter

Filter Name: Block_Box_1

[ Invert the whole filter
I(nx=234)

[¥]CheckI [TlInvertl [¥]From: 1 = @To: 10

[7] Use AND operator between I and J filters instead of OR
J (ny = 36)

[V]Check) []Invert) [¥IFrom: 3 sl @To: B

[7] Use AND operator between J and K filters instead of OR
K(nz=8)

[7] Check K Invert K From: |1

Cancel

Figure 25 Adding Block Box Filter for I-index of 2 to 10 and J-index of 3 to 25
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File Project Setting Validation Simulation Tools Options Help

D @ X ‘jPreproces;Perspectiva ’ &

Model Tree 3D Properties . Well Path M - @F m - @ > X - zg - {@
(LT |

4 Properties
ACTNUM
EQLNUM mDarcy
PERMX
PERMY
PERMZ
PORO
PORV
PYTNUM
ROCKNUM
SATMNUM

4 Grid Results (Loaded)

Geometry & Grid Data

Resarvoir Data

2 (a8 e

Time Player Grid Filters "~ Enhanced Probe

Schaduling Data

UK-Slice Player

@Al O ©

Filters
+ v —

4 [J] User Defined Filters
Block Box (1)

Murnearical Data & Rasults

B =

Action: "Update After Filter Change” executed successfully Lock State: OK a Metric (ECLIPSE™

Figure 26 Applied Block Box Filter for I-index of 2 to 10 and J-index of 3 to 25 on 3D View

Box Filter ] J K
oS

mmem-\e--

Filter Name: Block_Box_1

[} Invert the whole filter
I(nx=34)

[¥] Checkl [TlInvert] [¥|From: 1 - [ To: 10

[¥] Use AND operator between I and J filters instead of OR
J(ny = 36)

[V]Check) [TlInvert) [¥]From: 3 2 #Te: 25

[7] Use AND operator between J and K filters instead of OR
K(nz=8)

[T Check K Invert K From: |1

Cancel

Figure 27 Adding Block Box Filters with AND Operator
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File Project Setting Validation Simulation Tools Options Help

D @ X .0 Preprocess Perspective . &

Model Tree 3D Properties - Well Path M v @f m - @ - i -zt {@
E3D
Bitic ¥

a Properties
ACTNUM
EQLMUM
PERMX
PERMY
PERMZ
PORO
PORYV
PVTHUM
ROCKNUM
SATHUM

4 Grid Results (Loaded)

Geometry & Grid Data

Reservoir Data

Time Player Grid Filters . Enhanced Probe

Scheduling Data

LK-Slice Player

@ Al O

9]

Filters
+ - —
a [7] User Defined Filters
Block Box (1)

Nurnerical Data & Results

Action: "Update After Filter Change” executed successfully Lock State: OK o Metric (ECLIPSE™) ~ | (B

Figure 28 Applied Block Box Filters with AND Operator on 3D View

File Project Setting Validation Simulation Tools Options  Help

D @ X . .c}Preprnce;;PErspective ’ &

Model Tree 3D Properties . Well Path - @ @ - @ - X - zi - @
— ESn
mitic 1l

a Properties
ACTNUM
EQLNUM mDarcy
PERMX
PERMY
PERMZ
PORO
PORV
PVTNUM
ROCKMNUM
SATHUM

a Grid Results (Loaded)

PERMY

Geometry & Grid Data

Reservoir Data

Time Player Grid Filters . Enhanced Probe
UK-Slice Player

Scheduling Data

@Al O

1]

Filters
+ v -
4 [7] User Defined Filters
Block Box (1)

Mumerical Data & Results

Action: "Update After Filter Change” executed successfully Lock State: OK Metric (ECLIPSE™) = @

Figure 29 Applied Inver Block Box Filter
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2. Block Geometry Filter: the dialog of i ieometry Fiteg

Geometry Filter

the Figure 30 is displayed if user
wants to add block geometry filter. Fier Nome: T Cemmwm

[T Invert the whole filter

Initially none of the boxes are X (i X = 16268 (m), Max X = 35227 m)

[ Check X Tnvert X From: -1626.84

checked which means no filter is

. [] Use AND operator between X and Y filters instead of OR
added to 3D view. The name of the e e
“Block_Geometry ##” is assigned to BiCheck¥ [Jinvert [from: | 92038
the deﬁned blOCk geometry ﬂlter, by [7] Use AND operater between ¥ and Z filters instead of OR
Z (Min Z = -2883.91 (m), Max Z = -1434.6 (m))

default; this name is editable. For FiCheckz [inienz [from: | 2831
adding filter on each direction, user

should just check the related box and
.. . Figure 30 Adding Block Geometry Filter
enter the minimum and maximum

coordinates in the specified direction.

Geometry Filter

For example the Figure 31 displays

the configurations for adding a filter Fiter Name: Block Geomety 1

[ Invert the whole filter

from 0O to 5000 meter in the “X” X (Min X = -1626.84 (m), Max X = 13522.7 (m)

[¥] Check X [ClInvertX [¥] From: 0.0

direction. Clicking on the OK button,

[] Use AND operator between X and ¥ filters instead of OR

ﬂlter WI” be applled on 3D VieW ¥ (Min ¥ = 930.38 (m), Max ¥ = 16616.5 (m))
(Figure 32). Note that the editing of Ejchec [Jinven [from: | 55028
the deﬂned fllter iS allowed by dOUbIe [7] Use AND operator between ¥ and Z filters instead of OR
Z (Min Z = -2883.91 (m), Max Z = -1434.6 (m))

clicking on the added one in the Elheckz [limvenz Dfrom: [ 228301

Filters section. If user unchecks the

“From” or “To” field values the

Figure 31 Adding Block Geometry Filter from O to 5000m in “X”

minimum and maximum coordinate o
Direction

of the model in desired direction is
assumed for them, respectively.

User can define filters on two or
three directions, for example the
Figure 33 displays the filter
configuration for 0 to 5000 m in “X”
direction and 3000 to 10000 m in “Y”
direction.
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In such cases the sum of both filters are added to the 3D view (Figure 34); if user
checks the “AND operator” check box (Figure 35) only grid cells which are exist in
both filters are displayed such as Figure 36. For having invert filters the “invert”
check box either for each direction or for whole filters must be checked. The
Figure 37 displays the invert filter of the Figure 36 filters. There is the unit system
combo box in this dialog, in which the user can select desired unit system
including Field, Metric, and SI.

File Project Setting Validation Simulation Teols Options Help

D @ X .'DPreprUcEssPErspEctive . &
Model Tree 3D Properties - Well Path M v SP-V-2-21- & G

biti®k

a Properties
ACTNUM PERMY
EQLNUM mDarcy
PERMIX
PERMY
PERMZ
PORO
PORV
PYTNUM
ROCKNUM
SATNUM

a Grid Results (Loaded)

Geometry & Grid Data

10084 &
LA

Zaele

Time Player Grid Filters - Enhanced Probe
UK-Slice Player

Scheduling Data  Reservoir Data

@Al @1 ©) ©

Filters
+-—-

4 User Defined Filters
Block Geometry (1)

I+
*

MNumerical Data & Results
o

Action: "Update After Filter Change" executed successfully Lock State: OK Metric (ECLIPSE™) =

Figure 32 Applied Block Geometry Filter from 0 to 5000m in “X” Direction on 3D View
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Geometry Filter

smmssyaas

Filter Name: Block_Geometry 1

[T Invert the whole filter
X (Min X = -1626.84 (m), Max X = 135227 (m))

W] Check X [|InvertX  [¥]From: 0.0 [¥] To:

[] Use AND operator between X and Y filters instead of OR
¥ (Min Y = 930.38 (m), Max ¥ = 16616.5 (m])

CheckY [[InvertY From: 3000 To:

[7] Use AND operator between Y and Z filters instead of OR

Z (Min Z = -288391 [m), Max Z = -1434,6 (m))

[F]Check Z Invert Z From: -288391 To:

Metric (ECLIPSE™) »

Figure 33 Adding Block Geometry Filter from 0 to 5000m in “X” Direction and from 3000 to 10000m in “Y” Direction

File Project Setting Validation Simulation Tools Options  Help

D @ % .QPreproce;;Perspective . &
Maodel Tree 3D Properties - Well Path M - @ @ - @ - :y;_ - zg . @ G @ .

Bitic g

4 Properties
ACTNUM PERMY
EQLMNUM mDarcy
PERMX
PERMY
PERMZ
PORO
PORV
PYTHUM
ROCKNUM
SATNUM
4 Grid Results (Loaded)

Geormnetry & Grid Data

Raservoir Data

2@ e
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Figure 34 Applied Block Geometry Filter from 0 to 5000m in “X” Direction and from 3000 to 10000m in “Y” Direction on
3D View
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Geometry Filter [JK

smmcalaas

Filter Name: Block_Geometry 1

[T 1nvert the whole filter
X (Min X = -1626.84 (m), Max X = 13522.7 (m))

Check X DInver‘tX From: 0.0 Tn:

Use AND operator between X and ¥ filters instead of OR
¥ (MinY = 83038 (m), Max ¥ = 16616.5 (m])

CheckY [[lInvertY From: 30000 [#] To: 10000.0

[] Use AND operator between ¥ and Z filters instead of OR
Z [MinZ = -288391 (m), Max Z = -14346 (m]))

[T Check Z Invert Z From: -288391

Metric (ECLIPSE™) =

Figure 35 Adding Block Geometry Filters with AND Operator
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Figure 36 Applied Block Geometry Filters with AND Operator on 3D View
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Update After Filter Change" executed successfully Lock State: OK Metric (ECLIPSE™) -

Figure 37 Applied Inver Block Geometry Filter

3. Block Polygon Filter: for creating a polygon filter user must be pick the polygon

icon ”i}” from the 3D view toolbar (Figure 38a), and draw polygons by clicking

(Figure 38b). User can draw multiple polygons (Figure 38c). Double clicking in each
position will close the polygon. After creating all desired polygons, user can make
the polygon filter (Figure 38d) using “Add Polygon Filter” which is available in
“Filter” section. The name of the “Block_Polygon ##” is assigned to the defined
block polygon filter, by default; this name is editable by double clicking on the
created filter. If user wants to exit polygon drawing status the “Esc” key must be
used. Figure 38 displays the polygon drawing on 3D view.
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Figure 38 Creating Polygon Filter

Block Property Filter: the dialog of the | = ProperyFiter
Figure 39 is displayed if user wants to Property Filter
add block property filter. Initially none of
the properties are selected which means Filter Name:
no filter is added to 3D view. The name B
of the “Block_Property ##” is assigned || rere

to the defined block property filter, by
default; this name is editable. For adding
filter on each property, user must select
it using “Property to Filter” combo box;
if the property is schedulable user
should select the desired date using
”PrOperty Date” combo box. For adding Figure 39 Adding Block Property Filter
filter on each property, user should just

check the related box and enter the

minimum and maximum values for the

property. For example the Figure 40

displays the configurations for adding a

Property Date:




//’/';"’Er;]gin]eering Su?port &
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filter of permeability between 2000 and | < PropertyFilter
4905 md. Clicking on the OK button, || Property Fiter
filter will be applied on 3D view (Figure
41). Note that the editing of the defined Filter Name: Block_Property_1
filter is allowed by double clicking on the || Fimvert the wholeiker
added one in the Filters section. If user || Prepetytefiter [T
unchecks the minimum or maximum || "™ (s
limits of the filter, the minimum and (] Use Minimurn Limit: 2000
maximum values of the property in the || DuseMaimumtimc 4050
model are assumed for them,
respectively. The invert filter check box

is available also, for this type of filtering. o] (0K

(
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a Figure 40 Adding Block Property Filter on X-Permeability
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Action: "Update After Filter Change” executed successfully Lock State: OK a Metric (ECLIPSE™) -

Figure 41 Applied Permeability Filter on 3D View

5. Block Logical Filter: This type of filter is used for performing logical operations of
“AND”, “OR”, or “NOT”. For performing logical filter at least two filters are
required. The dialog of the Figure 42 is displayed if user wants to add block logical
filter.
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Logical Filter

Filter Mame: Block_Logical_1

[ Invert the whole filter

Block_Box_ 1
Block_Geometry_1

Figure 42 Adding Logical Filter

At first user must select a filter, a logical operation and then another filter. For
example Figure 43 displays the Block_Box_1 or Block_Geometry 1 Filters i.e. both
of them is displayed in 3D view. The name of the “Block_logical ##” is assigned to
the defined block property filter, by default; this name is editable. Note that since

the “NOT” operation is not a binary operation so it must be used before desired

filter which you want to exclude it. Figure 44 displays the using “NOT” logical
operation. The multiple and selective remove options are available for created
filters.

Note: The sign of “OR” in script is [ [, the sign of “NOT” and “AND” is “!” and “&&”
respectively.
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2| Logical Filter <, Logical Filter
Logical Filter Logical Filter

Filter Name: Bleck_Logical 1

Filter Name: Block_Legical 1
[ Invert the whole filter

[ Invert the whole filter

Block_Box 1
Block_Geometry_1

Block_Geometry 1
Block_Logical 1

Block_Box_1 || Block_Box_1 | Block_Box_1 || Block_Geometry_ 1 &8 Block_Logical_1

| cancel ||

Figure 43 Adding Logical Filter with “OR” Operation Figure 44 Using “NOT” Logical Operation

The “Enhanced Probe” tab is used to show the block information such as IJK index, global

index and grid properties. In this tab user can insert node Id and press apply to get the

related information. Also, user can select a nod from the 3D view of the model, by right
clicking on specific node.

If user selects a node from 3D view by click, a pink sphere will appear on the selected
node to indicate the selected grid and related information is displayed in status bar

messages. Figure 45 shows the “Enhanced Probe” tab, status bar and the selected node
on 3D view.

Note: The left panel hide or show actions can be performed using T—'E button.
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PERMX

Tirme Player Grid Filters Enhanced Probe

Mode Id: Apply

Variable | Matrix | Unit | &
Index 79 - | |
1 17 W

J 24

K 1
X 6533.68 m

| ngex | 1] 0] k|
1| 19 17
2| 50 24 15
3| 51 2 16
4
5

662 s 20
795 13 4

Clear History | | Show Diagram

Probe: CVid = 799 (17, 24, 1), x = 6533.68 m, y = 6893.28 m, z = -2602.45 m, PERMX = 43.7528 mDarcy

Figure 45- Enhanced Probe Tab

2-4-3- Well Path
There are three import options in this tab:

1. Import Well Path
2. Import Well Event
3. Import Well Observed Data

Figure 46 displays the well path tab in the left panel, user can import desired data using

&,
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Model Tree 3D Properties Well Path
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Figure 46 Well Path Importing Facility

1- Import Well Path:

Import of well path data is the first step in the well import process. The deviation file can
be imported well by well, for several wells together or for multiple wells in one file or
even for multiple separated files. If multiple wells are included in a single file there are a
series of options for determining how the settings for different wells are distinguished.
The deviation file should be in ASCII format with the data organized in columns.

There are eight sections in the import well path dialog including: File Path, Hint, Format,
Column and Unit, Reference depth, Vertical Direction, Options, and Preview for the first
200 lines of the imported data.

In the file path section the path for the imported deviation file is displayed. There is a hint
section in this dialog which informs user that the “%” symbol in a well name donates a
parent/branch relationship. For example a well named P1%B1 indicates that it is a branch
from well P1 and the name P1%B1%B2 indicates a branch from well P1%B1 well.
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The survey format and calculation method can be set in this section. Data can be of
several survey formats:

e Measured depth, inclination, azimuth (MD_INC_AZIM)
o Angles can be Deg or Rad, azimuth (in degrees) should be between -360 and
360, inclination (in degrees) between 0 and 90, 0 being vertical, 90 horizontal.

X-offset, Y-offset, True vertical depth (DX_DY_TVD)

X, Y, True vertical depth (X,Y,TVD)

X,Y,Z(X_Y_2)

Measured depth, X-offset, Y-offset, True vertical depth (MD_DX_DY_TVD)
Measured depth, X, Y, True vertical depth (MD_X_Y _TVD)

Measured depth, X, Y, Z(MD_X_Y_2)

There are three methods of “Linear”, “Minimum Curvature”, and “Automatic”, to
calculate the well trajectory using the imported data. If one of the surveys formats which
include measured depth is selected, the method is not selectable.

Note that only three columns of the data are enough for calculating well path. User can
assign units and number of columns in this section. The reference coordinate and Kelly
bushing depth must be entered in “Reference depth” section; if user leaves all the
reference fields blank a warning message is displayed. The vertical directions of TVD or Z
related to the selected survey format can be set upward or downward in the “Vertical
Direction” section. There another section in this dialog titles “Options” which includes
“Column and Well Name” and “Comments and Prefix” sub-sections. User can set the

columns as number or string by entering N or S for each column, respectively; the well

name option which indicates where the well name has been entered in the deviation file
is available for user. In the sub-section of “Comments and Prefix” the comment sign, well
name line prefix, and missing value sign fields are available for user to editing, also. User
can see the first 200 lines data preview in the “Import Well Path” dialog. Figure 47
displays the Import Well Path dialog for a typical deviation file. If user press “OK for all”
the setting are applied to all of the imported wells. The imported wells are displayed in
well path tab and user can check their check boxes for displaying the in the 3D view.
Figure 48 displays the imported well path in 3D view. The multiple selection and remove
options are available in this list.
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Import Well Path

File Path {1/1):
D:AESTD\Projects\RETINA Simulation! Tasks\C. d

Hint: Preview (First 200 Lines)
The '3 symbol in a well name deontes a parent/branch relationship. For example, a well # WELL TRACE FROM PETREL
named P1%B1 indicates that it is a branch from well P1 and the name PL%B1%B2 indicates L NAME: po7
gl R HEAD X-COORDINATE: 5518.11886590
An imported branch well will be truncated o that it starts at the point where it kicks-off HEAD Y-COORDINATE: 9748.99266600
from its parent. Ke: 2. 00000000
TYPE: UNDEFINED
Format: MD AND TVD ARE REFERENCED (=B) AT KB AND INCREASE DOWNWARDS

urvey format: # ANGLES ARE NOT EXACT (TRACE WAS NOT IMPORTED USING ANGLES)

Method: LINEAR D X ¥ z ™o DX oY AzZIM el oL

Column and Unit Refrence Depth 2206.6886392  5518.1188659 9740.9926600 -2206.688639 22066836390 0.0000000000 0.0000000000 38.438481821 78.686999207 0.0000000000
2221.272061  5519.1461499 9752.0736317 -2209.584316 2209.5543160 9.0272531000 11.088971700 39.599205102 75.485724779 3.0008668419
20358554836  5528.4444818 9762.0100532 -2212,547034 2212,5470340 18.325615000 21.917393200 41.354948471 78.149261440 3.0000102520
2250.4389857  5535.0078407 9773.4949045 -2215.574573 2215.5748730 27.356974800 32.502244600 42.531200250 77.385903597 2.9999227524
2065.0223279  5547.8300303 9783.8213289 -2218.665672 2218,6658720 37.711164400 42.828658000 44.302389481 77.641725843 2,9999725819
2279.6057501  5557.9046877 9793.8826363 -2221.513029 2221.5150290 47.755621800 52.589976300 45.774299371 77.393974665 2.9999365807
2094.1891723  5568.2252864 983.6723092 -2225.029301 2225,029310 53.106420500 62.679649200 47.250932925 77.165795347 2,9999786745
2308.7725944  5575.7851486 9513.1840055 -2228.297685 2228.2976080 68.666274700 72.191345500 45.728328437 76.934355330 3.0001497269
23233560166  5589.5774095 9822.4115635 -2231.620833 2231,6208330 79.458543600 §1.418903500 50.210262174 76.722847964 3.0000805855
2337.9394385  5600.5951017 9531.3490055 -2234.996523 2234.9965230 99.476235800 90.356345500 51.693299959 76.508343107 2.9999992547
2352,5228609  5611.8310797 9539.0905417 -2238,423392 2238,4233920 101,71221380 98.997881700 53.180134530 76.314159530 2,9997692108
2367.1062831  5623.2780645 9545.3385739 -2241.595319 2241.5953190 113.15919890 187.33791390 54.667884134 76.117313657 3.0000231266
2381.6897053  5634.9286414 9856.3636993 -2245,410353 2245,4193530 124,80977550 115.37103930 56.150596217 75.941024764 3.0000760555
Vertical Direction: 2396.2731275  5646.7752611 9564.8547148 -2248.954213 2245.9542130 136.65639620 123.09205400 57.652461755 75.762306892 3.0008717640
& = 2410.8565496  5658.8102526 9571.4886163 -2252,500500 2252,5005000 143,69138670 130,49595630 50.148687736 75.6@4471814 2,9999673367
® 7t ©f] 24254399718 3671.6258164 96755706097 -2256.236148 22562361400 160, 90695050 13757794970 G0.645682409 75.444486732 2.999975329
24490233948  5683.4140400 9585.3261064 -2259,918525 2250,9185250 173,20517410 144,33344640 62.146087445 75.305599692 3.0000123978
2454.6065161  5695.9668983 9591.7507302 -2263.635335 2263.6353350 185.54503240 150.75807020 63.647176454 75.164764427 3.0000224113
2469.1902383  5708.6762593 9897.8403191 -2267.384171 2267,3841710 198,55739340 156.84765910 65.151136968 75.045303693 3.0001015653
2483.7736605  5721.5338897 993.5909282 -2271.162664 2271.1626640 211.41502380 162.59526820 66.655901157 74.924076411 2.9999539552
2498.357827  5734.5314601 9908.0988321 -2274,968187 2274,9681870 224,41250420 168.00617210 68.163160710 74.824373993 3.0000081052
Column and Well Name Comments and Prefix 2512.9465645  5747.6685506 9914.0605275 -2278.793454 2278.7954540 237.54168470 173.06786750 69.670674211 74.723130674 2.9995931885
Dataline Format: NNNNNNNNNN ~ Namelineprefic £ WELL NAME: 2527.5239278  576@.9126560 9918.7727354 -2282.650923 2282.6509230 250.79379010 177.780@7540 71.180647064 74.643553356 2.9999833107
2542.1073492  5774.2791913 9923.1324031 -2286.523160 2286.5231080 264.16032540 152.13974310 72.699883932 74.562541371 3.0008674725
Well Name Options: Comment String: = 25566907713 5787.7514975 9927.1367065 -2200.412475 2200,4124750 277.63263160 186.14404650 74.202679310 74.503362555 2,9999079704
) Name on first data line " , 3571.2741935  5801.3208471 9936.7830514 -2394.316539 22943165290 291.20195120 159.79939140 75.715259257 74.442847211 3.0000545770
issing value:
) Name of every data line ? <

Column Value

Options:

©/ Name as part of header

Metric (ECLIPSE™) J [ cancel | [ oKforal |

Figure 47 Import Well Path Dialog
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Figure 48 Visualizing the Imported Well Paths
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2- Import Event File:

The completion events are stored in the completions node under each well node. Choose

the import event file option from well path tab import icon; RETINA can import well
event data (ASCIl) (*.ev) file. Events listed in Table 1 have been supported in current
version of the RETINA Simulation™.

Table 1 Event and Completion Names

Event name in File

Completion name

Perforation

Perforation

Barefoot

Perforation

Acidize

Stimulation

Stimulate

Stimulation

Frac

Stimulation

Rework

Perforation

Plug Plug

Squeeze
Well test
Well test
Well test

Squeeze
Welltest
Welltest-PI
Welltest-PM

The format of the events in the event file should be as following:

e Perforation, barefoot and rework:
The WELLNAME keyword is followed by the well. The first column of data is the
date at which the events were performed. The following information is the event
type, the top Mdepth, the base Mdepth, the wellbore diameter, the skin, optional
lump connection, and optional relative permeability scaling.

Acidize, stimulate, and frac:

These events modify the damaged skin used in the connection factor calculation
over a specified measured depth. WELLNAME is present afterward Date, top and
bottom Mdepth and Skin should be entered.

Plug and squeeze (cement squeeze):

These both act to close connections.




e AT
o Squeeze: closing connections over a specified range. The squeeze has two
items following the squeeze name namely top and bottom measured
depth.

o Plug: closing all connections below a given measured depth. The plug has
only one data item following the plug name, namely top Mdepth.

o Welltest:

Welltest pacifies the Kh product over the entire well. Following the Welltest name
is the Kh value. DATE EVENT Kh skin start-Mdepth stop-Mdepth is after that.
Welltest-Pl

DATE, EVENT, pi-liquid, and pi-gas must be entered respectively, in this event.
Welltest-PM

DATE, EVENT, pi-multiplier, start-Mdepth, and stop-Mdepth must be entered
respectively in this event.

(
/7
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The Import Well Event dialog (Figure 49) is displayed after selecting .ev file using well
path tab import facility.

Import Well Event

File Path (1/1):
D:\ESTD\Projects\RETINA Simulation\ Tasks\Cases\Wellpath\Well_ Engineering\Well_Engineering\VariousEvents.ev

Options: Preview (First 200 Lines):

Well Name Options: UNITS METRIC

") Name of every data line WELLNAME P@7

® Name as part of header > Name fine prefoc | WELLNAME 14.01.2010 Perforation 3400.0 3800.0 ©.71 0.3

WELLNAME POS

14.02.2005 Perforation 4486.0 5200.8 0.7 @
14/02/2005 Barefoot  3900.0 4900.0 0.75 1.20
po7 Po7 - 14.02.2005 Rework 4500.0 5900.0 ©.78 0.9
P08 Ignore event i 14/02/2005 Acidize 4486.0 4366.0 -10
14.02.2005 Stimulate 4550.0 6000.8 -5
14.02.2005 Frac 5100.8 538.8 -6
14.02.2005 Plug 4756.0

14.02.2005 Squeeze 4500.0 4700.0
14.02.2005 Welltest 10660 2 3000 5258
14.02.2005 Welltest-PI 100 120

14.02.2005 Welltest-PM 4.5 5100 5120
14.02.2005 Perforation 4186.8 4960.8 .17 18
14.02.2005 Perforation 3906.0 5800.0 .27 20

Well name in file Available well trace ‘

Units:

1 2 3 5 [ 7 8 9
Variable |Measure Depth  Well Bore Diameter  Skin FI PIMultiplier Length Permeability Orientation

[T T T T I T T I LTI~

Uit |m -m - = - m¥/day.Bar - - m - mbary - deg

ok ][ cancel ][ OKforan

Figure 49 Import Well Event Dialog
The import well event dialog consists of four main sections including File Path, Options,
Units, and Preview.
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In the file path section the path for the imported event file is displayed. User can specify
that the well name is repeated every line or as part of header. If user chooses “Name as
part of header” the name line prefix must be entered. There is a table of imported wells;
user can ignore or map the available wells for importing. There is a section titled “Unit” in
this dialog in which user can set the desired unit for each variable independently. The
first 200 lines of the imported file are displayed in Preview section. If user press “OK for

|II

all” the setting are applied to all of the imported wells. The imported events are

displayed in well path tab and user can check their check boxes for displaying the in the
3D view. Figure 50 displays the imported well path in 3D view. The multiple selection and
remove options are available in this list. User can define desired event using “+” button.

File Project Setting Validation Simulation Tools Options  Help

D @ X .QPreprocessPerspective . &

Model Tree 3D Properties Well Path M - @ m - @ - i -8~ {@ @ v ‘k e
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Plug [2005/02/14]
Squeeze [2005/02/14]
[] Welltest [2005/02/14]
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Import All Well Event” executed successfully Lock State: OK o Metric (ECLIPSE™) ~ | (D)

Figure 50 Visualizing the Imported Well Events
3- Import Observed Data File:

The Observed data is stored in the observed data node under each well node. Choose the
import observed data option from well path tab; RETINA can import well event data
(ASCII) (*.vol) file.
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The import observed data dialog consists of four main sections including File Path, Hint,
Options, and Preview as displayed in Figure 51.

T——— TS,

Import Observed Data

File Path (1/1):
DAESTDProjects\RETINA Simulation\Tasks\Cases\Wellpath\Well_Engineering\Well_Engineering\HistProd.vol

Hints: Preview (First 200 Lines):
1.If unit doesn't entered, it will be defaulted to "FIELD". *METRIC
2. The only acceptable date separators are ".", "-", "/". *DAILY
R *IGNORE_MISSING
Dptons *Date *WCT  *WPR *GPR *OPR  *BHP
Well Mame Options: *Name

1 Mame on first data line o2
_) Mame of every data line :93:

aeppeRe+o88
6e00e0e+000
6e0000e+088
epdeRe+280
Geo0eRe+200
BaaBeRe+B00
aeppeRe+o88
6e0000e+088
ae0080e+080
Geo0eRe+200
Be0000e+800
GaooaRe+BBE
6e00e0e+000
6e0000e+088
epdeRe+280
Geo0eRe+200
BaaBeRe+B00
aeppeRe+o88
6e00e0e+000
ae0080e+080
epdeRe+280
Be0000e+800
BaaBeRe+B00
6e00e0e+000
6e0000e+088
epdeRe+280
Geo0eRe+200
BaaBeRe+B00
aeppeRe+o88
6e00e0e+000
ae0080e+080
. BBBBERe+BRE

BeBBERE+088 . 323775e+886
BeBBERE+008 .485165e+806
BeEBERe+088 .473332e+006
BepReRe+280 .528480e+805
BeoRERe+2E0 .548823e+806
BaBRERE+BEE .58@8232e+886
BeBBERE+088 .687351e+886
BeEBERe+088 .622784e+006
BeoRaRe+288 . 6446580e+806
BeoRERe+2E0 .664434e+806
BeERERe+220 .63@8936e+805
BabeaRe+BBE .785196e+B86
BeBBERE+008 .722265e+006
BeEBERe+088 . 739457 e+006
BepReRe+280 .768357e+806
BeoRERe+2E0 .793427e+806
BaBRERE+BEE .828413e+886
BeBBERE+088 .9853542+886
BeBBERE+008 .119348e+806
BeoRaRe+288 .217922e+0806
BepReRe+280 . 279473e+806
BeERERe+220 .387185e+885
BaBRERE+BEE .325624e+886
BeBBERE+008 . 2738660+006
BeEBERe+088 . 18687 3e+006
BepReRe+280 . 8820272 +806
BeoRERe+2E0 .874414e+806
BaBRERE+BEE . 8759482 +886
BeBBERE+088 .8724422+006
BeBBERE+008 . B727080e+006
BeoRaRe+288 .189278e+806
. BBBEERe+208 .119388e+805

@ Name as part of header > Name line prefic  *Name -e4.
.85.

.a7.
Well name in file HAailable well trace |
P01 Ignore data -

P02 Ignore data -

P03 Ignore data
P04 Ignore data
P05 Ignore data
P0G Ignore data

[ R )

Data name Property identifier
WCT Water cut

WPR Water production rate
GPR Gas production rate

OFR Qil production rate

Bottom hole pressure

I

P PP PP PIPIOIIIPIIPIIPIISIOOI DS
P PP PP PP PIPIOIIIPIIPIIPIISISISI DS

@ Create New

_) Merge with previous 1

Cancel ] [ OK for all

Figure 51 Import Observed Data Dialog

In the file path section the path for the imported .vol file is displayed. User can specify

that the well name is repeated every line or as part of header. If user chooses “Name as

part of header” the name line prefix must be entered. There is a table of imported wells
and a separate table of imported historical data; user can ignore or map the available
wells and also property identifiers.

If user press “OK for all” the setting are applied to all of the imported wells. The imported
observed data are displayed in well path tab. The multiple selection and remove options
are available in this list.
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4- Convert Imported Data to RETINA Simulation™:

User can export the imported data to Export Well Path Kol =T

Export Well Path Keywerds

RETINA using m The Figure 52’s dialog, is m
displayed in case of export data. T

If the well path has some intersection with Start date Tuesdy [EERGROL20 @~
the model grid (Figure 53) the well can be | e S
created in the RETINA well manager dialog - 1 ’
with related keywords. The exported wells :s:"jmtfm", =
and related keywords are displayed in the Injectors control mode: [RATE
Figure 54. Well shut mode: [sHuT

Figure 52 Export Well Path Keywords Dialog

File Project Setting Validation Simulation Tools Options  Help

D @ X .OPreprocessPerspective . &

Model Tree 3D Properties . Well Path M - SP-[-£-28- & Q b w
® it e : ‘ -

4 Properties
ACTHNUM
EQLNUM
PERM
PERMY
PERMZ
PORC
PORV
PYTMUM
ROCKNUM
SATHUM

4 Grid Results (Loaded)

=
=
]
a
=
]
E
=
k]
£
s
@
o

Zae e

Time Player Grid Filters . Enhanced Probe
IK-Slice Player

Scheduling Data ~ Reservoir Data

@Al B ®

Filters
+ X
— + -
[T] User Defined Filters

Mumerical Data & Results

Inactive cells were hidden Lock State: OK a Metric (ECLIPSE™)  ~

Figure 53 Intersecting Model Grids and Imported Well Path
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Well Manager

Well Recurrents

+ v = Keyword Info:

Name

Well Name Defined Dates: | 2005/02/01 -

Value | Description

Open/shut 7|
Keywaords: penfEhuETag
WCONHIST (2008/08/01)
WCONHIST (2008/09/01)
WCONHIST (2008/10/01)

Contorl mode
PO7%P08

g I Observed oil production

Observed water production

Observed gas production

WCONHIST (2008/11/01)
WCONHIST (2008/12/01)
a Perforations

Production Well VFP Table
Adtificial lift quantity

QOPEN

RESV
191659
6.42804
3.17656E+06
Reset

Observed tubing head
COMPLETION (2005/02/01) servec tubing head pressure

COMPLETION (2005/02/01)
COMPLETION (2005/02/01)
COMPLETION (2005/02/01)
COMPLETION (2005/02/01)
+ COMPLETION (2005/02/01)
COMPLETION (2005/
Wideard_| COMPLETION (2005/
COMPLETION (2005/1
WPIMULT (2005/02/01)
COMPLETION (2005/02/01)
™ These well recurrents are set from a wildcards. Te change
parameters choose the corresponding wildeard.

Observed bottom hole pressure 127,631

Import Eclipse Well Data | | Cancel [ validate First Step -

Metric (ECLIPSE™) | [mport Eclipse Well and Group Datal |

Figure 54 Exported Well Path Keywords

Each component of the well path tab has its own data which user can access and edit the
desired data by double clicking on the node. For example double clicking on imported
well name in well path tab will open the Figure 55’s dialog.

< Well Track Spreads|

Well Track Spreadsheet for "P07"

WD (m)
2206.69
222127
223586
225044
2265.02
2279.61
229419
2308.77
232336
2337.94
2352.52
236711
2381.69
2396.27
241086
2425.44
244002
245461
246919
2483.77
2498.36
251294
2527.52

INCL (deg)
78547

784116
781464
773888
77.6389
77.3968
771629
769372
76.72

76.5113
763113
761202
759381
757652
75.6016
754474
75.3027
751677
75.0424

74927
748215

74726
74,6407

| zm
-2206.69
-2209.58
-2212.55
-2215.57
-218.67
222182
-2225.03
22283
-2231.62
22350
-2238.42
22419
-224542
-2248.98
-2252.59
-2256.24
-2259.92
-2263.64
-2267.38
227116
-2274.97
22788
-2282.65

Xm) | vim)
551012 974099
551915 975207
552844 9762891
553801 977349
554783 978382
55579 979388
556823 980367
557879 981318
558958 982241
56006 983135
561183 983999
562328 984333
563493 985636
564678 986408
565881 987149
S67LO3 987857
568341 988533
569597  989L75
570868 989784
5712153 930359
573453 9909.0
574766 991406
576091 951877

AZIM (deg) | DX(m) | DYim) | TVD(m)
39,1685 00 0.0 2206.69
30,8097 220958 15
41.3643 221255 30
s28317 221557 30
44.3019 2218.67 30
457748 22182 30
47.2505 2225.03 30
487289 2283 30
50,2099 223162 30
516935 22350 30
531797 2238.42 30
54.6683 2419 30
56,1594 224542 30
576527 224898 30
591483 2252.59 30
60,646 2256.24 30
62,1458 2250.92 30
63,6474 226364 30
65.1509 2267.38 30
666561 227116 30
681628 2274.97 30
69671 2788 30
711804 228265 30

DLS (deg/30m)
00

902728
18.3256
27889
377112
47.7838
58.1064
68.6663
79.4585
904762
101.712
113159
12481
136656
148.691
160907
173.295
185848
198.557
211415
224413
237542
250.794

11.081
2.8174
325022
428287

5289
62,6796
721913
814189
90,3563
98.9979
107,338
115371
123.002
130.496
137578
144333
150,758
156848
162,598
168.006
173.068

177.78

Figure 55 Well Tack Spread Sheet
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3- How to Use Data Toolbar

After creating a new project (refer to section 1-1) and defining desired unit system, user

should use data toolbar to define grid geometry, reservoir, wells and output data.
3-1- Using Geometry & Grid Data Tab

This tab which includes seven buttons (refer to section 2-3-1) is used for defining the

reservoir dimensions (number of grids in each directions of X, Y, Z), grid data, grid
properties, Fault Face or connections and fracture (dual) options.

3-1-1- Define Grid Data

Define Grid Data window (Figure 56) is opened, using the ﬂDeﬁneGndDatau_l_J

button of initialize simple grid B 1n this dialog the number | Pefine Grid Data @ EI
of grids is defined only for center point grid data.

Nx, Ny, Nz indicates number of grids in X, Y, Z directions,
respectively.

3-1-2- Grid Data Tab

Pressing OK in the “Define Grid Data” will lead user to center

point grid data window which is shown in Figure 57. The DX, : —
Figure 56- Define Grid Data

DY, DZ and TOPS values are required for this type of

geometry. DX, DY and DZ are distance of the two neighbor

blocks in X, Y and Z directions, respectively.

