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CHAPTER 1: INTRODUCTION
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1.1 OverviEw

OPM Flow is a fully-implicit, black-oil simulator capable of running industry-standard simulation models. The
simulator is implemented using automatic differentiation to enable rapid development of new fluid models.
The program is in active development with new features added in each bi-annual release. Currently the
program has the following functionality:

Model Formulation:

Back-oil with dissolved gas and vaporized oil.
Rock-dependent capillary and relative-permeability curves.
End-point scaling and hysteresis.

Oil vaporization controls (VAPPARS).

Rock compaction.

EOR Options:

The Polymer Model in OPM Flow is based on a black-oil polymer formulation, which is developed by
extending the black-oil model with a polymer component. The effects of the polymer mixing are
simulated based on the Todd-Longstaff mixing model, and adsorption, dead pore space, and
permeability reduction effects are also considered.A logarithmic shear thinning/thickening model has
also been incorporated since the 2015-10 Release (see Flow-polymer). Note that Polymer model has
now been incorporated into the main OPM Flow simulator and is no longer a separate simulator.

The Solvent Model in OPM Flow extra component is again based on extending the black-oil oil
formulation with a fourth component the simulator by adding a solvent component to the gas phase
(see Flow-solvent). Note that Solvent model has now been incorporated into the main OPM Flow
simulator and is no longer a separate simulator.

An experimental foam module has been added to OPM Flow 2019-10 release. With this it is
possible to simulate certain types of surfactant injection. Such injection stimulates formation of foam
to change mobility ratios, and give better reservoir sweep. The implemented foam model treats
surfactant transported in the gas phase, and reduces the mobility of that phase depending on the
surfactant concentration. In addition to mobility reduction, adsorption to the reservoir rock is
included in the model.

CO2 Storage:

Brine-CO2 PVT module that generates brine and CO, PVT properties directly eliminating user
input for PVT.

Thermal properties generated by OPM Flow include the CO, enthalpy represented as a table
internally in the simulator. The liquid enthalpy depends on the dissolved CO, and salinity as well as
pressure and temperature. The water enthalpy is automatically calculated and modified to account
for salinity and for CO, following.

Diffusion for fine grid modeling is implemented via diffusion coefficients that depend on
temperature, pressure, and salinity. The diffusion coefficient is computed internally for pure water
and modified to account for salinity. The effect of the porous media on the diffusion is modeled
using an industry relationship. In addition, the coefficient can also be given as an input parameter
using a keyword.

CO, convective dissolution of carbon dioxide (CO,) into in situ brine within a grid cell is
implemented together with a convective dissolution parameter for controlling the rate of
dissolution.
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Description of Geology:

Rectilinear and fully-unstructured grid.

Corner-point grids from the commercial simulator input, including fault and region multipliers,

minimum pore volume, pinch outs, etc.

Spider grids that are similar to radial grids for modeling near well bore effects that enable

visualization in OPM Reslnsight.

Analytical and numerical aquifers.

Well and Group Controls:

Bottom-hole pressure and surface/reservoir rate.

Group controls, including voidage replacement, network model, gas lift optimization, guide rate

control for producers and injection groups and well, etc.

Shut/stop/open individual completions.

History-matching wells.

Multi-segment wells together with various inflow control devices (“ICDs”)

Well lists.

Action conditions and command processing via the ACTIONX and UDQ keywords employed in the

commercial simulator.

Python interface to control and process simulator data.

Input and Output:

General reader/parser for Eclipse input decks.
XML-based or simple text-format input of additional parameters.
Flexible output of summary and restart files in Eclipse format.

Logging to terminal and print file.

Front-end graphical interface for running the simulator with various tools, including:

compression and uncompression, keyword generation etc.

Simulation Technology:

Fully-implicit in time.

Two-point flux approximation in space with upstream-mobility weighting.
Flexible assembly through the use of automatic differentiation.
Block-structured linear solver with ILUO pre-conditioner.

Adaptive step-size controls.

Parallel processing.

Runs under Linux and Windows Subsystem for Linux.

case
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CHAPTER 2: INSTALLING AND RUNNING FLOW
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2.1 InstaLuine OPM FrLow

OPM Flow can be installed and used in a variety of ways. Perhaps the simplest way is to use the operating
system’s package manager to install the OPM modules as binary packages, including OPM Flow and other
OPM programs. That way all prerequisite libraries will automatically be installed on the system. This is
supported on Ubuntu Linux version 16.04 and Red Hat Enterprise (or CentOS) version 6 or 7.

OPM Flow can also be used via a Docker container. This allows OPM Flow to run on any system that
supports Docker, including Microsoft Windows, without installing prerequisite libraries or affecting any other
software on your system.

Finally, OPM Flow can be installed by compiling from source on Linux or macOS systems.

2.1.1 Usuntu Linux 18.04 (64-B1T VERSION ONLY) AND HIGHER

The easiest way to install the Ubuntu packages is to first add the OPM personal package archive (ppa). In
order to do that we need to install the apt-add-repository command.

sudo apt-get update

sudo apt-get install software-properties-common

Then we add the repository, and run update again:

sudo apt-add-repository ppa:opm/ppa

sudo apt-get update

At this point, all the OPM modules should be available to install. To see a list of (for example) the opm-
simulators packages:

apt-cache search opm-simulators

Then to install the opm-simulators programs (including OPM Flow) and their dependencies,

sudo apt-get install mpi-default-bin

sudo apt-get install libopm-simulators-bin
Notes

I) The mpi install above is required for the mpi libraries which the OPM executables are linked to,
even those that are not intended to be run with mpirun. The reason the OPM packages do not
depend on that package is that by Debian policy the user should be allowed to choose which MPI
implementation to use (above we picked the default set by Ubuntu).

2) If an old versions of prerequisite libraries have already been installed (for example from installing a
previous release of OPM Flow) it may be necessary to upgrade them via the following commands:

sudo apt-get update

sudo apt-get upgrade
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3) Some users have experienced trouble with OPM Flow simply aborting with no error message. In
some cases that can be related to locale issues. Check by running the “locale” command. OPM Flow
requires the “C” or an English locale to run correctly. One way to fix this can be to put the following
in your “.bash_profile” (note the initial period or full stop in the filename), and open a new terminal
(command) window:

LANG="en_US.UTF-8"
export LANG

LC_ALL="en_US.UTF-8"

export LC_ALL

2.1.2 Rep Hat EnterPRISE OR CENTOS (VERSION 6 OR 7)
First add the OPM package repository:

sudo yum-config-manager --add-repo \
http://www.opm-project.org/package/opm.repo

The OPM software is split in several packages.To list all available OPM packages one can use:

sudo yum search opm-

For example you can install the opm-simulators binary package to get access to the OPM Flow reservoir
simulator:

sudo yum install opm-simulators-bin

Development packages are available using the -devel suffix. For example, to install the opm-upscaling
development package use:

sudo yum install opm-upscaling-devel

2.1.3 Winoows 7 anp 10 Using VirTuaLBox

Oracle VM VirtualBox’s (formerly Sun VirtualBox, Sun xVM VirtualBox and Innotek VirtualBox) is a free and
open source hosted hypervisor for x86 virtualization, developed by Oracle Corporation. The software was
originally created by Innotek, who were acquired by Sun Microsystems in 2008, which was in turn acquired
by Oracle in 2010. VirtualBox may be installed on Windows, macOS, Linux, Solaris and Open Solaris
operating systems. The software supports the creation and management of guest virtual machines running
Windows, Linux, BSD, OS/2, Solaris, Haiku, and OSx86, as well as limited virtualization of macOS guests on
Apple hardware For some guest operating systems, a "Guest Additions" package of device drivers and system
applications is available, which typically improves performance, especially that of graphics!.

The OPM web site outlines the install process using VirtualBox, Vagrant2 and a Vagrant file to automatically
set up a virtual environment — see https://opm-project.org/?page_id=294&page=2 for details on this approach.

" After https.//en.wikipedia.org/wiki/VirtualBox.