A) Center Point Geometry Type

As mentioned before, the DX, DY, DZ and TOPS values are required for this type of
geometry. In this type of the geometry, user can define dip for the model, using “Define
Dip” button. Define Dip window has been shown Figure 58 in which the axis and shift in Z
direction (delta Z) must be entered. For example assume you want to define dip for a
model with dimension of 3*3*2 with DX=DY=DZ=1 (Figure 59a), if you define dip in X
direction with 0.5 m shift in Z direction Figure 59b will be displayed.
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Engineering Support &

&" Center Point Grid Data

Center Point Grid Data

x|
oy
DZ

A = e e = R - A R A T S T T
[F=J I i I = (N S (R PV NP g )

-

3

[ Grid Coordinate System ]
| [Copy&MuItip\y] [ Edit Property ] [ Set By Layer ] [ Cancel I [ 0K ]

Figure 57- Center Point Grid Data Window

2, Define Dip ESREERS

Define Dip

Delta Z: 0.0

Metric (Eclipse) +| [0.00] | cancel ||

Figure 58 - Define Dip
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Pl brofe Seing wion  Teols  Optoms  Help Toa

DEx (B [0 premocess pempecte | [ s DR % BE B [R5 o o] [ smisionpespectne %

R - FP-W- -t | 0 Proputes - s@-W-X-z2- @ED
1 Tt ®itie |

Propetes

G Rasus (Loaded) Grid Rasuls (Loaded)
Grie Resuts (Live) d] Gric Resuts (Live)

i_f

Grid was updated Lock State: OK @ (00| Mevic €CLPSE™) - Bl Grid was updated Lock State: OK B8 (0] Meric ECLPSE™) - (D)
— —

Figure 59- a) A model without Dip, b) Dip in X direction with 0.5 m shift in Z direction

There is a square field in Figure 57, in which user can enter layer number (K=1, 2...) to see

or edit the related values of the data. Also user can use arrows to go to the first layer,

previous layer, next layer last layer and jump to a specific layer. Jumping will be done

after entering the layer number and press the button of ((¥). There are following buttons

in the “Center Point Grid Data” window:

pe—— )

Local Coordinate System

Define Grid Coordinate System
Copy & Multiply

Edit Property Origin X
Set By Layer Origin Y: 139091

O K Origin Z: 0.0
Input Type: K axis, ¥ axis 8 Z axis A

X Axis vector it 10

Cancel

X Axis vector j: 0.0

Define Grid Coordinate System: X e vector o 00
The local coordinate system is defined using this [ ¥asvees 00

Y Axis vector j: -1.0

button. It includes origin coordinate (X, Y, Z), input
¥ Axis vector ke 0.0

type, and axis vectors (Figure 60). The input type can be

7 Axis vector it 0.0

one of the following items:

Z Axis vector J: 0.0

L X aXIS & Y aXIS Z Auxis vector k: -1.0

e Xaxis & Zaxis [ cnca [ ok |
Y axis & Z axis

Figure 60- Local Coordinate System
X axis, Y axis & Z axis
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Copy and Multiply:

E

-
<) Copy and Multiply Properties

The “Copy and Multiply” window has been

. . . Copy and Multiply Properties
displayed in Figure 61. User can perform copy,

multiply or add offset to the selected property,

Box

defining the ijk range of the grids in “Box”
section. Currently the Y = aX + b formula can
be used, Where Y and X are destination and

LK Start:

LK End:

Equation

source grid properties, respectively. These Destination Grid Property (Vil: ~[1970/01/01 DX

properties can be chosen from “Equation”

Source Grid Property (Xi): |19?0.a'01x'01 DZ

section of the window. If you want to copy a
Multiplier (a): 1.0
property values to other one you just insert 1 for

Offset (b): 0.0

multiplier “a”. If you want to add an offset to

the selected property, fill Offset (b) field.

Hint: ¥i= aXi+ b

Cancel | [ QK

Field -| [000] |

Figure 61- Copy and Multiply Window

Edit Property:
Edit property window consist of four separated

<| Edit Center Point

Edit Center Point

sections of, Layer, Region, Grid Data, and Value.

Layers

Start Layer Index:

Layer: The layer range is specified (for example 1
to 3).

End Layer Index:

Region

Region:

Structured Region

Region: L[1 to 10], J:[1 to 10], K:[1 to 3]

Region: The region is specified using “Structured

button.

options for defining desired region:
e Define: Structured Box (lJK)
e Define: List of Nod Indices

Grid Data

Region” There are three definition

Grid Data Name: DX

Value

Value Type:

NUMBER hd

Value: 5

Cancel ‘ [ OK l

e Define: Range of Indices

Metric (Eclipse) ~| [000] |

Figure 62- Edit Center Point Grid Data Window

Structured Box (lJK): in this case, the region is defined using grid indices. The box

boundary indices of |, J, K are inserted in this window (Figure 63).
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<) Add Region Data

Add Region Data

MNarme: Structured Regicn
Minimum L 1
Maxirnum I 5
Minimum J:

Maximurm J:

Minimum K:

Maximum K:

Field = @ [ canca ||

Figure 63-Define Region Using Structured Box Option

List of Node Indices: in this case, the global indices of the desired list of grids are entered.

Note that each index must separate with the next and previous one using space
character (Figure 64).

'.

&) Add Region Data

Add Region Data

Name: Index List Region

Indices List: [1 200158 30

Field -] fooo] [ cance |[ oK

Figure 64- Define Region Using List of Node Indices

Range of Indices: The range of grid global indices and region name should be entered
using this option (Figure 65).
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<) Add Region Data

Add Region Data

Mame:

From Mode Index:

To Mode Index

v| |ﬁ‘ | Cancel

|

Figure 65- Define Region Using Range of Indices

Grid Data: Grid data which is one of the DX, DY, DZ, or TOPS, is selected from exist list.

Value: The desired value of the specified grid data is entered here.

Set By Layer:

This button will lead user to the set layer value
window of Figure 66 window. User can enter
values for each layer in “value” column. After
choosing unit system and grid property name.
One of the DX, DY, DZ, or TOPS can be selected
from “Grid Property Name” list.

String Conversion Option:

The Button of M in Figure 66 and all other
RETINA windows is used to specify precision and
formatting flag of the local window displayed
numbers (Figure 67). Currently, the following
formats for the numbers are available:

r

<) Set Layer Value

Set Layer Value

Grid Property Mame: |19?0;’01;’01 DX

Layer Index |‘u‘a|ue | Unit |
O Layerl 00 ft
O Layer2 00 ft
O Layer3 00 ft

Field v @| Cancel | |

Figure 66- Set Grid Data By Layer
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Scientific Notation (E) <) String Conversion Options

Scientific Notation (E) String Conversion Options
Floating Point Notation
Automatic Notation (E) Precision:

Automatic Notation (e) Formatting Flag: lAutomatic Notation (E] v]

Scientific Motaion (g)
Integer Scientific Notaion (E)
Floating Point Notation
Automatic Motation ()
Automa

Integer

Figure 67- String Conversion Option

B) ZCORN, COORD Geometry Type

This type of geometry is available, only when user imports a data file or a grid file (using
grid importer which will be explained in the next section) that includes ZCORN (Corner
point Zs) and COORD (coordinate lines) data. In this case the “Grid Data” window will be
like Figure 58. Selecting “Coordinate Lines (COORD)” or “Corner Point Zs” by clicking on

each one will show the Figure 69 or Figure 70, respectively.

<} Zcom Coord Grid Data [

Zcorn Coord Grid Data !?’

Coordinate Lines (COORD)
Corner Point Zs (ZCORN)

[ Grid Coordinate System

Figure 68- ZCORN COORD Geometry Type
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Zcorn Coord Grid Data

Coordinate Lines (COORD) | |
Corner Point Zs ZCORN) > »

XBottom (m) | VBottom (m) | ZBottom (m) XTop (m) Y Top (m) ZTop (m)
-2586.17 1600.67 2106.99 -2680.24 164017 255615
23070 148361 2109.86 -2392.52 1519.52 2557.82
202783 136655 211566 210479 139887 2561.24
174865 1249.49 n24.27 -1817.07 1278.22 2566.31
-1469.48 1132.43 2135.48 -1529.35 1157.57 257277
-119031 1015.37 714893 -1241.62 1036.92 2580.4
91114 89831 2164.26 9539 916.26 258597
63196 781.25 218113 -666.17 79561 2598.1
-352.79 664.19 2198.94 -378.45 67496 2607.48
7362 547.13 21675 9072 55431 261653
20555 430,07 2328 1970 13366 262446
18473 3130 2362.75 18473 3130 249855
803.61 177.05 237212 80361 177.05 2500.77
111534 4594 224962 111584 4594 2631.83
1428.07 -85.18 2255.06 1428.07 8518 263387
174031 216,29 22605 174031 216,29 263584
2052.54 3474 2267.58 2052.54 3474 2638.2

2364.77 2364.77 2640.25
Grid Coerdinate System P P S

Al A A = A A I R A A R T T
=R RS (= [ o e vl i e

Figure 69- Coordinate Line Window

" & Zcom Coord Grid Data

Zcorn Coord Grid Data !?’

Coordinate Lines (COORD)

[Cormerpom 25 zcoR) || o> »

Leftl(m) | Rightlgm) | Left2(m) Right 2 (m) Left 3 (m) Right 3 (m) Left 4 {m)
1Back 210699 2109.86 210986 211566 211566 212427 212427
1Front 21040 210697 210697 211289 211289 212169 212169
2Back 21040 210697 210697 211289 211289 212169 212169
Front 200801 210114 210114 210732 210732 211651 211651
3Back 209801 210114 210114 210732 210732 211651 211651
IFront 208887 200217 200217 2098.79 2098.79 210847 210847

4Back | 208847 200217 200217 2098.79 2098.79 210847 210847

AFront | 207637 207994 207994 2087.03 2087.03 200754 209754
SBack 207637 207994 207994 2087.03 2087.03 200754 200754
SFront 206039 2064.21 206421 207189 207189 2083.26 2083.26
GBack 206039 206421 206421 207189 207189 2083.26 2083.26
Frant 204061 2044.7 2044.7 20529 20529 206537 206537
TBack 204061 20447 20447 20529 20529 206537 206537
TFront 2016.74 2021.02 2021.02 202071 202971 2043.09 2043.09
8Back 2016.74 202102 202102 202971 202971 2043.09 2043.09
8Front 198856 19929 19929 200176 200176 201568 201568
9Back 1988.56 19929 19929 200176 200176 201568 201568

[ Ly 105/ Nk 10&0 2 10AN 2 10AR8 72 10AR8 79 1087 M 10872
Grid Coordinate System 4 [

Figure 70 - Corner Point Zs Window




RETINA Simulation 1, User Manual

Always there is numerous data of COORD and ZCORN exists for defining reservoir
geometry, so inserting them one by one is impossible. This is the reason for designing
grid importer.

Jumping to desired layer or going to next, Previous, first and last layer procedure is
similar to center point grid data window.

C) Corner Point Geometry Type

This type of geometry is available, only when user imports a data file or a grid file (using
grid importer which will be explained in the next section). Each grid is specified using 8
corners coordinate. The corner point grid data window has been displayed in Figure 71.

24 Corner Point Grid Data

Corner Point Grid Data

Data Presentation Type: @ I-Row Data _ J-Row Data _) K-Row Data

JIndex [1..4] 1 KIndex[1..2] 1 I Show Layer Data I I Grid Coordinate System I

Cell Corner: 1 | Cell Corner: 2 | Cell Corner: 3 | Cell Corner: 4 | Cell Corner: 5 ‘ Cell Corner: 6 | Cell Corner: 7 | Ce
[ x [v[ z [ x [ v [z [ x[v [z [x]Jv[z [xJv]z]x[v]z]
1500 0 40050 1500 150.0 40050 00 1500 40050 00 00 40200 1500 0.0 40200 1500 1500 40200
3000 0 40050 3000 1500 40050 150.0 1500 40050 1500 00 40200 3000 00 40200 3000 1500 40200 1!
4500 4 40050 4500 1500 40050 3000 1500 40050 3000 00 40200 4500 00 40200 4500 1500 40200 30
6000 0 40050 6000 150.0 40050 450.0 1500 40050 4500 00 40200 6000 00 40200 G000 1500 40200 4!

Figure 71- Corner Point Geometry Type

”

User can select data presentation types of |, J or K. for example if user select “I-Raw data
and then enter “J Index” and “K Index” of 2 and 1, respectively, layer data is displayed

just in case of pressing “Show Layer Data” button (Figure 72).

There is already a “Grid Coordinate System” button which was explained previously in
center point grid data section.
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2:& Corner Point Grid Data

Corner Peint Grid Data ﬁ

Data Presentation Type: @ I-Row Data (71 J-Row Data (7 K-Row Data

JIndex [1..4] 2 KIndex [1..2] 1 [ show Layer Data | | Grid Coordinate System|

Cell Corner: 1 | Cell Carner 2 | Cell Corner: 3 | Cell Corner 4 | Cell Carner: 5 ‘ Cell Corner: 6 | Cell Corner: 7
x [ vz [x[v]lz ] x]vy]z][x[v]z[x[v][z[x[v][z][x][v]
00 1500 40000 1500 1500 40000 1500 3000 40000 00 3000 40000 00 1500 40150 1500 150.0 40150 1500 3000
150.0 1500 40000 3000 1500 40000 3000 3000 40000 150.0 3000 40000 1500 150.0 40150 3000 1500 40150 3000 3000
300.0 1500 40000 4500 1500 40000 4500 3000 40000 3000 3000 40000 3000 150.0 40150 4500 1500 40150 4500 3000
450.0 1500 40000 6000 1500 40000 G0OO 3000 40000 450.0 3000 40000 4500 150.0 40150 6000 1500 40150 600.0 3000

Figure 72- “I-Raw data” for “J Index” and “K Index” of 2 and 1, respectively

3-1-3- Grid Importer

This window is used to import various grid files for creating model geometry. The grid
importer window which has been displayed in Figure 73 includes following components:

A field for grid File Path

Grid File Type (one of the GDFILE, RESCUE or GRDECL files)
Grid Nx, Ny, Nz (number of grids in each direction)
Grid File Unit

Nz is Doubled check box

The “GDFILE” grid file type supports the files with format of *.GRID, *.EGRID, *.FEGRID,
and *.FGRID. The “RESCUE” file supports *.BIN and *.TXT and GRDECL can use for
ZCORN/COORD or DX/DY/DZ/TOPS keyword families. In case of importing grid files user
can check the “Nz is Doubled” check box if the imported file has doubled Nz.

Note: Nx, Ny, and Nz are needed only for GRDECL families of keywords.
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<, Import Grid Data

Import Grid Data

File Path:

Grid File Type: GDFILE: *.GRID, *.FGRID, *.EGRID, *.FEGRID
RESCUE: *.BIM, *.TXT rescue files

GRDECL: Eclipse Keywords: ZCORN/COORD and
Grid My: DX/DY/DL/TOPS families

Mz, My and Mz are needed only for GRDECL families of
Grid Nz: keywords.

Grid Mo

Grid File Unit:

MZ is Doubled

Figure 73 Import Grid Data Dialog

3-1-4- Grid Property

Grid properties window is used to define and edit grid properties. Figure 74 shows the

|(l

typical “Grid Properties” window.

3}‘ Grid Properties View

Grid Properties

+
List of Grid Properties:

Property Unit Date

ACTNUM - 2005/02/01
EQLMUM - 2005,/02/01
PERMX mDarcy  2005/02/01
PERMY mDarcy  2005/02/01
PERMZ mDarcy  2005/02/01
PORO - 2005/02/01
PORV m’ 2005/02/01
PYTNUM - 2005/02/01
ROCKMNUM - 2005/02/01
SATHUM - 2005/02/01

[ Copy & Multiply ] [ Edit Property ]

[ Set By Layer ] [ Set Defaults ]

[ Import Data ] [Create Custom Property ]

Figure 74- Grid Properties Window
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Supported Grid Properties:

The following list of grid array properties has been supported in RETINA:
1- ACTNUM (Active grid block identification):
The value of O Indicates that the corresponding grid block is inactive, and 1
Indicates that the corresponding grid block is active. It should be noted that
ACTNUM is one of a number of ways of identifying inactive grid blocks; any
method that results in zero pore volume will cause a grid block to be treated as
inactive. Any grid blocks that do not have an ACTNUM value entered default to
active (1). Other possibilities include:
e Setting the porosity, or net to gross thickness ratio, to zero.
e Setting a minimum threshold pore volume; any grid blocks having a pore
volume smaller than the minimum pore volume will be treated as inactive.
DPNUM (Identifies extent of dual porosity region):
It may be used for a dual porosity, single permeability run to specify regions within
the reservoir to be treated as single porosity only. Only the values of O or 1 are
allowed for each grid block in the first matrix layers, to indicate whether the grid
block should be modeled as single porosity (0) or dual porosity (1). Any grid blocks
that do not have a DPNUM value entered default to dual porosity. Note that this
grid block property are only required for the matrix cells; the fracture cells are
made inactive and ignored. Within single porosity regions, flow is between matrix
blocks. Wells may only connect with the matrix blocks in single porosity regions.
DZMTRXV (The vertical dimension of a block of matrix material):
If the dual porosity gravity imbibition option is being used (GRAVDR, GRAVDRM,),

this grid property should be used to specify the vertical dimension of a typical
block of matrix material. The strength of the gravity imbibition effect is directly
proportional to this. The effect is usually very small. However, in the absence of

capillary pressure, there is no other mechanism to equalize the fluid levels in
matrix and corresponding fracture cells. Any positive real number is allowed for
this grid property. Note that this grid block property are only required for the
matrix cells; so the matrix cell values are copied into the fracture grids.

ENDNUM (End point scaling versus depth region numbers):

Any integer for every grid block in this property specifies the end point scaling
versus depth table region to which it belongs. The region number should not be
less than 1. The region number specifies which end point scaling versus depth
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table should be used to calculate the saturation table end points for each grid
block. The end point scaling option should be activated in the End Point Scaling
dialog.

EQLNUM (Equilibration region numbers):

Any integer for every grid block in this property specifies the equilibration region
to which it belongs. The region number should not be less than 1. All blocks with
the same equilibration region number must also have the same PVT region
number (PVTNUM).

FIPNUM (Fluid in place region numbers):

Any integer for every grid block in this property specifies the fluid in place region
to which it belongs. The region numbers should not be less than 1. This property
defines the standard set of fluid in place regions. Note that the pore volume will
include the pore volume of any aquifers associated with the region. Aquifer cells
with no explicit region number are assigned to region 1.

FLUXNUM (ldentifies extent of each flux region):

Any integer for every grid block in this property specifies the flux region number to
which it belongs. If a zero FLUXNUM region is copied in to a REGIONS array then
the destination array will be set to 1. Any cells not explicitly assigned a FLUXNUM
value will be defaulted to a value of 1.

IMBNUM (Imbibition saturation function region numbers):

Any integer for every grid block in this property specifies the saturation function
region number to which it belongs. This property is used in runs in which the
hysteresis option is being used. It specifies which saturation table is to be used for
each cell for imbibition processes. The usual saturation table numbers specified
using the SATNUM property is used for drainage processes and equilibration. The
region number should not be less than 1. The saturation function region number
specifies which set of saturation functions should be used to calculate relative
permeabilities and capillary pressures in each grid block when hysteresis is being
used.

IWORK (Integer work array names):

Work arrays of double-precision or integer type may be specified, as required by
the desired operation.

10-KRG, KRGR (Scaled end-point gas relative permeabilities):
The KRG and KRGR allow scaling of the relative permeability of gas within each
grid block. KRG scales the Kr at the maximum gas saturation (typically at connate
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water), and KRGR scales the relative permeability at residual oil saturation (or
critical water in a gas-water run). The property can only be used when the end
point scaling option is active. If the KRGR keyword has not been used, the KRG
keyword has the effect of scaling the relative permeability value calculated from
the appropriate saturation table after the scaled saturation end-points have been
accounted for. The relative permeability is taken to be the value at either the
maximum saturation of the saturation table or at SGU if this has been specified.
This is usually equal to 1-Swco . Note that, none of the KRG keywords should be
used if gas is not present in the model. Any real number can be inserted for the
KRG for each grid block.

11-KRO, KRORG, KRORW (Scaled end point oil relative permeabilities):
The KRO, KRORW, and KRORG properties scale the relative permeability of oil
within each grid block. KRO scales the Kr at the maximum oil saturation (typically
at connate water), KRORW scales the relative permeability at the critical water
saturation, and KRORG scales the relative permeability at the critical gas
saturation. The property can only be used when the end-point scaling option is
active. If the KRORW and KRORG properties have not been used, the KRO has the
effect of scaling the relative permeability value calculated from the appropriate
saturation table after the scaled saturation endpoints have been accounted for.
The relative permeability is taken to be the value at either the maximum
saturation of the saturation table or at SWL if this has been specified.
In three-phase cases using the STONE Il Model for three-phase relative
permeability, the oil relative permeability is a function of the water and gas
relative permeabilities, and hence the oil relative permeability is modified by use
of the KRW and KRG keywords to scale the water and gas relative permeabilities.

12-KRW, KRWR (Scaled end point water relative permeabilities):
The KRW and KRWR scale the relative permeability of water within each grid

block. KRW scales the Kr at the maximum water saturation (typically at a water

saturation of 1.0), and KRWR scales the relative permeability at residual oil
saturation (or residual gas in a gas- water run). The keyword can only be used
when the end-point scaling option is active. If the KRWR has not been used, the
KRW has the effect of scaling the relative permeability value calculated from the
appropriate saturation table after the scaled saturation end-points have been
accounted for. The relative permeability is taken to be the value at either the
maximum saturation of the saturation table or at SWU if this has been specified.
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13-LX (X direction matrix block sizes for the viscous displacement option):
This property defines the representative matrix block size in the X
direction. Any positive real number for every grid block is allowed for this
property.

14-LY (Y direction matrix block sizes for the viscous displacement option):

This property defines the representative matrix block size in the Y
direction. Any positive real number for every grid block is allowed for this
property.

15-1Z (Z direction matrix block sizes for the viscous displacement option):
This property defines the representative matrix block size in the Z
direction. Any positive real number for every grid block is allowed for this
property.

16-MINPVV (Sets minimum pore volumes cells must have to be active):
This property is used to declare a threshold pore volume that a cell must exceed
or it will made inactive. Any positive real number for every cell specifying its
threshold pore volume in the current units, are allowed. This causes any cell with a
pore volume less than the input value associated with that cell to become inactive.
An inactive cell does not contribute to the total pore volume of the system, and is
treated by default as a barrier. In order for non-neighbor connections to be
established between adjoining cells across an inactive cell, pinchouts must be
enabled using the keyword PINCH or PINCHOUT, and non-neighbor connections
must be enabled.
Cells which have been set inactive via the ACTNUM property remain so even if
their pore volume exceeds the threshold; using MINPVV only affects active cells.
Any minimum pore volumes that are not specified is set to 0.
Note: Cells which have been deactivated by the ACTNUM keyword will remain
inactive even if the cell volume is greater than the minimum set by MINPVV. Cells
which have been left active by the ACTNUM keyword will be made inactive if the
cell volume is less than the minimum set by MINPVV.
Note: Using the PORV to reset the pore volumes to greater than the minimum
value will reactivate an inactive cell regardless of how it was deactivated, whether
by ACTNUM or by MINPVV.

17-MULTNUM (Defines regions for applying inter-region transmissibility multipliers):
MULTNUM provides an alternative region definition for applying inter-region
multipliers, instead of applying them to flux regions defined by FLUXNUM. The
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MULTNUM property can be used to work with transmissibility multipliers using the
MULTREGT, or with the MULTREGP (which sets a pore volume multiplier for a
specific region). Any integer is allowed for MULTNUM for each grid cell, specifying
the region number to which it belongs. Any cells not explicitly assigned a value of
MULTNUM will be taken to be in region 1.
Note: 0 is a valid value for MULTNUM similarly to FLUXNUM.

18-MULTPV (Pore volume multipliers):
Any non-negative real number for every grid block can be assigned to the MULTPV
property. The values specified act as multipliers on the pore volumes.
Any MULTPV values that are not specified, default to 1.0.

19-NTG (Net to gross thickness ratio):
Any non-negative real number for every grid block can be assigned to the NTG
property. The values specified are used to convert from gross to net thicknesses,
and act as multipliers of grid block pore volumes and transmissibility values in the
X and Y directions, and also on DZ for the calculation of well connection
transmissibility factors. Any NTG values which are not specified default to 1.0.
Grid blocks whose pore volume is zero are assumed as inactive. Since the
computing time and storage space requirements of a run depend primarily on the
number of active grid blocks, it is important that inactive blocks should be
unambiguously identified. This is best done by setting either PORO or NTG to zero
in inactive blocks. It is also possible to set pore volumes directly, or to use the
ACTNUM property.

20-OILAPI (Initial oil API values, for API tracking option):
Any real number for every grid block, specifying the initial oil API
gravity can be assigned to this property.

21-OPERNUM (Defines regions for performing operations on arrays):

The OPERNUM property provides a region definition for performing arithmetic
operations on property arrays. Any integer for each grid cell, specifying the
region number to which it belongs, can be set to the OPERNUM. Any cells not
explicitly assigned a value of OPERNUM are taken to be in region O, which implies
that no operation is allowed for this particular cell.

Note: For use with the Dual Porosity option, only the matrix cells or the fracture
cells need to be input. The cell values in the other porosity are copied
automatically.

22-PBUB (Initial bubble point pressure):
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This is an alternative to the RS for defining the initial dissolved gas distribution in
runs with enumerated initial conditions. When using explicit initialization, you
must ensure that the initial solution is stable and physically reasonable.

23-PCG (Scaled maximum gas capillary pressures):
PCG allows the maximum gas-oil capillary pressure to be scaled on a grid block by
grid block basis. It can only be used when the end-point scaling option is active,
otherwise it is ignored. If the PCG is omitted, the maximum gas Pc value defaults
to the value used in the appropriate gas saturation function table.
The PCG should not be used in combination with the J-function option. In this
case, the J-function calculation always defines the gas capillary pressure scaling
and the input PCG array is ignored.

24-PCW (Scaled maximum water capillary pressures):
PCW allows the maximum water-oil (or water-gas) capillary pressure to be scaled
on a grid block by grid block basis. It can only be used when the end-point scaling
option is active, otherwise it is ignored. If the PCW is omitted, the maximum water
Pc value defaults to the value used in the appropriate water saturation function
table.
The PCW should not be used in combination with the J-function option. In this
case, the J-function calculation always defines the water capillary pressure scaling
and the input PCW array is ignored.

25-PDEW (Initial dew point pressure):
This is an alternative to the RV for defining the vaporized oil distribution in runs
with enumerated initial conditions. When using explicit initialization, you must
ensure that the initial solution is stable and physically reasonable.

26-PERMX (Specifies X-permeability values):
PERMX specifies the permeability values in the X-direction. Permeability values
must be non-negative. Every PERMX value in the top plane (K = 1) must be
specified. Values in lower planes (K > 1) that are not specified default to the value
in the plane above.
Note: This is not the permeability between a cell and its neighbor. The
transmissibility between a cell and its neighbor involves the permeability values for
both cells.

27-PERMY (Specifies Y-permeability values):
PERMY specifies the permeability values in the Y-direction. Permeability values
must be non-negative. Every PERMY value in the top plane (K = 1) must be
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specified. Values in lower planes (K > 1) that are not specified default to the value
in the plane above.
Note: This is not the permeability between a cell and its neighbor. The
transmissibility between a cell and its neighbor involves the permeability values for
both cells.

28-PERMZ (Specifies Z-permeability values):
PERMZ specifies the permeability values in the Z-direction. Permeability values
must be non-negative. Every PERMZ value in the top plane (K = 1) must be
specified. Values in lower planes (K > 1) that are not specified default to the value
in the plane above.
Note: This is not the permeability between a cell and its neighbor. The
transmissibility between a cell and its neighbor involves the permeability values for
both cells.

29-PORO (Specifies the grid block porosity values):
Any non-negative real number for every grid block can be assigned to the PORO,
specifying the fractional porosity value for each cell. Grid blocks whose pore
volume is zero are treated by the program as inactive. Since the computing time
and storage space requirements of a run depend primarily on the number of
active grid blocks, it is important that inactive blocks should be unambiguously
identified. This is best done by setting either PORO or NTG to zero in inactive
blocks. It is also possible to set pore volumes directly (array PORV), or to use the
ACTNUM property.

30-PORYV (Specifies the grid block pore volumes):
PORV can be assigned by any non-negative real number for every grid block in the
specifying the grid block pore volumes. Any pore volumes that are not altered
remain at the values calculated by the program from the grid data. Grid blocks
whose pore volume is zero are treated by the program as inactive. Since the

computing time and storage space requirements of a run depend primarily on the

number of active grid blocks, it is important that inactive blocks should be
unambiguously identified. This can be done either by using the PORV to overwrite
pore volumes directly, or by setting PORO or NTG to zero. The ACTNUM can also
be used to identify inactive grid blocks.

31-PRESSURE (Initial pressures):
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Any real number for every grid block specifying the initial pressure can be assigned
to the PRESSURE. This property must be used with other properties (such as SWAT
or SGAS) sufficient to define the initial state explicitly for the run.

32-PVTNUM (PVT region numbers):
Any integer for every grid block specifying the PVT region to which it belongs can
be assigned to the PVTNUM. The region number should not be less than 1. All grid
blocks within a particular equilibration region must have the same PVT region
number. The PVT region number specifies which set of PVT tables (input using
DENSITY, PVDG, PVDO, PVTG, PVTO, PVCO, PVTW and ROCK) should be used to
calculate PVT properties of fluids in each grid block.

33-ROCKNUM (Rock compaction table region numbers):
Any integer for every grid block, specifying the rock compaction table region to
which it belongs, can be set to the ROCKNUM. The region number should not be
less than 1. The region number specifies which rock compaction table should be
used to calculate the porosity and permeability multipliers for each grid block. The

Rock Compaction option must be enabled in Rock region data dialog.

If the ROCKTSIG table is used to specify pressure tables of the sigma multiplier for
matrix-fracture coupling in dual porosity runs, only the ROCKNUM numbers of the
matrix cells are used to obtain the pressure tables. The ROCKNUM numbers of the
fracture cells are ignored.

34-RS (Initial solution gas-oil ratios):
Any real number for every grid block, specifying the initial solution
gas-oil ratio can be set to the RS. This is an alternative to the PBUB for defining
the initial dissolved gas distribution in runs with enumerated initial conditions

35-RV (Initial vapor oil-gas ratios):
Any real number for every grid block, specifying the vapor oil-gas ratio can be set
to the RV. This is an alternative to the PDEW for defining initial vaporized oil
distribution in runs with enumerated initial conditions

36-SATNUM (Saturation function region numbers):
Any integer for every grid block, specifying the saturation function region to which
it belongs, can be set to the SATNUM. The region number should not be less than
1. The saturation function region number specifies which set of saturation
functions (input using SGFN, SOF3 and etc.) should be used to calculate relative
permeabilities and capillary pressures in each grid block.

37-SGAS (Initial gas saturations):
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SGAS can include any real number for every grid block specifying the initial gas

saturation. This may be used to specify the initial solution explicitly, as an
alternative to equilibration using EQUIL. It is expected if the PRESSURE is present,
indicating explicit initialization.

38-SGCR (Scaled critical gas saturations):
The SGCR and specifies the critical gas saturation (that is the largest gas saturation
for which the gas relative permeability is zero) within each grid cell. The free gas
flow across each grid face is calculated from a transformed gas relative
permeability curve obtained by linearly scaling the tabulated relative permeability
data between the new critical gas saturation defined using an SGCR, and the
new maximum gas saturation (SGU). The SGCR also permits scaling of the relative
permeability table used in computing the flow of free gas between grid cells and
well connections.

39-SGL (Scaled connate gas saturations):
The SGL specifies the connate gas saturation (that is the smallest gas saturation in
a gas saturation function table) within each grid cell. The gas-oil capillary pressure

for gas flow across each grid face is calculated from a transformed gas-oil capillary

pressure curve obtained by linearly scaling the tabulated capillary pressure data
between the new connate gas saturation defined using an SGL, and the new
maximum gas saturation (SGU). The SGL also permits scaling of the gas-oil capillary
pressure table used in computing the initial gas saturations.

40-SGLPC (Scaled connate gas saturations, for Pc curves only):
The SGLPC scales the connate gas end point of the gas-oil capillary pressure curves
without scaling the corresponding oil relative permeability curves. The SGLPC
should not be used unless gas is present in the model. The endpoint scaling option
must be enabled for this property. The SGLPC values can be any real number for
each grid block, specifying the connate gas saturation within the grid block. The
saturation should be in the range 0.0 to 1.0 inclusive. If SGLPC is not specified, the
gas-oil capillary pressure scaling is performed using the connate gas saturation
specified with the SGL. If in turn SGL, are omitted, then the connate gas saturation
for a gas-oil capillary pressure calculation defaults to the value used in the
appropriate gas saturation function table. If the hysteresis model is active then the
SGLPC data will scale the drainage curve.

41-SGU (Scaled saturation table maximum gas saturations):
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SGU specifies the maximum gas saturation (that is the largest gas saturation in a
gas saturation function table) within each grid cell. The scaled maximum gas
saturation is used to determine the scaled forms for the gas-oil capillary pressure
curves and the gas relative permeability curves. The scaled form of the capillary
pressure curves is obtained by linearly scaling the tabulated capillary pressure data
between the new connate gas saturation and the new maximum gas saturation
defined using an SGU. A similar linear transformation is used to produce the scaled
gas relative permeability curves using the new critical gas saturation and the new
maximum gas saturation defined using an SGU. The scaled capillary pressure and
relative permeability curves are then used to compute the free gas flow out of
each grid cell face, the free gas flow between grid cells and well connections and
in the equilibration algorithm.

42-SGUPC (Scaled maximum gas saturations, for Pc curves only):
The SGUPC scales the maximum gas end point of the gas-oil capillary pressure
curves without scaling the corresponding oil relative permeability curves. The
SGUPC should not be used unless gas is present in the model. The endpoint scaling
option must be enabled for this property. The SGUPC values can be any real
number for each grid block, specifying the maximum gas saturation within the grid
block. The saturation should be in the range 0.0 to 1.0 inclusive. If SGUPC is not
specified, the gas-oil capillary pressure scaling is performed using the maximum
gas saturation specified with the SGU. If in turn SGU, are omitted, then the
maximum gas saturation for a gas-oil capillary pressure calculation defaults to the
value used in the appropriate gas saturation function table. If the hysteresis model
is active then the SGUPC data will scale the drainage curve.

43-SIGMAGDV (Matrix-fracture coupling for oil-gas gravity drainage):
The SIGMAGDV can be used to specify an alternative matrix-fracture coupling for
matrix cells in which the production mechanism is gravity drainage due to the
presence of gas in the fractures. Any positive real number for every grid block can
be assign to the SIGMAGDV. Any values input in the fracture grids will be ignored.
The SIGMAGDV property is only available in three-phase dual porosity runs.

44-SIGMAYV (Dual porosity matrix-fracture coupling):

If the dual porosity option is enabled, this property can be used to specify a

multiplier to be applied in the construction of the matrix-fracture coupling
transmissibilities.
45-SOGCR (Scaled critical oil-in-gas saturations):
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The SOGCR specifies the critical oil-in-gas saturation (that is the largest oil
saturation for which the oil relative permeability is zero in an oil-gas-connate
water system) within each grid cell. The oil flow across each grid face in an oil-gas
connate water system is calculated from a transformed oil-gas relative
permeability curve obtained by linearly scaling the tabulated oil-gas relative
permeability data between the new critical oil-in-gas saturation defined using an
SOGCR, and the new maximum oil saturation. The SOGCR also permits scaling of
the oil-gas relative permeability table used in computing the flow of oil between
grid blocks and well connections. The SOGCR should not be used if either oil or gas
is absent from the model. The end point scaling must be enabled in the end point
scaling dialog.

46-SOWCR (Scaled critical oil-in-water saturations):
The SOWCR specifies the critical oil-in-water saturation (that is the largest oil
saturation for which the oil relative permeability is zero in an oil-water system)
within each grid cell. The oil flow across each grid face in an oil-water system is
calculated from a transformed oil-water relative permeability curve obtained by
linearly scaling the tabulated oil-water relative permeability data between the new
critical oil-in-water saturation defined using SOWCR, and the new maximum oil
saturation. The SOWCR also permits scaling of the oil-water relative permeability
table used in computing the flow of oil between grid cells and well connections.
The SOWCR should not be used if either oil or water is absent from the model. The
end point scaling must be enabled in the end point scaling dialog.

47-SWAT (Initial water saturations):
This property may be used to specify the initial solution explicitly, as an alternative
to equilibration using EQUIL. It will be expected if the PRESSURE property is
present, indicating explicit initialization, and if a water phase is present. When
using explicit initialization, you must ensure that the initial solution is stable and
physically reasonable.

48-SWATINIT (Initial water saturations for capillary pressure scaling):
This property allows you to input a water distribution and to scale the water-oil
capillary pressure curves such that this water distribution is honored in the
equilibrated initial solution. Note that any water saturation value that cannot be
honored because it is below the water contact is reset to the maximum water
saturation in the subsequent equilibration calculation. The scaled maximum water

capillary pressures (PPCW) can be output to the print file. This can be used to
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check for un-physically high maximum capillary pressures, which can be limited by
using the PPCWMAX. The SWATINIT property may only be used if the end point
scaling option is active.
Note: If a grid block is given a water saturation less than 1.0 below the oil water
contact (where Pc=0), then the SWATINIT saturation is not honored. If a cell is
given saturation corresponding to a zero capillary pressure (typically 1.0) above the
contact, then the Pc curve cannot be scaled to honor the saturation, hence the Pc
curve is left unscaled.
Note: If the SWATINIT saturation is less than the connate water saturation for a
cell, the initial water saturation will be reset to the connate saturation and the
capillary pressure will be scaled according to this value.
Note: If the PCW property has been used, then this is ignored in regions where
SWATINIT is set.
Note: If the Leverette J-function calculation for the water-oil capillary pressure has
been activated through the JFunc combo box in the saturation region data dialog,
then J-function calculation is ignored in regions where SWATINIT is set.
Note: The SWATINIT saturation is not honored if the capillary pressure curve is a
constant. The input capillary pressure curve needs to be monotonically decreasing
with increasing water saturation.

49-SWCR (Scaled critical water saturations):
The SWCR specifies the critical water saturation (that is the largest water
saturation for which the water relative permeability is zero) within each grid cell.
The water flow across each grid face is calculated from transformed water relative
permeability curve obtained by linearly scaling the tabulated relative permeability
data between the new critical water saturation defined using SWCR, and the new
maximum water saturation (SWU). The SWCR property also permits scaling of the
relative permeability table used in computing the flow of water between grid cells
and well connections. The SWCR should be used if water exists in the model. The
end point scaling must be enabled in the end point scaling dialog.

50-SWIL (Scaled connate water saturations):
SWL specifies the connate water saturation (that is the smallest water saturation
in a water saturation function table) within each grid cell. The oil-water (or gas
water) capillary pressure used in computing the water flow across each grid face is
calculated from a transformed water capillary pressure curve obtained by linearly
scaling the tabulated capillary pressure data between the new connate water
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saturation defined using SWL, and the new maximum water saturation (SWU). The

SWL also permits scaling of the water capillary pressure table used in computing
the initial water saturation distribution. The SWL should be used if water is
present in the model.

51-SWLPC (Scaled connate water saturations, for Pc curves only):
The SWLPC scales the connate water end point of the oil-water capillary pressure
curves without scaling the corresponding oil relative permeability curves. The
SWLPC should not be used unless water is present in the model. The end point
scaling must be enabled in the end point scaling dialog. The saturation should be
in the range 0.0 to 1.0 inclusive. If SWLPC is not specified, the oil-water (or gas
water) capillary pressure scaling is performed using the connate water saturation
specified with the SWL. If in turn SWL is omitted, then the connate water
saturation for an oil-water (or gas-water) capillary pressure calculation defaults to
the value used in the appropriate water saturation function table. If the hysteresis
model is active then the SWLPC data will scale the drainage curve.

52-TRANX (X-direction transmissibility values):
TRANX specifies the transmissibility values explicitly, replacing those calculated by
the RETINA. The TRANX applies to transmissibilities in the X-direction. Any non-
negative real number for every grid block can be assigned to the TRANX. The
values specified overwrite the X-direction transmissibilities calculated by RETINA
for the +X face of each grid block. Thus, a value specified for block (I, J, K) is the
transmissibility between blocks (I, J, K) and (I+1, J, K).
Note: TRANX does not affect non-neighbor connections due to faults.

53-TRANY (Y-direction transmissibility values):
TRANY specifies the transmissibility values explicitly, replacing those calculated by
the RETINA. The TRANY applies to transmissibilities in the Y-direction. Any non-
negative real number for every grid block can be assigned to the TRANY. The
values specified overwrite the Y-direction transmissibilities calculated by RETINA
for the +Y face of each grid block. Thus, a value specified for block (I, J, K) is the
transmissibility between blocks (I, J, K) and (I, J+1, K).
Note: TRANY does not affect non-neighbor connections due to faults.

54-TRANZ (Z-direction transmissibility values):
TRANZ specifies the transmissibility values explicitly, replacing those calculated by
the RETINA. The TRANZ applies to transmissibilities in the Z-direction. Any non-
negative real number for every grid block can be assigned to the TRANZ. The
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values specified overwrite the Z-direction transmissibilities calculated by RETINA
for the +Z face of each grid block. Thus, a value specified for block (I, J, K) is the
transmissibility between blocks (I, J, K) and (1, J, K+1).
Note: TRANZ does not affect non-neighbor connections.

55- WORK (work array names):
Work arrays of double-precision type may be specified, as required by the desired
operation.

56-MULTX (Transmissibility multipliers in X-direction):
The values specified act as multipliers on the transmissibilities calculated by the
program for the +X face of each grid block or specified directly using TRANX. Thus,
a value of MULTX specified for block (I, J, K) multiplies the transmissibility between
blocks (I, J, K) and (I+1, J, K). Any non-neighbor connections generated due to
faults have transmissibilities that reflect the MULTX values. Non-neighbor
connections entered explicitly using the NNC keyword are not affected.

57-MULTX- (Transmissibility multipliers in negative X-direction):
The values specified act as multipliers on the transmissibilities calculated by the
program for the -X face of each grid block or specified directly using TRANX. Thus,
a value of MULTX- specified for block (I, J, K) multiplies the transmissibility
between blocks (I, J, K) and (I-1, J, K). Any non-neighbor connections generated
due to faults have transmissibilities that reflect the MULTX- values. Non-neighbor
connections entered explicitly using the NNC keyword are not affected.

58-MULTY (Transmissibility multipliers in Y-direction):
The values specified act as multipliers on the transmissibilities calculated by the
program for the +Y face of each grid block or specified directly using TRANY. Thus,
a value of MULTY specified for block (I, J, K) multiplies the transmissibility between
blocks (I, J, K) and (I, J+1, K). Any non-neighbor connections generated due to
faults have transmissibilities that reflect the MULTY values. Non-neighbor
connections entered explicitly using the NNC keyword are not affected.

59-MULTY- (Transmissibility multipliers in negative Y-direction):

The values specified act as multipliers on the transmissibilities calculated by the

program for the -Y face of each grid block or specified directly using TRANY. Thus,
a value of MULTY- specified for block (I, J, K) multiplies the transmissibility
between blocks (I, J, K) and (I, J-1, K). Any non-neighbor connections generated
due to faults have transmissibilities that reflect the MULTY- values. Non-neighbor
connections entered explicitly using the NNC keyword are not affected.
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60-MULTZ (Transmissibility multipliers in Z-direction):
The values specified act as multipliers on the transmissibilities calculated by the
program for the +Z face of each grid block or specified directly using TRANZ. Thus,
a value of MULTZ specified for block (I, J, K) multiplies the transmissibility between
blocks (I, J, K) and (I, J, K+1). Any non-neighbor connections generated due to

faults have transmissibilities that reflect the MULTZ values. Non-neighbor
connections entered explicitly using the NNC keyword are not affected.
61-MULTZ- (Transmissibility multipliers in negative Z-direction):
The values specified act as multipliers on the transmissibilities calculated by the
program for the -Z face of each grid block or specified directly using TRANZ. Thus,
a value of MULTZ- specified for block (I, J, K) multiplies the transmissibility
between blocks (I, J, K) and (I, J, K-1). Any non-neighbor connections generated

due to faults have transmissibilities that reflect the MULTZ- values. Non-neighbor

connections entered explicitly using the NNC keyword are not affected.

User can add or remove an existed property

using + and - buttons, respectively. New
property can be selected (checking box) and
added to the property list from “Add Properties”
window (Figure 75). You can also assign a
default value for each selected property in this
window. In case of dual models the values for
matrix and fracture grids are entered in
separate columns. Pressing “OK” button will add
the selected properties to grid property list.

There are Edit Property, Copy and Multiply, Set
By Layer, Set defaults, and Import data buttons
in “Grid Properties” window. The first three
buttons act like what we introduced in “Grid
Data” window, so here just “Set Defaults”,
“Import Data”, and “Create Custom Property”

buttons are introduced.
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Default Value

1986,06/11
1986,06/11
1986,/06/11
1986/06/11
1986/06/11
1986/06/11
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Metric (Eclipse) ~| [0.00

| unit_| Date
. 1986/06/11
1986/06/11
1986/06/11
1986/06/11
1986/06/11
1986/06/11

Cancel aK

Figure 75- Add Properties Window
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Set Defaults:

In addition to add properties action, assigning of the default values to grid properties
facility is also available in “Set Default” value button.

/mpOI't Data: [ < Import Eclipse Grid Properties-:-ﬂﬁ

Always there are only maps of the grid || impert Eclipse Grid Properties IE
properties are available, so for

importing these maps a facility of File Path: ~E\Office\ESTD\Projects\smal\NAZ_E05_E100.DATA [ .. |

“Import Data” has been provided to File Unit
import required grid properties. The

Cancel | |

Import Data window has been shown |

in Figure 76. Note to the file and Figure 76- Import Grid Properties Window
project units in case of importing data.

User can define own custom grid || Custom Grid Property
property, using “Custom Grid Property”

dialog (Figure 77). The property name, || PropertyName:
Property Template: INOUﬂit

template and value in the selected unit Dot Vel

must be entered in this dialog. After

defining the custom grid property, it is I J o
added to the grid property dialog. )

Figure 77 Create Custom Property Dialog

3-1-5- Fault Manager

The “Fault Manager” is used for defining fault and its segments. It leads user to the
Figure 78 which has two columns of “fault name” and its “segments”.

For adding new fault the + button of “fault name” column is used (for removing exist
faults - is used). Multiple selection and remove options are available using Ctrl+Click.
After adding a fault using + from first column, we can add segments in the second column
in same way. In the segment column, the face direction and fault zone must be specified
(Figure 79).




”
//’/". Engineering Support &

Technology Development
(ESTD)

77
VLl |

& Fault Manager

Fault Manager

+ ab [

Fault Name - Segments

Fault Parameters:

Threshold Pressure

Has Threshold Pressure

Threshold Pressure: psi

iImport Eclipse Fault Data] [

Figure 78- Define Fault

Fault Manager

Fault Parameters:

+ — =k + — ab
Fault Mame — Segments MName Value
1 1 LowerI 2

Upperl
Lower )
Upper ]
Lower K
Upper K
Fault Face

Threshold Pressure

Has Threshold Pressure

Threshold Pressure:

psi

lImport Eclipse Fault Data] [

Figure 79- Fault Properties
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It should be noted that in all of the RETINA windows, the yellow fields indicate default
values for that field. There is a button of @F in the Fault Manager window, which is used
to auto naming of the defined Faults. Assume you want to auto name 4 faults which you
defined before, clicking on &k will change the names of faults to “Fault 1” to Fault 4”. If
you want to rename a specific Fault you can double click on it and type the name.

The navigating arrows are used to move a selected fault up or down.

If your created model includes threshold pressure, the related check box of “Has
Threshold Pressure” must be checked; the value of this pressure also must be entered. If
you load an Eclipse data file in which threshold pressure exists, this checkbox will be
checked automatically.

3-1-6- Dual Option

This button is activated only in case of dual (fractured) models. In this window following
options are available for user (Figure 80).

e Fracture model: which can be one of Dual Porosity or Dual Permeability
e Shape Factor Formulation: it can be selected one of the following formulation for
shape factor:
Eclipse formulation
Warren and Root (1963)
Kazemi et al. (1976)
Gilman and Kazemi (1983)
Coats (1989)
Quandalle and Sabathier (1989)
Lim and Aziz (1995)
o None
Gravity Drainage and Imbibition: it can be selected one of the following
formulation in:
o GRAVDR (Sonier et al. (1986))
o GRAVDRM (Quandalle and Sabathier (1989))
o None

Gravity Drainage Re-infiltration: it is activated if GRAVDRM is selected for gravity

drainage and imbibition.
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L to Sigma Calculations: all L to Sigma calculation values is required just in case of
Eclipse formulation for shape factor.
Dual Porosity Permeability Multiplier: it can be checked if needed in model.

. ™y

Dual Options @

Dual Simulation Options:

MName Value | Unit |
Fracture Model Dual Porosity -
Shape Factor Formulation MNone - -
Gravity Drainage and Imbibition MNone - -
Gravity Drainage Reinfiltration

L to Sigma Calculation Fx 4.0

L to Sigma Calculation Fy 4.0

L to Sigma Calculation Fz 4.0

L to Sigma Calculation Fgd 0.0

L to Sigma Calculation Transmissibility ~ XORLY

Dual Porosity Permeability Multiplier

Figure 80- Dual Options
3-1-7- Face Manager

The face manager dialog shows properties of the faces between two grid block. The face
id, Cv id1 (first grid block id), Cv id2 (second grid block id), 11,J1,K1 (I,J,K indices of the first
grid block), 12,J2,K2 (1,J,K indices of the second grid block), cross section area between
two block, NNC Type (non-neighbor connection type), normal vector of face, Permeability
direction, Transmissibility and rock region values of the face is displayed in face manager
dialog. Face manager has been displayed in Figure 81.

User can use the provided facilities (in the right side of the dialog) to hide some columns,
make filters and find the desired parameter. For example user can uncheck the columns
which are not necessary for his/her specific purpose (Figure 82).

Adding and removing face filters can be applied using “Filters” expandable item by + and
-, respectively. User can find matched values for each parameter by typing the value and
selecting the parameter in the “Find” expandable field. The Figure 83 displays the use of
Find and Filter.
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Face Manager

Visible Columns

Faceld | vl | cvid2 |k2 |Ara | NNCType | Normal Vector Perm. Direction | Transmissibility | Reck Region
- - - - - B - - - oP-m’/day-bars

12 1236 115670  NONE -0.0248314, 0.049341, 0.998473 K+ 878.747 Filters
12 46 652382 NONE 0.390032, 0.920801, -0.0 J+ 252233
It 1269 115272 NONE 000436334, 0.0456496, 0998948 K 24933
45 610561 NONE 0.388324, 0921523, -0.0 J+ 5.79077
I 610811  NONE 0916313, -0.400463, 0.0 10.5857
46 115818  NONE -0.0315224, 0.0644895, 0.99742 123770
46 633496 NONE 0.38761, 0921823, -0.0 24.7857
16 62784 NONE 01667, -0.339645, 0.0 252536
4 116273 NONE -0.039288, 0071032, 0.9967 255338
4 649298 NONE 0.387373, 0821923, -0.0 389.593
a7 641815  NONE 0916991, -0.398908, 0.0 760938
48 116542  NONE -0.030133, 00642526, 0.997479 214626
48 662415 NOMNE 0.3875, 092187, -00 317.023
I 654064 NONE 0917255, -0.398301, 0.0 775729
49 116822  NONE -0.0240148, 0.0584516, 0.998001 248436
I 673695  NONE 0387941, 0.921684, -0.0 836.422
79 115516  NONE 0.0045429, 0.0782382, 0.896923 267.821
79 591244  NONE 0.385702, 0822623, -0.0 610141
7 502821 NONE 0916423, -0.400073, 0.0 102117
80 115916  NONE -0.0347307, 0.0718206, 0.996813 438.374
80 615206 NONE 0.385061, 0.922891, -0.0 8.38497
) 612573 NONE 0916927, -0.399055, 0.0 104112
81 116294  NONE -0.0444055, 0.0640228, 0.996%6 3283.39
8l 633240 NONE 0384958, 0922034, -0.0 38,0261
81 628142 NONE 0917354, -0.398072, 0.0 217.823

of6is [ ][]

Find

Figure 81 Face Manager Dialog

;_'( Face Manager

Face Manager

K |2 12 |k |NNCType

Visible Columns

[ Faceld
[Fcvidl
[Fcvid2

12 MNONE
12 MNONE
1 MNONE
1 MNONE
12 MNONE
12 MNONE
12 MNONE
12 MNONE
12 MNONE

13 NOMNE NNC Type

14 NONE [ Normal Vector
14 MNOME [] Perm. Direction
14 MNONE [] Transmissibility
15 MNOMNE [] Rock Region
15 NOMNE

15 NOMNE

11 MNOMNE Find

11 MOMNE

of 615 [ ][m]

Filters

Figure 82 Editing Visibility of Columns in Face Manger
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él,l Face Manager

Face Manager

1 |n |k |2 [2 [k |NNCType

Filters

12 12 NOMNE T +
12 12 NOMNE
1 1 MNONE
1 1 MNONE
1 12 NOMNE
12 12 NOMNE
12 12 MNONE
12 13 MNOMNE
13 13 MOMNE
13 13 MNOMNE
13 14 NOME
14 14 NOME
14 14 NOMNE

Faceld = [1,13]

Find

@ Faceld ) CVId1 ) CVId2
LK1 JUK2

12

l Find Previous I [ Find Next l

|

Figure 83 Find and Filter Action on Face Manager

3-1-8- Script Calculator

Property calculator window is used for defining a formula for editing values of some grid
or face properties. Face calculator and property calculator dialogs have been displayed in
Figure 84 and 85, respectively. Only transmissibility values allowed editing in the face
calculator; since all action in the face calculator and property calculator are same we
explain property calculator; it is obvious that all explanation are applicable in face
calculator, also.

If the project perspective is on the “Simulation Perspective” both face calculator and
property calculator (Prop. Calculator) radio buttons are active and user can select each of
them; in this perspective all the grid properties except PORV, are read-only. Note that
custom property is editable for both perspectives. If the project perspective is on the
“Preprocess Perspective” the face calculator will be disabled and PORV will be removed
form grid properties; the PORV will be calculated again and displayed in the grid property
list if perspective is switched to the Simulation.
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For the starting with the script calculator user should type the script name which is
optional; in case of blank script name, the first line of script is set to that. In the second
step the execution unit must be selected; the project unit is select for this filed, by
default.

< soptceiitr R ==

Script Calculator

Script Declaration: Calculator Type:

Script Mame (Optional): @ Face Calculater () Prop. Calculator

Execution Unit Systern: | Field

History

Script:
Face Filters

Face Properties

TRANSMISSIBILITY

4

Comment (Opticnal):

min || max |[ In |/loglo || abs ||  Execute
a o) pams

m

” - ” ! ][ Functions ~

)
)
)
” Vx ” b H Trigonomics * ]
)
)

|| 2 || # | conditions -

=) e (e

C || w || en || o

[
[
[
[
[
[

Figure 84- Face Calculator Dialog
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2’} Script Calculator

Script Calculator

Script Declaration: Calculator Type:

Script Mame (Optional): () Face Calculater @) Prop. Calculator

Execution Unit Systern: | Field

History

Script:
Grid Filters

Grid Properties

DZMTRXV* 1988/@1/81
FIPNUM= 1988/81/e1
MULTNUM* 1988/81/81
MULTPW* 1988/81/81
PERNX* 1988/81/81

4 PERMY* 1988/@1/81

Comment (Opticnal): PERMZ* 1gz8/e1/e1

PORO* 1988/81/81

PORV 1988/81/81

min || max || in |[loglo|| abs | Execute
0 e e J L raome-
7 [ 9 |l - |[ # | Functions~

SATNUM= 1988/81/81

SIGMAV* 1988/@1/81

“ 3 ” i ” e H Conditions ~

| N I (| (P =™

Loaded Grid Results ¥

[ )
[ )
[ |
[ 4 ” b ” Jx ” & ][ T — ] *Read-only grid property (Wot editable in current perspectiv
[ )
[ )

Create Custom Property ¥

-

Close

Figure 85 Property Calculator Dialog

In the third step, user can start the writing script in java format, and assign some formula
and values to the properties in the property calculator (or transmissibility values in face
calculator). User can type code or use the provided buttons, params, Functions,
Trigonomics, and Conditions for entering the code to the script. There is also a comment
field which user can fill it optionally. After writing code the “Execute” button will apply
the code to the model and changes are not irreversible, after execution.

“w,n

Note: do not forget entering “;” at the end of script statements
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The “Params” dropdown button includes |, J, and K indices parameters.
The “Functions” dropdown button includes following functions:

If

Volume

Index

Dimension

Coordinate

Result

Property

DistanceToWell

WellConnection
10-AllWellConnection

The “Trigonomics” dropdown button includes following trigonomic functions:

sin 9- sinh 17- sec
cos 10- cosh 18- csc
tan 11- tanh 19- asec
cot 12- coth 20- acsc
asin 13- asinh 21-sech
acos 14- acosh 22- csch
atan 15- atanh 23- asech
acot 16- acoth 24- acsch

The “Conditions” dropdown button includes following functions:

if
else 9- I=(not equal)
elseif 10- for
< (less than) 11- while
<= (less or equal than) 12- do while
== (equal to) 13- and
>= (greater or equal than) 14- or
8- > (greater than)

After executing some scripts you can access to the defined scripts in the “History” section

in the right side of the script calculator dialog.
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User can apply script to some filters using “Grid Filters” section which is displayed in the

Figure 86.

Grid Filters

&6 &b

Figure 86 Grid Filters section of Script Calculator

If user defined some filters using left panel of the RETINA main page, the filters will be
observable in the Grid Filters section of the script calculator (Figure 87). User can select
all, deselect all, or select some desired filters; calculation will be applied on selected
filters. In case of no filter, calculations will be applied on all grids. User can apply filters to
view or get them from view using two distinct buttons in the Grid Filters section.

There is section of grid properties in the script calculator in which all defined schedulable

and non-schedulable grid properties of the model are displayed. These properties are
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editable only in pre-process perspective, except PORV. The “*’ sign indicates the read-
only properties. There is a date combo box in front of each grid property which indicates

" o u

the define date of each grid property. User can remove each property using “-“, or put it

into the script using inert button.

.-:53 Script Calculator

Script Calculator

Script Declaration: Calculator Type:

Script Mame (Optional): (") Face Calculater @) Prop. Calculator

Execution Unit Systern: | Metric (ECLIPSE™)

History

Script:
Grid Filters

4
Ii an 3'I‘]
[C]Filter:
[|Filter2

Grid Properties

MULTZ* 2@e5/el/a1

PERNX* 2@es/el/el1

]
PERMY* 2885/81/81

Comment (Optional): S s

PORD*® 2@e5/el/e1

In ”Ioglﬂ” abs ][ Execute PORV 2ees/e1/el -

) e

*Read-only grid property (Mot editable in current perspective).

” VX ” x H Trigonomics v

” x ” ® ][ Conditions ~ Create Custom Property ¥

=) e (e

. |

Figure 87 3D View Filters in Script Calculator

Functions Help ¥

|
)
” . ” L ][ - ] Loaded Grid Results ¥
|
)
)

If user requests some grid results (the request grid result action will be explained in the
“Numerical and Result” data tab) the results can be observable in the “Loaded Grid
Results”. The loading action of the grid result must be done using “tab” Left panel of the
RERINA main page (Figure 88) before performing any action on them.
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rnd Kesults (Live)

Figure 88 Loading Grid Results

After loading the grid results using Figure 88 instructions, the imported results are
displayed in the script calculator (Figure 89). There is a date combo box in front of each
loaded grid property which indicates the existing date of each grid property. User can
remove each property using “-“, or put it into the script using inert button.

The facility of “create Custom Property” is available to user. User can define own custom
grid property. The property name, template and value must be entered in the “Create
Custom Property” section. After defining the custom grid property, it is added to both the
grid property dialog, and script calculator.

Finally there is a “Functions Help” section in the property calculator, in which user can
see the functions templates, in a quick view.

Using of “functions” or “conditions” in script calculator might be relatively complicated
for the beginners; so here minimal examples for each function and conditions are
presented. You can create more complicated scripts using this feature.
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Loaded Grid Results

BPR

Figure 89 Loaded Grid Results in Script Calculator
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Function Examples:

e Using “If” Function:

It has three inputs; the first input parameter is a logical expression, the second one is the
value if the condition is true, and the third input parameter is the value if the condition is
false.

Example:

If (PERMX>200,5 ,0 );

If the value of x-permeability for any grid block 1is greater than 200, it
will be replaced with value of 5, else it will be replaced with 0.

e Using “Volume” Function:

It has no input; it calculates the geometric volume of each grid block.

Example 1:

PERMX=Volume (;

The volume of each grid block is calculated and assigned to x-permeability of
each grid.

Example 2:

A=Volume () ;

The volume of each grid block is calculated and assigned to the user defined
property of “A” for each grid.

Example 3:

A= If(Volume>5000, 1000 ,500);

The A property value will be 1000 for all grid blocks with grid geometric

volume greater than 5000; simultaneously, the value of 500 is assigned for
the other grid blocks.

e Using “Index” Function:

It has one input of the |, J, or K index as string in the “I”, “J”, or ”K” format; it calculates
the index of each grid block in desired direction. The “1”, “J”, and “K” parameters can be

inserted either using “Params” dropdown list or by typing in the script as mentioned
format.

Example 1:

PERMX= Index ("Jd"):;

The index of “J” for each grid block is assigned to its x-permeability value.
Example 2:

PERMY=If (Index ("J")==5, 2.5 ,1.5 );

The y-permeability value will be 2.5 for all grid blocks with J-index=5, and
the value of 1.5 is assigned for other grid blocks.

e Using “Dimension” Function:
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”

It has one input of the |, J, or K index as string in the “1”, “J”, or "K” format; it calculates

”

the dimension of each grid block in desired direction. The “I”, “J”, and “K” parameters can

be inserted either using “Params” dropdown list or by typing in the script as mentioned
format.

Example 1:

PERMX=Dimension ("J") ;

The Dimension of grid block in “J” direction for each grid block is assigned
to its x-permeability value.

Example 2:

PERMY=If (Dimension ("J")>=50, 25 ,15 );

The y-permeability value will be 25 for all grid blocks with J direction
dimension greater than or equal to the 50, and the value of 15 is assigned
for other grid blocks.

e Using “Coordinate” Function:

”

It has one input of the |, J, or K index as string in the “I”, “J”, or ”K” format; it calculates

7

the coordinate of each grid block in desired direction. The “1”, “J”, and “K” parameters

can be inserted either using “Params” dropdown list or by typing in the script as
mentioned format.

Example 1:

PERMX=Coordinate ("J");

The coordinate of grid block in “J” direction is assigned to each grid block
xX-permeability value.

Example 2:

PERMY=If (Coordinate ("J")<12500, 2000 ,1500 );

The y-permeability value will be 2000 for all grid blocks with J direction
coordinate less than 12500, and the value of 1500 is assigned for other grid
blocks.

e Using “Results” Function:

It has two inputs; the first one the name of the desired result grid property as “Name”
and the second one is the date in which the result is requested as “vy/mv/pp”. If user
uses this function the inputs must be inserted by typing; there is another and more user
friendlier way to use this function: after importing grid results using import item of the
RETINA main page’s left panel, a list of “Loaded Grid Results” are displayed in the related
section in script calculator; user can insert the result function with its inputs just choosing
the date (from date combo box in front of each result) and push the “put into the script”
icon; in this way the “Result” function with both input parameters will be inserted
automatically to the script.

Example 1:
PERMX=Result ("BOSAT", "2007/02/01");
The result values of block oil saturation at the date 2007/02/01 are assigned
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to each grid block x-permeability value.

Example 2:

PERMY=If (Result ("BOSAT", "2005/07/01")>0.5,10 ,5);

The y-permeability value will be 10 for all grid blocks with result block oil
saturation at date 2007/07/01 greater than 0.5, and the value of 5 1is
assigned for other grid blocks.

e Using “Property” Function:

It has two inputs; the first one the name of the desired grid property as “name” and the
second one is the date in which the property is requested as “vy/mv/pp” . If user uses this

function the inputs must be inserted by typing; there is another and more user friendlier
way to use this function: if you have schedulable grid properties, user can insert the
“Property” function with its inputs just choosing the date (from date combo box in front
of each grid) and push the “put into the script” icon; in this way the “Property” function
with both input parameters will be inserted automatically to the script. In case of using
grid properties at start date, the “property” function does not need to use; only putting
desired property in the script is enough.

Example 1:

PERMX= Property ("MULTX", "2006/02/01");

The property values of the transmissibility in x direction at the date
2006/02/01 are assigned to each grid block x-permeability value.

Example 2:

PERMY=If (Property ("MULTX", "2006/02/01")>0.5,10 ,5);

The y-permeability value will be 10 for all grid blocks with transmissibility
multiplier value of x direction at date 2006/02/01 greater than 0.5, and the
value of 5 are assigned for other grid blocks.

e Using “DistanceToWell” Function:

It has only one input of the well name as "welilName" string format. It will give the
distance of each grid block to the desired well.

Example 1:
PERMX=DistanceToWell ("PO1") ;

The grid block distance to the well POl value is assigned to its permeability
value in x direction for each grid block.

Example 2:

PERMY=If (DistanceToWell ("PO1l")>DistanceToWell ("P02") , PERMX, Property ("MULTX",
"2006/02/01")) ;

The x permeability value will be assigned to the y permeability value for
each grid which its distance to well POl is greater than its distance to well

P02; otherwise the property of transmissibility multiplier in x direction at
date 2006/02/01 is assigned to the y permeability value.

e Using “WellConnection” Function:
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It has only one input of the well name as "weliname" string format. This function will give

the connection of the desired well.

Example:

A=WellConnection ("P0O1") ;

A includes an array in which the well P0l1’s connections are specified. After
using this function you can see the connections on the 3D view.

Using “AllWellConnection” Function:
It does not input. This function will give the all connections of the defined wells.

Example:
A=AllWellConnection () ;

A includes an array in which the all well’s connections are specified. After
using this function you can see the connections on the 3D view.
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Using Reservoir Data Tab

Reservoir Data tab is used to define PVT, Rock, Saturation, Equilibration, End Point
Scaling, and Aquifer data.

3-2-1- PVT Region Data

The “PVT Region Data” button is used to define PVT regions and API tracking Option.
Figure 90 displays the PVT Region Data dialog. The model system phase is displayed as a
comment in this dialog. There are two tables in left side of this dialog; 1- PVT region and
2- Table list.

" 2\ PVT Datz Management |

PVT Data Management

+ ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas

PVT Region PVT Data Types API Tracking

Family Data: | Qil:PVTO ,WaterPVTW ,Gas:PVDG Has STOG Data [] API Tracking APIGroups No.: |1

Parameters | Tables

PVT Data Parameters:

Name |Va|ue |Unit |

Table List

ImportEr.\ipsePVTl l Cancel ] l 0K

Figure 90 PVT Region Data Dialog

For adding or removing some PVT regions, the + and — buttons are used, respectively.
Add, remove and auto naming is same as section 3-2-6. After adding desired region,
window of Figure 91 is displayed, in which all the fields are active. The components of the
PVT window will describe in next sections. User can move defined PVT regions using up
or down arrows. Same as Fault manager window, there is a button of @" in the PVT data
management window, which is used to auto naming of the defined regions. Assume you
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want to auto name 3 regions which are defined before, clicking on @k will change the
names to “PVT 1” to PVT 3”. If you want to rename a specific PVT region you can double
click on it and type the name. In case of API Tracking, after activating it by check the
related box, the number of it groups is inserted in “API Group No”.

;1 PVT Data Management

PVT Data Management @

+ = ab NOTE: The model system phase is: Qil, Water, Gas and Dissolved Gas

PVT Region PVT Data Types API Tracking
i PVT Data - 01 .
Family Data: [OiI:PVTO,Water:P\u"I'W,Gas:PVDG v] [7] Has STOG Data DAPITracklng API Groups Mo.: | 1

Parameters | Tables

PVT Data Parameters:

Mame Value | Unit |
Water Compressibility 3.9795E-05 Bar™
Standard Gas Density 081172 Kg/m®
Standard Qil Density 80091 Kg_f’m-’
Standard Water Density 1020.3 Kg/m®
Water Formation Velume Factor 10132 ME/SME

|| | TablelList Water Reference Pressure 250 Bar

PVTO Water Viscosibility * Bar™

| PVDG Water Viscosity 0.39851 CPoise

IImpor‘t Eclipse P‘u’T] [ Cancel

Figure 91- PVT Data Management Dialog after Adding PVT Region Data

Sometimes user wants to copy a PVT Region data to some others. In this case right
clicking on the source PVT region and selecting copy or paste can be useful. Also an
“Import Eclipse PVT” facility has been provided for PVT data importing in a user friendly
way.

PVT Data Types:

In these section types of PVT data for oil, water and gas are selected. If there are some
data of oil/gas surface tension the “Has STOG Data” should be checked. There are eight
families of the PVT data in this section, which user can select each of the based on the
model system phase.
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PVT Data Types

Family Data: JQil:PVTO WaterPVTW ,Gas:PVDG Has 5TOG Data

Oil:PVTO WaterPVTW ,Gas:PVDG
Qil:PVTO WaterPVTW ,Gas:PVZG
Qil:PVTO WaterPVTW ,Gas:PVTG
QiPVCO & PMAX WaterPVTW Gaz:PVDG
QiPVCO & PMAX WaternPVTW  Gas:PVZG
Qil:PVCO & PMAKX WaterPVTW ,Gas:PVTG
Qil:PVDO ,\WaterPVTW ,GasNONE
QiPYCDO  WaterPVTW ,GassNONE

Figure 92- PVT Data Types

Family 1: Oil: PVTO, Water: PVTW, Gas: PVDG:

Only two tables of PVTO and PVDG are necessary for this PVT family data; Note that the
PVTW data are not entered in table; this data will be entered in parameters tab.

PVTO Table:

The PVTO table is used to define the PVT properties of live oil (with dissolved gas), in
which PVT data for a particular dissolved gas-oil ratio (Rs) are given. Within a PVTO table,
records should be arranged in order of increasing Rs (first column). The second column of
the PVTO table includes bubble point pressure (Pb) values for oil with dissolved gas-oil
ratio given by column 1. The third and fourth columns of the table include oil formation
volume factor (Bo), and oil viscosity (po) for saturated oil at bubble point pressure. Some
tables (optionally all) contain additional data which defines the properties of under-
saturated oil at the specified value of Rs. This extra data must be specified for the highest
Rs in each table. The additional data takes the form of 3 columns that continue from
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column 2, 3 and 4 above. In such cases the oil phase pressure (Po) values must increase
down the column (starting from Pb), the oil formation volume factor (Bo) corresponding
to Rs and Po must decrease down the column, and finally the oil viscosity corresponding
to Rs and Po should be increasing down the column.

There must be the same number of entries in each column. If no additional data is
supplied for a particular value of Rs, it locates the next higher value of Rs for which under
saturated PVT data is available, and takes a scaled copy of the Bo and viscosity curves
supplied there. Figure 93 displays a typical PVTO table and related cures.

Note: the data for under saturated oil must be provided for the highest Rs in the PVTO
table.

Note: RETINA linearly interpolates the 1/Bo and 1/(Bo.uo) between data points, rather
than the values themselves.

Note: In case of using the “API Tracking” option the set of tables must be entered in
increasing order of surface density (or decreasing order of API gravity,).

PVT Data Management

+ - ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas

PVT Region PVT Data Types API Tracking
SW PVT Data- 01
Family Data: [0\\:9\170_Water:PVTW,Gas:PVDG v] [[|HasSTOG Data  [C] API Tracking APl Groups Ne.: | 1

Parameters | Tables

RS (SM/M?) | Pb (Bar) | Bo (M¥/SMY) | po (CPoise) |
60177 6.0 12062 035978
1050 11998 0.26960 Oil Viscosity vs. Pressure

Selected Diagram: [Ol\V\scosltyvs. Pressure

1240 11953 038173
1420 11921 0.29567
1620 11896 041137
1810 11876 04287
2000 1186 044758
219.0 11847 046792
2380 11836 048968
257.0 11827 0.51279
276.0 11819 0.53718
2050 11812 0.56282
3140 1.1806 0583963
3330 118 061757
3520 11795 0.64657

3710 11781 06765 T " " " " "
3900 11787 070757 100.0  150.0 2000 2500  300.0  350.0

Table List

PVDG

Ho (CPoise)

409.0 11783 073923 P (Bar)
4280 1178 077175
4470 11777 080497
105.0 1.2455 0.33106
1240 1920 A 24000

#  Oil Viscosity vs. Pressure

Jelmlelelrlelrlelrlelezela|lu|lalv|e|w|n|=
IEIEE | S| GRE|IDRIR S

Metric (ECLIPSE™) [importeclipsePVT| [ Cancel | |

Figure 93 A Typical PVTO Table and Curves
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PVDG Table:

The PVDG table is used to define the PVT properties of dry gas (no vaporized oil). Each
table consists of three columns of data; the first one is the gas phase pressure which its
values should increase monotonically down the column; the second column includes the
corresponding gas formation volume factor which its values should decrease down the
column; and finally the third column includes the corresponding gas viscosity; the values
of the gas viscosity should be level or increasing down the column. There must be the
same number of entries in each column of a given table. Figure 94 displays a typical PVDG
table and corresponding curve.

PVT Data Management

+ — ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas
PVT Region PVT Data Types AP Tracking
i PVT Data - 01 Rk
Family Data: [O\I:PVTO WaterPVTW Gas:PVDG '] [] Has STOG Data [] API Tracking API Groups Ne.: | 1

Parameters | Tables

Pg(Ba) | Bg (M¥/5M) | pg (CPoise)
80.0 0.013974 0.01446
990 0011116 0015131 Gas Formation Volume Factor vs. Gas Pressure

Selected Diagram: [as Formation Volume Factor vs. Gas Pressure

1180 0.0082127 0,015886
1370 0.0078691 0016717
156.0 0.0068821 0017614

1750 00061356 0.018566
1940 00055579 0.019556
7130 00051024 0020571

Table List 2320 0.0047371 0.021598

PVTO 2510 00044395 0022626
700 00041939 0023647
289.0 00039883 0.024657
3080 00038141 0.025649

Bg (MYSM?)

3270 0.0036648 0.026622
3460 0.0035356 0.027575

3650 0004227 0028507 T ‘ ‘ ‘ T T
810 op0EzE | Do 1000 1500 2000 2500 3000 3500

403.0 0.0032347 0.030308 Pg (Bar)
4220 0.0031555 0031178
4410 0.0030843 0.032029

Gas Formation Volume Factor vs. Gas Pressure

Metric (ECLIPSE™] Import Eclipse PVT | | Cancel

Figure 94 A Typical PVDG Table and Curve

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.
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PVT Data Management

+ — ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas

PVT Region PVT Data Types API Tracking
58| PVT Data - 01

Family Data: [O\I:PVTO WaterPVTW , Gas:PVDG '] [] Has STOG Data ] AP Tracking API Groups No.: | 1

Parameters | Tables

PVT Data Parameters:

Name Value | Unit |
‘Water Compressibility 3.9795E-05 Bar™
Standard Gas Density 081172 Kg/m®
Standard Qil Density 800.01 Kg/m®
Standard Water Density 10203 Kg/m*
Water Formation Volume Factor 10132 M*/SM*
‘Water Reference Pressure 2150 Bar
[iseriscosiie, I

Water Viscosity 0.39851 CPoise

1

Table List
PVTO
PVDG

ImportEr.\ipsePVTl l Cancel ] l 0K

Figure 95 A Typical Water PVT Data

Family 2: Oil: PVTO, Water: PVTW, Gas: PVZG:

Only two tables of PVTO and PVZG are necessary for this PVT family data; Note that the
PVTW data are not entered in table; this data will be entered in parameters tab.