? See https./www.vagrantup.com/ for details
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Alternatively, one can use the more standard approach of installing virtual machines using VirtualBox. The
basic outline for this method to use VirtualBox to run a guest Linux distribution and install OPM Flow in the
guest Linux virtual machine. Note only the Linux distributions mentioned previously should be used as a
guest virtual machine, although any of the Ubuntu “flavors” (Kubuntu, Lubuntu, Ubuntu Mate etc.) will work
as well.The steps are:

I) Installing VirtualBox3

@ First download the latest VirtualBox software from Oracle’s web site at https://www.virtualbox.org/
for Windows host machines.

@ Install the software via double clicking on the executable and following the on screen
instructions.

2) Create a Guest Linux Virtual Machine.

@ Download a suitable Linux distribution in ISO format that supports running OPM Flow, for
example Ubuntu 20.04 LTS (64-bit version only) from https://ubuntu.com/download/desktop or
CentOS Linux (version 6 or 7) from https.://www.centos.org/download/.

@ Start VirtualBox, which should display a screen similar to the one below without all the guest
virtual machines.

Figure 2.1:VirtualBox Main Screen Showing Various Guest Virtual Machines

@ Then click the "New" icon button to install a new guest virtual machine.

3 See also https./www.virtualbox.org/wiki/Documentation for further and more detailed information.
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o

Identify the operating system type (Linux) and the Linux distribution that one wishes to install
(Unbuntu 64-bit or RedHat for one of the CentOS distributions).

Set the amount of RAM, should be 4GB or more; note the guest machine properties can
subsequently be changed after the guest machine has been created.

Create a virtual hard drive, the default virtual disk of VDI is normally used, and select either the
dynamic or the fixed option. Next select the size of the virtual disk, the size should be sufficient
to allow for the operating system and any other software, including OPM Flow, to be installed.
For Unbuntu 20.04 LTS the operating system needs at least 10 GB. VirtualBox will then create
the guest virtual machine.

The next step is to start the guest virtual machine and installing the Linux operating system.
This can be done by double clicking on the guest virtual machine and then selecting the
previously downloaded IOS file. For Unbuntu 20.04 LTS the machine will boot into a live
distribution, that is the guest virtual machine is running from a “live CD”, shown below.

Figure 2.2: Unbuntu Live CD Initial Display.

Select the “Install Unbuntu” option to install the operating system. The “Try Unbuntu” option
means the guest machine will run from a “Live CD”.

Follow the on screen instructions to install the operating system, together with any updates
suggested by the installer. Once the installation is complete the guest machine will re-boot as a
normal guest Linux machine.

Date: June 17,2021

Table of Contents Page 49 of 2151




IR OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

3) Installing OPM Flow in the Guest Virtual Machine.

@ Boot up your virtual machine by selecting the machine and selecting the “Start” icon on the
main VirtualBox screen (Figure 2.1). One should then be presented with the newly created
guest virtual machine, similar to one shown in Figure 2.3, that displays the standard Ubuntu

desktop.

Figure 2.3: Ubuntu Guest Virtual Machine Desktop in VirtualBox Example

@ In order to install OPM Flow in the guest virtual machine one first needs to open a command
terminal using ALT+CNTL+T key sequence (Figure 2.4).

Figure 2.4: Ubuntu Guest Virtual Machine- Showing a Command Terminal
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@ One can then use the same commands as for a host machine, as described earlier in Sections
2.1.1 Ubuntu Linux 18.04 (64-bit version only) and Higher and 2.1.2 Red Hat Enterprise or
CentOS (version 6 or 7) to install the software. To check if OPM Flow is installed, execute the
following command in the terminal window:

flow --help

Which should then display the command line for the installed version of OPM Flow, as depicted
in Figure 2.5

Figure 2.5: Ubuntu Guest Virtual Machine - Running OPM Flow Help

4) Using OPM Flow in a Linux Virtual Machine.

@ The guest virtual machine only has access to files within the guest machine.To enable the guest
to have access to the host machine files; on the main VirtualBox screen (Figure 2.1), select the
“Setting” icon and then the “Shared Folders” option to set a share directory between the guest
and the host machines. One can then have all the input and output files on the host machine
and run OPM Flow in the guest virtual machine.

@ Note one should shut down the guest virtual machine in the normal way to avoid potential file
corruptions.

@ One may also take snapshots of the current state of the virtual machine, as a form of backup if
one changes the configuration of the virtual machine, or if one updates to the latest release of
OPM Flow.

Historically this has been one of the preferred methods to run OPM Flow on Windows machines and still
has several advantages, including being able to export and import various guest virtual machines for testing
various versions of the simulator. However, Microsoft, with the introduction of Windows Subsystem for Linux
(“WSL”) have create a more seamless method for running OPM Flow on Windows |0 machines. This option
is outlined in the next section.

Date: June 17,2021 Table of Contents Page 51 of 2151




IR OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

2.1.4 Winoows 10 — Winbows SussysTEM FOR LiNux

The first release of WSL was on August 2™, 2016 and there has been various updates to this version which is
known as WSL 1. On May 6™ 2019 WSL 2 was announced, that was a complete re-write of the Windows
Subsystem for Linux, and offers significant performance improvements over WSL |. Note that WSL 2
requires Windows 10 version 1903 or higher, with Build 18362 or higher, for x64 systems.WSL 2 is based on
a virtual machine with an actual Linux Kernel that can immediately react to system calls. Such an
architecture enables Full System call capabilities.

To run OPM Flow under WSL | or WSL 2 one has to first activate WSL, then install a Linux distribution from
the Application store, and then finally install OPM Flow.The detail instruction are as follows:

I) Activating Windows Subsystem for Linux.

@ On the Windows 10 machine, Click Start and navigate to Control Panel, then Select the
Programs Category. Under Programs and Features, click on Turn Windows Features on or off
and click the check box next to the Windows Subsystem for Linux option, to enable WSL.

{54 Windows Features — m} *

Turn Windows features on or off [ 7]

To turn a feature on, select its check box. To turn a feature off, clear its
check box. A filled box means that only part of the feature is turned on.

Virtual Machine Platform A
Windows Defender Application Guard

Windows Hypervisor Platform

Windows |dentity Foundation 3.3

Windows PowerShell 2.0

Windows Process Activation Service

Windows Projected File System

Windows Sandbox

Windows TIFF IFilter

Work Folders Client

HOROOOrOOO0O

Cancel
Figure 2.6:Windows |0 - Activate WSL

You may also have to ensure that CPU virtualization. has been activated in your computer’s
BIOS.

2) Installing a Linux Distribution.
@ To install the Linux distribution in Windows 10, click Start and then select the Microsoft Store.

@ Using the search box available in the Microsoft Store, pick one of the distributions that is
compatible with OPM Flow (Figure 2.7).

Figure 2.7:Windows 10 - Application Store
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@ After selecting the distribution, click Install or Get to install the Linux Distribution. Note the

installer will ask you to sign into your account, but you can close the pop-up window if you
don’t want to sign in at this time.

On completion of the installation process the Linux distribution will be installed on Windows
10 and ready for use. Furthermore, the distribution will be available directly in the Start Menu
itself in the form of a standard everyday application (Figure 2.8).

Figure 2.8:Windows 10 - WSL Installation of Unbuntu 18.04 LTS

When starting the Linux Distribution for the first time, a brief setup process will take place.
Basically, it will ask for the username and password you want to set for the Linux environment,
a similar process as when you install a Linux distribution via VirtualBox.

To check the version of WSL that will be used to run the Linux distribution, in PowerShell use
the following command:

wsl -1 -v
To set the WSL for a given distribution, for example Ubuntu-18-04 to WSL 2, in PowerShell use
the following command:

wsl --set-version Ubuntu-18-04 2

And finally to set the default version for WSL for all Linux distributions, use the following
PowerShell command:

wsl --set-default-version 2

3) Installing OPM Flow in a WSL Linux Distribution:

@ Click on installed Linux distribution in the Start Menu to open a Linux terminal session, and

then execute the Linux commands as described earlier in Sections 2.1.1 Ubuntu Linux 18.04
(64-bit version only) and Higher and 2.1.2 Red Hat Enterprise or CentOS (version 6 or 7) to
install the software.
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@ To check if OPM Flow is installed, execute the following command in the Linux terminal
window:

flow --help

Which should then display the command line for the installed version of OPM Flow, as depicted
in Figure 2.9.

i~% flow --help
[OPTIONS] [ECL_DECK_FILEMAME]
an advanced reservoir simulator for ECL-decks provided by the Open Porous Media p

Print this help mess
Continue with a no
ze smaller than

amg preconditione

. Default: 28
NTEGER
o0se=INTEGER n 5 r : silent, 1
, print extensive info tion about inner line
including setup information). Default: ©
use-drs=BOOLEAN Use dynamic row sum using weights. De

Maximum relative change of the bottom
single iteration. Default: 1
AR Maximum relative change of pressure i
. Default:

Maximum absolute change of any satura

Ximum absolute change of a well's v
le iteration. Default: 8.2
-file-name=STRING The name of the file which contains t
to be simulated. Default:

Figure 2.9:Windows 10 WSL - Running OPM Flow Help

One can also use the Windows command terminal, instead of the WSL Linux Terminal, to do
the same thing by adding WSL character string before the command, that is:

wsl flow --help

4) Using OPM Flow via the Windows 10 WSL Linux Virtual Machine.

@ Similar to running OPM Flow using a Linux distribution installed in VirtualBox, the WSL Linux
virtual machine only has access to files within WSL virtual machine. To access the Windows 10
file system, one has to execute the Linux CD command in the WSL Linux Terminal, the
command has the form:

cd /mnt/<drive letter>

For example, to access the Windows 10 system drive C one would use the following command:

cd /mnt/c

One can then run OPM Flow from the desired directory in the WSL Linux virtual machine and
use OPM Reslnsight under Windows 10 to view the results of the simulation run.

User experience indicates this approach of running OPM Flow under Windows 10 is the most integrated and
convenient method, compared to the VirtualBox approach, especially for the less technically advance users.
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2.1.5 Using A Docker CoONTAINER

See the tutorial on the OPM website Running Flow in Docker.

2.1.6 INSTALLING FROM SOURCE

See instructions on the OPM website Building from Source.
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2.2

Runnine OPM Frow 2021-04 From THE Commanp LiNE

This section describes how to run the OPM Flow simulator and the various command line options
associated with this release, the command line syntax for running OPM Flow is:

flow [OPTIONS] CASENAME

and typing the following command from your terminal:

flow CASENAME

will start the simulator and run the case specified by CASENAME.DATA. Alternatively, you can type the path
to the binary and the *.DATA file, as per the example below:

path_to_binary/flow path_to_data/CASENAME

The simulator can also be run using command line parameters for example to run the previous CASENAME
one could use:

flow --ecl-deck-file-name=path_to_data/CASENAME

Note that there must be no spaces around the equals sign.

By default output files are generated in the same folder as the *.DATA file. To override this one can use the
—ecl-output-dir command line parameter, for instance:

flow --ecl-output-dir=foo CASENAME

will send the output files to the foo directory. Alternatively one can use a parameter file to define the input
deck and the various parameters via:

flow --parameter-file=path_to_data/CASENAME.param

If one wishes to use the same parameter file for various cases one can use the same parameter file followed
by the DATA file, for example:

flow --parameter-file=path_to_data/CASENAME.param CASENAME.DATA

If OPM Flow is installed with parallel capabilities:

mpirun -np 4 flow --parameter-file=path_to_data/CASENAME.param

will start OPM Flow on four nodes etc.
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A list of command line options for this release is outlined in Table 2.1 and past releases are documented in
section APPENDIX C: RUNNING PREVIOUS RELEASES OF OPM FLOW.

Note

On Red Hat based distributions, including centOS distributions, one needs to install the openmpi version
of the simulator, opm-simulators-openmpi-bin, via:

sudo yum install opm-simulators-openmpi-bin

and then set the MPI version to use. The way this is done is by first making the module command
available, by running the following command:

. lusr/share/Modules/init/bash
Then query for the installed modules with:
module avail
And lastly, you tell the system it to use openmpi with:
module add mpi/openmpi-x86_64

On Ubuntu based distributions, there is no need for this as openmpi is installed and mpirun just works.

Additional tutorials for running OPM Flow is available on OPM website in the Tutorials section.

OPM Flow accepts command line options to control various aspects of the simulator’s run time behavior, as
described in the table below. To give a command line option use “key=value” syntax, with no spaces around
the equals sign. It is also possible to put multiple options together in a parameter file. To do so, put one
option on each line of the file with “.param” as the extension and pass that filename as a command line
parameter to OPM Flow using:

flow --parameter-file=CASENAME.PARAM

to instruct OPM Flow to read the parameter file.

Note

OPM Flow release 2018-10 and beyond have switched to the eWoms/ebos command line interface.
Previously the simulator used only OPM Flow specific command line parameters which were internally

translated to the equivalent eWWoms/ebos command line parameters. The pre 2018-10 set of command
line parameters are now depreciated but are still documented in section
for backward compatibility with previous releases of the simulator.

A complete list of command line options and their function is given in the Table 2.1 for the current release.

OPM Flow 2021-04 Command Line Options

No. Variable Name Description Default

General eWoms/ebos Command Line Parameters

| -h or --help A character string that causes OPM Flow N/A
to print a help message that gives a brief
description of the available command line
parameters.

This now only prints the active user
facing command line options.

*  eWorms is a C++ software framework concerned with fully-implicit numerical models for flow and transport in porous media. It it is

developed as an integral part of the Open Porous Media (OPM) initiative.
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OPM Flow 2021-04 Command Line Options

No. Variable Name Description Default

--help-all Prints all the command line options N/A
included in the release, including obsolete,
hidden and depreciated options.

--allow-distributed-wells A boolean value set to true of false that false
allows the perforations of a well to be
distributed to interior of multiple processes
in a parallel run (true), or not (false).

--alternative-well-rate-init A boolean value set to true of false that true
causes the simulator to use an alternative
well rate initialization procedure (true).

5 --bda-device-id Choose device ID for cusparseSolver or 0
openclSolver, use 'nvidia-smi' or ‘clinfo'
commands to determine valid IDs.

6 --continue-on-convergence-error A Boolean value set to true or false that false
that instructs the simulator to continue
(true) with a non-converged solution
instead of giving up (false) if it encounter a
time step size smaller than the minimum
time step size.

7 --cpr-max-ell-iter A positive integer that sets the maximum 20
number of Iterations for the elliptic
pressure part of the Constrained Pressure
Residual (“CPR”) solver.

8 --Cpr-reuse-setup A positive integer that defines if the CPR 0

solver should re-use the Amg setup. Valid

options are:

0: Recreate the pre-conditioner for
every linear solve.

| :  Recreate once every time step.

2: Recreate if last linear solve took
more than |0 iterations.

3: Never recreate.

9 --dbph-max-rel A real positive value that sets maximum 1.0
relative change of the bottom-hole
pressure in a single iteration

10 | --dp-max-rel A real positive double precision value that 0.3
sets the maximum allowed relative change
of pressure per iteration.

Il | --ds-max A real positive double precision value that 0.2
sets the maximum allowed change in
saturation per iteration.

12 | --dwell-fraction-max A real positive value that sets the maximum 0.2
allowed change in well's volume fraction
per iteration.

“

13 | --ecl-deck-file-name A character string that defines the name of
the OPM Flow input file which contains the
simulator’s ECLIPSE formatted input deck
to be simulated.

Date: June 17,2021 Table of Contents Page 58 of 2151




IR OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04)

Revision: Rev-0

OPM Flow 2021-04 Command Line Options

Variable Name

Description

--ecl-enable-drift-compensation

A Boolean value set to true or false that
enables (true) or disables (false) partial
compensation of systematic mass losses via
the source term of the next time step.