PVTO Table:

The PVTO table is used to define the PVT properties of live oil (with dissolved gas), in
which PVT data for a particular dissolved gas-oil ratio (Rs) are given. Within a PVTO table,
records should be arranged in order of increasing Rs (first column). The second column of

the PVTO table includes bubble point pressure (Pb) values for oil with dissolved gas-oil
ratio given by column 1. The third and fourth columns of the table include oil formation
volume factor (Bo), and oil viscosity (uo) for saturated oil at bubble point pressure. Some
tables (optionally all) contain additional data which defines the properties of under-
saturated oil at the specified value of Rs. This extra data must be specified for the highest
Rs in each table. The additional data takes the form of 3 columns that continue from

column 2, 3 and 4 above. In such cases the oil phase pressure (Po) values must increase
down the column (starting from Pb), the oil formation volume factor (Bo) corresponding
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to Rs and Po must decrease down the column, and finally the oil viscosity corresponding
to Rs and Po should be increasing down the column.

There must be the same number of entries in each column. If no additional data is
supplied for a particular value of Rs, it locates the next higher value of Rs for which under
saturated PVT data is available, and takes a scaled copy of the Bo and viscosity curves
supplied there. Figure 93 displays a typical PVTO table and related cures.

Note: the data for under saturated oil must be provided for the highest Rs in the PVTO
table.

Note: RETINA linearly interpolates the 1/Bo and 1/(Bo.uo) between data points, rather
than the values themselves.

Note: In case of using the “API Tracking” option the set of tables must be entered in
increasing order of surface density (or decreasing order of API gravity,).

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,

water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.

PV/ZG Table:

The PVZG table is used to define the PVT properties of dry gas (using Z-factors). Each
table consists of three columns of data; the reference temperature should be defined in
parameters tab for this table. The three columns of the PVZG table include the gas phase
pressure, the corresponding compressibility (Z) factor, and the corresponding gas
viscosity, respectively. The gas phase pressure values should increase monotonically
down the column, whereas the gas viscosity values should be level or increasing down
the column. There must be the same number of entries in each column of a given table.
The Figure 96 displays a typical PVZG table and curve.
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[ <. PVT Data Manageme

PVT Data Management

+ — ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas

PVT Region PVT Data Types API Tracking
0 PVT Data - 01

Family Data: [O\I:PVTO WaterPVTW,Gas:PVZG '] [] Has STOG Data ] AP Tracking API Groups No.: | 1

Parameters | Tables

P@a) | ug (CPoise)
400.0 . 0012
1200.0 : 0,014 Compressibility Factor vs. Pressure

Selected Diagram: ICompressib\lity Factor vs. Pressure

2000.0 0.015
2800.0 . 0.016
3600.0 0.017
4000.0 . 0.0175
4800.0 0.0185
5200.0 0.019

1 ]

Table List
Il | PvTO

T T T T T T T T T —
500.0 1000.0 1500.0 20000 2500.0 3000.0 35000 40000 45000 5000.0
P (Bar)

®  Compressibility Factor vs. Pressure

ImportEr.\ipsePVTl l Cancel ] l 0K

Figure 96 A Typical PVZG Table and Curve

Note: The Z- factor is related to the formation volume factor, reference temperature and
pressure.

Family 3: Oil: PVTO, Water: PVTW, Gas: PVTG:

Only two tables of PVTO and PVTG are necessary for this PVT family data; Note that the
PVTW data are not entered in table; this data will be entered in parameters tab.

PVTO Table:

The PVTO table is used to define the PVT properties of live oil (with dissolved gas), in
which PVT data for a particular dissolved gas-oil ratio (Rs) are given. Within a PVTO table,
records should be arranged in order of increasing Rs (first column). The second column of
the PVTO table includes bubble point pressure (Pb) values for oil with dissolved gas-oil
ratio given by column 1. The third and fourth columns of the table include oil formation
volume factor (Bo), and oil viscosity (uo) for saturated oil at bubble point pressure. Some
tables (optionally all) contain additional data which defines the properties of under-
saturated oil at the specified value of Rs. This extra data must be specified for the highest
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Rs in each table. The additional data takes the form of 3 columns that continue from
column 2, 3 and 4 above. In such cases the oil phase pressure (Po) values must increase
down the column (starting from Pb), the oil formation volume factor (Bo) corresponding
to Rs and Po must decrease down the column, and finally the oil viscosity corresponding
to Rs and Po should be increasing down the column.

There must be the same number of entries in each column. If no additional data is
supplied for a particular value of Rs, it locates the next higher value of Rs for which under
saturated PVT data is available, and takes a scaled copy of the Bo and viscosity curves
supplied there. Figure 93 displays a typical PVTO table and related cures.

Note: the data for under saturated oil must be provided for the highest Rs in the PVTO
table.

Note: RETINA linearly interpolates the 1/Bo and 1/(Bo.uo) between data points, rather
than the values themselves.

Note: In case of using the “API Tracking” option the set of tables must be entered in
increasing order of surface density (or decreasing order of API gravity,).

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.

PVTG Table:

The PVTG table is used to define the PVT properties of wet gas (with vaporized oil). Each
table gives PVT data for a particular gas phase pressure (Pg). There are four columns in
the PVTG table; the first column includes the gas phase pressure in which the values
should be increasing down the column. The second column includes vaporized oil-gas
ratio (Rv) for saturated gas at pressure Pg; the third and fourth items are the gas
formation volume factor for saturated gas, and the gas viscosity for saturated gas at Pg,
respectively.

Always PVTG tables contain additional data that defines the properties of under
saturated gas at the specified value of gas phase pressure. This data must be specified for
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the highest Pg in each table. The additional data takes the form of three columns which
continue from items 2, 3 and 4 above. In such cases, the values of Rv must decrease
down the column (starting from the value for saturated gas); There must be the same
number of entries in each column. If no additional data is supplied for a particular value
of Pg, it locates the next higher value of Pg for which under saturated PVT data is
available, and takes a scaled copy of the formation volume factor and viscosity curves
supplied there. The typical PVTG table and curves have been displayed in the Figure 97.

Note: the data for under saturated gas must be provided for the highest Pg in the PVTG

PVT Data Management

+ — ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas
PVT Region PVT Data Types AP Tracking
i PVT Data - 01 Rk
Family Data: [O\I:PVTO WaterPVTW Gas:PVTG '] [] Has STOG Data [] API Tracking API Groups Ne.: | 1

Parameters | Tables

Pd (Ban) | R (SM¥/M? | By (M/sMY | g (CPoise) | Selected Diagram: [ Gas Viscosity Inverse vs. Vaporized Oil-Gas Ratio
0.00014 0.0523 0.0234

00 00521 00238 Gas Viscosity Inverse vs. Vaporized Qil-Gas Ratio
90.0 0.00012 0.0132 0.0252
0.0 00131 0.0253
1500 0.00015 0.00877 0.0281
0.0 0.00881 0.0275
2100 0.00018 0.00554 0.0318
0.0 0.00555 0.0302
2700 0.00029 0.00417 0.0355
0.0 0.00421 0.033
3300 0.00043 0.00357 0.0392
0.0 0.00361 0.0358

P

‘I Table List

PVTO

1/ug (CPoise™)

5 0E-05 00001 0.00015 00002 0.00025 0.0003 0.00035 0.0004 0.00045
RV (SME/M%)

Gas Viscosity Inverse vs. Vaporized Oil-Gas Ratio

mimlelelelelelelrlelelele|e|w|a|v|s|w|~n
MEB ek S e Gl=LRkEe

| Import Eclipse PVT| [ Cancel J [
|

Figure 97 A Typical PVTG Table and Curves

Family 4: Oil: PVCO & PMAX, Water: PVTW, Gas: PVDG:

Only two tables of PVCO and PVDG are necessary for this PVT family data; Note that the
PVTW data are not entered in table; this data will be entered in parameters tab. the
maximum pressure is available in the parameter tab for this type of data.

PVCO Table:
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The PVCO table is used to define PVT properties of live oil in compressibility form (with
dissolved gas). This data family offers a simpler method of entering tables of live oil PVT
properties than with the PVTO. The difference between the two families is that the PVCO
assumes that under saturated oil with a particular Rs value has a compressibility that is
independent of the pressure, and that the viscosity of under saturated oil has a pressure-
independent derivative. Thus there is no need to provide tables of under saturated oil
formation volume factor and viscosity versus pressure. Each table consists of six columns.

First column: The bubble point pressure (Pb) for oil with the dissolved gas-oil ratio
given by second column. In each table, the pressure values should increase
monotonically down the column.

Second column: The dissolved gas-oil ratio (Rs) of saturated oil with bubble point
given by first column. The values should increase monotonically down the column.
Third column: The formation volume factor of saturated oil at Pb.

Fourth column: The viscosity of saturated oil at Pb.

Fifth column: The compressibility of under saturated oil with a dissolved gas-oil
ratio given by the second column.

Sixth column: The “viscosibility”, or viscosity compressibility, of under saturated oil
with a dissolved gas-oil ratio given by the second column.

If the PVCO including family is used, the maximum pressure (PMAX) expected in the
simulation must also be entered. This information is used for two purposes. Firstly, the
under saturated parts of the oil PVT tables are automatically filled out in the form of the
PVTO table, up to the pressure entered in PMAX. Secondly, RETINA carries out a check to

see if compressibility values are changing too rapidly with so that the curves of under

saturated oil formation volume factor for two different values of cross each other. A
warning is printed if they cross at a pressure below the maximum pressure entered in
PMAX.

Note: RETINA linearly interpolates the 1/Bo and 1/( Bo.uo) between data points, rather
than the values themselves.

Note: When using the API Tracking option, the set of tables must be entered in increasing
order of surface density (or decreasing order of API gravity).

PVTW Data:
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The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.

PVDG Table:

The PVDG table is used to define the PVT properties of dry gas (no vaporized oil). Each
table consists of three columns of data; the first one is the gas phase pressure which its
values should increase monotonically down the column; the second column includes the
corresponding gas formation volume factor which its values should decrease down the
column; and finally the third column includes the corresponding gas viscosity; the values
of the gas viscosity should be level or increasing down the column. There must be the
same number of entries in each column of a given table. Figure 94 displays a typical PVDG
table and corresponding curve.

Family 5: Oil: PVCO & PMAX, Water: PVTW, Gas: PVZG:

Only two tables of PVCO and PVZG are necessary for this PVT family data; Note that the
PVTW data are not entered in table; this data will be entered in parameters tab.

PVCO Table:

The PVCO table is used to define PVT properties of live oil in compressibility form (with
dissolved gas). This data family offers a simpler method of entering tables of live oil PVT
properties than with the PVTO. The difference between the two families is that the PVCO
assumes that under saturated oil with a particular Rs value has a compressibility that is
independent of the pressure, and that the viscosity of under saturated oil has a pressure-
independent derivative. Thus there is no need to provide tables of under saturated oil
formation volume factor and viscosity versus pressure. Each table consists of six columns.

e First column: The bubble point pressure (Pb) for oil with the dissolved gas-oil ratio
given by second column. In each table, the pressure values should increase
monotonically down the column.

Second column: The dissolved gas-oil ratio (Rs) of saturated oil with bubble point
given by first column. The values should increase monotonically down the column.
Third column: The formation volume factor of saturated oil at Pb.

Fourth column: The viscosity of saturated oil at Pb.
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e Fifth column: The compressibility of under saturated oil with a dissolved gas-oil
ratio given by the second column.
Sixth column: The “viscosibility”, or viscosity compressibility, of under saturated oil
with a dissolved gas-oil ratio given by the second column.

If the PVCO including family is used, the maximum pressure (PMAX) expected in the
simulation must also be entered. This information is used for two purposes. Firstly, the
under saturated parts of the oil PVT tables are automatically filled out in the form of the
PVTO table, up to the pressure entered in PMAX. Secondly, RETINA carries out a check to
see if compressibility values are changing too rapidly with so that the curves of under
saturated oil formation volume factor for two different values of cross each other. A
warning is printed if they cross at a pressure below the maximum pressure entered in
PMAX.

Note: RETINA linearly interpolates the 1/Bo and 1/( Bo.uo) between data points, rather
than the values themselves.

Note: When using the APl Tracking option, the set of tables must be entered in increasing
order of surface density (or decreasing order of API gravity).

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.

PV/ZG Table:

The PVZG table is used to define the PVT properties of dry gas (using Z-factors). Each
table consists of three columns of data; the reference temperature should be defined in
parameters tab for this table. The three columns of the PVZG table include the gas phase
pressure, the corresponding compressibility (Z) factor, and the corresponding gas
viscosity, respectively. The gas phase pressure values should increase monotonically
down the column, whereas the gas viscosity values should be level or increasing down
the column. There must be the same number of entries in each column of a given table.
The Figure 96 displays a typical PVZG table and curve.
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Family 6: Oil: PVCO & PMAX, Water: PVTW, Gas: PVTG:

Only two tables of PVCO and PVTG are necessary for this PVT family data; Note that the
PVTW data are not entered in table; this data will be entered in parameters tab.

PVCO Table:

The PVCO table is used to define PVT properties of live oil in compressibility form (with
dissolved gas). This data family offers a simpler method of entering tables of live oil PVT
properties than with the PVTO. The difference between the two families is that the PVCO
assumes that under saturated oil with a particular Rs value has a compressibility that is
independent of the pressure, and that the viscosity of under saturated oil has a pressure-
independent derivative. Thus there is no need to provide tables of under saturated oil
formation volume factor and viscosity versus pressure. Each table consists of six columns.

e First column: The bubble point pressure (Pb) for oil with the dissolved gas-oil ratio
given by second column. In each table, the pressure values should increase
monotonically down the column.

Second column: The dissolved gas-oil ratio (Rs) of saturated oil with bubble point
given by first column. The values should increase monotonically down the column.
Third column: The formation volume factor of saturated oil at Pb.

Fourth column: The viscosity of saturated oil at Pb.

Fifth column: The compressibility of under saturated oil with a dissolved gas-oil
ratio given by the second column.

Sixth column: The “viscosibility”, or viscosity compressibility, of under saturated oil
with a dissolved gas-oil ratio given by the second column.

If the PVCO including family is used, the maximum pressure (PMAX) expected in the
simulation must also be entered. This information is used for two purposes. Firstly, the
under saturated parts of the oil PVT tables are automatically filled out in the form of the
PVTO table, up to the pressure entered in PMAX. Secondly, RETINA carries out a check to

see if compressibility values are changing too rapidly with so that the curves of under

saturated oil formation volume factor for two different values of cross each other. A
warning is printed if they cross at a pressure below the maximum pressure entered in
PMAX.

Note: RETINA linearly interpolates the 1/Bo and 1/( Bo.uo) between data points, rather
than the values themselves.
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Note: When using the API Tracking option, the set of tables must be entered in increasing
order of surface density (or decreasing order of APl gravity).

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.

PVTG Table:

The PVTG table is used to define the PVT properties of wet gas (with vaporized oil). Each
table gives PVT data for a particular gas phase pressure (Pg). There are four columns in
the PVTG table; the first column includes the gas phase pressure in which the values
should be increasing down the column. The second column includes vaporized oil-gas
ratio (Rv) for saturated gas at pressure Pg; the third and fourth items are the gas
formation volume factor for saturated gas, and the gas viscosity for saturated gas at Pg,
respectively.

Always PVTG tables contain additional data that defines the properties of under
saturated gas at the specified value of gas phase pressure. This data must be specified for
the highest Pg in each table. The additional data takes the form of three columns which
continue from items 2, 3 and 4 above. In such cases, the values of Rv must decrease
down the column (starting from the value for saturated gas); There must be the same
number of entries in each column. If no additional data is supplied for a particular value
of Pg, it locates the next higher value of Pg for which under saturated PVT data is
available, and takes a scaled copy of the formation volume factor and viscosity curves
supplied there. The typical PVTG table and curves have been displayed in the Figure 97.

Note: the data for under saturated gas must be provided for the highest Pg in the PVTG
table.

Family 7: Oil: PVDO, Water: PVTW, Gas: NONE:

Only two tables of PVDO table is necessary for this PVT family data; Note that the PVTW
data are not entered in table; this family is for defining dead oil and no gas PVT is
necessary for this data family.
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PVDO Table:

The PVDO table is used to define PVT properties of dead oil (no dissolved gas). Each table
consists of three columns. The first column is the oil phase pressure; the oil pressure
values should increase monotonically down the column. The second column includes the
corresponding oil formation volume factor in which, the values should decrease down
the column. Third column is the corresponding oil viscosity. The oil viscosity values should
be level or increasing down the column. There must be the same number of entries in
each column of a given table. Figure 98 displays a typical PVDO table and curve. Two
parameters of bubble point pressure and constant dissolved gas concentration must be
entered in parameters tab.

PVT Data Management

+ — ab NOTE: The model system phase is: Oil, Water, Gas and Dissolved Gas

PVT Region PVT Data Types AP Tracking
i) PVT Data - 01 X
Family Data: [O\I:PVDO WaterPVTW ,Gas:NONE '] [] Has STOG Data [] API Tracking API Groups Ne.: | 1

Parameters | Tables

Po (Bar) ‘ Bo (M¥/SM7) | po (CPoise)
400.0 1012 116
1200.0 1.004 1.164 Qil Formation Veolume Factor vs. Qil Pressure

Selected Diagram: [CM Formation Volume Factor vs. Qil Pressure

1
2|

3| 20000 0286 1167
| 000 0ss8 1472
5| 36000 08802 1177
a
7|
B

4400.0 09724 1181
5200.0 0.9646 1185
5600.0 09607 119

Table List

Bo (M/SK?)

T T T T
1000.0 2000.0 3000.0 4000.0
Po (Bar)

Qil Formation Volume Factor vs. Oil Pressure

Import Eclipse PVT| [ Cancel J [

Figure 98 A Typical PVDO Table and Curves

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.
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Family 8: Oil: PVCDO, Water: PVTW, Gas: NONE:

PVCDO Data:

There is no table in this family of the PVT data. All the values should be entered in
parameters tab. the PVCDO data is used to define the dead oil PVT properties (with
constant compressibility). It includes following parameters: oil formation volume factor,
oil compressibility, oil viscosity, oil viscosibility, oil reference pressure, bubble point
pressure, and dissolved gas concentration.

PVTW Data:

The PVTW includes water PVT functions including: The water compressibility, standard
gas density, standard oil density, standard water density, water formation volume factor,
water reference pressure, water viscosity, and viscosibility. The Figure 95 displays the
PVT Data parameters which includes PVTW data.

PVT Plot Setting:

User can use right click on the plot to see setting (Figure 99). Setting includes save, fit

data, plot property. The zoom action is performed using mouse wheel. Clicking on
“Properties” leads user to the “Chart Properties” window. In this window, user can edit

title, description and related fonts, axis setting like axis minimum and maximum values,
scales, marker types, colors and etc.
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Parameters | Tables

Po (Bar) Bo (M*/SM?) | po (CPoise)
400.0 102 116
12000 1,004 1164 Qil Formation Volume Factor vs. Qil Pressure

Selected Diagram: Qil Formation Volume Factor vs. Qil Pressure

2000.0 0.996 1167
2800.0 0.988 1172
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o Properties

[o]~[o]w|=]w]n]=
Bo (MSM?)

— Save As Image |:
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#  Oil Formation Volume Factor vs. Qil Pressure

# Oil Formation Volume Factor vs. Qil Pressure at 2000.0 Bar is 0.996 M*/SM® (Snapped

Figure 99 Plots Setting
3-2-2- Rock Region Data

The rock region data can only define in this section. Clicking “Rock Region Data” button,
the window of Figure 100 is opened. The naming, sorting and add or remove actions

procedure is same as section 3-2-1. The Rock Region dialog includes Rock Parameters and
Rock table. Using Rock Option tab one of the PVTNUM, SATNUM or ROCKNUM have to
be selected.
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Rock Region Data Management G

Rock Options

Rock Properties Region Type: ROCKNUM =

Rock Regions Data

+ — @b [7]1s Rock Compaction?

Rock Region Rock Paramaters | Rock Table

s B Rock Data - 01 Rock Data Parameters:

MName | Value
Rock Compressibility *
Standard Pressure

*

Compaction Model Reversible - -
Initial Pore Volume Adjustment Mo Store - -
Pressure of Rock Compaction Tables  Effective Fluid Pressure - -

Table List

OVERBURD

Figure 100- Rock Region Data Management

If the “Is Rock compaction?” does not checked only the OVERBURD table will be available
in the table list and following data in the “Rock Parameters” tab: Rock compressibility,
standard pressure, compaction model, initial pore volume adjustment, and pressure of
rock compaction tables. There are two methods of reversible and irreversible for defining
compaction model. The “Store” and “No Store” options are available for the initial pore
volume adjustment. The pressure of rock compaction table either can be effective fluid
pressure or effective rock stress. When the “Is Rock compaction?” is checked, the rock
compressibility and standard pressure fields are removed and two new tables of
ROCKTAB and ROCTSIG are added to the table list.

Note: the ROCKTSIG are only available for dual (fractured) models

Rock Properties Region Type:

If SATNUM or ROCKNUM are not found in the defined REGIONSs, default PVTNUM values
will be used.
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Compaction Model:

There are two models for rock compaction: “Reversible” in which the Rock compaction is
fully reversible with increasing pressure, and “Irreversible”, in which the Rock compaction
is irreversible; the pore space does not re-inflate when the pressure increases

Initial Pore Volume Adjustment:

The “Store” option copies the initial equilibrated pressure at the start of the run into the
overburden array. This has the effect of referencing the pore volume (as a function of
pressure) to the initial pressure rather than the reference pressure, that is, the pressure
with a pore volume multiplier of 1.0 in the ROCKTAB table. Thus the input pore volume
for a cell is defined as the pore volume at initial conditions rather than the pore volume
at the reference pressure.

Note: the OVERBURD table should not be used with the “Store” option as the input
OVERBURD data will be overwritten and ignored.

Pressure of Rock Compaction Tables:

If the overburden pressure supplied in the OVERBURD table is greater than the fluid
pressure (which it often will be), the effective fluid pressure (Peff fl= Pfluid- Overburden)
will be negative. In this case the rock compaction tables will have to be entered with
negative pressure values. The tables can be input in a more intuitive manner by selecting
the “Effective Rock Stress” option before the tables are entered. In this case the pore
volume and transmissibility multipliers will be tabulated against the effective overburden
pressure, Peff ov = Overburden - Pfluid, which will then be positive. This item should be
left defaulted if the OVERBURD table is not used. The default value of the “pressure of
rock compaction tables” is effective fluid pressure.

The three tables of ROCKTAB, ROCKTSIG, and OVERBURD are explained in this section.

1- ROCKTAB (Rock compaction data) Table:
Each table consists of five columns of data. Apart from the last or first rows, values

in the second and third columns may be defaulted, and such values are linearly
interpolated. All values in the fourth and fifth columns can be defaulted, and if this
is done the values from the third column are used.

The first column includes the pressure values which should increase monotonically
down the column, unless the “Effective Rock Stress” option has been used in the
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“Pressure of Rock Compaction Tables”, in such case the values should decrease
monotonically down the column. The second column is the corresponding pore
volume multiplier; these values should be level or increasing down the column.
Third column contains the corresponding transmissibility multiplier in x direction,
which its values should be level or increasing down the column. The y and z
direction transmissibility multipliers are placed in column 4 and 5, respectively.
There must be the same number of entries in each column of a given table. Figure
101 displays the ROCKTAB table and corresponding plot.

| <. Rock Region Data Manageme

Rock Region Data Management

Rock Options
Rock Properties Region Type: PVTNUM  ~
Rock Regions Data
+ = [7]1s Rock Compaction?
£

Rock Region Rock Paramaters | Rock Table
i Rock Data - 01

Pressure (psi) [ PV Mult. (-) | X Tran. Mult. {-) | ¥ Tran. Mult. (-} | Z Tran. Mult. (-] ROCKTAB
10000 09 10 10 10

20000 094 099 098 10
30000 096 095 096 10

40000 095 096 0.99

B

Tran. Mult.

Table List
ROCKTAB
ROCKTSIG
OVERBURD

T T T T T T T
1000.0500.8000.@500.0000.8500.0

Pressure (psi)

PV Mult.

X Tran. Mult.
¥ Tran. Mult.
Z Tran. Mult.

Figure 101 Rock Compaction Data Table and Plot

2- OVERBURD (Rock overburden pressure) Table:

This table consists two columns of the depth and the corresponding overburden
pressure. The depth values should decrease monotonically down the column by
default, since the positive z direction in RETINA is upward. The over burden values
should increase monotonically down the column.

There must be the same number of entries in each column of a given table. The
OVERBURD table can be used if the Rock Compaction option is selected. The
overburden pressure at the grid block depth is subtracted from the pore pressure
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to look up the pore volume and transmissibility multiplier values. If the keyword is
not present then the overburden pressure is taken to be zero. if the OVERBURD is
specified, the ROCKTAB table tabulate the compaction multipliers against the
effective fluid pressure instead. If the overburden pressure is greater than the
fluid pressure, as it usually will be, then the effective fluid pressure (or stress) will
be negative. This leads to non-intuitive compaction tables with negative effective
pressures in the first column. Figure 102 displays the typical rock overburden
pressure table and plot.

[ @m Region Data Manageme [ e

Rock Region Data Management

Rock Options

Reck Properties Region Type: PVTNUM  +

Rock Regions Data
+ —a [@]1s Rock Compaction?
Rock Region Rock Paramaters | Rock Table
S OVERBURD
-1000.0 1000.0
-2000.0 30000

Table List
ROCKTAB
ROCKTSIG

OVERBURD

—

[P P sl
Depth ift)

T T T T T T T T
10000 15000 20000 25000 30000 35000 4000.0 45000

Pressure (psi)

Cancel QK

Figure 102 Rock Overburden Pressure Table and Plot

3- ROCKTSIG (Rock compaction data tables in dual porosity runs) Table:

This table consists two columns of the pressure and the sigma multiplier, and only

is available in dual models. The pressure values should increase monotonically
down the column, unless the “rock effective stress” option has been used, in
which case the values should decrease monotonically down the column. The
sigma values should be level or increasing down the column. Each row must be
complete, containing an entry in every column of the table. The Figure 103
displays the rock ROCKTSIG table and corresponding plot.
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Rock Region Data Management

Rock Options

Rock Properties Region Type: PVTHNUM -

Rock Regions Data
+ — [7]1s Rock Compaction?

Rock Region Rock Paramaters | Rock Table
e Rock Data - 01 Pressure (psi) | Sigma Multiplier (1) | ROCKTSIG
20000 10
3000.0 11

Table List

ROCKTAB
OVERBURD

Sigma Multiplier

T T T T T T T T T T
2000.0 2200.0 2400.0 2600.0 2800.0 30000 32000 3400.0 3600.0 3800.0

Pressure (psi)

Sigma Multiplier

Figure 103 Rock Compaction Data in Dual Porosity Table and Plot

Rock Plot Setting:

User can use right click on the plot to see setting. Setting includes save, fit data, plot
property. The zoom action is performed using mouse wheel. Clicking on “Properties”

leads user to the “Chart Properties” window. In this window, user can edit title,

description and related fonts, axis setting like axis minimum and maximum values, scales,
marker types, colors and etc.

3-2-3- Saturation Region Data

In these section types of Saturation data for oil, water and gas are selected. There are six
families of the saturation data in this section, which user can select each of the based on
the model system phase (Figure 104). For defining saturation region or editing the
existed one, the “Saturation Region Data” button must be clicked. This dialog includes
“Saturation Region” and “Hysteresis” tabs. There are two tables of “saturation regions”
and “table list” in the “Saturation Regions” tab. The upper one is for defining of the
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desired regions and another displays saturation tables. All add, remove, edit and naming
procedure are same as section 3-2-1.

Qil:SOF3 WaterSWFN Gas:SGFN

Qil:50F2 Water: SWFN Gas:SGFN
Oil:NOMNE Water:5WOF Gas:5GOF
Oil:NONE Water.SWOF Gas:SLGOF
Oil:SOF2 Water: SWFN Gas:ANY
Qil:50F2 Water: SWFN Gas:ANY
Qil:NONE Water SWOF Gas:ANY

Figure 104- Saturation Data Management

Family 1: Oil: SOF3, Water: SWFN, Gas: SGFN
SOF3 Table:

There are three column for each SOF3 (QOil saturation functions (three-phase)) table. The
first column includes the oil saturation. Its values should be between 0 and 1 and should
increase monotonically down the column. The maximum oil saturation should be equal to
1-Swco, where Swco is the connate water saturation. The second column includes
corresponding oil relative permeability for regions where only oil and water are present.
Its values should be between 0 and 1 and should be level or increasing down the column.
The first value in the column must be 0. The third column consists the corresponding oil
relative permeability for regions where only oil, gas and connate water are present.
Values should be between 0 and 1 and should be level or increasing down the column.
The first value in the column must be O.
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Default values (represented by 1*, or empty) may be inserted as required in columns 2
and 3. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. The maximum values in columns 2 and
3 both represent the oil relative permeability at maximum oil saturation and should
therefore have the same value. Figure 105 displays the SOF3 table and plot.

Note: SOF3 should be used only in three phase cases.

Saturation Data Management

Saturation Regions | Hysteresis

+ = ab NOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
1 [t e -0il Oil/Water/Gas Saturation Datz: 0il:SOF3 WaterSWEN Gas:SGFN | JFunc Type: NONE
Three Phase Qil Relative Permeability Model ECLIPSE Native | Min Qil Saturation Data: NONE

Paramaters | Table

Sod | Kow@) | Krg(d |
00 00 00
02 05 00
078 10 10

Table List

SGFN
SWFN

[Import Edlipse scaL | | Cancel J [

Figure 105 SOF3 Saturation Table and Plots

SWEN Table:

Each SWFN (Water saturation functions) table consists of three columns of data. The first
column includes the water saturation. Its values should be between 0 and 1 and should
increase monotonically down the column. The second column consists the corresponding
water relative permeability. For this column the values should be between 0 and 1 and
should be level or increasing down the column. The first value in the column must be O.
The third column includes the corresponding water-oil capillary pressure. Values should
be level or decreasing down the column in this column of the data. If SWATINIT property
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is used, then the water-oil capillary pressures must be monotonically decreasing. In gas-
water systems (that is with no active oil phase), the water-gas capillary pressure should
be entered here.

Default values (represented by 1*, or empty) may be inserted as required in columns 2

and 3. When the table is read in, defaults are replaced by values computed by linear

interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. The Figure 106 shows the SWFN table
and plots.

Saturation Data Management

Saturation Regions | Hysteresis

+ = ab NOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
1 [ssnreion e -0i Oil/Water/Gas Saturation Data: 0il:50F3 WaterSWFN Gas:SGFN | JFunc Type: NONE
Three Phase Qil Relative Permeability Model ECLIPSE Native | Min Qil Saturation Data: NONE

Paramaters | Table

Table List

SGFN

Pcow (psi)

SOF3

[Import Edlipse scaL | | Cancel J [

Figure 106 SWFN Saturation table and Plots

SGFN Table:

Each table of SGFN (Gas saturation functions) consists of the three columns of data. The
first column includes gas saturation. Values of this column should be between 0 and 1
and should increase monotonically down the column. The second column includes the
corresponding gas relative permeability. Values should be between 0 and 1 and should
be level or increasing down the column. The first value in the column must be 0. The last
column includes corresponding oil-gas capillary pressure. Values should be level or
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increasing down the column. In gas-water systems (that is no active oil phase), the gas-
water capillary pressure is entered in the SWFN keyword. The oil-gas capillary pressure in
SGFN should be set to zero.

Default values (represented by 1*, or empty) may be inserted as required in columns 2
and 3. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. Figure 107 displays the SGFN table and
plots.

Note: In gas-water runs the gas and water saturation functions may be input together
using the SGWFN keyword as an alternative to using both SGFN and SWFN.

Saturation Data Managemen

Saturation Data Management

Saturation Regions | Hysteresis

+ — = HOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
1 Sa“"a‘i"" [ =01l Oil/Water/Gas Saturation Data: 0il:SOF3 WaterSWFN Gas:SGFN ~| JFunc Type: NONE
Three Phase Qil Relative Permeability Model ECLIPSE Native | Min Qil Saturation Data: NONE

Paramaters | Table

Pego (psi)

Table List

SWFN
SOF3

Pego (psi)

[Import Eclipse SCAL] [

Figure 107 SGFN Saturation Table and Plots

Family 2: Oil: NONE, Water: SWOF, Gas: SGOF
SWOF Table:

The SWOF (Water / oil saturation functions versus water saturation) table may be used in

runs containing both oil and water as active phases, to input tables of water relative
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permeability, oil-in-water relative permeability and water-oil capillary pressure as
functions of the water saturation. If gas is also an active phase in the run, the gas/oil
saturation functions must be input with either keyword SGOF or SLGOF. Each SWOF table
consists of four columns of data. The first column includes water saturation values.
Values should be between 0 and 1 and should increase monotonically down the column.
The first value in the column is interpreted as the connate water saturation. The last
value in the column is interpreted as Sw = 1-Sor. The second column consists of the
corresponding water relative permeability. Values should be between 0 and 1 and should
be level or increasing down the column. The first value in the column must be O (zero).
The third column includes the corresponding oil relative permeability when only oil and
water are present. Values should be between 0 and 1 and should be level or decreasing
down the column. If gas is also present in the run, the first value in the column (that is
krow at So = Somax = 1-Swco ) must be the same as krowg at Sg = 0 set in keyword SGOF
or SLGOF. The last value in the column must be zero. Tha four and last column includes
the corresponding water-oil capillary pressure. Values should be level or decreasing down
the column.

Default values (represented by 1*, or empty) may be inserted as required in columns 2, 3
and 4. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. The Figure 108 shows the SWOF table
and plots.
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Saturation Data Management

Ssturation Regions | Hysteresis

+ - ab NOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
_ Seflistion et S0t Oil/Water/Gas Saturation Data: Oil:NONE Water:SWOF Gas:SGOF | JFunc Type: NOME
Three Phase Oil Relative Permeability Model ECLIPSE Native ~| Min Gil Ssturstion Date: NONE

Paramaters | Table
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Sw()

[Import Eclipse SCAL] [ Cancel

Figure 108 SWOF Saturation Table and Plots

SGOF Table:

The SGOF (Gas / oil saturation functions versus gas saturation) may be used in runs
containing both oil and gas as active phases, to input tables of gas relative permeability,
oil-in-gas relative permeability and oil-gas capillary pressure as functions of the gas
saturation. If water is also an active phase in the run, the water/oil saturation functions
must be input with SWOF. Each table consists of the four columns of data. The first
column includes the gas saturation. Its values should be between 0 and 1 and should
increase monotonically down the column. The first value in the column must be zero. The
second column includes the corresponding gas relative permeability. The second column
values should be between 0 and 1 and should be level or increasing down the column.
The first value in the column must be zero. The third column consists the corresponding
oil relative permeability when oil, gas and connate water are present. Its values should be
between 0 and 1 and should be level or decreasing down the column. If water is
present in the run, the first value in the column (krog at Sg = 0) must be the same as the
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first value in the krow column in keyword SWOF (that is krow at So = 1-Swco). The last
value in the column must be zero. The fourth column is the corresponding oil-gas
capillary pressure. Values should be level or increasing down the column.

Default values (represented by 1*, or empty) may be inserted as required in columns 2, 3
and 4. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. The Figure 109 displays the SGOF table
and plots.

Saturation Data Management

Saturation Regions | Hysteresis

+ = ab NOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
g Saturation Data ~01 Oil/Water/Gas Saturation Data: 0il:NONE WaterSWOF Gas:SGOF | JFunc Type: NONE
Three Phase Qil Relative Permeability Model ECLIPSE Native | Min Qil Saturation Data: NONE

Paramaters | Table

Pega (psi)

Table List

SWOF

SGOF
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T N T
T T T
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[Import Edlipse scaL | | Cancel

Figure 109 SGOF Saturation table and Plots
Family 3: Oil: NONE, Water: SWOF, Gas: SLGOF

SWOF Table:

The SWOF (Water / oil saturation functions versus water saturation) table may be used in
runs containing both oil and water as active phases, to input tables of water relative
permeability, oil-in-water relative permeability and water-oil capillary pressure as

functions of the water saturation. If gas is also an active phase in the run, the gas/oil
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saturation functions must be input with either keyword SGOF or SLGOF. Each SWOF table
consists of four columns of data. The first column includes water saturation values.
Values should be between 0 and 1 and should increase monotonically down the column.
The first value in the column is interpreted as the connate water saturation. The last
value in the column is interpreted as Sw = 1-Sor. The second column consists of the
corresponding water relative permeability. Values should be between 0 and 1 and should
be level or increasing down the column. The first value in the column must be 0 (zero).
The third column includes the corresponding oil relative permeability when only oil and
water are present. Values should be between 0 and 1 and should be level or decreasing
down the column. If gas is also present in the run, the first value in the column (that is
krow at So = Somax = 1-Swco ) must be the same as krowg at Sg = 0 set in keyword SGOF
or SLGOF. The last value in the column must be zero. Tha four and last column includes
the corresponding water-oil capillary pressure. Values should be level or decreasing down
the column.

Default values (represented by 1*, or empty) may be inserted as required in columns 2, 3
and 4. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table.