--ecl-output-double-precision

A Boolean value set to true or false that
switches on (true) or off (false) double
precision in restart files.

Useful for 'perfect’ restarts.

Default

false

--ecl-output-interval

An integer value defining the number of
report steps that ought to be skipped
between two writes of restart files results.

--ecl-strict-parsing

A Boolean value set to true or false that
switches on (true) or off (false) strict
parsing mode for parsing - all errors are
collected before the application exists.

Useful for debugging initial runs.

false

--edge-weights-method

A defined positive integer value that defines
the edge-weighing strategy:

0: For uniform,
| : for trans, or

2: for log(trans).

--enable-adaptive-time-stepping

A Boolean value set to true or false that
turns on (true) or off (false) adaptive time
stepping. If set to false the report time
steps provided by the input deck are used.

true

20

--enable-async-ecl-output

A Boolean value set to true or false that
sets the output mode to be asynchronously
(true), letting the simulator continue
computing the next time step while writing
results to restart and summary files in the
commercial simulators format.

true

21

--enable-async-vtk-output

A Boolean value set to true or false that
sets the output mode to be asynchronously
(true), letting the simulator continue
computing the next time step while writing
results to the VTK output files.

true

22

--enable-dry-run

A Boolean value set to true or false that
specifies if the simulation should actually
run, (true) or just check the input deck
(false).

This option is equivalent to activating the
NOSIM keyword in the RUNSPEC section
of the input deck (see section 5.2.91
NOSIM - Activate the No Simulation Mode
for Data File Checking).

The default value of “auto’ will use
whatever is stipulated in the input deck via
the NOSIM keyword.

“auto”

Date: June 17,2021

Table of Contents

Page 59 of 2151




IR OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

OPM Flow 2021-04 Command Line Options

No. Variable Name Description Default

23 | --enable-ecl-output A Boolean value set to true or false that true
specifies if the binary output files (restart,
summary files, etc.) should be written in
the commercial simulator’s format (true),
or OPM Flow’s format (false).

24 | --enable-logging-fallout-warning A Boolean value set to true or false that false
sets the developer option to see whether
logging was on non-root processors (true).
If set to true output will be appended to
the *.DBG or *.PRT files.

25 | --enable-opm-rst-file A Boolean value set to true or false to true
write OPM specific data sets to the
commercial simulators restart file to enable
restart of an OPM Flow runs (true) by
OPM Flow, or not to write the data (false).

26 | --enable-storage-cache A Boolean value set to true or false that true
turns on (true) or off (false) storing
previous storage terms and avoid re-
calculating them.

27 | --enable-terminal-output A Boolean value set to true or false that true
turns on (true) or off (false) high-level
information about the simulation's progress
to the terminal

28 | --enable-tracer-model A Boolean value set to true or false that false
turns on (true) or off (false) transport
tracer calculations for when tracers have
been declared in the input deck.

Experimental - use with caution.

29 | --enable-tuning A Boolean value set to true or false that false
instructs OPM Flow to read the time
stepping parameters from the TUNING -
Numerical Tuning Control keyword in the
input deck, if set to true.

Note that only the first record of the
TUNING keyword is processed.

30 | --enable-vtk-output A Boolean value set to true or false that false
turns on (true) or off (false) a global switch
for writing VTK files.

31 | --enable-well-operability-check A Boolean value set to true or false that true

enables (true) checking of a well’s
operating status, or disables (false) the
checking.

32 | --enable-write-all-solutions A Boolean value set to true or false that false
turns on (true) or off (false) the writing of
all solutions to disk instead of only the
ones for the report steps.

OPM Flow Specific Command Line Parameters
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OPM Flow 2021-04 Command Line Options

No. Variable Name

Description

Default

33 | --flow-linear-solver-verbosity

A positive integer value that defines the
output from linear solver:

0: No extra output,
| :  output per solution iteration, or

2: output per iteration.

0

34 --flow-newton-max-iterations

A positive integer that defines the
maximum number of Newton iterations
per time step used by the simulator.

20

35 --flow-newton-min-iterations

A real positive value that sets the minimum
number of Newton iterations per time step
used by the simulator.

General eWoms/ebos Com

mand Line Parameters

36 |--force-disable-fluid-in-place-output

A Boolean value set to true or false that
instructs OPM Flow to not to print the
Fluid In-Place report after each report time
step (true) or not (false).

false

37 | --full-time-step-initially

A Boolean value set to true or false that
instructs OPM Flow to always attempt to
finish a report step using a single time step
(true) or not (false).

false

38 |--gpu-mode

A character string that defines which GPU
option to use for the linear solver
cusparseSolver or  openclSolver. The
parameter should be set to:

solver,

cusparseSolver solver, or

3) “opencl' for the openclSolver.

1)  “none|” for no use of the GPU

2) “cusparse” to use the

)

“none’

39 | --ignore-keywords

A character string that defines a list of
keywords which should be ignored by OPM
Flow. The keyword string should be
enclosed in quotes and each keyword
separated by a colon, that is "' .

“

40 --ilu-fillin-level

A positive integer value that sets the fill in
level for the ILU pre-conditioner.

4| --ilu-redblack

A Boolean value set to true or false that
instructs OPM Flow to use red-black
partitioning for the ILU pre-conditioner.
(true) or not (false).

false

42 --ilu-relaxation

A real positive double precision value that
sets the relaxation factor of the linear
solver's ILU pre-conditioner

0.9
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OPM Flow 2021-04 Command Line Options

No. Variable Name Description Default

43 | --ilu-reorder-spheres A Boolean value set to true or false that false
specifies OPM Flow to reorder the entries
of the matrix in the red-black ILU pre-
conditioner in spheres starting at an edge
(true) or not (false)

If false the original ordering is preserved in
each color. Otherwise try to ensure D4
ordering (in a 2D structured grid, the
diagonal elements are consecutive).

44 | --initial-time-step-in-days A real double precision value that sets the 1.0
size of initial time step in days.

45 | --linear-solver-ignore-convergence-failure A Boolean value set to true or false that if false
set to true convergences failures in the
linear solver are ignored.

This option should be used with care, as
the results may be unreliable.

46 | --linear-solver-max-iter A positive integer value that defines the 200
maximum number of linear iterations.

47 | --linear-solver-reduction A real positive double precision value that 0.0l
sets the tolerance for the linear solver. The
linear solver convergences when the
residual is reduced sufficiently.

48 | --linear-solver-require-full-sparsity-pattern A Boolean value set to true or false that if false
set to true the simulator will produce the
full sparsity pattern for the linear solver.

49 | --linear-solver-restart A positive integer value that sets the 40
number of iterations after which GMRES is
restarted.

50 |--linear-solver A defined quoted character string that sets “ilu0”
the configuration of the solver, valid values
are:

1) ilu0 (default),

2) cpr_quasiimpes,

3) cpr_trueimpes, or

4) a file  specified by  the

LinearSolverConfiguration|sonFile
parameter.

The default is "ilu0".

Alternatively one can enter a character
string enclosed in quotes that defines the
filename of a JSON configuration file for
the flexible linear solver system. In this case
the file extension should be ‘json’.

51 --matrix-add-well-contributions A Boolean value set to true or false that if false
set to true explicitly specifies the influences
of wells between cells in the Jacobian and
pre-conditioner matrices.
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OPM Flow 2021-04 Command Line Options

Variable Name

Description

Default

52

--max-inner-iter-ms-wells

A positive integer value that defines the
maximum number of inner iterations for
multi-segment wells.

100

53

--max-inner-iter-wells

A positive integer value that defines the
maximum number of inner iterations for
standard wells.

50

54

--max-pressure-change-ms-wells

A real positive value that defines the
maximum relative pressure change for a
single iteration of the multi-segment well
model.

1.0 x 10¢

55

--max-residual-allowed

A real positive value that sets the absolute
maximum tolerance for residuals without
cutting the time step size.

1.0 x 107

56

--max-single-precision-days

A real positive value that set the maximum
time step size where single precision
floating point arithmetic can be used solving
for the linear systems of equations.

20.0

57

--max-strict-iter

A positive integer that sets the maximum
number of Newton iterations before
relaxed tolerances are used for the CNV
convergence criterion.

58

--max-welleqg-iter

defines the
iterations to
the well

A positive integer that
maximum number of
determine the solution to
equations.

30

59

--milu-variant

A defined character string that specifies
which  variant of the modified-ILU
preconditioner ought to be used. Possible
variants are:

1) ILU (default, plain ILU),

2) MILU_I  (ump diagonal with
dropped row entries),

3) MILU_2 (lump diagonal with the
sum of the absolute values of the
dropped row entries),

4) MILU_3 (if diagonal is positive add
sum of dropped row entries.
Otherwise subtract them),

5) MILU_4 (if diagonal is positive add
sum of dropped row entries.
Otherwise do nothing.

The default is “ILU”

“LU”

60

--min-time-step-based-on-newton-iterations

The minimum time step size (in days for
field and metric unit and hours for lab unit)
can be reduced to based on newton
iteration counts.
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OPM Flow 2021-04 Command Line Options

Variable Name

Description

6l

--min-time-step-before-shutting-problematic-
wells-in-days

A real positive value that sets the minimum
time step size in days for which problematic
wells are not shut. Time steps below this
value will result in problematic wells being
shut-in by the simulator.

62

--newton-max-relax

A real positive value that sets the maximum
relaxation factor of a Newton iteration
used by the simulator.

Default

63

65

--newton-relaxation-type

A character string that defines the type of
relaxation used in Newton’s method,
default is dampen.

“dampen”

--opencl-ilu-reorder

A defined character string that selects the
reordering  strategy for ILU for
openclSolver and should be set to:

1)  “level_scheduling”, or
2) “graph_coloring”

Note that “level_scheduling” behaves like
Dune and cusparse, whereas
“graph_coloring” is more aggressive and is
likely to be faster, but is random-based and
generally increases the number of linear
solves and linear iterations significantly.

"graph_col
oring"

--opencl-platform-id

A positive integer that specifies the
platform identification (“ID”) for the
openSolver. Use the “clinfo” command to
determine valid IDs.

66

--output-dir

A character string that defines the
directory to which OPM Flow is to write
the commercial simulator compatible
output files (restart, summary files etc.).

The default value results in the files be
written to the same directory as the input
file.

«“»

67

--output-interval

A positive integer that specifies the number
of report steps between two consecutive
writes of restart data.

68

--output-mode

A defined character string that defines the
output to the *PRT and *.DEBUG files:

1) none:No output to the files.

2) log or (false:
information only.

Output  logging
3) all or true: Output everything.

For example to just
information use:

--output-mode="1lo0g”

output logging

or
--output-mode=false

all
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OPM Flow 2021-04 Command Line Options

Variable Name

Description

Default

69

--owner-cells-first

A Boolean value set to true or false that
determines if the cells owned by a rank
should be ordered before ghost/overlapping
the cells (true), or not (false).

true

70

--parameter-file

A character string that defines the name of
a parameter file which contains the
simulator’s set of run-time parameters, as
listed in this table.

“»

71

--pri-var-oscilation-threshold

A real positive value that defines the
threshold value for the primary variable
switching conditions after its meaning has
switched to hinder oscillations.

1.0x 10°®

72

--print-parameters

A positive integer value that request that
the run time parameters be printed at the
start of the run:

0: No output to the files.
I : Output *.DBG file.

2: Output to *DBG and *.PRT files
(default).

73

--print-properties

A positive integer value that request that
the compile time parameters be printed at
the start of the run:

0: No output to the files.
| : Output *.DBG file.

2: Output to *DBG and *.PRT files
(default).

74

--project-saturations

A Boolean value set to true or false that
determines if all the fluid saturations should
be scaled to ensure the values are in the
interval (0, I), including runs that use
solvents (true), or not (false).

false

75

--regularization-factor-msw

A real positive value that defines the
“regularization factor” for multi-segment
wells.

76

--relaxed-flow-tol-inner-iter-msw

A real positive value that sets the
relaxation tolerance for the inner iteration
for the multi-segment well flow solution

77

--relaxed-max-pv-fraction

A real positive value that defines The
fraction of the pore volume of the
reservoir where the volumetric error
(CNV) may be violated during strict
Newton iterations.

0.03

78

--relaxed-pressure-tol-inner-iter-msw

A real positive value that sets the
relaxation tolerance for the inner iteration
for the multi-segment well pressure
solution.

50000
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OPM Flow 2021-04 Command Line Options

Variable Name

Description

Default

79

--scale-linear-system

A Boolean value set to true or false that
switches on (true) or off (false) the scaling
of linear system of equations according to
the equation scale and primary variable

types.

false

80

--sched-restart

A Boolean value that determines for a
restart run if the case should initialize wells
and groups from the historical SCHEDULE
section (true), or from the well and group
data on the restart file (false).

Note that the commercial simulator always
uses data from the restart file (false).

true

8l

--serial-partitioning

A Boolean value that determines if
partitioning for parallel runs on a single
process (true), or not (false).

false

82

--solve-welleg-initially

A Boolean value set to true or false that
switches on (true) or off (false) the solving
of the well equations as a pre-processing
step.

Note that the well equations are always
added to the full system and solved until
converged.

true

83

--solver-growth-factor

A real positive value that specifies the
allowed value a time step can be increased
by, subject to the maximum allowable time
step size set by the —flow-solver-max-time-
step-in-days parameter.

For example, if the current time step has
converged at 10 days and —flow-solver-
growth-factor is set to the default value, then
the next time step will be 2.0 * 10 days,
that is at 20 days.

2.0

84

--solver-max-growth

A real positive value that specifies the
maximum allowed value a time step can be
increased by after a report time step.
subject to the maximum allowable time
step size set by the —flow-solver-max-time-
step-in-days parameter.

3.0

85

--solver-max-restarts

A positive integer that defines the number
of allowed consecutive restarts (or time
step chops) before the simulation is
terminated.

86

--solver-max-time-step-in-days

A real positive double precision value that
specifies the maximum allowed time step
size in days.

365

87

--solver-min-time-step

A real positive double precision value that
specifies the minimum size of a time step in
seconds. If a step cannot converge without
getting cut below this step size the
simulator will stop.
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OPM Flow 2021-04 Command Line Options

Variable Name Description Default

88

--solver-restart-factor A real positive double precision value that 0.33
sets the time step chop factor of the time
step after a convergence failure.

For example, if the current non-convergent
time step is 30 days and —flow-solver-restart-
factor is set to the default value, then the
time step will be repeated using 0.33 * 30
days as the time step, that is 9.9 days.

89

--solver-verbosity A positive integer that specifies the |
"chattiness” of the non-linear solver.

90

--strict-inner-iter-ms-wells A positive integer that specifies the number 40
of inner iterations for multi-segment wells
with strict tolerance.

91

--threads-per-process A positive integer value that stipulates the -1
maximum number of threads to be
instantiated per process (-I' means
'automatic').

92

--time-step-after-event-in-days A real double precision value that sets -1
maximum allowed time step after an event;
for example, when a well is open or closed
etc.

The default value of -1 means that events
to do effect the time stepping.

93

--time-step-control A defined character string that defines the
time stepping control algorithm and is set
to one of the following:

1) pid: PID controller based adaptive
time step control as suggested by
Turek and Kuzmin5.

2) pid+iteration: Use PID and linear
iteration numbers to guide the
time step.

3) pid+newtoniteration: Use PID and
non-linear iterations numbers to
guide the time step.

4) Hardcoded: Use time steps
supplied by user via the time-step-
control-filename parameter.