SLGOF Table:

The SLGOF (Gas / oil saturation functions versus liquid saturation) may be used in runs
containing both oil and gas as active phases, to input tables of gas relative permeability,
oil-in-gas relative permeability and oil-gas capillary pressure as functions of the liquid
saturation. If water is also an active phase in the run, the water/oil saturation functions
must be input with SWOF. Each table consists of the four columns of data. The first
column includes the liquid saturation. Values should be between 0 and 1 and should
increase monotonically down the column. The first value in the column is interpreted as
S1=Swco+Sor (Swco is the connate water saturation, the first saturation value in the
SWOF table, or zero if there is no water in the run). The last value must be 1.0, which
corresponds to a gas saturation of zero. The second column includes the corresponding
gas relative permeability. Its values should be between 0 and 1 and should be level or
decreasing down the column. The last value in the column must be zero. The values of
the third column which includes the oil relative permeability when oil, gas and connate
water are present should be between 0 and 1 and should be level or increasing down the
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column. If water is present in the run, the last value in the column (krog at Sg=0) must be
the same as the first value in the krow column in keyword SWOF (that is krow at So=1—
Swco). The first value in the column must be zero. There are oil capillary pressure values
in the fourth column of the SLGOF table. Its values should be level or decreasing down
the column.

Default values (represented by 1*, or empty) may be inserted as required in columns 2, 3
and 4. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. The SLGOF table and plots are displayed
in Figure 110.

Saturation Data Management

Saturation Regions | Hysteresis

+ = ab NOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
2] Saturation Data - 01 Oil/Water/Gas Saturation Data: OilNONE Water:SWOF Gas:SLGOF | JFunc Type: NONE
Three Phase Qil Relative Permeability Model ECLIPSE Native | Min Qil Saturation Data: NONE

Paramaters | Table

Krog (-} Pego (psi)

Table List

Pego (psi)
Krog

SWOF

cooococoocoo
T N T
T T T
cooococoocoo
LWk o~ o e

03 04 05 06 07 08 09
SI()

[Import Edlipse scaL | | Cancel J [

Figure 110 SLGOF Saturation Table and Plots
Family 4: Oil: SOF3, Water: SWFN, Gas: NONE

SOF3 Table:

There are three column for each SOF3 (Oil saturation functions (three-phase)) table. The
first column includes the oil saturation. Its values should be between 0 and 1 and should
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increase monotonically down the column. The maximum oil saturation should be equal to
1-Swco, where Swco is the connate water saturation. The second column includes
corresponding oil relative permeability for regions where only oil and water are present.
Its values should be between 0 and 1 and should be level or increasing down the column.
The first value in the column must be 0. The third column consists the corresponding oil
relative permeability for regions where only oil, gas and connate water are present.
Values should be between 0 and 1 and should be level or increasing down the column.
The first value in the column must be 0.

Default values (represented by 1*, or empty) may be inserted as required in columns 2
and 3. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table. The maximum values in columns 2 and
3 both represent the oil relative permeability at maximum oil saturation and should
therefore have the same value.

Note: SOF3 should be used only in three phase cases.
SWFEN Table:

Each SWEN (Water saturation functions) table consists of three columns of data. The first
column includes the water saturation. Its values should be between 0 and 1 and should
increase monotonically down the column. The second column consists the corresponding
water relative permeability. For this column the values should be between 0 and 1 and
should be level or increasing down the column. The first value in the column must be O.
The third column includes the corresponding water-oil capillary pressure. Values should
be level or decreasing down the column in this column of the data. If SWATINIT property
is used, then the water-oil capillary pressures must be monotonically decreasing. In gas-
water systems (that is with no active oil phase), the water-gas capillary pressure should
be entered here.

Default values (represented by 1*, or empty) may be inserted as required in columns 2
and 3. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table.

Family 5: Oil: SOF2, Water: SWFN, Gas: NONE
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SOF2 Table:

The SOF2 (Oil saturation functions (two-phase)) table is used to specify the relative
permeability of oil in two-phase models (oil-gas or oil-water). SOF2 should not be used to
specify the oil’s relative permeability in three-phase systems.
Each SOF2 table consists of the two columns of data. The first column includes oil
saturation data. Its values should be between 0 and 1 and should increase monotonically
down the column. The second column includes the corresponding relative permeability
kro. Its values should be between 0 and 1 and should be level or increasing down the
column. The first value in the column must be 0.

Default values (represented by 1*, or empty) may be inserted as required in columns 2.
When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,

containing an entry in every column of the table. The Figure 111 displays the SOF2 table
and plot.

Note: SOF2 should be used only in two phase cases.

Saturation Data Management

Saturation Regions | Hysteresis

+ — s HOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
al Saturation Data - 01

Oil/Water/Gas Saturation Data: Qil:50F2 Water SWFN GastANY vI JFunc Type: NOME

Three Phase Qil Relative Permeability Model ECLIPSE Native ~| Min Qil Saturation Data: NONE

Paramaters | Table

|

Table List
SWFN

SOF2

[Import Eclipse SCAL] [ Cancel

Figure 111 SOF2 Saturation Table and Plot
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SWEN Table:

Each SWEN (Water saturation functions) table consists of three columns of data. The first
column includes the water saturation. Its values should be between 0 and 1 and should
increase monotonically down the column. The second column consists the corresponding
water relative permeability. For this column the values should be between 0 and 1 and
should be level or increasing down the column. The first value in the column must be O.
The third column includes the corresponding water-oil capillary pressure. Values should
be level or decreasing down the column in this column of the data. If SWATINIT property
is used, then the water-oil capillary pressures must be monotonically decreasing. In gas-
water systems (that is with no active oil phase), the water-gas capillary pressure should
be entered here.

Default values (represented by 1*, or empty) may be inserted as required in columns 2
and 3. When the table is read in, defaults are replaced by values computed by linear
interpolation. Each table must contain at least two rows. Each row must be complete,
containing an entry in every column of the table.

Family 6: Oil: NONE, Water: SWFN, Gas: NONE
SWEN Table:

Each SWFN (Water saturation functions) table consists of three columns of data. The first
column includes the water saturation. Its values should be between 0 and 1 and should
increase monotonically down the column. The second column consists the corresponding
water relative permeability. For this column the values should be between 0 and 1 and
should be level or increasing down the column. The first value in the column must be O.
The third column includes the corresponding water-oil capillary pressure. Values should
be level or decreasing down the column in this column of the data. If SWATINIT property
is used, then the water-oil capillary pressures must be monotonically decreasing. In gas-
water systems (that is with no active oil phase), the water-gas capillary pressure should
be entered here.

Default values (represented by 1*, or empty) may be inserted as required in columns 2
and 3. When the table is read in, defaults are replaced by values computed by linear

interpolation. Each table must contain at least two rows. Each row must be complete,

containing an entry in every column of the table.
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Minimum Qil Saturation Data:

This field is activated when three phase oil relative permeability model set to the STONE-
1. Three ways is available for defining this item:

1- NONE: needs no data.
2- SOMGAS: needs minimum oil saturation versus gas saturation table.
3- SOMWAT: needs minimum oil saturation versus water saturation table.

Moving mouse pointer on the plotted curves displays the related values and conditions
(snapped or interpolated). User can use mouse right click on the plot to see setting which
includes save, fit data, plot property. The zoom action is performed using mouse wheel.
Clicking on “Properties” leads user to the “Chart Properties” window. In this window,
User can edit title, description and related fonts, axis setting like axis minimum and
maximum values, scales, marker types, colors and etc. If user wants to zoom in or out just
one of the curves, he/she can click on the related axis and uses mouse wheel. There is an
importer button which can import the Eclipse SCAL data to this window. User can also,
use copy, paste, insert and delete some rows same as section 3-2-1.

J-FUNCTION:

This option can be used to activate the Leverett J-function option, which scales the
water-oil and/or gasoil capillary pressure functions according to the grid block porosity
and permeability. The option may only be used if end-point scaling is active. This option is
for using J-function instead of capillary pressure in saturation functions for gas, water or
both:

Selecting “WATER” in JFunc combo box, requests the J-function option for the
water-oil capillary pressure only.

Selecting “GAS” in JFunc combo box, requests the J-function option for the gas-oil
capillary pressure only.

Selecting “BOTH” in JFunc combo box, requests the J-function option for both
water-oil and gas-oil capillary pressure.

The following parameters (Figure 112) are added to the parameter tab in case of
activating JFunc option:

e Oil-water or oil-gas surface tension,
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o The oil-water surface tension must be supplied if the first data item is set to
either WATER or BOTH.
The oil-gas surface tension must be supplied if the first data item is set to
either GAS or BOTH.
e JFunc power for the porosity term
e JFunc power for the permeability term
e JFunc Permeability Direction:
o XY The average of PERMX and PERMY values
o XPERMX value
o Y PERMY value
o ZPERMZ value

The J-function option scales the capillary pressure functions according to the rock
porosity and permeability. The dimensionless J-function is entered in place of the
capillary pressure function, specified using either the SWFN, SGFN or the SWOF, SGOF,
SLGOF family of saturation data.

Note: If the SWATINIT property is used in conjunction with the JFunc option, then the J-
function scaling is ignored in regions of the field where the SWATINIT array has been set,
and will use PPCWMAX instead if set. If the PCW is used in conjunction with the JFunc, the
input PCW array will be ignored when the J-function selects the water-oil capillary
pressure. Similarly, if the PCG is input, the input PCG array is ignored when the J-function
selects the gas-oil capillary pressure.
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| < saturaton Data Managemen

Saturation Data Management

Ssturation Regions | Hysteresis

+ - ab NOTE: The model system phase is: Oil and Water

Saturation Region Saturation Family
_ SeftiEton DEta o Oil/Water/Gas Saturstion Date: Qil:SOF2 Water SWEN Gas:ANY =] JFunc Type BoTH

Three Phase Oil Relative Permeability Model ECLIPSE Mative ~ | Min Oil Saturation Data: NONE

Paramaters| Table

Saturation Data Parameters:

MName
Qil-Water Surface Tension
Qil-Gas Surface Tension

JFunc Permeability Power
JFunc Porosity Power

JFunc Permeability Direction

Table List
SWFN_JFUNC

S0F2

[Import EclipseSCAL] [ Cancel I [

Figure 112 J-Function Corresponding Parameters Tab

There is a hysteresis tab in saturation data dialog which is shown in Figure 113. In this
tab, user can define hysteresis type as capillary, relative permeability or both of them.

a Saturation Data Management

Saturation Data Management

Saturation Regions | Hysteresis

Hysteresis Option

Capillary Curvature Parameter:

Hysteresis Type: [BOTH

Relative Permeability Flag: ’WﬂTER_CARLSON_DRAINAGE

Scanning Shape: [RF—TR

Oil vs. Gas Wetting Phase: Lo

vl ’Import EcIipseSCAL] [ Cancel l ’

Figure 113- Hysteresis Tab
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3-2-4- Equilibration Region Data

Clicking on the “Equilibration Region Data” button, user can define equilibration regions.
The equilibration region window, which is shown in Figure 114, includes two tabs of
“Equilibration Regions” and “Threshold Pressure”.

“The “Equilibration Regions” tab includes two tabs of “Parameters” and “Tables”. If there
is active API Tracking option, a tab of API table is also added to this window.

Following parameters should be entered in equilibration window:

e Pb or Rs definition Method
e Pd or Rv Definition Method
e Reference Depth (since the RETINA default positive Z-direction is upward, all the
depths are negative)
Reference Pressure
Water-Oil Contact Depth
Gas-0il contact Depth
Oil-Water Capillary Pressure
Gas-0il Capillary Pressure
Table Division Number
e Accuracy
e Performing Quiescence Correction

Bubble pressure (Pb) or solution gas ratio (Rs) should be defined versus depth (h) in
related “Table” tab. In case of vaporized oil, the dew pressure (Pd) or vapor oil-gas ratio
(Rv) should be defined also. All of the plot and table settings which are mentioned
previously, are available also in this window.

There are four options for defining bubble pressure (Pb) or solution gas ratio (Rs):

1- Rsversus depth
2- Pbversus depth
3- Datum Depth = gas oil contact (GOC)
4- None (Dead oil)

There are four options for defining dew pressure (Pb) or vapor oil-gas ratio (Rv):
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1- Rvversus depth
2- Pdversus depth
3- Datum Depth = gas oil contact (GOC)

Equilibration Data Management

Equilibration Regions | Threshold Pressure

+ — Parameters | Table (Rs vs. Depth) | Table (Rv vs. Depth) |

Equilibration Region Pb or Rs Definition Methed: Rs vs. Depth hd
i Equilibration Data - 01
Pd or Rv Definition Method: Ry vs. Depth ~

Reference Depth: -1600.0

Reference Pressure: 200.0
Water-Oil Contact: -2600.0
Gas-0il Contact: -1600.0
P_cow at Water-Oil Contact: 0.0
P_cgo at Gas-Oil Contact: 0.0
Table Division Number: 100
Accuracy: 0

Perform Quiescence Correction 0o

Figure 114- Equilibration Data Management

The water-oil contact depth, reference depth, gas-oil contact depth and Rs (Pb) tables
are displayed in table tab (Figure 115). Similar tables are available for APl versus depth if

APl tracking is activated, and for vaporized oil models.

“Threshold Pressure” tab which has been displayed in Figure 118 is used to define
threshold pressure between two equilibration region connections.
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Equilibration Data Management

Equilibration Regions |Thre;hold Pressure|

+ — ab Parameters | Table (Rsvs. Depth) |Table (Rw vs. Depth)

Equilibration Region h (m) ‘ RS (SMF/M7) |
'¥ Equilibration Data - 01 -1600.0 166.24
-3000.0 166.24

Depth (m)

165.4 165.6 165.8 166.0 166.2 166.4 166.6 166.8 167.0 167.2
Dissolved Gas-Oil Ratio (SM=/MF)
Rs s, Depth

GOC
WoC

Cancel ] [

Figure 115- Typical Rs vs. Depth

12\ Equilibration Data Managemei

Equilibration Data Management

Equilibration Regions | Threshold Pressure

+ -_ ab ‘Para

Equilibration Region h {m) | RV (SM*/M?) |
oW Equilibration Data - 01 1 -1600.0 100.0
2 -3000.0 166.24

meters | Table (Rs vs. Depth) | Table (Rv vs. Depth) | Table (API vs. Depth) |

Depth (m)

110.0 120.0 1300 140.0  150.0 160.0
Vaporized Oil-Gas Ratio {SM*%)
Rv vs. Depth

GOC
WOC

Figure 116 Typical Rv Vs. Depth
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Equilibration Data Management

Equilibration Regions |Th[e§ho|d Prassure‘

— ab Parameters | Table (Rs vs. Depth) | Table (Rv vs. Depth) | Table (APIvs. Depth)
—+ P P

Equilibration Region h (m) | OILAPI (-] | AP vs. Depth

sl Equilibration Data - 01 L -1600.0 410

2 -3000.0 420

3| 35000 122
4 |
5 |

-4000.0 423

-5000.0 4235

Depth (m)

APlvs. Depth
GOC
WoC

Cancel

Figure 117- Typical APl vs. Depth

Equilibration Data Management

Equilibration Regions | Threshold Pressure |

+ — av Connection Parameters:

Mame Name Value |Ur1it |
1 From Region Equilibration Data ~ -

To Region Equilibration Data -~ -
Bl Thresheld Pressure 5000 Bar

Irreversible Threshold Pressures Between Equilibration Regions

Figure 118- Typical Threshold Pressure Tab
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3-2-5- End Point Scaling Region Data

The button of “End point Scaling Region Data” will be used to define end point scaling. At
first scaling type must be selected using “End Point Scaling Type: dropdown list (Figure
119). The EPS type can be either “Two points” or “Three points”. If you select “None” a
message of “End point scaling is disabled” is displayed and no scaling is performed. If you

N B
4, ena o Scing Dt Vet =
1

End Point Scaling Data Management

End-Point Scaling Type: MNone

End Point Scaling is disabled, Three Point
Mone

Figure 119- Define an End Point Scaling Type

If user chooses one of the two or three points scaling the Figure of 120 is opened. This
window includes tables, parameters and EPS data types which are describe here.

For adding and removing some EPS regions, the + and - are used, respectively. The
procedure is same as section 3-2-1. User can move defined EPS regions using navigating
arrows. There is a button of @b in the EPS data management window, which is used to
auto naming of the defined regions.
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End Point Scaling Data Management

End-Point Scaling Type: Two Point w7

+ — ab End Point Scaling Data Types

End Point Scaling Region Saturatior | ENPTVD Relative Permeabilit | ENKRVD Pc Saturatior | EMSPCV Capillary Pressun | ENPCVD

0 EPS Data - 01
Parameters | Tahles

End Peint Scaling Data Parameters

Residual Gas Saturation: 0.0

Residual Oil Saturation: 0.0

Table List Connate Water Saturation: 0.0

EMKRVD
ENPTVD
EMPCVD
EMSPCVD

Figure 120- End Point Scaling Data Management

End Point Scaling Data Types

The types of the scaling such as saturation EPS type, relative permeability EPS type,
capillary pressure EPS type Pc-saturation EPS type are presents in this section. Note that
the EPS and Pc are abbreviations of End Point Scaling and Capillary Pressure, respectively.

ENPTVD (Saturation end-point versus depth tables):

This table specifies the depth variation of the saturation table end-points for
different end-point scaling regions within the reservoir. The flow of each phase across
each grid block face is calculated using transformed capillary pressure and relative
permeability curves obtained by linearly scaling the tabulated curves between the end
points specified using the ENPTVD table. The ENPTVD keyword also permits scaling of the
relative permeability tables used in computing the flow of phases between grid cells and
well connections and the scaling of capillary pressure functions in the equilibration
algorithm.

Each table consists of 9 columns of data:
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Depth values, the depth values should decrease monotonically down the column
by default, since the positive z direction in RETINA is upward.

The corresponding values of the connate water saturation.

The corresponding values of the critical water saturation.

The corresponding values of the maximum water saturation.

The corresponding values of the connate gas saturation.

The corresponding values of the critical gas saturation.

The corresponding values of the maximum gas saturation.

The corresponding values of the critical oil-in-water saturation.

The corresponding values of the critical oil-in-gas saturation.

There must be the same number of entries in each column of a given table. Each
saturation entry should be in the range 0.0 to 1.0 inclusive. If a saturation end-point is
defaulted for all depth values, in a problem where a value could correctly be defined,
then the end-point for each cell in the same scaling region will be the
value in the appropriate saturation function table. However if a saturation end point is
defaulted and the end-point has been defined at other depths, the end-point versus
depth table will be filled in by linear interpolation within the table and constant

extrapolation at the ends of the table. End point values entered for absent phases are

ignored.

ENKRVD (Relative permeability end point versus depth tables):

Using this table you can specify the depth variation of the maximum relative permeability
for the three phases. These tables complement the ENPTVD table, which specifies how
the end point saturation values vary with depth.

Each ENKRVD table consists of eight columns of data:

Depth values, the depth values should decrease monotonically down the column
by default, since the positive z direction in RETINA is upward.

The corresponding values of the maximum water relative permeability.

The corresponding values of the maximum gas relative permeability.

The corresponding values of the maximum oil relative permeability.

Water relative permeability at the critical oil (or gas) saturation.

Gas relative permeability at the critical oil (or water) saturation.

Oil relative permeability at the critical gas saturation.
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8- Qil relative permeability at the critical water saturation

There must be the same number of entries in each column of a given table. If an end
point is defaulted for all depth values, in a problem where a value could correctly be
defined, then the end point for each cell in the same scaling region will be the value in
the appropriate saturation function table. However if an end point is defaulted at a
certain depth but has been defined at other depths, the end point vs. depth table will be
filled in' by linear interpolation within the table and constant extrapolation at the ends of
the table. End point values entered for absent phases are ignored.

ENSPCVD (Scaled saturations for Pc curves versus depth tables):

This table scales the connate water or gas end-point of the capillary pressure curves
without scaling the corresponding oil relative permeability curves. The connate
saturations are entered as functions of depth for different end-point scaling regions
within the reservoir. The table can only be used when the end-point scaling option is
active. Each table consists of 3 columns of data:

1- Depth values, the depth values should decrease monotonically down the column
by default, since the positive z direction in RETINA is upward.

2- The corresponding values of connate gas saturation

3- The corresponding values of connate water saturation

There must be the same number of entries in each column of a given table. If a
saturation end-point is defaulted for all depth values, in a problem where a value
could correctly be defined, then the end-point for each cell in the same scaling region
will be the value in the appropriate saturation function table. However, if a saturation
end point is defaulted and the end-point has been defined at other depths, the end
point versus depth table will be filled in by linear interpolation within the table and
constant extrapolation at the ends of the table. End point values entered for absent
phases are ignored.

ENPCVD (Maximum capillary pressure versus depth tables):

This table specifies the depth variation of the maximum capillary pressure for
different end-point scaling regions within the reservoir. The table can only be used
when the end-point scaling option is active. Each table consists of 3 columns of data:
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1- Depth values, the depth values should decrease monotonically down the column
by default, since the positive z direction in RETINA is upward.

2- The corresponding values of the maximum gas-oil capillary pressure

3- The corresponding values of the maximum water-oil capillary pressure

There must be the same number of entries in each column of a given table. If a maximum
capillary pressure is defaulted for all depth values, in a problem where a value could
correctly be defined, then the end point for each cell in the same scaling region will be
the value in the appropriate saturation function table. However, if a maximum capillary
pressure is defaulted and the end-point has been defined at other depths, the endpoint
versus depth table will be filled in by linear interpolation within the table and constant
extrapolation at the ends of the table. End-point values entered for absent phases are
ignored.

Parameters/Tables

As you seen in Figure 120, there are two tabs of “Parameters” and “Tables” in the end
point scaling dialog. User can enter the data of residual saturations of oil and gas and
connate water saturation using the parameter tab. In the other tab (i.e. tables), the

tables are displayed. “Tables” tab includes data of the EPS. For example Right clicking on

the tables, user will be able to perform copy, paste, insert or delete table row. You can
press “Enter” key for same action of insert row. There is plot of the data in this tab. The
top list of the plot section shows the variables for plotting. Moving mouse pointer on the
plotted curves will display the related values and conditions (snapped or interpolated).

3-2-6- Aquifer Data

Aquifer is defined using “Aquifer Data” button. Afterward the window of the Figure 121 is
opened. There is an importer button which is used for import Eclipse aquifer data. The
Aquifer Data window consists of 3 main sections: Aquifers, Aquifer Data and Aquifer
Recurrent Parameters. Types of the Aquifers and related tables are defined in the
“Aquifers” section. For defining a new Aquifer, + button is used (similarly - is used for
removing a defined Aquifer). There are three types of aquifer to define in this window:

e Fetkovich Aquifer
e (Carter-Tracy Aquifer
e Numerical Aquifer
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Aquifers Data

Agquifers Aquifer Data
+ - - Aquifer Recurrent Parameters:

Aquifer Name |Type | Defined Dates: | 2008/01/01 | | Mame |Va|ue |Ur1it |

Aquifer Recurrents

Aquifer Tables
ECL{2010): rd=inf
rd=2

rd=4

rd=8

rd=10

Import Eclipse Aquifer Data ] [ Cancel

Figure 121- Aquifer Data
Fetkovich Aquifer:

+

™! button and selecting “Fetkovich Aquifer”.

User can define this type of aquifer using
Afterward an Aquifer named”Aquifer-1” with Type of “Fetkovich” is inserted to the table.
For renaming this aquifer, you can double click on it. Clicking on the aquifer name you
can see the Aquifer Tables and Data (Figure 122).

There are some pre-defined aquifer tables, also you can click on + and define a new one
using dimensionless time and pressure (Figure 123). Note that the dimensionless time
must be monotonically increasing. All the table and plot settings are same as previous
sections.

The “Aquifer Data” section is used for entering aquifer data. So, after selection a desired
date (time) for aquifer definition and clicking on the + button, two options of “Add Aquifer
Definitions” and “Add Aquifer Connection” are displayed. User must use both of these
options to define aquifer.
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Selecting “Add Aquifer Definition” the keyword of AQUFET is displayed. AQUFET needs
following data which are displayed in the “Aquifer Recurrent Parameters” (Figure 124);

Datum Depth
Datum Depth initial Pressure
Initial Water volume
Total Compressibility (Rock + Water)
Aquifer Productivity Index
e PVT Region

Aquifers Data

Aquifers Aquifer Data
+ - - + - Agquifer Recurrent Parameters:

Aquifer Name | Type Defined Dates: | 2008/01/01 - | | Mame | Value |Unit |

Aquifer -1 Fetkovich

Agquifer Recurrents
a Definitions
AQUFET 2008/01/01
a Connections
Aquifer Connection -1

Aquifer Tables
1 | ECL(2010): rd=inf

’Import Eclipse Aquifer Data ] ’ Cancel

Figure 122- Fetkovich Aquifer Definition
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Aquifers Data CAAAS
SAuaed
Shutuid

Aquifers Aquifer Table Data
+ - Dimensionless Time (-) | Dimensionless Pressure (-} | +

0.01 0108107

0.05 0.230076

01 0.314245

0.15 0375156

0.2 0424259

0.25 0465941

03 0.502432

04 0.564624

0.5 0616869

06 0.66221

1.0 0.802149 0.108107

20 1.02222

50 136254 =

70 149986 <
10.0 165112
200 1.96676
300 219374
50.0 260508
1000 3.61501

Dii ionl . Di ionless Time

Agquifer Mame | Type
Agquifer-1 Fetkovich

2 02085E+07

1.5E+07

1.0E+07

5.0E+06

Dimensionless Pressure

Aquifer Tables

Dimensionless Time

# Dimensionless pressure vs, Dimensionless Time

el |le|lr|e|r|ere|o|o|w|a|v|e|w|mn|~
W oo | = |ohv|n| &= ||k =S

[Impor‘t Eclipse Aquifer Data ] [ Cancel

Figure 123- Aquifer Tables

2| Aquifers Data

Aquifers Data AAAAS
‘ot
it

Aquifers Aquifer Data
+ v - + v - Aquifer Recurrent Parameters:

Aguifer Name | Type Defined Dates: | 2008,01,01 »| | Mame Value Unit

Aguifer - 1 Fetkovich Datum Depth -3000.0 ft
Aquifer Recurrents Initial Pressure at the Datum Depth 2000.0 psi
a Definitions Initial Water Volume 1000.0 STE
AQUFET 2008/01,/01 Total (Rock + Water) Compressibility  1.0E-06 in*/lb
a Connections Aquifer Productivity Index - 5TB/day.psi
Aquifer Connection -1 PVT Region PYT Data - 01 - -

Aquifer Tables

[Impor‘t Eclipse Aquifer Data ] [ Cancel

Figure 124- Fetkovich Aquifer Recurrent Parameters
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There are some default values for aquifer recurrent parameters (yellow fields filed by *);
user can see the values of the default by right clicking on the window and select “Show
Default Values”. This option is available in all of the RETNA windows.

For defining any new connection for each aquifer, “Add Aquifer Connection” option is
used, in which, the lower and upper indices in three directions, connection face, influx
coefficient and influx coefficient multiplier should be entered. There is a checkbox which
user can check it only when wants to allow aquifer connection to active neighbor one.
Note that the above procedure must be repeated for defining a new aquifer connection.

Frocowe w=ga)

Aquifers Data A
it
e

Agquifers Aquifer Data
+ - - + - - Aquifer Recurrent Parameters:

Agquifer Mame | Type Defined Dates: | 2008/01/01 »| | Mame Value |Unit |
1 -

Aquifer-1 Fetkovich Lowerl
Aquifer Recurrents Upperl

2
a Definitions Lower ) 1
AQUFET 2008/01/01 UpperJ E

4 Connections Lower K 1
5

I

*

Agquifer Connection -1 Upper K
Connecting Face -
Influx Coefficient
Influx Coefficient Multiplier
Allow Connection to Active Meighbor

Aquifer Tables

[Impor‘t Eclipse Aquifer Data ] [

Figure 125- Aquifer Connections

Carter-Tracy Aquifer:

The Carter-Tracy aquifer definition procedure is same as Fetkovich aquifer. The only
difference is the “Aquifer Recurrent Parameters” data (Figure 126). In the Carter-Tracy
aquifer the following data are necessary:

Datum Depth

Initial Pressure
Aquifer Permeability
Aquifer Porosity
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Total Compressibility
Radius

Aquifer Thickness
PVT Region

Aquifer Table

TR o wa=er—

Aquifers Data

Aquifers Aquifer Data
+ v - + v - Aquifer Recurrent Parameters:

Aguifer Name | Type Defined Dates: | 2008/01,01 ~ | | Name

Aquifer - 1 Carter Tracy Datum Depth
Aquifer Recurrents Initial Presssure

a Definitions Permeability of the Aquifer
AQUCT 2008,01,/01 Porosity of the Aquifer
Connections Total (Rock + Water) Compressibility
Radius
Aquifer Thickness
Angle Influence
PVT Region
Aquifer Table

Aquifer Tables

[Impor‘t Eclipse Aquifer Data ] [ Cancel

Figure 126- Carter-Tracy Aquifer

Numerical Aquifer:

The numerical aquifer definition procedure also is same as two previously mentioned
aquifers. The only difference is the “Aquifer Recurrent Parameters” data (Figure 127).
Following information are necessary for defining a numerical aquifer:

Coordinates of 3 main directions of X, Y, Z for Aquifer Head
Cross sectional Area

Length of Aquifer

Porosity

Permeability

Aquifer Depth

Initial Pressure
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PVT Region
Saturation Region

Aquifers Data

Aquifers Aquifer Data
+ v = + v =

Aguifer Mame ‘ Type | Defined Dates: | 2008/01,/01
Aquifer-1 Carter Tracy

Aquifer - 2 w- Aquifer Recurrents

4 Definitions
AQUNUM 2008/01/01

Aquifer Recurrent Parameters:

MName Value

ICoordinate
J Coordinate
K Coordinate

Cross-Sectional Area

Connections Length
Porosity
Permeability
Aquifer Depth
Initial Pressure
PVT Region

Saturation Region

Aquifer Tables

[Impor‘t Eclipse Aquifer Data ] [

Figure 127- Numerical Aquifer Definition
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3-3- Using Scheduling Data Tab

This tab includes steps, well and group scheduling, and recurrent data, which will be
explained in following sections.

3-3-1-Date Manager

The button of “Open Date Manager” is used to manage time and date. User can define
new steps by entering “Step Number”, “Step Length” and time after start date.

Note: “Add Dates” button must be pressed for adding desired dates to provided list.

r
<) Date Manager

Date Manager

Date List:
List of Dates | Relative Date (day) | Step Length (day) | Has Keyword
2005/02/01 0.0 Start Date = Time after start date: 0 day

2006/02/01 365.0 365.0
2007/02/01 7300 365.0
2008/02/01 1095.0 365.0 * Step Length: day
2009/02/01 1461.0 366.0

Tuesday , February 01, 2005

Step Mumber:

|u1|-|=-|uu|ru —

Add Dates

[Import Eclipse Datesu"Steps-] l Remove Date ‘ l

Figure 128- Date Manager

For defining new dates, the step number and length and the time after start date must
be defined by user. Note that the start time may be different from project start time, if
you click on any row of the date list, the related date will be set to start date. The unit of
“Time after start date” can be selected from existed list.
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There is a calendar in the right side of the date
(Figure 129). User can select a desired date
using calendar. The “Today” button will go to

the current date. You can select the year and

Tuesday , February 01, 2005

E

1 February, 2005 k

. . . Mon Tue Wed Thu Fri Sat
month using navigating arrows of calendar. VT 3 4 5

- - 6 7 10 11 12
User can use Ctrl or Shift keys to select multiple 13 1 17 18 19
dates for deleting or inserting. If you try to | 20 2 4 5 %

77 28 3 405

remove some dates, the warning message & 7 0 11 12

asking “Are you Sure?” will be displayed (Figure [ Today: 8/15/2016

130). Figure 129- Select Date, Using Calendar

<) Date Manager

Date Manager

Date List:
List of Dates | Relative DEE-[ Are You Sure?
2005/02/01
2006/02/01

Are You Sure?

1
2
3
It

2008,/02/01 ! day
1 Are you sure you want to remove date(s)?
2009/02/01 ] y Y
s A 2009/02/01

Add Dates
2007/02/01

[Import Eclipse Datesu"Steps-] [ Remove Date ] [ Cancel

Figure 130- Warning Message of Remove Date

An error message is displayed if user wants to remove dates including keywords (Figure
131). In some cases the scheduling date/steps are numerous and have various time
lengths which is an important issue, in such cases the dates/steps should be imported. So
an importer of “Import Eclipse Dates/Steps” has been provided to resolve this issue. In

Page 157




RETINA Simulation 1, User Manual

this importer, the start date and imported file unit must be defined by user before
importing any files.

<) Date Manager

Date Manager

i{ Errors, Warnings and Information

Date List:
List of Dates Relative
2005/02/01 i}
2006,02,01 36!

1 Messages; Errors:(1), Warnings:(0), Infos:(0)

1
2 Several issues occurred during execution of the action.
3
I [QIA]®)
4| 2008/02/01 10
¥ Action RemoveDate has Error(s)!
B 2009/02/01 s |

Q Action RemoveDate has Error(s)!
Cannot remove date "2007,/02/01" which has keywerd(s)!

Metric (Eclipse) «

lImport Eclipse DatesfSteps] l Rermove Date ] [

Figure 131- Removing Dates Including Keywords
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3-3-2-Well Manager

User can start to define and manage wells using “Well Manager” button. Well manager
window is shown on Figure 132.

<, Well Manager

‘Well Manager

Wells Well Recurrents
+ - - Keyword Info:

Well Name Defined Dates: | 2005/02/01 Name | Value | Unit

Keywords:
Definitions
Constraints
Perforations
Others

+

Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the correspanding wildcard.

Metric (Eclipse) | @ [1mport Eclipse Well and Group Data | [ Import Eclipse Well Data | | [ Validate First Step - |

Figure 132- Well Manager Window

You can use + button for defining a new well using one of the “Add Well” or “Add
Multiple Wells” options. Choosing “Add Well” a unique well is added to the well list. The -
button is used to remove selected well. If user choose “Add Multiple Wells” the Figure of
133 is, in which, the name and the number of the wells are entered by user. Clicking on
“Generate” button produces the well with entered base name. The head point

coordination of all wells (I, J) must be entered by user, while the wells are added. User
can either paste or enter these values one by one.
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<) Add Multiple Wells

S |
Add Multiple Wells m

Defined Dates: | 2005/02/01 -

Base Mame Int From Generate

Well Mame |1 |J | WELSPEC Data:

Mame | Unit |

Reference depth for bottom hole pressure * m

Preferred phase for the well -
Drainage radius m
Inflow equation flag -
Instructions for automatic shut-in

Crossflow ability flag

Pressure table number

Type of density calculation

Fluids-in-place region number

Friction

Well model type

Metric (Eclipse) ~| [0.00|

Figure 133- Add Multiple Wells

In the “Add Multiple Completions” dialog the range of |, J, K’'s are entered. Clicking on the

button of LY the desired connections are added.

After adding wells the well recurrent data must be defined, there are 4 types of the

keywords in the well recurrent section:

Definition
Constraints
Perforations
Others
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1- Definition:
1-1-  WELSPECS (General specification data for wells):
The WELSPECS introduces a new well, defining the position of the wellhead,
its bottom hole reference depth and other specification data. Figure 134
displays the WELSPECS data. It consists of the following data:
e |-location of the well head or heel

o For horizontal wells, this item defines the I-location of the
heel of the well. If all connections are vertical the well can still
connect with grid blocks having different I-locations.

J-location of the well head or heel

o For horizontal wells, this item defines the J-location of the
heel of the well. If all connections are vertical the well can still
connect with grid blocks having different J-locations.

Reference depth for bottom hole pressure

o This should be situated in the vicinity of the perforations. A
recommended location is the topmost perforation of the
well.

Preferred phase for the well

o OIL: The well is primarily an oil well

o WATER: The well is primarily a water well

o GAS: The well is primarily a gas well

o LIQ: May be used to output the oil + water phase P.I

o TOTAL: May be used to output the oil + water + gas phase P.|

Instructions for the automatic shut-in

o STOP: Stop well above formation (allowing cross-flow)

o SHUT: Isolate well from the formation.

o The well can be automatically shut or stopped if a well or
group economic limit, or a group flow limit, is violated.

Cross-flow ability flag
o YES: Cross flow allowed in the well

o NO: Cross flow not allowed; the connections act as one-way
valves, preventing flow if there is a reverse drawdown
Type of density calculation
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SEG: Segmented density calculation. The flowing mixture
density is calculated between each adjacent pair of
connections, and depends on the relative quantities of the
phases flowing in these particular sections of the wellbore.
This calculation is more accurate than the other choice if
different mixtures of fluids enter the well through each
connection, but it is treated explicitly in the numerical
scheme.

AVG: Averaged density calculation. The flowing mixture
density is treated as uniform throughout the wellbore at
formation level, and depends on the total inflow rates of each
phase and the well’s bottom hole pressure. This calculation is
performed implicitly in the numerical scheme

Fluid in place region number

O

It supplies the reservoir conditions used in calculating the
well’s reservoir fluid volume rate. (The reservoir fluid volume
rate is based on the volume that the produced or injected
mixture would occupy at the average conditions -
hydrocarbon pressure, Rs, Rv - within the specified fluids-in
place region). If a zero value is entered, the average
hydrocarbon conditions in the field are used. If a negative
value is entered, the region number is set equal to the fluids-
in place region number of the lowest grid block in which the
well is completed. If a positive value is entered, it is
interpreted as the required fluids-in-place region number.

Friction

O

Enabling Friction well option
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[ ﬁwm Manager == h

Wells Well Recurrents
+ - — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LName [unit | pescrption

I-Location of well head or heel 1
Keywords:

4 Definitions.
WELSPECS (2005/02/01)
Constraints

J-Location of well head or heel 1

Reference depth for bottom hole pressure * m

Preferred phase for the well

Instructions for automatic shut-in

Crossflow ability flag -

Type of density calculation - Type of density calculation for the wellbore hydrost

Perforations
Others

Fluids-in-place region number - - Fluids-in-place region number supplying the reserv
Friction

U?

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step.