94

--time-step-control-decay-damping-factor A real positive value that specifies the
decay rate a time step can be decreased by
after the number target iterations has been
exceeded

95

--time-step-control-decay-rate A real positive value that specifies the 0.75
decay rate a time step size can be
decreased by after the number of target
iterations has been exceeded

*  Algebraic Flux Correction Ill. Incompressible Flow Problems. Uni Dortmund, Turek and Kuzmin, January, 2006 (DOI: 10.1007/3-540-

27206-2_8)
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Variable Name

Description

Default

96

--time-step-control-file-name

A character string enclosed in quotes that
specifies a filename where time steps are
specified. The default is the character string
timesteps

For instance time steps can be generated

by the ecl_summary application in libecl as

per the following UNIX command line:
path_to_libecl _application
s/ecl_summary DECK TIME >
filename

Where:

DECK is the name of the data deck
you want to get the time steps from,

TIME tells the application to return
the timing for the run, and

"filename" is the name of the file the
times are piped to.

97

--time-step-control-growth-damping-factor

A real positive value that specifies the
growth rate of the time step increase when
the number of target iterations are
undercut.

98

--time-step-control-growth-rate

A real positive value that specifies the
growth rate of the time step size when the
number of target iterations are undercut.

“timesteps”

1.25

99

--time-step-control-target-iterations

A positive integer that defines the number
of linear iterations which the time step
control scheme should aim for (if
applicable).

30

100

--time-step-control-target-newton-iterations

A positive integer that specifies the number
of Newtonian iterations which the time
step control scheme should aim for (if
applicable).

101

--time-step-control-tolerance

A real double precision value that sets the
tolerance for PID (only used with the pid
and pid+ options defined by the —time-step-
control option).

0.1

102

--time-step-verbosity

A positive integer that specifies the
"chattiness" during the time integration.

103

--tolerance-cnv

A real positive double precision value that
specifies the maximum non-linear tolerance
error. This is the local convergence
tolerance (maximum of local saturation
errors).

0.01

104

--tolerance-cnv-relaxed

A real positive value that defines the
relaxed local convergence tolerance that
applies for iterations after the iterations
with the strict tolerance.
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No. Variable Name Description Default

105 | --tolerance-mb A real positive double precision value that | 1.0 x 10*
sets the maximum mass balance error, that
is the tolerated mass balance error relative
to total mass present.

106 | --tolerance-pressure-ms-wells A real positive double precision value that 1000
specifies the tolerance for the pressure
equations for multi-segment wells.

107 | --tolerance-well-control A real positive double precision value that | 1.0 x 107
sets the maximum tolerance for the well
control equations.

108 | --tolerance-wells A real positive double precision value that | 1.0 x 10
defines the maximum non-linear error for
the well equations.

109 | -update-equations-scaling A Boolean value that switches on (true) or false
off (false) the updating of the scaling factors
for mass balance equations during the
simulation.

110 |--use-gmres A Boolean value that when set to true false
OPM Flow will use Generalized Minimal
Residual (“GMRES”) solver instead of
Biconjugate Gradient Stabilized
(“BiCGSTAB”) as the linear solver within
the Newton iterations.

Il |--use-inner-iterations-ms-wells A Boolean value that when set to true the true
simulator will use nested iterations for
multi-segment wells.

112 | --use-inner-iterations-wells A Boolean value that when set to true the false
simulator will use nested iterations for
standard wells.

113 | --use-multisegment-well A Boolean value that when set to true the false
simulator will use the well model for multi-
segment wells instead of the one for single-
segment wells.

114 | --use-update-stabilization A Boolean value set to true or false that true
switches on (true) or off (false) the
stabilized Newton option.

This option may improve convergence for
some cases.

--vtk-write-diffusion-coefficients A Boolean value that switches on (true) or false
off (false) the output of the molecular
diffusion coefficients to the VTK®é output
files.

--vtk-write-effective-diffusion-coefficients A Boolean value that switches on (true) or false
off (false) the output of the effective
molecular diffusion coefficients for the
medium to the VTK output files.

Virtualization ToolKit (“VTK”) files used to visualize the 3D results from the model using ParaView, an open-source, multi-platform general
purpose data analysis and visualization application (https://www.paraview.org/overview/). For the commercial simulator’s compatible
output files OPM’s Reslnsight 3D visualization package can be used instead and is specifically tailored for OPM Flow and the commercial
simulator.
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OPM Flow 2021-04 Command Line Options

No. Variable Name Description Default

--vtk-write-tortuosities A Boolean value that switches on (true) or false
off (false) the output of the tortuosity for
each phase to the VTK output files.

--zoltan-imbalance-tol A real positive that defines the tolerable I.1
imbalance of the load balancing provided by
Zoltan package.

Notes:

1) Cells colored green in the No. column are new command line parameters for this release. Similarly for the
Default column, cells colored green indicate the default value has changed from the previous release.

2) Items shaded in gray are considered to be developer options that should be used with caution as the values
associated with these command line parameters are subject to change.

3) VTK Graphics Command Line Parameters? set of commands are no longer listed via the basic help command
line command:
flow --help

instead use:
flow --help-all

to get a list of supported command line Parameters.The —enable-vtk-output option above, if set to “true”
will write out the data as stipulated by the compile options. One may need to compile the source code to
obtain the desired output.

4)  As per all UNIX and LINUX based system the input is case dependent.

TR

5) If a parameter file is used to set one of the above parameters, the leading “--” should not be incorporated in
the parameter file.

Table 2.1: OPM Flow 202 [-04 Command Line Options

As per all UNIX and LINUX based system the input is case dependent. The command line parameters must
either be entered as lower case or CamelCase, for example:

flow --enable-dry-run=false CASNAME.DATA
or:

flow --EnableDryRun=false CASNAME.DATA

“ 9

If a parameter file is used to set one of the above parameters, the leading “--” should not be incorporated in
the parameter file, for example on the command line use

flow --enable-dry-run=false CASNAME.DATA
but in the parameter file use:

ecl-deck-file-name=CASENAME.DATA

enable-dry-run=false
or:

EclDeckFileName=CASENAME.DATA
EnableDryRun=false

OPM Flow prints out the command line run time and compile time parameters in CamelCase in both the
*.PRT and *.DBG files for reference, one can therefore use this as basis for creating additional run specific
parameter files.

7 Virtualization ToolKit (“VTK”) files used to visualize the 3D results from the model using ParaView, an open-source, multi-platform general
purpose data analysis and visualization application (https://www.paraview.org/overview/). For the commercial simulator’s compatible
output files OPM’s Reslnsight 3D visualization package can be used instead and is specifically tailored for OPM Flow and the commercial
simulator.
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Note

It is worth considering having a parameter file for each run of the form CASENAME.param, in order to

re-run a case and to use the same parameters for other cases.

Example

The following example is taken for the Norne project and the comments in the example (preceded with
“/#”) explain the parameter setting used in the file.

# INPUT AND OUTPUT OPTIONS

# Input File
zcl—deck-file—name:NORNE_ATw2013.DATA
z Output and Output Directory
gutput-dir:’\$HOME\OPM\NORNE\’

# Define Numerical Tolerances

#

tolerance-cnv=1e-2

tolerance-mb=1e-5

tolerance-wells=1le-2

#

# Set Min Newtonian Solver iterations to 1 and Max to 15
#

flow-newton-min-iterations=1
flow-newton-max-iterations=15

Notice that the leading “--” have not be incorporated in the parameter file, as per the notes in Table 2.1.

In order to use the above parameter file called one would use the following format:

flow --parameter-file=CASENAME.PARAM

If the above parameter file was called NORNE_ATW?2013.PARAM, then the command would be:

flow --parameter-file=NORNE_ATW2013.PARAM
or:

flow --ParameterFile=NORNE_ATW2013.PARAM
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2.3

Runnine OPM Frow Usine OPMRUN

This section describes how to run the OPM Flow simulator using the Graphical User Interface (“GUI”)
program called OPMRUN. The program is written in Python 3 and has been tested under Unbuntu-Mate
20.04 TLS.The software can be downloaded from the following link:

https.//github.com/OPM/opm-utilities/tree/master/opmrun

The intent is to develop a graphical user interface to OPM Flow that has similar functionality to the
commercial simulator’s program, with the targeted audience being Reservoir Engineers in a production
environment. Developers and experienced Linux users will already have compatible work flows. OPMRUN
enables the editing and management of OPM Flow’s run time parameters, setting up job queues to run a
series of simulation jobs sequentially, as well as the management of the job queues. Figure 2.10 shows the
initial display.