Figure 134 WELSPECS Data

2- Constraints:
2-1-  WGRUPCON (Sets well quide rates for group control):
The WGRUPCON data has been displayed in Figure 135. It contains the
following data:

e Available for group control
o Check: The well is automatically placed under group control if
a rate target is imposed on its group, or on a higher level
group to which it connects, or on the field.
Uncheck: The well is prevented from coming under group
control it flows according to its own target or limits.
e Guide Rate
o ltis a dimensionless number governing the well’s share of the
group’s target rate. The target rates of the wells under group
control are set in proportion to their guide rates, to meet the
group or field production target. If the guide rate phase
differs from the phase under control, the guide rate is
translated into a guide rate for the controlled phase using the
well’s flow rates at the beginning of each time step. If a zero
or negative guide rate is specified, the well’s guide rate is set
at the beginning of each time step from the general formula

Page 163




RETINA Simulation 1, User Manual

specified with keyword GUIDERAT. If a general formula has
not been specified, or for injection wells (for which there is no
general formula), the well’s guide rate is set equal to its
production or injection potential (that is the flow rate the well
would instantaneously achieve in the absence of any rate
constraints.

e Scaling Factor

o The well’s guide rate is multiplied by the number specified

here.

e Target Phase
OIL: Guide rate applies to water phase
WAT: Guide rate applies to oil phase
GAS: Guide rate applies to gas phase
LIQ: Guide rate applies to liquid phase (for production wells
only)
RAT: Guide rate applies to the surface flow rate of the phase
that the well is injecting (for injectors only)
RES: Guide rate applies to the reservoir fluid volume rate

+ - -

Defined Dates: [2005/02/01

Keywords:

4 Definitions.
WELSPECS (2005/02/01)
4 Constraints

Keyword Info:

MName

Available for Group Control
Guide Rate

Scaling Factor

Target Phase

WGRUPCON (2005/02/01)
Perforations
Others

nts are set from a wildcards. To change
rresponding wildcard.

Metric (ECLIPSE™) ~| @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | ancel J [Validate First Step -/

Figure 135 WGRUPCON Data

2-2-  WCONHIST (Observed rates for history matching production wells):
WCONHIST is used in place of WCONPROD to declare production wells as

special history matching wells, and to enter their observed flow rates (and
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optionally their measured BHP and THP values). The equivalent constraint
for defining history matching injection wells is WCONINJH. Wells can be
declared as history matching wells during the history matching process,
when their oil, water and gas production rates are known. Figure 136
displays the WCONHIST data. It contains the following data:
e Open/Shut Flag
o OPEN: Well open for production
o STOP: Well stopped off above the formation
o SHUT: Well completely isolated from the formation
e Control Mode
o ORAT: Controlled by the observed oil rate
o WRAT: Controlled by the observed water rate
o GRAT: Controlled by the observed gas rate LRAT: Controlled
by the observed liquid rate (oil + water)
RESV: Controlled by the reservoir fluid volume rate calculated
from the observed phase flow rates
Observed Qil Production
Observed Gas Production
Production Well VFP Table
o Reset: The well’s THP is calculated, but the lower limit check
is disabled so that the well does not go on to THP control.

o Unchanged: does not require the THP to be calculated.
Artificial Lift Quantity

o This should be defaulted to 0, if you do not require the THP to
be calculated.

Observed Tubing Head Pressure
Observed Bottom Hole Pressure
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[ I Well Manager |,

Py

Well Manager

Wells
+ -

‘Well Name

‘Well Recurrents

Defined Dates: ‘ 2005/02/01

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
Perforations
Others

Keyword Info:

Mame

Value

| unit__ | Description

Open/shutflag
Contorl mode

Observed ol production
Observed water production
Observed gas production
Production Well VFP Table
Artificial lft quantity

OPEN
ORAT

Reset

Observed tubing head pressure  *

Observed bottom hole pressure *

mfday
m*/day
mfday

Bar
Bar

‘Wildcard

t*?

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 136 WCONHIST Data

2-3-  WHISTCTL (Control mode instructions for history matching wells):
This constraint contains instructions that influence the control of all history

matching wells. Figure 137 displays the WHISTCTL data. It contains the

following data:
e Control Mode Override
ORAT: Wells are controlled by the observed oil rate
WRAT: Wells are controlled by the observed water rate
GRAT: Wells are controlled by the observed gas rate
LRAT: Wells are controlled by the observed liquid rate (oil +
RESV: Wells are controlled by the reservoir fluid volume rate
calculated from the observed phase flow rates
NONE No control mode override is applied; the control
modes specified in subsequent WCONHIST constraint will be
honored
e Terminate Simulation
o Check: Terminate the run
o Uncheck: Continue the simulation with the well on BHP

control

Note: This constraint will only change the control mode of a well when the well is in
a subsequent WCONHIST constraint. It has no effect on previous WCONHIST
constraints.
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Keyword Info:

Defined Dates: [2005/02/01 2] | Name | value | unit | Description
Control Mode Override  NONE -

Keywords:
eywords: Terminate Simulation [

4 Definitions.
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
Perforations
Others

€ set from a wildcards. To change
rresponding wildcard.

Metric (ECLIPSE™) ~| @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel ] [Validate First Step. -

Figure 137 WHISTCTL Data

WCONINJH (Observed rates for history matching injection wells):

This constraint is used in place of WCONINJE to declare injection wells as
special history matching wells, and to enter their observed flow rates (and
optionally their measured BHP and THP values). The equivalent constraint
for defining history matching production wells is WCONHIST. Wells can be
declared as history matching wells during the history matching process,

when their injection rates are known. During the simulation these wells are
normally be constrained to operate at their observed injection rates, and
their calculated BHP and/or THP values are compared against the measured
values. Figure 138 displays the WCONINJH data. It contains the following
data:
e Open/Shut Flag

o OPEN: Well open for injection

o STOP: Well stopped off above the formation

o SHUT: Well completely isolated from the formation

When the well is shut or stopped, set the observed flow rate to zero. If
the flow rates are set to zero while the well is open the behavior
depends on whether cross flow is permitted in WELSPECS constraint. If
cross flow is allowed the well behaves as if stopped. If cross flow is
banned the well will be automatically shut.
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2-5-

e Injector Type
o WATER: Water injector
o GAS: Gas injector
o OIL: Oil injector
Observed Injection Rate
o For a multiphase injector, this is the surface flow rate of the
preferred phase of the well.
Observed Bottom Hole Pressure
Observed Well Head Pressure
Injection Well VFP Table
o Reset: The well’s THP is calculated, but the upper limit check
is disabled so that the well does not go on to THP control.
o Unchanged: does not require the THP to be calculated.

f I Well Manager e
Well Manager m

Wells Well Recurrents
+ ~[— + .= Keyword Info:

Mame Value | unit__ | Description
) Open/shut flag OPEN -
Keywords: Injector Type WATER b -
4 Definitions Observed injection rate c mifday
WELSPECS (2005/02/01) Observed bottom hole pressure ™ Bar
4 Constraints

‘Well Name Defined Dates: ‘ZUUSIUZ/UI -

Observed tubing head pressure  * Bar
WGRUPCON (2005/02/01) Tnjection Well VFP Table Reset e
WCONHIST (2005/02/01)

WHISTCTL (2005/02/01)
WCONINJH (2005/02/01)
Perforations
Others

T ii—
¥
s |

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the comrespending wildcard.

Metric (ECLIPSE™) ~| @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -/

Figure 138 WCONINJH Data

WELOPEN (Shuts or reopens wells or well connections):
This constraint can be used to shut or reopen wells or well connections,

without having to specify the rest of the well control data or connection
data. Figure 139 displays the WELOPEN data. It contains the following data:
e Open/Shut Flag
o OPEN: Well or connections open to flow
o SHUT: Well or connections completely isolated from
formation
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STOP: Well stopped off above formation. (If the record
applies to a connection, it has the same effect as SHUT.)
AUTO: Well or connections initially SHUT but open
automatically.
I-Location of Connecting Grid Block(s)
J-Location of Connecting Grid Block(s)
K-Location of Connecting Grid Block(s)
Number of First Completion in Range

Number of First Completion in Range

Note: If this constraint is used to shut a well during a history matching
simulation, the actual production or injection rates are set to zero from
this point in time, but all historical well rates remain unaltered. If the
well was actually shut at this point in time, then the WCONHIST or
WCONINJH constraints should be used to shut the well and thus zero
the historical well rates.

L Well Maager [P

Well Manager fm

Wells ‘Well Recurrents.
oo — Fr—— Keyward Info:

Well Name Defined Dates: |znﬂsmyﬂ1 +| | Name Value | unit_|[ Description
Open/shut flag OPEN -

1Location of connecting grid blocks)  *

Keywords:

4 Definitions
WELSPECS (2005/02/01)

4 Constraints.
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WCONINJH (2005/02/01)
WELOPEN (2005/02/01)

JLocation of connecting grid block(s)  *
K Location of connecting grid blocks)  *
Number of first completion in range
Number of last completion in range

Perforations
Others

t*?

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) ~| [1mport Eclipse Well and Groug Data | | Import Eclipse Well Data | | Cancel [Validate First Step. /[

Figure 139 WELOPEN DATA

2-6- WECON (Economic limit data for production wells):
This constraint can be used to put an economic limit data only for the

production wells. Figure 140 displays the WECON data. It contains the
following data:
e Minimum Oil Production rate
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o If the oil production rate falls below the specified minimum,
the well is shut or stopped
Minimum Gas Production Rate
o If the gas production rate falls below the specified minimum,
the well is shut or stopped
Maximum Water Cut
o The water cut is the ratio of water to total liquid (oil + water)
surface volume production rates
Maximum Gas Oil Ratio
Maximum Water Gas Ratio
Work-Over Procedure
o NONE: No action to be taken
o CON: Shut worst-offending connection
o PLUS_CON: Shut worst-offending connection and all those
below it.
o WELL: Shut or stop the well (refer to WELSPECS)
Other Well
o Name of well to be opened when this well is shut. If a well
name is entered here, the named well is opened when the
current well is closed automatically for any reason (for
example on violating an economic limit). The named well
must be fully specified as a SHUT producer or injector.
Manual closure of the current well (for example using
WCONPROD or WELOPEN) does not cause the named well to
be opened.
e Target Quantity
o RATE: The limits are applied to the well’s actual flow rate. The
minimum rate checks are bypassed for wells whose rate
target is currently cut back under prioritization, to prevent
them being closed while temporarily flowing with a small
target rate. For wells subordinate to groups under guide rate
control (GCONPROD), the minimum rate limits will be applied
unless the group has a zero production rate target.
e Secondary Maximum Water Cut Limit
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If this value is set > 0.0 (and < 1.0), a secondary water cut
limit is applied to the well.

e Secondary Work-Over Procedure

O

O

O

NONE: Do nothing

CON: Shut worst-offending connection

PLUS_CON: Shut worst-offending connection and all those
below it (see COMPORD)

WELL: Shut or stop the well (see WELSPECS)

LAST: The secondary water-cut is applied only to the last open
connection in the well. (Connections on automatic opening
class as open in this context.) This action differs from the
ones above in that, when the well has only one connection
left open and it begins to exceed its primary water-cut limit
again, the well remains open until it exceeds its secondary
water-cut limit but the other connections closed in previous
work overs will not be reopened.

RED: The well is worked over each time it violates its primary
water-cut limit, as normal. But each work over attempts to
close sufficient connections to reduce the well’s water-cut to
below the specified secondary limit. Clearly, in this case, the
secondary value should be less than the primary value.
Assuming the well can be worked over to achieve this
secondary value, it is not worked over again until the primary
value is again violated. This option has the effect of requiring
fewer work overs but closing more connections per work
over.

e Maximum Gas Liquid Ratio

e Minimum Liquid Production Rate

O

If the liquid production rate falls below the specified

minimum, the well is shut or stopped
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[ I Well Manager |,

Wells Well Recurrents
+ - — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LName lalue [ Ui | Description
Minimum eil production rate * m/day

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)

Minimum gas production rate * m¥/day
Maximum water cut -
Maximum gas-oil ratio

Maximum water-gas ratio

Workover procedure - Workover procedure on exceeding water cut, GOR, WGl
Other Well

Target Quantity RATE - Quantity to which the minimum economic limits will b

WCOMHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005,/02/01)

Perforations
Others Maximum gas-liquid ratio

Secondary maximum water cut limit  *
Secondary workover procedure NONE - Workover action on exceeding the secondary water cut]

Minimum liquid production rate - m¥/day

‘Wildcard

t*?

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 140 WECON Data

2-7-  WTEST (Instructions for periodic testing of closed wells):

This constraint can be used for periodic testing of closed wells. Figure 141
displays the WTEST data. It contains the following data:
e Time Interval
o The well is tested at the beginning of the first time step that
starts after the specified interval has elapsed since it was
closed. Subsequent tests are performed at each time step
that starts after the specified interval has elapsed since the
previous test. If the testing interval is very small (for example,
1 day), the well is tested at the beginning of each time step,
unless of course the time steps are smaller than this.
e Test Number
o After the well has been tested this number of times
(regardless of whether any tests are successful), it is not
tested any more unless this item is reset in a subsequent use
of the WTEST constraint.
e Start-up Time
o The well’s efficiency factor is steadily ramped up over the
specified start-up time when it is reopened after a successful
test. Thus if the start-up time is large compared to the time
step size, the well is brought on gradually, avoiding the time
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step convergence difficulties sometimes observed when a
high-rate well is suddenly opened.

The well is tested if it has been closed for any physical reason
(for example failure to operate at its BHP or THP limit). It is
opened if the test shows that it can operate again.

The well is tested if it has been closed due to an economic
limit. If it has at least one open connection, the well is opened
if it obeys all the limits set in WECON. Any closed connections
will not be reopened. However, if the well has no open
connections, it must have been closed after a workover
resulting from a water cut, GOR or WGR limit violation. In this
case, all connections that were closed by automatic
workovers are tested individually. A connection is reopened if
its water cut, GOR and WGR do not exceed the economic
limits. Connections that were closed manually are not tested.
The well is opened if at least one connection is reopened.

The well is opened if it has been closed due to a GROUP or
FIELD limit. The well is opened unconditionally, since it cannot
be tested in isolation. If it causes a group or field limit to be
broken, the remedial action is performed at the end of the

time step in the usual manner. If the well has no open

connections, all connections closed by automatic workovers
are reopened.

The well is tested if it has been closed on exceeding its
maximum THP design limit. It is reopened if its THP has fallen
below a maximum limit for reopening, when flowing at a
specified rate (subject to obeying its other rate and pressure
limits).

o Connections closed in automatic workovers are tested
individually for reopening while the well is still open. A
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connection is reopened if it does not violate any of the limits
set in WECON or CECON. Any connections that were closed
manually are not reopened. The difference between this type
of test and the test triggered by an E is that the E test is only
performed after the whole well has been closed by an
economic limit, while the C test is performed while one or
more connections have been closed but the well is still
producing through other connections. The testing interval
prevents testing until the specified number of days has
elapsed since the most recent automatic closure of any
connection in that well. Since the well itself does not have
to be reopened after a successful C test, the start-up time
does not apply. Wells (and, with the C option, connections)
that were closed manually are not tested.

| . Well Manager

Well Manager f&

Wells Well Recurrents
+ - = + - — Keyword Info:

Well Name Defined Dates: \znns,‘nzxm v | | Name Value | nit_| Desciigtion
Time Interval day
TestNumber  * -
4 Definitions Start-up Time  * day
WELSPECS (2005/02/01) » _
4 Constraints.
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELGPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
Perforations
Others

Keywords:

The well is tested if it has been closed for any physical reason
The well is tested i it has been closed due to an economic limit

The well is opened if it has been closed due to a GROUP or FIELD limit

The well is tested if it has been closed on exceeding its maximum THP design I
Connections closed in automatic workovers are tested individually for reopening

t*?

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) ~| @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step -

Figure 141 WTEST Data

WVFPDP (Adjusts a well’s BHP obtained from the VFP tables):
This constraint specifies a pressure adjustment, which is added to the value

of the well BHP obtained by interpolating the VFP tables. It can be used, for
example, to help match a well’s flow rate at a given THP, by adjusting the
effective pressure loss between the bottom hole and the tubing head. A
positive adjustment increases the BHP and makes a production well less
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productive. Conversely, a negative adjustment improves the production.

The reverse holds for injection wells. Figure 142 displays the WVFPDP data.
It contains the following data:
e BHP Pressure Adjustment
Tubing Pressure Loss Scaling Factor

Well Manager

Wells Well Recurrents
+ - — + v — Keyword Info:
Well Nam: Defined Dates: |2005/02/01 Rk
BHP Pressure Adjustment
Tubing Pressure Loss Scaling Factor  *

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
Perforations
Others

H
£
E

—

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 142 WVFPDP Data

2-9-  WCUTBACK (Well cutback limits):
WCUTBACK is used to define well cutback limits for both production and
injection wells. Figure 143 displays the WCUTBACK data. It contains the
following data:

e Water Cut Upper Limit
e Gas Oil Ratio Upper Limit
e Gas Liquid Ratio Upper Limit
Water Gas Ratio Upper Limit
Rate Cutback Factor (Fraction)
o This is the ratio of the reduced flow rate to the current flow
rate. It should be less than 1.0
Control Phase
o OIL: Reduced oil rate
o WAT: Reduced water rate
o GAS: Reduced gas rate
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o LIQ: Reduced liquid rate
o RESV: Reduced reservoir fluid volume rate
Grid Block Pressure Limit

o It is applied to any block containing an open connection to
the well. This is treated as a lower limit for production wells,
and an upper limit for injection wells.

Grid Block Pressure Limit of Reversing

o It is applied to any block containing an open connection to
the well. This is treated as an upper limit for production wells,
and a lower limit for injection wells.

Water Cut Lower Limit for Reversing

Gas Oil Ratio Lower Limit for Reversing

Gas Liquid Ratio Lower Limit for Reversing
Water Gas Ratio Upper Limit For Reversing
Remove cutbacks when the well is worked over?

o Checked: When the well is worked over after violating an
economic limit, any cutbacks performed on the well are
completely reversed by removing the rate limit on the control
phase. Cutbacks are only reversed for workovers (that is
connection alterations) and not if the well is shut or stopped.
Unchecked: Any cutbacks made to the well remain in force
(unless reversed by the application of cutback reversal limits).
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[ ﬁwm Manager == h

Wells Well Recurrents
T — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LName allis | unit_| Descrption
n 2 Water cut upper limit * -

e Gas-ail upper limit

4 Definitions

WELSPECS (2005/02/01)

4 Constraints
WGRUPCON (2005/02/01)
WCOMHIST (2005/02/01)

WHISTCTL (2005702401
WELOPEN ((2005’,02_’,01]) Grid block pressure limit of reversing - Grid block pressure limit of reversing the cutb

WECON (2005/02/01) Watercut lower limit for reversing - Watercut lower limit for reversing the cutback]

Gas-Liquid upper limit
Water-gas upper limit

Rete cutback factor (fraction)
Control phase

Grid block pressure limit

WTEST (2005/02/00) Gas-oil lower limit for reversing - - Gas-oil lower limit for reversing the cutback p
WVFPDP (2005/02/01) Gas-liquid ratic lower limit for reversing * - Gas-liquid ratic lower limit for reversing the o
WCUTBACK (2005/02/01) Water-gas lower limit for reversing - - Water-gas lower limit for reversing the cutbac

Perforations Remove cutbacks when the well is worked over? [

Others

‘Wildcard

U?

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 143 WCUTBACK Data

2-10- WCONPROD (Control data for production wells):
WCONPROD is used to put control data for production wells. Figure 144
displays the WCONPROD data. It contains the following data:
e Open/Shut Flag
o OPEN: Well open for production

o STOP: Well stopped off above the formation

o SHUT: Well completely isolated from the formation

o AUTO: Well initially SHUT, but is opened automatically as
soon as constraints on drilling rate (WDRILTIM), drilling rig
availability, and the maximum number of open wells per
group allow. If no such constraints are specified, the well will
open immediately. Wells on AUTO are opened in the order in
which they are first specified in WELSPECS, unless any belong
to a group that already has its maximum number of open
wells or has all its available drilling rigs already occupied. It is
preferable to shut or stop the well rather than give it a zero
flow rate target. In particular, a zero flow rate target applied
to a well with a THP limit may cause hunting between control
modes.

e Control Mode
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ORAT: Controlled by oil rate target

WRAT: Controlled by water rate target

GRAT: Controlled by gas rate target

LRAT: Controlled by liquid rate target

RESV: Controlled by reservoir fluid volume rate target

BHP: Controlled by BHP target

THP: Controlled by THP target

GRUP: The well is immediately under group control, to

©c 0O O 0O 0 O O ©°O

produce its share of a group or field target rate set with
constraint GCONPROD.
Oil Rate Target or Upper Limit
Water Rate Target or Upper Limit
Gas Rate Target or Upper Limit
Liquid Rate Target or Upper Limit
Reservoir Fluid Volume Rate Target or Upper Limit
BHP Target or Lower Limit
THP Target or Lower Limit
Production Well VFP Table
o Reset: The well’s THP is calculated, but the upper limit check
is disabled so that the well does not go on to THP control.
o Unchanged: does not require the THP to be calculated
Artificial Lift Quantity
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Wells Well Recurrents
+ - — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LName [unit__ | Description

Open/shut flag
Keywords:

4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01) =
WECON (2005/02/01) THP target or lower limit Bar
WTEST 2005/02/01) Production Well VFP Table Reset - -
\WVEPDP (2005/02/01) Artificial lft quantity - - Artificial lift quantity, for use in THP calcula
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)
Perforations
Others

Control mode - -

Oil rate target or upper limit mi/day
Water rate target or upper limit - m’/day
Gas rate target or upper limit * mi/day
Liquid rate target or upper limit - m’/day
Reservoir fluid volume rate target or upper limit ~ * mi/day
BHP target or lower limit - Bar

‘Wildcard

U?

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard. o

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 144 WCONPROD Data

2-11- WCONINJE (Control data for injection wells):
WCONINIJE is used to put control data for production wells. Figure 145
displays the WCONINJE data. It contains the following data:

e [njector Type
o WATER: Water injector
o GAS: Gas injector
o OIL: Qil injector
e Open/Shut Flag
o OPEN: Well open for injection.
o STOP: Well stopped off above the formation.
o SHUT: Well completely isolated from the formation
o AUTO: Well initially SHUT, but is opened automatically as
soon as constraints on drilling rate (WDRILTIM), drilling rig
availability (GRUPRIG), and the maximum number of open
wells per group allow. If no such constraints are specified, the
well opens immediately. Wells on AUTO are opened in the
order in which they are first specified in WELSPECS, unless
any belong to a group that already has its maximum number
of open wells or has all its available drilling rigs already
occupied.

Page 179




RETINA Simulation 1, User Manual

e Control Mode
RATE: Controlled by surface flow rate target
RESV: Controlled by reservoir volume rate target
BHP: Controlled by BHP target
THP: Controlled by THP target. The control mode is not
available with multiphase injectors.
GRUP: The well is immediately under group control, to inject
its share of a group or field target set with the GCONINJE
constraint.
Surface Flow Rate Target or Upper Limit
o For a multiphase injector, this is the surface flow rate of the
preferred phase of the well.
Surface Fluid Volume Rate Target or Upper Limit
BHP Target or Upper Limit
o Itis recommended that this quantity should be set to a value
not exceeding the highest pressure in the PVT tables, to
ensure the tables are not extrapolated in the well. It is best
not to default this quantity, as its value is used in calculating
the well potential.
THP Target or Upper Limit
Injection Well VFP Table
o Reset: The well’s THP is calculated, but the upper limit check
is disabled so that the well does not go on to THP control.
o Unchanged: does not require the THP to be calculated
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Wells Well Recurrents
+ - — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LName [ unit | Description
Injector type = -

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
bﬁ?ﬁéliﬁgffiffﬁ’ Injection Well VP Table =
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)
WCONINJE (2005/02/01)
Perforations
Others

Open/shut flag - -
Control mode - -
Surface flow rate target or upper limit * m¥/day
Reservoir flow volume rate target or upper limit ~ * m¥/day
BHP target or upper limit - Bar
THP target or upper limit - Bar

U?

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step.

Figure 145 WCONINJE Data

2-12- WELTARG (Resets a well operating target or limit):

This constraint can be used to reset a target or limit value for a well,
without having to re-specify all the other quantities required by the control
constraints WCONPROD or WCONINJE. These other quantities are left
unchanged, including the open/shut status of the well. The well control
data must initially have been fully specified using WCONPROD or
WCONINJE.
If the well has been declared a history matching well (see WCONHIST and
WCONINJH) the WELTARG constraint may be used to modify its BHP limit,
VFP table number, and artificial lift quantity. The other quantities should
not be modified with this keyword. Figure 146 displays the WELTARG data.
It contains the following data:
e Control to be Changed

ORAT: Qil rate

WRAT: Water rate

GRAT: Gas rate

LRAT: Liquid rate

RESV: Reservoir fluid volume rate

BHP: Bottom hole pressure
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o THP: Tubing head pressure (A non-zero VFP table number
must first have been set)
VFP: VFP table number
LIFT: Artificial lift quantity (A non-zero VFP table number must
first have been set)

If the quantity is VFP or LIFT, then the value here may not be
defaulted. For all other quantities, a defaulted value here will
result in RETINA using the corresponding flowing value for the
well at the end of the previous time step as the target or limit
for the control or constraint in the first item.

Well Manager

Wells ents
oo — Keywerd Info:

Well Nam Defined Dates: |2005/02/01 | |Name Value | unit_| Deserption
Contral to be changed  BHP ~ - Definition of contral or constraint quantity to be changed
Value o Bar

Keywords:

4 Definitions
WELSPECS (2005/02/01)

4 Constraints.
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)

WCONINJE (2005/02/01)
WELTARG (2005/02/01)
Perforations
Others

‘Wildcard

IJBﬂii-
+

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) ~| @ [1mport Eclipse Well and Groug Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 146 WELTARG Data

2-13- WELPI (Sets well productivity/injectivity index values):

This constraint can be used to set the productivity/injectivity index (PI)
value of one or more wells to a specified value. The well connection
properties must be defined in the usual manner, with COMPDAT, but the
connection transmissibility factors are adjusted proportionately so that the
calculated Pl of the well equals the specified value. The Pl is calculated
using the phase and drainage radius defined in WELSPECS. Note that the
calculation is not suitable for application to horizontal wells. The
adjustment of the connection factors is performed at the time the WELPI
constraint is entered, using the current grid block solution. If the fluid
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mobility values in the grid blocks subsequently change, the well’s actual Pl
also changes. Figure 147 displays the WELPI data. It contains the following
data:

e Well Productivity Index for Liquid Phase
e Well Productivity Index for Gas

2] Well Manager

Well Manager

Wells Well Recurrents
+ - — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LNarme allis (L DesEnpiony
Well Productivity Index for Liquid Phase m/dlay.Bar
Well Productivity Index for Gas m’/day.8ar

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)
WCONINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
Perforations
Others

t*?

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 147 WELPI Data

2-14- WEFAC (Sets well efficiency factors):

This constraint is used to set well efficiency factors for down time of the
wells. Figure 148 displays the WEFAC data. It contains the following data:

e Well Efficiency Factor
o This is the fractional time for which the well is operational.
For example, if the well is 'down' for 20 percent of the time,
its efficiency factor will be 0.8. The efficiency factor must be
greater than zero.
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[ I Well Manager |,

Wells Well Recurrents
T — + v — Keyword Info:

Well Mame Defined Dates: \zaos:oz,’ul ~| | Name Value \ Unit \ Description
Well Efficiency Factor  * N
Keywords:

4 Definitions.
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCOMHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCOMPROD (2005/02/01)
WCOMNINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
WEFAC (2005/02/01)
Perforations
Others

‘Wildcard

t*?

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 148 WEFAC Data

2-15- WWPAVE (Individual well block average pressure controls):

This constraint controls the calculation of well block average pressures for
individual wells. They represent the average pressure of the grid blocks
containing connections to a given well, and optionally their adjacent and
diagonal neighbors. Neighbor contributions can be weighted according to
either the connection transmissibility factors or the grid block pore
volumes. The averages relate only to a Cartesian grid. Figure 149 displays
the WWPAVE data. It contains the following data:
e F1
o The weighting factor between the inner block and the outer
ring of neighboring blocks, in the connection factor weighted
average.

Note: For one-block averages, F1 is effectively 1.0, whatever the
value entered here.

e F2
o The weighting factor between the connection factor
weighted average and the pore volume weighted average.
e Average Density Calculation Method
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WELL: The hydrostatic head is calculated using the density of
the fluid in the wellbore at the well connections.

RES: The hydrostatic head is calculated using a representative
density for the fluid in the reservoir. This density is calculated
by averaging over fluid density for all the grid blocks
associated with the well’s connections. The average over
phases is weighted by the phase saturation, and the average
over grid blocks is weighted by pore volume. Whether the
averaging is performed over all grid blocks with declared
connections to the well or only those with currently open
connections is determined by this item.

NONE: Grid block pressures are not depth corrected.

Note: The wellbore fluid density is set to O whenever the well is
shut. If WELL is selected there is a discontinuity in the reported
pressure average when the well’s status changes between shut
and open/stopped.

Well Connection Recognition Method
These flag controls whether the grid blocks associated with all the
well’s declared connections contribute to the average pressure, or

just those associated with the currently open connections.

O

O

OPEN: Only grid blocks associated with currently open
connections are included in the averaging calculation.

ALL: Grid blocks associated with all currently defined
connections (whether open or closed) are included in the
averaging calculation.
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2] Well Manager

Well Manager

Wells ‘Well Recurrents

+- - +-—

Keyword Info:

‘Well Name Defined Dates: IZUUSIUZ/UI

< | Mame

| unit_| Description

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints

F1
F2

Average Density Calculation Method
Well Connection Recognitien Method

Weighting factor between the inner block and the outer
Weighting factor between the connection factor weight

WGRUPCON (2005/02/01)
WCOMHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCOMPROD (2005/02/01)
WCOMNINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
WEFAC (2005/02/01)
WWPAVE (2005/02/01)

Perforations

Others.

t*?

‘Wildcard

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 149 WWPAVE Data

2-16- WPAVEDEP (Reference depth for well block average pressure calculation):

This constraint may be used to modify the reference depth for the
calculation of well block average pressures. By default, the grid block
pressures are corrected to the well’s bottom hole reference depth (see
WELSPECS) by applying a hydrostatic head. The WPAVEDEP constraint
enables the use of an alternative reference depth, which is used solely for
this calculation. Figure 150 displays the WPAVE data. It contains the
following data:

| . Well Manager

Well Manager

Wells ‘Well Recurrents
+ - - + - —

Well Name Defined Dates: [2005/02/01 v | | MName Value
Reference Depth m

Keyword Info:

| unit | Description

Keywords:

a Definitions
WELSPECS (2005/02/01)

4 Constraints.
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELGPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)
WCONINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
WEFAC (2005/02/01)
WWPAVE (2005/02/01)
WPAVEDEP (2005/02/01)

t*?

‘Wildcard

Perforations
Others

* These well recurrents are st from a wildcards. To change
parameters choose the corresponding wildcard.

Metric (ECLIPSE™) ~| [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step -

Figure 150 WPAVEDEP Data
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Perforations:
3-1- Completion (Well completion specification data)

This specifies the position and properties of one or more well completions.
Figure 151 displays the Completion data. It contains the following data:
e |-Location of the Completion
o If set to O or defaulted, the I-location of the well head
(entered in WELSPECS) will be used
e J-Location of the Completion
o If set to O or defaulted, the J-location of the well head
(entered in WELSPECS) will be used
e K-Location of the Completion
o |If set to O or defaulted, the K-location of the well head
(entered in WELSPECS) will be used
e Open/Shut Flag
o OPEN: Connection open to flow
o SHUT: Connection closed off
o AUTO: Connection initially closed, but will be opened
automatically when another connection in the well is closed
during an automatic workover. A connection on AUTO is
opened each time the well is worked over, in the order in
which the connections are first defined in Completion.
e Transmissibility Factor
e Wellbore Diameter
e Effective Kh
o |If a default, zero or negative value is entered, the Kh value is
calculated from the grid block data. If a positive value for the
connection transmissibility factor is entered in item 5, the
calculation of the denominator term depends on whether the
Kh value is set or defaulted. This quantity is required for
calculating the connection transmissibility factor (if a default
or zero value was supplied for item 5). It is ignored if not
required.
e Skin Factor
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o Large negative skin factors can cause problems if they
increase the effective wellbore radius to approach the
pressure equivalent radius of the grid block. Very high values
of the connection transmissibility factor may result, which
could cause convergence problems. In these circumstances, it
may be preferable to change the grid block data near the well
to model the physical cause of the negative skin (for example
enhance the permeability out to a certain distance from the
well). If the effective wellbore radius is increased beyond the
pressure equivalent radius, the connection factor becomes
negative and an error message is issued.

Penetration Direction

o X:the well penetrates the grid block in the X direction

o Y:the well penetrates the grid block in the Y direction

o Z:the well penetrates the grid block in the Z direction

Pressure Equivalent Radius
P Length

Geo Fac

W Frac

Tubing Diameter

Tubing Absolute Roughness

[ Q Well Manager ||

Wells ‘Well Recurrents
+ - — + v —

‘Well Name Defined Dates: ‘ZﬂﬂS/ﬂZ[ﬂl

Keywords:
4 Definitions
WELSPECS (2005/02/01)
4 Constraints
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)
WCONINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
WEFAC (2005/02/01)
WWPAVE (2005/02/01)
WPAVEDEP (2005/02/01)
4 Perforations
COMPLETION (2005/02/01)
Others
* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

U?

‘Wildcard

Keyword Info:

Mame Unit Description
ILocation -
JLocation

K Location

Open Shut Flag v -

Transmissibility Factor . P-m¥/day-bars

Well bore Diameter - m

Effective Kh . mm

Skin Factor -

Penetration Direction z

Pressure Equivalent Radius

P Length

Geo Fac

W Frac

Tubing Diameter

Tubing Absolute Roughness  *

Metric (ECLIPSE™) +| [000] [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel

[Validate First Step. -

Figure 151 Completion Data
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3-2- WPIMULT (Multiplies well connection factors by a given value)

This can be used to multiply the connection transmissibility factors of
selected well connections by a specified value. To multiply the
transmissibility factors of all the connections in a well, leave items 2-6
defaulted. To multiply the transmissibility factors of a subset of connections
in a well, you can identify the subset by their I,J,K location (items 2-4). A
subset of connections can also be identified by their completion number

(items 5 and 6). If any of items 2-6 are set positive, the multiplying factor

applies only to a subset of the connections in the well. The connections in
the subset are those with |,J,K locations matching the specified location
indices in items 2-4 and a completion number in the range specified by
items 5-6. A zero or negative value for a location index (I, J or K) matches
any value of that location index. Similarly a zero or negative value for a
completion range lower/upper end-point indicates that there is no
lower/upper bound on the completion numbers. Figure 152 displays the
WPIMULT data. It contains the following data:
e Well Connection Factor Multiplier
o Multiplier to act on the well’s connection transmissibility
factors and Kh values

I-Location of Connecting Grid Block

J-Location of Connecting Grid Block

K-Location of Connecting Grid Block

Index of First Completion

Index of Last Completion
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[ I Well Manager |,

Wells Well Recurrents
o — + v — Keyword Info:

Well Name Defined Dates: |2005/02/01 g [LName [ unit_| escription
Well Connection Factor Multiplier -

Keywords: 1Location of connecting grid blocks

WELSPECS (2005/02/01)
4 Constraints

WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)

| J Location of connecting grid blocks
K Location of connecting grid blocks
Index of first completion
Index of last completion

WCONINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
WEFAC (2005/02/01)
WWPAVE (2005/02/01)
WPAVEDEP (2005/02/01)

4 Perforations
COMPLETION (2005/02/01)
WPIMULT (2005/02/01)
Others E|
* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

‘Wildcard

t*?

Metric (ECLIPSE™) | @ [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel [Validate First Step. -

Figure 152 WPIMULT Data

4- Others:
4-1- COMPORD (Defines the ordering of well connections)
The COMPORD is used to define the ordering of well connections. Figure
153 displays the COMPORD data. It contains the completion ordering
method in which three possibly are available:

e DEPTH: The connections will be ordered according to their vertical
depth, from the top downwards. For connections at the same
vertical depth, they will be ordered in the sequence they are first
declared in Completion.

INPUT: The connections will be ordered in the sequence that they
are first declared in Completion. If you use this option, you must
declare the connections in their correct sequence, starting with the
connection nearest the wellhead then working along the wellbore
towards the bottom or toe of the well.

TRACK: RETINA will determine the order of the connections by
attempting to trace the well track through the grid from the grid
blocks in which the connections are located. If this fails, or if all the
connections in the well are vertical, DEPTH ordering will be used.
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2] Well Manager

Well Manager

Wells ‘Well Recurrents
+ - + - —

Well Name Defined Dates: |2005/02/01 g [LName okl

Keyword Info:

| unit_| Description

Completion Ordering Method ~ Track =
Keywords:

4 Constraints -
WGRUPCON (2005/02/01)
WCONHIST (2005/02/01)
WHISTCTL (2005/02/01)
WELOPEN (2005/02/01)
WECON (2005/02/01)
WTEST (2005/02/01)
WVFPDP (2005/02/01)
WCUTBACK (2005/02/01)
WCONPROD (2005/02/01)
WCOMINJE (2005/02/01)
WELTARG (2005/02/01)
WELPI (2005/02/01)
WEFAC (2005/02/01)
WWPAVE (2005/02/01)
WPAVEDEP (2005/02/01)

4 Perforations
COMPLETION (2005/02/01)
WPIMULT (2005/02/01)

4 Others
COMPORD (2005/02/01)

* These well recurrents are set from a wildcards. To change
parameters choose the corresponding wildcard.

‘Wildcard

U?

Metric (ECLIPSE™) | [1mport Eclipse Well and Group Data | | Import Eclipse Well Data | | Cancel

[Validate First Step. Bl

Figure 153 COMPORD Data

For defining a new well recurrent (after choosing a desired date)
the + button must be used. Clicking on this button the Figure 86
list is displayed. User can select and define each of the well
recurrent data with a user friendly method just using one click on
them. User can define a specific well recurrent for all of the wells
with a desired well base name, in the wildcard section of the
Figure 154. The button of the + and - are used to define a wildcard
and remove related properties, respectively.

Well Recurrents

+ -

Definitions
Add WELSPECS
Constraints
Add WGRUPCON
Add WCOMNHIST
Add WHISTCTL
Add WCONINIH
Add WELOPEN
Add WECON
Add WCUTBACK
Add WCONPROD
Add WCONIMJE
Add WELTARG
Add WEFAC
Add WWPAVE
Add WPAVEDEP
Perforations
Add COMPLETION
Add WPIMULT
Others
Add COMPORD

Figure 154- Adding Well
Recurrents
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Two importer buttons exist in this window:

e Import Eclipse Well and Group Data: Both well and group data are imported using
this importer. In this case, you can see added groups in “Well Group Manager”
and wells in “Well Manager” dialogs.

Import Eclipse Well Data: Only wells and their properties are added, no change is
made on the group manager window.

A validator is also placed in this window, in which user can choose one of three exist
validation options for scheduling data.

3-3-3-Well Group Manager

The window of Figure 155 will be opened when selecting “Well Group Manager” button,
from the data tab. User can start to define group from “Group Dates” section using +
button. In the “Group Tree” section, the new group can be defined by selecting the +
button (Figure 156). After defining desired groups, the wells might be attached to them
using “Group Well Assignment” section (Figure 157).

iWell Group Manage EE ]

Well Group Manager (%

Group Dates Group Tree Group Well Assignment
+ Well Name Group Name Date

Defined Dates: [2005/02/01 -] | Group Names

Dates
2005/02/01

Metric (ECLIPSE™)

_

Figure 155- Well Group Manager
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Well Group Man

Well Group Manager

Group Dates Group Tree Group Well Assignment
+ — + - Well Name Group Name Date

Defined Dates: [2005,-’02,-’01 Group Names 01 Group 9 2005,/02/01
4 FELD 102 Group 10 2005/02/01
Dates GROUP1 103 - -
2005/02/01 4 Groupl 104 Group 14 2005/02/01
4 Group 2 P01 - -
4 Group 3 P02 -
Group 4 P03
4 Group5 P04
4 Group 6 P05
a4 Group7 P0G
4 Group 8

Group 9

Group 10

Group 11

Group 12

4 Groupl3
Group 15

Group 14

Metric (ECLIPSE™) =

N

Figure 156- Define Group

Figure 157- Well Assignment to Groups

Page 193




RETINA Simulation 1, User Manual

3-3-4-Group Recurrent Manager

The button of the “Group Recurrent Manger” is used to manage group recurrent (Figure
158). This window consists of three tables of “Well Group List”, “Group Recurrent” and
“Group constraint”. The desired group and date are selected from “Well Group List” and
“Group Recurrent”, respectively. Afterward user can enter necessary constraints and

provide their values (Figure 159).

@ Group Recurrent Manager

Group Recurrent Manager

Groups Group Recurrents
Well Group List: - Group Constraint:

FIELD Defined Dates: | 2005/02/01 Name | Value | Unit |
GROUP 1

Constraints:

Metric (ECLIPSE™)

Figure 158- Group Recurrent Manager
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(2 Group Recurrent Manager

Group Recurrent Manager

Groups Group Recurrents
Well Group List: + - — Group Constraint:

FIELD Defined Dates: | 2005/02/01 v | | MName
GROUP 1

Controlled Phase
Injection Rate Control Mode
Surface Injection Rate Target

Constraints:

GCOMINJE (2005/02/01)

GCUTBACK (2005/02/01) Total Reservoir Volume Injection Rate

Reinjection Fraction Target

Total Voidage Replacemnent Fraction Target

Is Group Free to Parent Control

Injection Guide Rate

Guide Rate Definition

Target Group For Reinjection Fraction

Target Group for Voidage Replacement Fraction

Figure 159- Group Constraints

Group Recurrents:

1- GCONINJE (Injection rate controls/limits for groups/field)

This specifies the injection targets and limits for groups. Figure 160 displays the
GCONINJE data. It contains following data:

e Controlled Phase

o WATER: Water injection controls

o GAS: Gas injection controls

o OIL: Oil injection controls

e Injection Rate Control Mode

o NONE: No immediate control of injection rate

o RATE: The group/field surface injection rate of the controlled phase

o RESV: The group/field reservoir volume injection rate of the
controlled phase will be controlled so that the total reservoir volume
injection rate of the group/field meets the related target
REIN: The group/field surface injection rate of the controlled phase
is controlled to equal the group/field production rate of the phase
times the reinjection fraction
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o

VREP: The group/field reservoir volume injection rate of the
controlled phase is controlled so that the total reservoir volume
injection rate of the group/field equals its production voidage rate
times the voidage replacement fraction

FLD: The group is immediately under control from a higher level
group or the field, injecting its share of the higher group’s or field’s
target rate, according to its guide rate

e Surface Injection Rate Target

o

Surface injection rate target or upper limit for the controlled phase.

e Total Reservoir Volume Injection Rate

o

Total reservoir volume injection rate target or upper limit. If a non-
default value is specified here, the controlled phase in item 1 is
declared the top-up phase. Its target or limiting reservoir volume
injection rate will be equal to the value specified here minus the
reservoir volume injection rate of the other phases. The phase
injection rate is calculated to top up the total group or field injection
to the required reservoir volume rate, after allowing for any
injection of the other phases. There can be only one top-up phase at
any given time in the simulation run.

e Reinjection Fraction Target

O

Reinjection fraction target or upper limit for the controlled phase.
The reinjection fraction is applied to the group or field production
rate of the phase in item 1.

e Total Voidage Replacement Fraction Target

o

If a non-default value is specified here, the phase in item 1 is
declared the ‘top-up’ phase. Its target or limiting reservoir volume
injection rate will be equal to the value specified here times the
group/field production voidage rate, minus the reservoir volume
injection rate of the other phases. The phase injection rate is
calculated to ‘top up’ the total group or field injection to the
required voidage replacement fraction, after allowing for any
injection of the other phases. There can be only one ‘top up’ phase
at any given time in the simulation run.

e |s Group Free to Parent Control?
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Checked: Injection from the group is cut back as necessary to meet
any rate target/limit imposed at a higher level

Unchecked: The group injects at its own capacity or target
irrespective of any higher level rate target or limit

Injection Guide Rate

O

Group’s injection guide rate for the controlled phase, a
dimensionless number governing the group’s share of a higher level
injection target.

A group needs a guide rate only if it is required to inject a specified
proportion of a higher level rate target. The group is then placed
under rate control, with a target rate set in proportion to its guide
rate. It can either be set to a fixed surface rate or reservoir volume
rate, or adjusted each time step to reflect the group's voidage
replacement requirements. If no guide rate is specified, the group's
share of a higher level injection target is governed by the guide rates
of its subordinate injection wells, or any subordinate groups with
injection guide rates.

The group will essentially be transparent to higher level injection
targets, which will be apportioned directly down to its subordinate
wells or groups with guide rates.

Guide Rate Definition

o

RATE: The guide rate applies to group’s surface injection rate (so the
surface injection rate target will be in proportion to the guide rate).
RESV: The guide rate applies to group’s reservoir volume injection
rate (so the reservoir volume injection target is in proportion to the
guide rate).

VOID: The guide rate is set at the beginning of each time step equal
to the group’s voidage production rate. This setting can be used to
apportion an injection target between groups in proportion to their
voidage production rates.

NETV: The guide rate is set at the beginning of each time step equal
to the group’s net voidage rate (that is its voidage production rate
minus the reservoir volume injection rate of any other phases). This
setting can be used to apportion an injection target between groups
in proportion to their top-up needs for voidage replacement. It can
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only be applied if the controlled phase in item 1 is the ‘top-up’
phase.
o NONE: the group has a injection guide rate for this phase.
e Target Group for Reinjection Fraction
e Target Group for Voidage Replacement Fraction

2| Group Recurrent Manager

Group Recurrent Manager

Groups Group Recurrents
Well Group List: + - - Group Constraint:

FIELD Defined Dates: |2005/02/01 - | |_Name
GROUP1 X Contrelled Phase
Constraints:

Injection Rate Control Mode
GCONIMIE (2005/02/01) Surface Injection Rate Target

Total Reserveir Volume Injection Rate

Reinjection Fraction Target

Total Voidage Replacement Fraction Target

Is Group Free to Parent Control

Injection Guide Rate

Guide Rate Definition

Target Group For Reinjection Fraction

Target Group for Voidage Replacement Fraction

Metric (ECLIPSE™) ——

Figure 160 GCONINJE Data

2- GCONPROD (Production rate controls/limits for groups/field)
This sets the production rate targets and limits for groups using the guide rate
method of group control. Figure 161 displays the GCONPROD data. It contains

following data:
e Production Rate Control Mode
o NONE: No immediate control of production rate

o ORAT: Group/field oil production rate is controlled to meet the

target
WRAT: Group/field water production rate is controlled to meet the
target
GRAT: Group/field gas production rate is controlled to meet the
target
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o LRAT: Group/field liquid production rate is controlled to meet t
target
RESV: Group/field reservoir fluid volume production rate is
controlled to meet the target
PRBL: Group/field reservoir fluid volume production rate is
controlled to meet the target production balancing fraction
FLD: Group is immediately under control from a higher level group
or the field, producing its share of the higher group’s or field’s target
rate, according to its guide rate
Oil Production Rate Target
Water Production Rate Target
Gas Production Rate Target
Liquid Production Rate Target
Procedure on Exceeding a Limit
o NONE: Do nothing
o CON: Shut worst-offending connection in worst-offending well
o PLUS_CON: Shut worst-offending connection and all below it in
worst-offending well (sese COMPORD)
WELL: Shut or stop worst-offending well
RATE: Control group/field production rate to equal the violated
upper limit
e |s Group Free to Higher Control?
o Checked: production from the group is cut back as necessary to
meet any rate target imposed at a higher level
o Unchecked: the group produces at its own capacity or target
irrespective of any higher level rate target
e Group’s Production Guide Rate
o This is a dimensionless number governing the group’s share of a
higher level production rate target. A group needs a guide rate only
if it is required to produce a specified proportion of a higher level
rate target. The group is then placed under rate control, with a
target rate set in proportion to its guide rate. It can either be set for
a specified phase, or calculated from the group's production
potentials or its injection rate. If the guide rate phase differs from
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the phase under control, the guide rate is translated into a guide
rate for the controlled phase using the group’s production ratios at
the beginning of each time step. If no guide rate is specified, the
group’s share of a higher level rate target is governed by the guide
rates of its subordinate wells, or any subordinate groups with guide
rates. (The well guide rates are set by default equal to the wells’
production potentials, but can be specified directly by using the
WGRUPCON constraint). The group is essentially ‘transparent’ to
higher level production rate targets, which will be apportioned
directly down to its subordinate wells or groups with guide rates.

e Definition of Group’s Guide Rate

OIL: The group’s guide rate applies to the oil phase.

WAT: The group’s guide rate applies to the water phase.

GAS: The group’s guide rate applies to the gas phase.

LIQ: The group’s guide rate applies to the liquid phase.

RESV: The group’s guide rate applies to the Reservoir Fluid.

INJV The group’s guide rate is set at the beginning of each time step
equal to the group’s reservoir volume injection rate. This can be
useful "when the field has a production balancing target that is
apportioned among the groups in proportion to their injection rates.
POTN: The group's guide rate is set at the beginning of each time
step equal to the group's production potential - which is the sum of
the production potentials of all its subordinate open producers;
FORM: The group's guide rate is calculated at specified intervals
from a formula involving its production potentials, defined with the
GUIDERAT. This option can be used to decrease the contribution
from groups with high GOR or water cut.

NONE: the group has a production guide rate. Higher level
production targets will be apportioned directly down to its
subordinate wells, or any subordinate groups with guide rates.

e Procedure on Exceeding Water Rate

O

O

O

NONE: Do nothing

CON: Shut worst-offending connection in worst-offending well
PLUS_CON: Shut worst-offending connection and all below it in
worst-offending well (see COMPORD)
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o WELL: Shut or stop worst-offending well
o RATE: Control group/field production rate to equal the violated
upper limit
e Procedure on Exceeding Gas Rate
o NONE: Do nothing
o CON: Shut worst-offending connection in worst-offending well
o PLUS_CON: Shut worst-offending connection and all below it in
worst-offending well (see COMPORD)
WELL: Shut or stop worst-offending well
RATE: Control group/field production rate to equal the violated
upper limit
e Procedure on Exceeding Liquid Rate
o NONE: Do nothing
o CON: Shut worst-offending connection in worst-offending well
o PLUS_CON: Shut worst-offending connection and all below it in
worst-offending well (see COMPORD)
WELL: Shut or stop worst-offending well
RATE: Control group/field production rate to equal the violated
upper limit
e Reservoir Fluid Volume Production Rate Target
o The procedure on exceeding this limit is always RATE.
e Production Balancing Fraction Target

o This limits the group’s reservoir fluid volume production rate to the

specified fraction (or multiple) of the group’s reservoir fluid volume
injection rate.
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& Group Recurrent Manager
e

Group Recurrent Manager

Groups Group Recurrents
Well Group List: + - - Group Constraint:

FIELD Defined Dates: | 2005/02/01 | | Name

GROUP 1 X Production Rate Control Mode - Mo Control
Constraints: . .
0il Production Rate Target
GCONINIE (2005/02/01) Water Production Rate Target
GCONPROD (2005/02/01) Gas Production Rate Target
Liquid Preduction Rate Target
Procedure on Exceeding a Limit - Do Nothing
Is Group free to Higher Control

Group's Preduction Guide Rate

Definition of Group's Gudie Rate - No Guide Rate
Procedure on Exceeding Water Rate - Do Mothing
Procedure on Exceeding Gas Rate - Do Nothing
Procedure on Exceeding Liquid Rate - Do Nothing
Reservoir Fluid Volume Production Rate Target

Production Balancing Fraction Target

Metric (ECLIPSE™) | [0.00 Cancel | |

Figure 161 GCONPROD Data

3- GECON (Economic limit data for groups and the field)
This is used to put an economic limit data for groups and field. Figure 162 displays
the GECON data. It contains following data:
e Minimum Oil Production Rate

o If the group (or field) oil production rate falls below the specified
minimum, all the producers in the group (or field) are shut or

stopped (see WELSPECS). A zero or negative value switches off this

constraint.
Minimum Gas Production Rate
o If the group (or field) gas production rate falls below the specified
minimum, all the producers in the group (or field) are shut or
stopped (see WELSPECS). A zero or negative value switches off this
constraint.
Maximum Group or Field Water Cut
Maximum Group or Field Gas Qil Ratio
Maximum Group or Field Water Gas Ratio
Workover Procedure
o NONE: Do nothing
o CON: Shut worst-offending connection in worst-offending well
PLUS_CON: Shut worst-offending connection and all below it in
worst-offending well
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o WELL: Shut or stop worst-offending well (see WELSPECS)
o ALL: Shut all producers subordinate to the group
e Maximum Open Well

o This option prevents wells from being opened automatically (AUTO
in WCONPROD, WCONINJE, and WELOPEN) or from the drilling
queue (QDRILL). if the number of subordinate wells would violate
this limit. The limit does not prevent wells being opened manually
('OPEN' in WCONPROD and WCONINIJE for example), but a warning
message is issued if they violate this limit.

[ Group Recurrent Manager

Group Recurrent Manager

Groups Group Recurrents

Well Group List: + - — Group Constraint:

FIELD Defined Dates: |2005/02/01 | |_Mame
GROUP 1

i Minimum il production rate
Constraints:

Minimum gas production rate

GCONIMNIE (2005,/02/01)
GCONPROD (2005/02/01)
GECON (2005/02/01)

Maxirum group or field water cut
Maximum group or field gas-oil ratio
Maximum group or field water-gas ratio
Workover procedure

Maximum open well

e -

Figure 162 GECON Data

4- GCUTBACK (Group Cutback Limit)

This is used to put a cutback limit for group or filed. Figure 163 displays the
GCUTBACK data. It contains following data:

e Water Cut Upper Limit

e Gas Oil Ratio Upper Limit

e Gas Liquid Ratio Upper Limit
Water Gas Ratio Upper Limit
Rate Cutback Factor (fraction)

o This is the ratio of the reduced flow rate to the current flow rate. It
should be less than 1.0
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e Control Phase
OIL: Reduced oil rate
WAT: Reduced water rate
GAS: Reduced gas rate
LIQ: Reduced liquid rate
RESV: Reduced reservoir fluid volume rate

2| Group Recurrent Manager

Group Recurrent Manager

Groups Group Recurrents
‘Well Group List: + - —

FIELD

Defined Dates: | 2005/02/01 | | _Name
GROUP 1

Water cut upper limit *
Constraints:

Group Constraint:

Gas-oil ratio upper limit
GCONINJE (2005/02/01)

GCONPROD (2005/02/01)
GECOMN (2005/02/01)
GCUTBACK (2005/02/01)

Gas-liquid ratio upper limit -
*

Water-gas ratio upper limit
Rate cutback factor (fraction)
Control Phase

Figure 163 GCUTBACK Data

3-3-5-VFP Manager

VFP (Vertical Flow Performance) manager is available by clicking “Vertical Flow
Performance Manager” button, in which user can define VFP tables. The data can be
entered by user, one by one or using Eclipse importer facility.
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<} VFP Manager

:

VFP Manager

N

WEP List VFP Data
+ ab

VFP Injection Mame |T}rpe |

+ ab

VFP Production Mame | Type

Metric (Eclipse) +| [0.00 Import Eclipse VFP| | Cancel | |
L

Figure 164- VFP Manager

There are two separate tables of production and injection wells in the VFP table dialog
(Figure 164).

For adding a new injection VFP tables (Figure 165) use + button same as RETINA other
windows, note that, the auto naming ability exist for this window, also. User must choose
the fluid type from “Flow Rate”, pressure type from “Fixed Pressure” and tabulated
parameter from “Tabulated Quantity” lists. Then the depth of the well and table values
are entered. After entering the required values and updating table, the data VFP tables
are created (Figure 166); afterward, user must enter the tabulated BHP values. Note that
there are copy and paste facility for the VFP tables. The VFP table defining procedure for
production wells are same as the injection one, except in input data (Figure 167).
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<} VFP Manager

VFP Manager

WFP List VFP Data
4+ = ab

QIL Tabula [BHP

VFP Injection Mame

i VFP Injection
Bottom Hole Depth:

Flow Rate (STB/day) Fix Pressure (psi)
20

3.0

=+ ab

VFP Production Mame | Type

Update Table

Field - Import Eclipse VFP
[ I

Figure 165- Define VFP Tables for Injection well

<) VFP Manager

VFP Manager

WFP List VFP Data
+ — ab

o1 Tabula |EHP

VFP Injection Name

i VFP Injection
Bottom Hole Depth:

Flow Rate (STB/day) | Fix Pressure (psi)

1 20 10000
5 | 30 12000
3

40 1600.0

+ ab

B Update Table
VFP Production Name | Ty

Oil Flow (STB/day) | THP (psi) | BHP (psi) |
20 10000 0.0
30 10000 0.0
40 10000 0.0
20 12000 0.0

an 1ann N an

’Import Eclipse‘u’FP] ’ Cancel ] ’

Figure 166- Injection Well VFP Table
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VFP Manager
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VFP List
+

VFP Data
ab

Flor [01L
VFP Injection Name | Type
VFP Injection Injection

-] FixedPres: [THP
Gas | GOR

Water Far |WOR
Artificial Lift C NOMNE

Bottom Hole Depth:

Tabulated C | BHP =
00 ft
Flow Rate (STE/day) |

| Fix Pressure (psi) |
0.0 1 0.

1

‘ ‘Water Fraction (-] |
1 00

VFP Production Name

58 VFP Production

| Gas Fraction (Mscf/STB
1
Production

‘ Artificial Lift Quantity (.
00 1 0.0

Update Table

ImportEcIipseVFP| ‘ Cancel | ‘

Figure 167- Production Well VFP Table

3-3-6-Well Recurrent Manager
Clicking on the “Well Recurrent Manager
1- Sort by Well

user can observe well recurrents (Figure 168)
There are three choices for observing the well recurrent using 63 button

2- Sort by Well Recurrent
3- Sort by Date (Time)

All of the recurrents will be dlsplayed if user chooses "

. If there is no need to observe
well recurrents the button of = should be selected. For example if user selects “Sort by
Well” and then clicks on =

, the Figure of 98 is shown. It should be noted that, the data in
this section are all read only.
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Well Recurrent Explorer

LA v= =
‘Well Recurrents: Parameters:

Well Time (day) - Date Recurrent MName | Value | Unit
> 101

s 102
103
s 104
> PO1
> P02
» P03
s P04
> P05
> P06

o — - =

Figure 168- Well Recurrent Manager

Well Recurrent Explorer

(528255 B2
Well Recurrents: Parameters:

Well Time (day) - Date Recurrent = Name Value
a4 10

0.0 - 2005/02/01 WELSPECS
0.0 - 2005/02/01 COMPLETION
0.0 - 2005/02/01 COMPLETION
0.0 - 2005/02/01 COMPLETION
0.0 - 2005/02/01 COMPLETION
0.0 - 2005/02/01 WCONINJH
0.0 - 2005/02/01 WELTARG
365.0 - 2006,/02/01 WCONINJH
7300 - 2007,/02/01 WCONINJH
1095.0 - 2008/02/01L  WCONINIJH

0.0 - 2005/02/01 WELSPECS

0.0 - 2005/02/01 COMPLETION
0.0 - 2005/02/01 COMPLETION
0.0 - 2005/02/01 COMPLETION

o _— - =

Figure 169- Displaying Options of Well Recurrents

3-3-7-Reservoir Recurrent Manager

The Reservoir recurrent manager window which has been shown in Figure 170 includes
following recurrents:

e DRSDT
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MULTFLT
e TUNING
e MULTREGT

Like other windows of RETINA, the + and — buttons are used to define and remove
defined recurrents. The recurrents can be defined in different defined dates, which can
be selected from “Defined Dates” list; in such cases the date added to recurrent nod as a
child (Figure 171).

The DRSDT controls the rate at which the solution gas-oil ratio is allowed to rise; two

parameters of “Gas Resolution Maximum Rate” and “Option Flag” should be entered
(Figure 171). The first one represents the maximum rate at which the solution gas-oil
ratio in any grid block is allowed to increase. The second item is a flag including FREE and
ALL options:

o “ALL”: Apply the DRSDT limit to all cells
e “FREE”: Apply the DRSDT limit only to cells containing free gas

‘2| Reservair Recurrent Managel

Reservoir Recurrent Manager

Defined Dates: | 2005/02/01 -
+ -
Reservoir Recurrents
DRSDT
MULTFLT
4 TUNING

2005/02/01
MULTREGT

=

Figure 170- Reservoir Recurrent Manager
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(= Reservair Recurrent Managel EE |

S

Reservoir Recurrent Manager

Defined Dates: | 2005/02/01 - Reservoir Recurrent Data Parameters:

MName Value
+ - — Gas Resolution Maximum Rate
Reservoir Recurrents Option Flag GUL
4 DRSDT
2005/02/01
MULTFLT
4 TUNING
2005,/02/01
MULTREGT

I

Figure 171- Data of DRSDT

The MULTFLT can be used to modify the transmissibility across a fault using either the

FAULTS keyword or “Fault Manager” window. According to Figure 172 the essential data
for MULTFLT are fault name and transmissibility multiplier.

= Reservair Recurrent Manage| EE |

Reservoir Recurrent Manager @

Defined Dates: | 2007/02/01 - Reservoir Recurrent Data Parameters:

Mame Value |Ur1it |
+ - Fault | -

Reservoir Recurrents Transmissibility Multiplier
4 DRSDT
2005,/02/01
4 MULTFLT
2007,/02/01
4 TUNING
2005/02/01
MULTREGT

L —

Figure 172- Data of MULTFLT
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The TUNING is used to set simulator control parameters which are displayed in the Figure
173. The core number management for parallel simulating is available here. This dialog

should be used with great care.

‘2| Reservair Recurrent Managel EE |

Reservoir Recurrent Manager

Defined Dates: | 2007/02/01 . Reservoir Recurrent Data Parameters:

MName

+ L r— "
Prefered Iteration Count
Max, Iteration Count

Reservoir Recurrents

4 DRSDT Max. Group Control Iteration Count

2005/02/01 Max, Well Sat. Change Per Inner Iteration
4 MULTELT Max. Well 5at. Change Per Iteration
2007,/02/01 Max. Saturation Change Per Iteration
4 TUNING Max. Pressure Change per Iteration
2005/02,/01 Max. Well Pressure Change Per Iteration
MULTREGT Max. Well Pressure Change Per Inner lteration
Max. Well Pb Change Per Inner Iteration
Max. Well Pb Change Per Iteration
Max. Pb change per iteration
Max. Well RS Change Per Inner Iteration
Well-bore Volume
Max. Time Step
Min. Time Step
Rock Compaction Transmissibility Treatment
Murmnber of Parallel Threads

L

Figure 173- Data of TUNING

The MULTREGT can be used to set a transmissibility multiplier between regions. The
regions must previously have been defined in the GRID properties section. Following four
inputs are necessary to define a MULTREGT keyword (Figure 174):

From Region Number

To Region Number

Transmissibility multiplier for all transmissibilities connecting regions | and J
Direction(s) in which to apply the multiplier
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‘<, Reservoir Recurrent Manage

Reservoir Recurrent Manager

Defined Dates: | 2005/02/01 - Reservoir Recurrent Data Parameters:

MName Value
e = From Region Number

To Region Number

Transmissibility Multiplier 1.0
Application Direction XYL
Application Flag ALL
Region Cheice MULTMUM

Reservoir Recurrents
DRSDT
MULTFLT

4 TUNING

2005/02/01
4 MULTREGT
2005,/02/01

L

Figure 174- Data of MULTREGT
3-3-8-Drilling Management

The “Drilling Management” is used to manage auto drilling operation. Following
recurrents are available to define drilling which has been displayed in Figure 175:

QUEUE
DRILPRI
WELSOMIN
PRORDER
WDRILTIM
WORKLIM

There is a filtering facility in this window which user can use it to filter recurrents either

by type or by date.

For defining QUEUE, the Queue type which can be one of the sequential or priority
options, must be selected. The arrows are used to move selected wells to queue or vice

versa.

Note: the priority value is not defined for sequential queue type.
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+ -
Add QUEUE
Add DRILPRI
Add WELSOMIN
Add PRORDER
Add WDRILTIM
Add WORKLIM

Figure 175- Drilling Management
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| & Drling Management D I -

Drilling Management

+ v - Queue Type: SEQUENTIAL ~

Defined Dates: [2005,"02}01 _] Well Name | Priorit}:‘u’alue | Well Name
102 MN/A 01

Date Type POl (7 03

4 2005/02/01 pOS /A -
QUEUE POz
DRILPRI
WELSOMIN FO3
PRORDER PO4
WDRILTIM P0G
WORKLIM

Metric (ECLIPSE™)

Figure 176- Moving well to Drilling Queue

The DRILPRI is used to set the coefficients that define the default priority formula for the
prioritized drilling queue. It must be used if any wells are placed in this queue with the
WDRILPRI keyword without a fixed priority set in WDRILPRI.

The minimum oil saturation in a grid block necessary to allow a well connection to be
opened automatically is entered in WELSOMIN.

The PRORDER keyword can optionally be used to define a specific sequence of actions to
be performed if a group fails to meet its production rate target.

The WDRILTIM controls the automatic drilling of new wells. The well name and time
taken to drill the well are two inputs of this recurrent.

The time taken for each automatic workover is defined in WORKLIM keyword.
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3-3-9-Rig Management

The Rig Management window which is displayed in Figure 177 and 178 includes two tabs
of “Drilling Rig Assignments” and “Workover Rig Assignment”. The + and — buttons are

used to add or remove rig assignment for both tabs. The number of rigs must be
specified before adding any rig assignment.

A

Rig Management

Drilling Rig Assignments | Workover Rig Assignmentsl

Number of Rigs: 1 APl | Selected Drilling Rig Assignment Parameters:
+ —_

Mame Value
- Group FIELD
Defined Dates: [2005/0201 3 Drilling Rig  Drilling Rig 1
Assignments By Date Action ADD
4 2005/02/01
Assignment-1
Assignment-2

| unit |

Cancel

Figure 177-Drilling Rig Assignment
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| < Rig Management - - - ——

Rig Management é

| Drilling Rig Assignments | Workover Rig Assignments |

Number of Rigs: 1 APPY | Selected Workover Rig Assignment Parameters:

+ - Mame Value |Ur1it |
Group FIELD - -

Workowver Rig  Workover Rig1 - -

Assignments By Date Action PREVENT_SUBORDINATE_WELLS_ ~ -

Defined Dates: |2005/02/01 -|

a4 2005/02/01
Assignment-1

Figure 178- Workover Rig Assignment

3-4-  Using Numerical Data Tab
3-4-1-Numerical Parameters

Clicking on “Numerical Parametes” button, the window of Figure 179 is opened. In this
window the numerical parameters of solver options such as solution method, system
phase, allowable errors for some parameters, bubble point and saturation switch
triggers, preconditioner type, minimum and maximum pressure, using well inner
iteration, and cascade analysis are entered. In this window user can enter Crank-Nicolson
Multiplier also.
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Mumerical Parameters

Solver Options:

Mame

Value

>

| unit |

Solution Method

Systern Phase

Allowable Absolute Pressure Error
Allowable Relative Pressure Error
Allowable Absolute Saturation Error
Allowable Relative Saturation Error
Bubble-Point Switch Trigger
Saturation Switch Trigger
Preconditioner Type

Minimum Pressure

Maxirmum Pressure
Crank-Micolson Multiplier

Uze Well Inner Iteration

Metric (ECLIPSE™) ~| [0.00 |

Fully Implicit Mode
Oil, Water, Gas and Dissolved Gas
10.0

1.0E-06

0.0001

0.001

0.0001

1.0E-08

ILUO

1.0E-05

1.0E+15

1.0

- -

-

Figure 179- Numerical Parameters window

3-4-2-Output Data

The “output data” button, will lead user to the output data window (Figure 180). In this
window the desired parameters for each block, region, groups, wells, connections and
reservoir are selected for displaying next to the simulating. User can see run 3D
animation just if select some data of the “3D Visualization Variables”.

The summary vectors can be selected using “Summary Variables” tab of Figure 181.
There is also a summary importer in “Output Data” window.
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<, Output Data Configuratio

Output Data Configuration

3d Visualization Variables | Summary Variables I Output Frequency

Grid Variables:

Grid Property Mame
EPR

[C] BWPR

[[] BGPR
BOSAT
BWSAT

[[] BGSAT

[[] BBO_RETINA
[C] BBW_RETINA
[[] BBG_RETINA
[ BVOIL

[[] BVWAT

Grid Property description

Qil Pressure

Water Pressure

Gas Pressure

il Saturation

Water Saturaion

Gas Saturaion

Qil Formation Volume Factor
Water Formatien Volume Factor
Gas Formation Volume Factor
Qil Viscosity

Water Viscosity

Grid Property Unit Type
Pressure

Pressure

Pressure
Saturation
Saturation
Saturation

Fuf Liquid

Fuf Liquid

Fuf Gas

Dynamic Viscosity
Dynamic Viscosity

’ Select All ]’ Unselect All ][ImrertSeIections]

Cancel

[Import ECLIPSE Summary] ’

J|

Figure 180- Output Data Window

al QOutput Data Configuratio E X

Output Data Configuration

3d Visualization Variables | Summary Variables | Output Frequency|

Field Group I Region | Block | Well I Connection I Aguifer I Mumerical Aguifer | Simulation

Field Variables:

Variable Name
[ FAPI

[ FGE

FGIP

FGIR

FGIT
FGOR
FGPR

Variable Description

Field Oil API

Field Gas Efficiency

Field Gas In Place

Field Gas Injection Rate
Field Gas Injection Total
Field Gas Oil Ratio

Field Gas Production Rate
FGPT Field Gas Production Total
FGSAT Field Gas Saturation

IO EEEEE

Variable Unit type
Mo Unit

Mo Unit

VYolume Gas
Flow Gas
VYolume Gas

Gas Liquid Ratio
Flow Gas
Volume Gas

Mo Unit

[ Select All ][ Unselect All ]’InvertSelections]

’Import ECLIPSE Summary] ’ Cancel

J|

Figure 181- Summary Variables Tab

User can choose one or more time for having Restart Point in the output frequency tab,
which could be performed after selecting desired time (Date) by clicking on the row and
specifying plot dates (Figure 182). The values of Plot Counts can be edited by user one by
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one (this specifies the count of the outputs in the desired interval). Also there is a
capability of multiple Plot count using “Constant Plot Interval” selection in this window.

<| Output Data Configuratio

Output Data Configuration

3d Visualization Variables | Summary Variables

Plot Counts:

Output Frequency

Relative Time (day) Start Date

0.0 2005/02/01
365.0 2006/02/01
730.0 2007,/02/01
1095.0 2008/02/01

End Date

2006/02/01
2007/02/01
2008/02/01
2009/02/01

Length (day) Plot Count Restart

365.0 1
365.0 1
365.0 1
366.0 1

Mo
Ne
Mo
Mo

Restart Options

Has Restart?

Write Restart every nth steps: 1

o Apply

Plot Options

Constant Plot Interval:

Set Selected Set All

day

Specify Plot Dates

’Import ECLIPSE Summary] ’

Figure 182- Output Frequency Tab

The “Specify Plot Count” button will display the Figure 183, in which the selected dates
are shown. For adding new dates, use “Add Plot Dates” button.
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| < Output Date Schedule l

Qutput Date Scheduler

Simulation Schedule Bounds:

Bound Date Time Relative Tirne (day)

Step Start  2007/02/01 7300
Step End 2008/02/01 1085.0

Step Result Outputs:

Plot Date Time w.r.t. Step Start (day) Tirne wer.t. Simulation Start (day)
2008,/02/01 365.0 1085.0

’ Rermowve All

Tirnes Intervals: . day ’ Add Plot Dates

Mumber of Divisions: ’ Add Plot Dates

Thursday , February 01, 2007 @~

[ Add Plot Dates

Tirne after start date: ] ’da].r v]

Metric (Eclipse) ~| [0.00] | Cancel || oK

Figure 183- Specify Plot Count, Output Data Manager
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4-1- MTRX, FRAC, Dual

If the model is fractured, then three view options of matrix (M), fracture (F) and dual
(M/F) are activated. Clicking on each of them will lead user to desired view.

e

M Matrix

F  Fracture

b;/F Dual

Figure 184- MATRIX, FRACTURE, and DUAL view

The name of active view is written in top left side of the 3D view. There is also a green
border indicating active view. Figure 185 displays DUAL view for a sample mode.
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(2| RETINA Simulation™ 1 : 2ndNumduz

File Project Setting Validation Simulation Tools Options  Help

D @ X .OPreprocessPerspective . &
Model Tree 3D Properties . Well Path Mo - g}f{ @* ED -R-E-2- & -p Yy

BiTic g

4 Properties
DZMTRXY DZMTRIV
FIPNUM
MULTNUM
MULTPYV
PERMX
PERMY
PERMZ
PORO
PORV
SATNUM
SIGMAY

Grid Results (Loaded)
Grid Results (Live)

Geometry & Grid Data

Scheduling Data ~ Reservoir Data

=8s (e e

Time Player - Grid Filters Enhanced Probe
L &

Step: 1, Date: 1988,/01,/01

Start D

Step:

™
%

Mumerical Data & Results

Time:

Contour values were adjusted with current property values Lock State: OK o Field

Figure 185- DUAL view fora Sample Model

The ¥ button is used for synchronizing both Matrix and fracture views. In synchronized

mode (ﬂgf), the model properties and 3D zooming, rotating and etc. for active view is
applied for inactive one, immediately. Note that inactive view can be rotated, zoomed
and etc. independently. Figure 186 shows a rotation of active fracture view.
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File Project Setting Validation Simulation Tools Options Help

D @ X r;\_.“;j .C?Preprocessperspective . &

Model Tree 3D Properties . Well Path
;hitic g

4 Properties
DZMTRXY
FIPNUM
MULTNUM
MULTPY
PERMX
PERMY
PERMZ
PORO
PORV
SATNUM
SIGMAY

Grid Results (Loaded)
Grid Results (Live)

Geometry & Grid Data

Scheduling Data  Reservoir Data

=Bz e e

Time Player - Grid Filters Enhanced Probe
L &

Step: 1, Date: 1988,/01,/01

Start [ ] End

Step:
Time: J day

+
X

Nurmerical Data & Results

Contour values were adjusted with current property values Lock State: OK o Field

Figure 186~ Synchronized Dual View
4-2- Displaying Options

The button of ® is used for resetting the 3D view to its default size and direction. The
render option @ includes three options of render point, render wireframe, and render
solid, which are shown in Figure 166. using render points option, the model is displayed
by 8 points for each grid block (corner points of each grid block); whereas, the render
wireframe option, is used to view each grid block by 12 lines (coordination lines); Finally if
user wants to view the solid grid blocks, the render solid option must be selected; Figure
188 is shown above descriptions.
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. Render Points

@ Render Wireframe

ED Render Solid

Figure 187- Render Options

The camera mode option includes two options of perspective and Orthographic. The
perspective is default option. Both of the displaying options are shown in the Figure 189.

(b)
Figure 188- A) Render Pint, B) Render Wireframe, C) Render Solid
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ProjectSeting Vaidation Samulaton Toots Optians Help
o 7
EDEx BE ple (B
Model Tree 30 8roperves anr .
mitic ¥
+ Progerties
ACTNUM
EQuM
PERNIX

PERMY
PERMZ

ROCKNUM
SATNUM

G Results (Loaded)

G s 1 i

G G Bt 1 el
] Time Piayer G Fiters| Enhanced Prebe ]| TimePlayer Grd Fiters| Enhanced Prabe

owow oW

Step: 1, Dete: 2005,02/01 Steps 1, Date: 2005/02/11

st [] st

Munericai Dats & Resuts  Schedubing Data  Reservoie Data < comenry 7 G Diata

Step Step

Time Time:

Mumerical Data & Resuihs  Scheduling Data - Resarvoir Dot - Coomenry f G Dira

Contour values mere adjusted with currend property vabues (00| Metric Ecpse) = DI Vi 34 mode was swiched to rthograghic [000]| Mevic Ecipse) - (B

Figure 189- A) Perspective, B) Orthographic

User can use Figure 190 options to change view in desired

directions of x, y or z axis. There are two portions for each X Negative

axis which are either in positive or negative directions. In N

X Positive
fact, this is a 2D view option.