Figure 2.10: OPMRUN: Initial Display

Upon launch the program runs OPM Flow to get a list of command line parameters from the current version
of OPM Flow.These default parameters can be edited for each case, or alternative default parameter sets can
be loaded from an existing parameter file from another job, or a *.PRT file from a completed simulation.

As can be seen in Figure 2.1 | the program has upper and lower display elements.The upper element shows a
list of simulation jobs that are in the job queue and the lower element consists of two elements, one for the
OPM Flow Output (the terminal output from OPM Flow) and a second element (OPM Run Log) that is a
session log of the jobs run by OPMRUN. Clicking the OPM Flow Output and OPM Run Log tabs switches
the display on the lowered element between two display types.
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Figure 2.1 I: OPMRUN: Display Elements

To add jobs to the queue use the Add Job button or load an existing job queue using the Load Queue button.
Jobs can be edited or deleted from the queue using the Edit Job and Delete Job buttons, and a series of jobs
can be saved as a job queue by using the Save Queue button. The Clear Queue button deletes all jobs from
the queue.

Pressing the Add Job button will display the following dialogue box:

Figure 2.12: OPMRUN:Add Job Dialog Box

Use the Browse button to select the input file to add to the queue, then select the Run Parameters for this
input file, then press the Submit button to add the input file to the job queue.
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To load a previously saved job queue, press the Load Queue button this will display a dialog box allowing the
user to select a queue file (*.que), after pressing the OK button the jobs will be displayed in the top element
as illustrated in Figure 2.13.

Figure 2.13: OPMRUN: Load Job Queue Dialog Box and Queue Display

Jobs in the queue can be edited by selecting the Edit Job button that will display two options: one to edit the
input file using the defined editor and the second to edit the OPM Flow Parameter File. If the second option
is selected OPMRUN will display a dialog box that shows a list of the OPM Flow command line parameters
together with the parameter help information (Figure 2.14). Selecting a parameter from the list and selecting
the Edit button will display the setting for the selected parameter (alternatively one can double click the
required entry). One can then edit the parameter as required. Use the Save button to save the change and
use the Exit but to save all the changes to the parameter file. The Cancel button will cancel all changes to the
parameter file.

Alternatively one can use the:
I) Edit OPM Flow Parameter menu option to edit the parameter file for a job.
2) List OPM Flow Parameters menu option to list the commands in the parameter file for a job.

3) Set OPM Flow Default Parameters to set the default parameters for all subsequent jobs added to the
queue. This option allows the user to load a default set of parameters from (1) OPM Flow, (2) an
OPM Flow Parameter File, or (3) an OPM Flow print file (*.PRT).
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Figure 2.14: OPMRUN: Edit Job Parameter File

Selecting the Run Jobs button displays the Select Run Option dialog box shown in Figure 2.15.

Figure 2.15: OPMRUN: Select Run Option Dialog Box

The Run in No Simulation Mode option is equivalent to setting the NOSIM option in the input deck for all
jobs in the queue (see see section 5.2.91 NOSIM — Activate the No Simulation Mode for Data File Checking and the —

enable-dry-run command line parameter in Table 2.l in section 2.2 Running OPM Flow 2019-04 From The
Command Line.This allows for checking all the jobs at once.

Selecting Run in Standard Simulation Mode will run all the jobs in the queue sequentially, with the OPM Flow
terminal output directed to OPM Flow Output Element, as shown in Figure 2.16.The terminal output is also
directed to a *.LOG file as well, similar to what the commercial simulator does.
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Figure 2.16: OPMRUN: Running Jobs

Clicking the OPM Run Log tab displays the OPMRUN’s session log file that records the time and date of the
major events that have occurred, including the start and end times of each run. Notice also how OPMRUN
deletes all the existing output files for a given job, if they exists, before running OPM Flow.

Figure 2.17: OPMRUN: Session Log File
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Finally, an example *.param file generated by OPMRUN for the 2021-104 release is shown below and on the
following pages for reference:

OPMRUN Parameter File

File Name : "../0PM/Fields/Norne/Mode1/NORO1-MANUAL-0PM2104-RSM-ALL.param"
Created By : david
Date Created: 2021-06-01 12:03:52

HoHHHHHH

allow-distributed-wells=false
alternative-well-rate-init=true
bda-device-id=0
continue-on-convergence-error=false
cpr-max-ell-iter=20
cpr-reuse-setup=3

dbhp-max-rel=1

dp-max-rel=0.3

ds-max=0.2

dwell-fraction-max=0.2
ecl-deck-file-name="NORO1-MANUAL-OPM2104-RSM-ALL.DATA"
ecl-enable-drift-compensation=true
ecl-output-double-precision=false
ecl-output-interval=-1
ecl-strict-parsing=false
edge-weights-method=1
enable-adaptive-time-stepping=true
enable-async-ecl-output=true
enable-async-vtk-output=true
enable-dry-run="auto"
enable-ecl-output=true
enable-logging-fallout-warning=false
enable-opm-rst-file=false
enable-storage-cache=true
enable-terminal-output=true
enable-tracer-model=false
enable-tuning=false
enable-vtk-output=false
enable-well-operability-check=true
enable-write-all-solutions=false
flow-linear-solver-verbosity=0
flow-newton-max-iterations=20
flow-newton-min-iterations=1
force-disable-fluid-in-place-output=false
full-time-step-initially=false
gpu-mode="none"

ignore-keywords=""
ilu-fillin-level=0
ilu-redblack=false
ilu-relaxation=0.9
ilu-reorder-spheres=false
initial-time-step-in-days=1
linear-solver-ignore-convergence-failure=false
linear-solver-max-iter=200
linear-solver-reduction=0.01
linear-solver-require-full-sparsity-pattern=false
linear-solver-restart=40
linsolver="ilu@"
matrix-add-well-contributions=false
max-inner-iter-ms-wells=100
max-inner-iter-wells=50
max-pressure-change-ms-wells=1e+06
max-residual-allowed=1e+07
max-single-precision-days=20
max-strict-iter=0
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max-welleq-iter=30

milu-variant="ILU"
min-time-step-based-on-newton-iterations=0
min-time-step-before-shutting-problematic-wells-in-days=0.01
newton-max-relax=0.5
newton-relaxation-type="dampen"
opencl-ilu-reorder="graph_coloring"
opencl-platform-id=0

output-dir=""

output-interval=1

output-mode="all"

owner-cells-first=true

parameter-file=""
pri-var-oscilation-threshold=1e-05
print-parameters=2

print-properties=2
project-saturations=false
regularization-factor-msw=1
relaxed-flow-tol-inner-iter-msw=1
relaxed-max-pv-fraction=0.03
relaxed-pressure-tol-inner-iter-msw=50000
scale-linear-system=false
sched-restart=true
serial-partitioning=false
solve-welleq-initially=true
solver-growth-factor=2
solver-max-growth=3
solver-max-restarts=10
solver-max-time-step-in-days=365
solver-min-time-step=1e-12
solver-restart-factor=0.33
solver-verbosity=1
strict-inner-iter-ms-wells=40
threads-per-process=-1
time-step-after-event-in-days=-1
time-step-control="pid+newtoniteration"
time-step-control-decay-damping-factor=1
time-step-control-decay-rate=0.75
time-step-control-file-name="timesteps"
time-step-control-growth-damping-factor=3.2
time-step-control-growth-rate=1.25
time-step-control-target-iterations=30
time-step-control-target-newton-iterations=8
time-step-control-tolerance=0.1
time-step-verbosity=1

tolerance-cnv=0.01
tolerance-cnv-relaxed=1
tolerance-mb=1e-06
tolerance-pressure-ms-wells=1000
tolerance-well-control=1e-07
tolerance-wells=0.0001
update-equations-scaling=false
use-gmres=false
use-inner-iterations-ms-wells=true
use-inner-iterations-wells=false
use-multisegment-well=true
use-update-stabilization=true
vtk-write-diffusion-coefficients=false
vtk-write-effective-diffusion-coefficients=false
vtk-write-tortuosities=false
zoltan-imbalance-tol=1.1

#

# End of Parameter File

In the above example, all the default parameters have be used.
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2.3.1 OPMRUN CoNFIGURATION

OPMRUN has several configuration options that can be set via the Edit/Options menu option as illustrated in
Figure 2.18.