¥ Negative
Sometimes and especially in thin reservoirs, detecting layers ¥ Positive
in the Z direction is hard. So user can increase or decrease

the Z-Scale of the model using “Z-Scale Action” options.
There are 10 scale factors of 0.1 to 100 for scaling Z (33) < Positive

Z Megative

Figure 190- View Modes

Four buttons are available for show/hide some components of the model:

HH Show or hide inactive cells

<

1) Show or hide model grids

" Show or hide model wells

@ Show or hide aquifers

All of the above buttons except inactive cells option are in show mode when the model
loaded. For changing status to the hide, just click on the related button. For example
Figure 191 shows the model in two status of: A) Show wells and Hide Inactive Cells and B)
Hide Wells and Show Inactive Cells.
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Pl Stiog = nhmion= e Tows =G o e ———
EOREx B& »le (Hb BheEx Be; bl (@
Model Tree 30 Properties

2

EQUHUM
PERMIY
PERMY
PERME
PORD
PYTNUM

‘Step: 1, Date: 2005/02/01 - o ‘Step: 1, Diste: 20052/01
st [} n = 4 sart [

Step S - Step:

Time ] day L | e e

00| Metrc (Ecipse) - | (D]

(a)
Figure 191- A) Show wells and Hide Inactive Cells, B) Hide Wells and Show Inactive Cells

4-3- 3D View Setting and Save

3D View setting is available using ‘{@ button (Figure 192). There are two tables in this

window, which include items and their information. There are two buttons of “Close” and
“Reset” in the bottom of the setting window, close will implement changes and reset will
cancel any changes you made in setting. You can save a screen shot of the 3D view in

.png format using the 3 button.

3D View Settings

3D View Settings @

Background Mame Value

Axes Box

Grid Shape
Vertex
Edge
Face

Fill Type Gradient
Direction Vertical

First Color {0aao)
Second Color (128128 128)

Elerment
Well
Aguifer
Antialiase
Render Options
Perspective Options
Orthographic Options
Display Mode
Polygen Mode
Lighting
Light1
Legend
Animation
Info Text

Metric (ECLIPSE™) ResetAll ||  Close |

Figure 192- 3D View Setting
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4-3-1-Background Settings

i

The background settings includes following items: Colar

Basic colors:

Fill Type: it can be chosen either Solid or Gradient.
There is no color gradient in the solid one.

Direction: the direction of the color gradient will be
either horizontal or vertical.

EEEN T ]
L J ] | e
HEEENENN
EEENET |
THENEN
HEEEEET
/HEENET

Fist Color: user can choose first color of the
background from Figure 193.

Custom colors:

o rrr
o rrrr

[ Define Custom Colors =3
Note that, in the gradient fill type of the background, [ ok ][ Cancel |

Second Color: it is the second color of the background

1]

which can be select from Figure 193.

the gradient lies between first and second colors
(Figure 194). Figure 193- Background Colors

‘ ‘2| RETINA Simulation™ 1 : PSAMPI

File Project Setting Validation Simulation Tools Options Help

D @ X EpreprocessPErspective ’ IX
Model Tree 3D Properties . Well Path M - @& m - @ - i - zi - @ '{} %

miti®

a Properties
ACTNUM
EQLMUM
MULTX - 2006/02/01
PERMX
PERMY
PERMZ
PORO
PORV
PVTHUM
ROCKNUM

SATHUM

Time Player - Grid Filters Enhanced Probe

£ @ e

LI ]

Step: 1, Date: 2005/02/01

Start D

Step:

B [=

Time:

Mumerical Data & Results  Scheduling Data  Reservoir Data © Geometry & Grid Data

Setting was updated Lock State: OK a Metric (ECLIPSE™) -

Figure 194- Background Color
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4-3-2-Axes Box Settings

In this part of the setting window, the visibility, scale, line width, colors and precision will

be defined by user. If you want remove axes from 3D view, just change the “false” to

“True” in the value column.

3D View Settings

3D View Settings

Background
Axes Box
Grid Shape
Vertex
Edge
Face
Elernent
Well
Aquifer
Antialiase
Render Options
Perspective Options
Orthographic Options
Display Mode
Palygon Mode
Lighting
Light1
Legend
Animation
Info Text

Mame

Enable

Tick Mumber X

Tick Mumber ¥

Tick Mumber £
Primary Line Width
Secondary Line Width
Primary Color
Secondary Color
Farmatting Flag
Percision

5

5

3

1.0

1.0

(255 255 255)

(255 255 255)

Floating Point Motation
1

Metric (ECLIPSE™)

Reset All

Figure 195- Axes Box Settings

4-3-3-Mesh Shape Settings

User can use this window for the color and size settings in the following statuses:

Vertex: available for “Render Point” option.

Edge: available for “Render Wireframe” option

Face: available for “Render Solid”

Element: available for “Render Solid”
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4-3-4-Well Settings
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In this part of the setting window, the visibility, well radius, Injection and production
default color, injection and production selection color, well name text color and offset
can be defined by user. The wells are visible while the “Value” column is true. For
example Figure 197 shows the model, in which the colors of the injection and production
wells are white and blue, respectively. The well names text color is yellow and the radius
of the wells defined to be twice of default value.

30 View Settings

3D View Settings

Background

Axes Box

Grid Shape
Vertex
Edge
Face

Mame Yalue

Visible true
Radius 5.0
Injection Default Color (220 50 50)
Injection Selection Color (255 2550)
Production Default Color (50 50 2207
Element
Well Production Selection Color (255 2550)

Aquifer
Antialiase
Render Options

Perspective Options

Open Completion Color
Shut Completion Color
Well Nare Text Color
Well Marne Text Offset

{0 255 0)
(25500
(255 255 0)
10

Orthographic Options
Display Mode
Palygon Mode
Lighting
Light1
Legend
Animation
Info Text

Metric (ECLIPSE™)

Reset All | |

Figure 196- Well Settings
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File Project Setting Validation Simulation Tools Options  Help

D @ X gPreprocessPerspective ’ &
Model Tree 3D Properties - Well Path M - @F @ - @ - ‘X_ - ,Zg - @ O %

BiTic g

4 Properties
ACTMNUM F ACTHUM
EQLMUM
MULTX - 2006/02/01
PERMX
PERMY
PERMZ
PORO
PORV
PVTMUM
ROCKNUM

SATMUM

Geometry & Grid Data

Reservoir Data

Zae e

Time Player . Grid Filters Enhanced Probe

Scheduling Data

L =

Step: 1, Date: 2005,/02/01

Start D

Step:

™
%

Murnerical Data & Results

View 3d was changed te property mode Lock State: OK o Metric (ECLIPSE™) ~

Figure 197- Well Visual Settings
4-3-5-Aquifer Settings

The Aquifer settings are displayed in the Figure 198. The visibility, default and selected
colors and aquifer size should be defined here.
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3D View Settings

3D View Settings

Background
Axes Box
a Grid Shape
Vertex
Edge
Face

Mame WValue

Visible true

Default Color (153 204 255)
Selected Color (255195 30)
Aquifer Thickness 3.0

Elernent
Well
Aquifer
Antialiase
a4 Render Options
Perspective Options
Orthegraphic Options
Display Mode
Palygon Mode
4 Lighting
Light1
Legend
Animation
Info Text

Metric (ECLIPSE™) ~ ResctAll | |

Figure 198- Aquifer Settings

4-3-6-Antialiasing Settings

The point and line smoothing setting is done here. There are three options for line and
point smoothing:

e Nicest: the quality of point and lines are in the highest level
e fastest: the quality of point and lines are in the intermediate level
e Don’t Care: the quality of point and lines are in the lowest level
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4-3-7-Rendering Settings
There are four types of settings in this section:

e Camera Mode: it will be either perspective or orthographic

e Scale: there are three numbers in “Value” column, which are scale multipliers in x,
y, z directions. For example if the first number changes to 2, the length of model in
the x direction will be multiply in 2. The Scale with (3, 2, 10) is shown with the
original view of the model in the Figure 200.

3D View Settings

3D View Settings

Background MName Value

Axes Box

Grid Shape
Vertex
Edge
Face

Camera Mode  Perspective
Scale 101010
Zoom Step 1

Pan Step 1

Element
Well
Aquifer
Antialiase
Render Opticns
Perspective Options
Orthographic Options
Display Mode
Palygon Mode
Lighting
Light1
Legend
Animation
Info Text

Metric (ECLIPSE™) Reset All | |

Figure 199- Rendering Settings

Page 232




T
77
Engineering Support &
Technology Development

(ESTD)

|

(©
errin"

477

vy Voasien Senmon Tooe Cphon: el | ston St Too, Optom: et
x BB bl (& (R0REx B8 >l (§
m. . @ -B- -zt 4H BREE Cr e —

PERMY
PERMEZ
PORO
PYTNUM
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Step:

|
‘ g Time:
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| Contour values were djusted with cunent property vabes

Figure 200- A) Original Scale, B) Scaled to (3, 2, 10)

Perspective Settings:

Following items which are displayed in Figure 201 should be defined by user:

Fovy:y direction angel
Aspect: the ratio of width to height in each projection
Z Near Perspective: distance of the watcher from near plane

Z Far Perspective: distance of the watcher from far plane

projection plane

Figure 201- Perspective Parameters

Orthographic Settings:

Following items which are displayed in Figure 202 should be defined by user:

e Screen Width
e Screen Height
e 7 Near Orthographic
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e ZFar Orthographic

»

”

Camera Space Lo

\,rBottonl ..f_:

-
-~

- xLeft

-
”~

-~ X

Figure 202- Orthographic Parameters

4-3-8-Display Mode Settings

The type and transparency Ratio of the blocks are defined here. Only when the type is
“Transparent” the transparency ratio will have effect.

4-3-9-Polygon Mode Settings
It lets user to choose the wireframe, point or solid modes.
4-3-10- Lighting Settings

The lighting settings window is shown in Figure 203. Initially the lighting is active by
default. If user wants to inactive this option, should change “true” to “false” in the
“Value” column.
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3D View Settings

3D View Settings

Background
Axes Box
a Grid Shape
Vertex
Edge
Face

Mame Yalue

Enable true
Background Light (5151 51)
Background Light Alpha 1.0

Elernent
Well
Aquifer
Antialiase
a4 Render Options
Perspective Options
Orthegraphic Options
Display Mode
Palygon Mode
4 Lighting
Light1
Legend
Animation
Info Text

Metric (ECLIPSE™) ~ ResctAll | |

Figure 203-Lightning Settings
4-3-11- Property Settings
Following settings are available here:

Type: the coloring type can be either continuous color or block color.
Level Number: the number of the colors is defined here.

Grid Enable: it is initially active, if user try to inactivate this option, the grids won’t
be shown any more.

Color Map: there are four color maps in this setting dialog as: Extended rainbow,
Gray Scale, Rainbow and two colors.

Legend:
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Legend setting includes show/hide, coloring and its type, header font and size, numbers
font and size, legend background settings and font colors. The Figure of 204 displays the
legend for porosity in a typical model.

File Project Setting Validation Simulation Tools Options Help

D @ X .QPreprocessPerspective ’ &
Model Tree 3D Properties - Well Path M - CP-V-£-23- & -Q @

BT f

4 Properties

ACTMNUM
EQLNUM
MULTX - 2008/02/01
PERMX
PERMY
PERMZ
PORO
PORV
PVTNUM
ROCKMNUM
SATNUM

Grid Results (Loaded)

Grid Results (Live)

Za@ e

Scheduling Data  Reservoir Data © Geometry & Grid Data

Time Player . Grid Filters Enhanced Probe
L ] &

Step: 1, Date: 2005,/02/01

Start D

Step:

Numerical Data & Results

Time:

Setting was updated Lock State: OK a Metric (ECLIPSE™) =

Figure 204- Legend View
4-3-12- Animation and Info Text Settings

The time settings of animating, font and color of the info text (displayed in the bottom of
the windows) are available here.

4-4- Mouse Buttons Action and Keyboard Shortcuts
4-4-1-Rotation

Right button of the mouse can be used to rotate desired object in the 3D view. You
should hold this button down and try to rotate the object. The rotation will performed
around the normal vector of the plate.
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4-4-2-Movement

Middle button of the mouse or “Ctrl+left button” of the mouse, can be used to move
desired object in the 3D view. You should hold this buttons down and try to move the
object. The movement will performed in the direction which mouse is moved.

4-4-3-Zooming in and out

The wheel of the mouse is used to zoom in or zoom out. In addition to this the
“Ctrl+middle button” of mouse will be used to zoom in or zoom out the model.

Bindin
4-5- Keyboard Shortcuts New Project cmnﬂ |

Open Project Ctrl + O
There are two types of shortcuts: Bpen ks Dala i Cirl + E

e Menu shortcuts (Figure 205) Save Project Ctrl+S
Save As Project Ctrl + D

Close Project Ctrl + W

e General shortcuts (Figure 206)

Project Information Cirl+1

Open Eclipse Import Messages | Ctrl + M
Full Project Validation Ctrl+ F
Start Simulation Ctrl + R

Simulation Configuration Ctrl + G
Open Plot Result Viewer Ctrl+ T
Open History Schedule Builder | Ctrl + B
Help Ctrl + H

Technical Document Ctrl +J

Figure 205- Menu Shortcuts
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Binding

| Rotate Up View 3 D Model

Increasze £ Scale

Decrease £ Scale

Reset View

Matrioc Wiew

Fracture View

Dual View

X Megative

¥ Megative

Z Megative

Show Hide Left Panel

Show Hide Inactive Cell

Show Hide Grid

Show Hide Wells

Show Hide Aquifers

View 3 D Setting

In Sync

Retate Right View 3 D Medel

Rotate Left View 3 D Model

Mumerical Data

Ctrl + =
Ctrl + -
Ctrl + Shift + R
Ctrl + Shift + M
Ctrl + Shift + F
Ctrl + Shift + D
Ctrl + Shift + X
Ctrl + Shift + ¥
Ctrl + Shift +
Ctrl + Shift + P
Ctrl + Shift + C
Ctrl + Shift + G
Ctrl + Shift + W
Ctrl + Shift + A
Ctrl + Shift + &
Ctrl + Shift + 1
Ctrl + Shift + K
Ctrl + Shift + H
Ctrl + Alt + N

Rotate Down View 3 D Maodel

Foom View 3 D Model In

Zoom View 3 0 Model Qut

Pan Right Yiew 3 D Model

Pan Left View 3 D Model

Pan Up View 3 D Model

Pan Down View 3 D Model

X Positive

% Positive

£ Positive

Z Positive

Model Tree

View 3 D Properties

Tirne Player

Grid Filters

Enhanced Prabe

Geometry And Grid Data

Reservoir Data

Schedule Data

Figure 206- General Shortcuts

Ctrl + Shift + U
Ctrl + Shift +
Ctrl + Shift + =
Ctrl + Shift + -
Ctrl + Shift + Right
Ctrl + Shift + Left
Ctrl + Shift + Up
Ctrl + Shift + Down
Ctrl + Alt + X
Ctrl + Alt + ¥
Ctrl + Alt + Z
Ctrl + Alt + Z
Ctrl + Alt + M
Ctrl + Alt + 3
Ctrl + Alt+ T
Ctrl + Alt + F
Ctrl + Alt + P
Ctrl + Alt + G
Ctrl + Alt + R
Ctrl + Alt + 5
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5- Program Standard Toolbar

This toolbar consists of the following buttons:

File

Project Setting
Validation
Simulation
Tools

Options

Help

5-1- File
The file button includes following options:

Create a New Project
Open a RETINA Saved Project
Open an Eclipse Data File

Close Project

D
&
P

Save Current Project

Save Project as a New One

Exit

o

The first three items ( , D @ ), were described in previous sections (section 1).

The Button of% is used to close the project. The button is used to save the project

1 o
to the current file, the button is also used to save project as new one, note that all of
the RETINA projects are saved as a *.retina files.

5-2- Project Setting
The “Project Setting” includes following two components:

@ Project Information

=

*E Open Eclipse Import Messages
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User can enter project name, validator engineer name, supervisor, reservoir and
engineer names in “Project Information” window (Figure 207). The Grid Type and project
start date field are not editable.

<. Project Informatio g

Project Information

Project Mame: PSAMPLE

Validater Engineer Mame: Default Validator
Supervisor Mame: Default Supervisor
Reservoir Name: Default Reservoir
Engineer Mame: Default Engineer

Save Imported Results

Start Date: 2005,/02/01

Grid Type: Single

Figure 207- Project Information
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E Errors, Warnings and Information

Open Eclipse import message, displays all messages

139 Messages; Errors:(0), Warnings:(2), Infos:(137)

of error, warning and info levels (Figure 208).
OA®

1 1) Keyword Ignored: NOECHO
5 (@ Keyword Read: TITLE

(@ Keyword Read: WELLDIMS

(@ Keyword Read: START

(@ Keyword Read: DISGAS

(@ Keyword Read: WATER

(@ Keyword Read: QI

(@ Keyword Read: GAS

/& Unhandled Keyword: PETOPTS

(@ Keyword Ignored: MONITOR

(@ Keyword Ignored: UNIFOUT

@ Keyword Read: METRIC

(@ Keyword Read: DIMENS

(@ Keyword Read: TABDIMS

@ Keyword Read: AQUDIMS

(@ Keyword Ignored: INIT

(@ Keyword Ignored: GRIDUNIT il

1 3

Keyword Ignored: NOECHO
NOECHO was read but ignored. This keyword has no effect onthe  «
results of simulation and is ignored by RETINA Simulation™

Metric (ECLIPSE™) +

Figure 208 - Local Coordinate System

5-3- Validation
There are 9 validation options in the RETINA Validation button:

Full Project Validation

Grid Validation

Function Validation
Initialization Validation
End-Point Scaling Validation
Aquifers Validation
Scheduling Validation
Numerical Validation
Output Validation

NNNNNNEENS
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Each validation option validates just a specific portion of the RETINA, except first one. The
first option is used to validate full project. For observing the validation messages, go to
the “Validation Messages” tab of “Model Tree” tab which exists in Left Panel.

5-4- Simulation
There are two options for simulating:

f=  Start Simulation
F‘“ Simulation Configuration

After defining all reservoir and model properties, you can start to simulate the model
using “Start Simulation Button”. Choosing this button will lead user to the window of

7 " 27 o" ” o"

Figure 209. There are six buttons of “Start”, “Stop”, “Restart”, “Pause”, “Live Results” and

|H

“Cancel” in the simulation window. Initially only three of them are active (Start, Restart
and Cancel). Clicking on start button simulation will start (Figure 210). If you have restart
file, you can restart the simulation using restart button. You can unlock the window using
to see desired part of simulation log during run. An estimation of remain time is
displayed during run, in this window. User can filter the messages which want to see

during run using Message level list.
There are 8 choices for user in this list:

Off
Fatal
Error
Warn
Info
Debug
Trace
All

The number of displayed messages is increased from Off to All.
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Simulation:: PSAMPLE
Message Level: | Info = | Estimated Remaining Time: =

>

ﬁ \
et
y /G

[Metric €ECLPSE™) ~| [000] |

Close | |

Start | | Restart |

Figure 209- Simulation Window

During simulating, at first, inactive buttons are activated, using “Stop” button will stop

simulation and reset to initial state. The “Pause” button pause the simulation. In this case
if you start the simulation again the simulation will continue from paused time.
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Simulation:: PSAMPLE

Meszage Level: | Info = | Estimated Remaining Time:  1:00 mins:secs

hole

|Metric (ECLIPSE™) v| |@| Close Start Restart Stop | | Terminate | | Pause | [ Live Results

Figure 210-Simulating the Sample Model

The button of “Live Results” is used to display results during simulation, lively. In this
window user can define refreshing time of the results from 1s to 10s (Figure 211). All
options of plot and axis settings are available for this plot (like RETINA other plots) using
right click on plot.

The k button is used to configure simulation. The Connector type, result folder name

format, validation type and file connector steps can be edited by user in this window
(Figure 212).

User can select “Simulation log section” parameters to write their values to the log file in
the project path. Note log file and console files are written in the project path and are
available for various purposes.

Page 244




Engineering Support &
Technology Development
(ESTD)

Live Results

© Live results was updated, 56 result files were read

Variable Results: :

Refresh Time: 15 No title!
I T (Date) WOPR (STB/day) ~ WWPR (STB/day) ~ WBHP (psi)  *

1000/01/21 15000 0913024 19825

Summary Components
0] Well Gl Injection Total 15000 0836519 185688 236788

[] Well Water Production Totel 1920/02/10 13000 0964478 73
] Well Water Injection Total 1990/02/20 15000 100098 159643
] Well Gas Production Total 1990/03/02 15000 105693 146299 2200.0
] Well Gas Injection Tetal 1980/03/12 15000 113173 130815
[] Well Gas Oil Ratio 1000/03/22 15000 121732 113077
[] Well Bottom Hole Pressure 1990/04/01 18151 128516 10000
[] Well Tubing Head Pressure 130758 12605 10000
ell: PRODIL 1000/04/21 131345 123608 10000
Well Oil Production Rate 1990/05/01 123245 121348 10000
[E] Well Oil Injection Rate 1990/05/11 115795 119195 10000
Well Water Production Rate 1990/05/21 108918 11721 10000
[E] Well Water Injection Rate 1990/05/31 10362 11511 10000
[E] Wel Ges Production Rate 1090/06/10 92,007 113166 10000
6] Well Gas njection Rate 1090/06/20 005,381 111207 10000
Bty
7] WellOil Injection Total e 1o Do

[F] Well Water Production Totel
1990/07/30 720493 104195 10000

7] Well Water Injection Total
[F] Well Gas Production Total 1990/08/09 694163 102496 10000

[7] Well Gas Injection Total
7] Well Gos Ol Rtio Table Information: O
Well Bottom Hole Pressure T(Date)  WOPR(STE/day)  WWWPR (TB/day)
] Well Tubing Head Pressure Minimum 1990/01/21 1000 00744521
-8 WE“‘ND‘R‘[[’!DFDZ . . Middle Point 1990/10/18 2000 0579807
g8 WEH u‘\ L o :"'“R" t“'e Maximum 1961/07/15 15000 128516
5] Wel Gl njecton Rate Adthmatic Mean  1090/10/18 699838 0862276

[E] Well Water Production Rate Geometric M 1830/08/18 537370 072155
] Well Water Ijection Rate - T (Date)

[F] Well Gas Production Rate:
[] Well Gas Injection Rate # Well: PRODL, Variable: WOPR #\Well: PRODL1, Variable: WWPR % Well: PRODL1, Variable: WBHP
[F] Well Water Cut

] Well Gil Production Totel

(STB/day)

T e —

Figure 211- Live Results

Simulation Configuration

Result Folder Base Name: Simulation Log Section
Equilibration Data
Add Simulation Date = Assign Duality
Create Cell Data

Add Simulation Time = Create Dual Cells

Connector Type: ’Jni Create Equilibration Connections

Create Geometry
File Connector Path: FILES/FileConnector/ Create Inactive Cells

. Create Mesh Generator
File Connector Steps: 0

Create Mumerical Data

Validation Type: I‘ufalidate each step separately vl Create Output Data

l Create Pinch Data
Create Static Rock Data

Visible Log Message Level: IDEBUG

Maximum Mumber of Backup Files: 100 Initialization

Load Action Units
Maximum Backup File Size: S0MB Load Aquifer Cell Data
Load Aquifer Data
Log Line Pattern: Fermnen Load Cell Data

Load Connections
Load FIP Data

Lead Group Injection Controls i

Maximurm Reports per Step: 200

Maximum Extrapolation Reports per Step:

SelectAll || Deselect All ||Invert Selection |

Cancel ] [ 0K

Figure 212- Simulation Configuration

Page 245




RETINA Simulation 1, User Manual

5-5- Tools (Result Viewer)

& Open Results Viewer

User can use “Open Result Viewer” for viewing multiple results of RETINA or ECLIPSE. The
plot result viewer window is displayed in Figure 213.

[ -Result Viewer E: |

Vector Results: + RS mE [ Settings:

= v =N
4 D%EC;CT o Select a chart first to show setting
=ne data
[F]%4, Ratios
[z Performance
1, Rates
DB Cumulatives
[FIEA Pressures
13 volumes
18 Properties
a [ osjects
[Fl oo Field
[£1 8 Groups
[E1Y Aquiters
[/ IEY Regions
wells

[ W Inter Region Flows
][ Region Types
[TE7 Aquifer Types

Cases: Sheets:

+-—- RO @ S S~ -

Figure 213- Result Viewer

There are five separate sections in the result viewer:

Vector Results
Cases

Setting

Sheets

Main View
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1) Vector Results:
There are four main parent nodes of: Vectors, Objects, Region Types, and Aquifer

Types with red font color in “Vector Results” section. Vector parent node includes
the following child nodes:

e General
e Ratios
e Performance
Rates
Cumulatives
Pressures
e Volumes
e Properties
Objects parent node contains following child nodes:
e Field
e Groups
e Aquifers
Regions
Wells
Blocks
e Well Completions
e Inter Region Floes

Aquifer types include the analytical and numerical aquifers and region type
includes FIP... regions.

|II |II

There are “expand al

and “collapse all” buttons in this section which user can use

them.

Cases:
Three options are available in this section, for importing the requested results

using “+” button. The imported case names are editable by clicking on each of
them.

e Import RETINA Result file
e Import ECLIPSE Summary File (SMSPEC)

o This option can be used for all multiple, unified, formatted and
formatted ECLIPSE binary result files.
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e Import ECLIPSE RSM File

a) Import RETINA Result File:

In case of importing RETINA result file, a dialog is opened in which the result

file path must be entered; note that the extension of the retina result file is

“rri”, so user must select a desired .rri file for importing to the result viewer.
After importing the desired RETINA result file, a RETINA case and blank sheet
are added to the result viewer (Figure 214). For the .rri files, a prefix of RETINA
is added to the result file name in cases section. User can import multiple
results and select them. There is a remove icon of “-“in this section; user can
remove cases one by one or multiple using this button. The multiple removing
options are available using either “Ctrl+right Click” on cases or “Shift+right
Click” and then “-“;

+ELo®E s settings:

L]

Sheetl 2
Default Title Frame | Header Plot| Axis| Legend

[7] Quter Frame

Color: E]
Line Width: 1
Margin: 5

Text Position:
Text:

Font:

> 1188 well Completions
[ Inter Region Flows
[0 Region Types
4 [7]E0 Aquifer Types
[ Analytical

Cases:
P @

[] M RETINA PSAMPLE

Symbol Lezend

Metric (ECLIPSE™) +

Figure 214 Result Viewer in Case of Imported RETINA Result File

b) Import ECLIPSE Summary File (SMSPEC):

In case of importing ECLIPSE summary result file (binary result files), a dialog is
opened in which the result file path must be entered; in this dialog the unit of
the result file must be specified using the related combo box. Note that the
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extension of the ECLIPSE binary files is either SMSPEC or FSMSPEC. So user
must select a desired ECLIPSE binary result file for importing to the result
viewer. After importing the result file, a ECLIPSE case and blank sheet are
added to the result viewer. For such result files, a prefix of SMSPEC is added to

the result file name in cases section. User can import multiple results and

V//

select them. There is a remove icon of “-“in this section; user can remove cases
one by one or multiple using this button. The multiple removing options are
available using either “Ctrl+right Click” on cases or “Shift+right Click” and then

“ ou,
’

Import ECLIPSE RSM File:

In case of importing ECLIPSE RSM file, a dialog is opened in which the result file
path, simulation start date and model dimension, must be entered. If result
viewer opens from RETINA opened project, the dimension and start date will
be get from project data. Check the unit of imported result file and the
importing dialog. Note that the extension of the ECLIPSE RSM files .rsm. So
user must select a desired file for importing to the result viewer. After
importing the result file, an ECLIPSE case and blank sheet are added to the
result viewer. For such result files, a prefix of RSM is added to the result file
name in cases section. User can import multiple results and select them. There
is a remove icon of “-“in this section; user can remove cases one by one or
multiple using this button. The multiple removing options are available using
either “Ctrl+right Click” on cases or “Shift+right Click” and then “-“;

2| Import RSM

Import RSM

Simulation Start Date: Tuesday , [0 01, 2005
Grid Mo 34
Grid My: 36

Grid Nz: 8

File Path: C\Users\A. Alizadeh\Desktop\New folder

Metric (ECLIPSE™) -

Figure 215 Import RSM File

There are options of select all, unselect all, and invers selection in the cases

section. There is a useful facility for comparing results. The comparison buttons
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are inactive initially; it will be activated just in case of selecting two cases. You can
use comparison windows to compare two selected results (Figure 216). The
relative error, minimum and maximum differences and average differences for
each point is reported and plotted in comparison window.

2| Two Results Comparison

Two Results Comparison

Conn: W=PROD2 CV=(605[5,1,2] CGPR vs. Time

Result Components: Comparison Data:
Comparison of RETINA and ECLIPSE RSM Results

4 Connections - RETINA and ECLIPSE RSM Data vs. Time

INEL Time | RETINA | ECLPSERSM | Relative Difference |
4 PROD2 1990/00/0L | 00 00 00%
4 CV-EIIELE 1990/01/11 410085 405517 112647%
Connection Gas Production Rate o ” 14000 5
1990/01/21 433856 434636 0179388%
1000131 46602 43509L 0367046%
1990/02/10 441209 440747 0.10484% _ 12000 q
1990/02/20 447084 447424 0.0761046%
10000302 4954 449387 0.0761358%
1990/03/12 462789 4631 0.0670927%

1628.13 4 2.92024

Connection il Production Rate
Connection Water Production Rate
- CU=(205){5,13]
CV=(1805)15,14]
PRODZ6
4 Wells
Well INJEL
Well: PRODI0
Well: PRODLL
Well; PRODL2
Well: PRODI3
Well; PRODI4
Well: PRODLS
Well: PRODIG
Well; PRODLT
Well: PRODIS
Well: PRODIS
Well; PROD2
Well: PROD20

= 10000 -

1990/03/22 472776 472878 0042789%
100/04/0L 478527 47RG0L 00342876% 5 s0004
1990/04/11 486065 486.208 0.0293322%
1990/04/21 496304 496418 0.0229682%
10000501 508591 50897 00207859% 6000 1
1990/05/11 523369 539712 0.0197005%

Relative Difference (%)

1990/05/2L 541679 541782 0019023%
1000/05/3L 561219 561334 0.0204433%
1090/06/10 582408 582533 0.0215259%
1990/06/20  606.238 606.364 0.0208203% 2000

4000 1

Well: PROD2L Tl omnmean mmis o momeae;
Welk: PROD22

Well: PROD23 Az 1008 Apply 0 [
Welk: PROD24

Well: PROD2S

Well: PROD26 RETINA | ECLIPSERSM | Relstve Difference |

Well: PROD3 Minimum -0.00000 000000 0.00000% {% )f%
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Figure 216 Comparison Window

3) Settings:
There are five tabs in this section:
e Frame
e Header
Plot
Axis
Legend

Frame Setting:. Show or hide actions for the frame of the observable sheet can be

set using the “Outer Frame” check box. The color, frame line width, margin, text
position, text, and font of the text, are editable in this tab.

Header Setting: Show or hide actions for the each chart header and frame can be

set using the “Visible” and “Frame” check boxes, respectively. The position, offset,
inner space, color, font, text, and chart description text and font are editable in
this tab.
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Plot Setting: the content of this setting is only available in case of adding plots in
the result viewer. The name of plots (the default format of the plot name in
RETINA is [(Case Name) Object-Vector vs. Time/Date]), color, line width, symbol

type and size, are configurable in this tab.

Axis Setting: there are two tabs of “General” and “Detail” in the Axis setting; in the
general tab user can show/hide the axis frame, change it color, change the align of
the axis, and define the minor tick numbers. In the detail tab user can configure
the following settings for each axis:

Name

Side

Minimum value
Maximum value
Maximum tick number
Auto step

Step value

Inver axis facility

Note: there are multiple Y-axis features in the RETINA result viewer.

Plot Legend Setting: the visibility, position, offset, font size, font type, font color,

legend frame show/hide, legend frame color, legend background color, and title

are configurable using this tab.

There are three options of “Apply Settings to All” (All means all of the charts),
“Reset Setting” and “Reset All Settings are available in “Setting” section.

4) Sheets:

User can define up to 6 charts in a sheet assigning the row and columns in the
sheets section. Also user can edit name of each sheet. For example there are 4
charts in sheetl in the Figure 217. Each chart will activate by clicking on it and

displayed in green color.
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Vector Results: + Rk CmRA Settings:

Sheet1 £ Yo
@] vecrors et

4[] Objects Default Title Default Title Frame Header |Plot| Axis Legend

[ o Field

General | Layout| Arangement

] Visibled

Relative Type: SouihemnT

Relative Offset
H-Posttion:
¥-Position:
[0 Aquifer Types o

Color:

Symbol Legend Symbol Legend Frame

V] Visibled

Color.
Default Title Default Title o

Background
[F] Frnahlzd

Sheets:
Cases:

S S~ -
+- @ 4 Sheet1
[T] M RETINA PSAMPLE Chartl
Chart2
Chart3
Chart4

Symbol Lezend Symbol Lezznd

Metric (ECLIPSE™) +| |000

Figure 217 Defining Multiple Charts in a Sheet

5) Main View:

User can observe the charts and sheets in this view; it contains the following
facilities:

Add new sheet

Fit diagrams

Show/hide left panel
Show/hide setting panel
Save chart as .png file
Show table

Re-layout sheet

If user hides left panel and/or setting panel, the re-layout facility can be used to
extend the charts to full view.

5-5-1-How to Use Result Viewer
Follow the following instructions to use the result viewer:

1- Import the result(s) data using import button of the case section
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Set the numbers of chart in sheet (by default 1 chart in displayed in each
sheet)

(
/7

y/

Check the box of the each case which you want to see the results
Select desired case(s)

Select the desired object(s)

Select desired vector(s)

Assign a desired X-Axis by right clicking on each vector

Save the result viewer (.rrf file)

Load .rrf file if you need

All charts are freely moved by the mouse, zooming in or out and band zoom facility
are available.

The Figure 218 displays the results for multiple vectors and multiple objects for one
case.

o e~ —

Vector Results: + /LS EE Settings:

Sheetl 52 ¢
4 (18 cumulatives -
ne

Gas Injction Default Title Frame | Header | Plot | Axis| Legend

ve Gas Production [ Outer Frame

1
5

Line Width:
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163032

Margin:

Text:

Font: Calibri - 12.

ole Flowing Pressure

716 Tubing Hezd Pressure
. 113 velumes

3 Groups
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108688

54344.0

m gy
O e
4 — "

Cases:
+-—- @

B RETINA TEST

23,1431 46.2983

Time (day)

Tymbol Legend
[TEST) Field - Prassura vs. Time —— (TEST) Figlg- Oil Production Rate vs. Time

|—— [TEST)Well: U1 - Oil Production Rate vs. Time

Pressure Value: 3812.43 (psi) At Time: 12,1987 (day)

Figure 218 Result Viewer for One Case and One Chart

The Figure 219 displays the results for multiple cases in multiple charts.
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Figure 219 Result Viewer for Multi Cases and Multi Charts

5-6- Options

?& Input/output Path
vgl  Validation
!@ Property Template

The %ﬁ button is used for defining input/output options (Figure 220). User can select one
of the following I/O options in this window:

e last User Path
e Project Path
e (Custom Path
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V//

< IO Options

IO Options

(") Last User Path

() Project Path
@ Custom Path

Figure 220- 10 Options

User can set validation state (Figure 221) to “off”, if he/she does not want to see
validations during creating a model, note that if there is validation error in created or

loaded model the simulation is prevented from starting regardless to Validation option
state.

Validation Options

Walidation State:

Figure 221-Validation Options
The property template (!@) button is used for defining template for each property which

is applied to default legend of the 3D view. It contains two tabs of Info and color for each
property.

Page 255




RETINA Simulation 1, User Manual

Property Template Ma u

Property Template Manager

Property Name

Area

Boolean

Bulk Volume

CPU Tirmne Per Day
Capillary Pressure
Cell Activity

Cell Center Depth
Cell Height

Cell Top Depth

Cell Width
Cell X Peosition
Cell ¥ Position
Cell Z Position
Completion Depth
Completion Diarmeter
Component Mole Fraction
Concentraticn

Date

Depth

Dimensionless Pressure
Dimensionless Time
Distance

Dogleg Severity

Drainage Radius

Duration

Metric (ECLIPSE™) ~| [0.00 |

Info Colors

Mame

| Value

Unit

Value Type
Contour Type
Distribution Type
Decirmnal Place

Formatting Flag

mm
Continuous
Continuous

Cartesian

3

Flzating Point Motation

Figure 222- Property Template Manager Info Tab
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Property Template Ma

Property Template Manager

Property Mame |i Info Colors

Area

Bocolean

Bulk Volume

CPU Time Per Day
Capillary Pressure
Cell Activity

Cell Center Depth
Cell Height

Cell Top Depth

Cell Width
Cell X Position
Cell Y Position
Cell £ Position
Completion Depth
Completion Diameter
Component Mele Fraction
Concentration

Date

Depth

[y
(=]

Dimensionless Pressure
Dimensionless Time
Distance

Dogleg Severity

Drainage Radius

i o

Duration

Metric (ECLIPSE™) ~| [0.00 |

Max
Max Value: 0.5

Control Point

0
0

Min
Min Value: 0.0

Figure 223 Property Template Manager Colors Tab

Page 257




RETINA Simulation 1, User Manual

5-7- Help

@ Help Document

<2  Technical Document
& Keyboard Shortcuts
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