Figure 2.18: OPMRUN: Configuration Options

These include setting the location of the OPM Flow manual, the Keyword Generator Template Directory, the
location of the Reslnsight program, as well as the editor command to used to edit the input decks. The
Keyword Generator Variables section sets the fields used in some templates used by the Keyword Generator
application. Note if an “author property” field is not defined then the template variable will be output instead
— this can easily be deleted in the application. The Main Window Configuration Setting parameters define
OPMRUN’s input and output panel’s size, font and font size.

In addition to the aforementioned options, the Edit/Projects menu item enables the setting of project
directories that allows the user to set a default directory for loading and saving files within OPMRUN and
the auxiliary applications.

Figure 2.19: OPMRUN: Configuration Options - Project Directories
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2.3.2 OPMRUN TooLs — CompPrEss JoBs

Simulation input and output files can be extremely large, especially for large full field models. Running multiple
cases in these circumstances can easily use up all available disk space, especially if multiple users are running
multiple cases. OPMRUN therefore provides a facility to compress and uncompress a series of OPM Flow
runs to save hard disk space, as shown in Figure 2.20.

Figure 2.20: OPMRUN Tools: Compress Jobs

Hence, one can batch compress and uncompress a series of runs in one step.
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2.3.3 OPMRUN TooLs - KEyworp GENERATOR

The OPMRUN Keyword generator is an application that generates OPM Flow keywords that can be cut and
pasted into any editor or saved to a separate file to form the basis of a new input deck. One still has to edit
the resulting keywords to match the data require, but the structure and comments are provided by the
application. The Keyword Generator is located under the “Tools” menu “Deck Generator” option, as shown

in Figure 2.21.

Figure 2.2 1: OPMRUN Tools: Keyword Generator - Menu Location

The application utilizes templates based on the Apache Velocity Template Language (“VTL”),a commonly used
template language used by software engineers. The templates can therefore also be used with any editor that
supports VTL, jEdit for example, a popular open source Java based editor and PyCharm, a Python integrated
development environment used in computer programming, specifically for the Python language.

There is one template per keyword, with formatting of the keywords being the same as the OPM Flow
manual. Currently there are over 450 templates implemented and the intention is for additional keywords to
be added as the their usage is implemented within the simulator and documented within the manual. The
application allows one to customize the existing templates as well as creating user defined templates by
including the templates in the template directory and following the VTL language syntax.

The keywords can be filtered by Section in alphabetic order, and all keywords can be listed as a single
alphabetic sorted list. Multiple keywords can be generated at a time and copied to the clipboard or saved to
a file. Section keywords (RUNSPEC, GRID, EDIT, PROPS, SOLUTION, SUMMARY and SCHEDULE) can

optionally generate a set of keywords for the section.
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Figure 2.22 illustrates the main components of the Keyword Generator’s display window, showing the
keyword filter options, keyword list, and the Deck Element.

Figure 2.22: OPMRUN Tools: Keyword Generator - Dialog Window

The "Keyword Filter" button allows for the filtering of the various keywords in the selected section, including
being able to list all the keywords available for all sections. For example, Figure 2.23 shows the HEADER
section keyword list.
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Figure 2.23: OPMRUN Tools: Keyword Generator - Keyword Filter Example.

The HEADER section is not an OPM Flow section per se, but a file header and an end of file section series of
templates that allows for a start and end of file comment headers to be included in an input deck. The
example shown in Figure 2.23 shows the standard OPM file header for OPM Flow examples and test input

decks.

Simply clicking on a keyword will result in the keyword being "pasted"” into the Deck Element.

The Deck Element is editable by simply clicking anywhere in the element and making changes by deleting or
editing text contained within the Deck Element. One can use the “Clear” button to clear the Deck Element

display of all text.
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If a keyword requires a file as part of the keyword entry, for example, the INCLUDE and LOAD keywords,
then a dialog box is presented to enable the file to be selected (Figure 2.24).

Figure 2.24: OPMRUN Tools: Keyword Generator - INCLUDE Keyword Example

In addition, the application will also allow one to select the file name format after the file has been selected.

Note that COMMENT template is not an actual keyword, but a comment block to make the deck more
readable for the user.
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Selecting a section keyword (RUNSPEC, GRID, EDIT, PROPS, SOLUTION, SUMMARY, and SCHEDULE) will
give one an option to generate a representative set of keywords for that section, as illustrated in Figure 2.25
for the RUNSPEC keyword.

Figure 2.25: OPMRUN Tools: Keyword Generator - RUNSPEC Keyword Example

One can therefore generate a complete input deck in a matter of minutes. However, one still has to edit the
generated keywords with your actual data.
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For the SUMMARY section keyword, one can also generate various sets of summary variables based on the
options being used in the model, as depicted in Figure 2.26.

Figure 2.26: OPMRUN Tools: Keyword Generator - SUMMARY Keyword Example

Note that not all of the SUMMARY variables are currently available in OPM Flow, but are expected to be
added in future versions. OPM Flow will ignored those variables not implemented.
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For the SCHEDULE section keyword, one can also generate a date schedule from a start year to and end
year, using annual, quarterly, or monthly time steps, as shown in Figure 2.27.

Figure 2.27: OPMRUN Tools: Keyword Generator - SCHEDULE Keyword Example

Note that a standard report is written at the beginning of each year and is subsequently switch off for
intermediate quarterly and monthly time steps. A final report is written at the end of the run.
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The DATA option is not an OPM Flow section but a series of data sets, as shown in Figure 2.28.

Data sets are complete examples for a given type of data used in OPM Flow, for example a PVT data set for
a wet gas reservoir, or three phase relative permeability data set. The data sets are intended to be used as a
guide for generating ones own keyword input, or for building models for testing.

Figure 2.28: OPMRUN Tools: Keyword Generator — DATA Option Example

The intention is to expand the collection of data sets over time as more data becomes available.
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Like the DATA option, the MODEL option is not an OPM Flow section, but is instead a collection of working
models, as illustrated in Figure 2.29.The purpose of the models is to illustrate the functionality of various

features implemented in OPM Flow.

Additional models will be added when available.

Figure 2.29: OPMRUN Tools: Keyword Generator — MODEL Option Example

Finally, there is a USER option that caters for user templates. All templates saved with “vm” in the “user”
directory will automatically listed by the Filter option.
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Use the “Copy” button to copy the data in the Deck Element to the clipboard, which you can then paste into
your favorite editor.

Figure 2.30: OPMRUN Tools: Keyword Generator - Saving the Keywords

Alternatively, one can save the file directly to a *.DATA or *.INC file for further editing and processing, as
illustrated in Figure 2.30.
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There is also the facility to modify and customize the standard templates. To edit a template first select the
keyword in the Keyword List, then right click on the keyword to obtain the available options, and select
Template to load the actual template for the keyword into the Deck element (Figure 2.31).

Figure 2.31: OPMRUN Tools: Keyword Generator - Edit a Template and Template Help

One can then edit the template and save the changes back to the same template or another template folder.
The USER folder has been provided to save user templates and should be used to store user created and

modified templates.

The Template Help option displays a brief introduction to VTL with some examples.
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CHAPTER 3: KEYWORD DOCUMENTATION STRUCTURE
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3.1

INTRODUCTION

The OPM Flow manual is constructed in a manner to enable the reader to reference various parts of the
document by using the table contents or by simply pressing on a link embedded in the text. This automatic
cross referencing has been extensively employed to ensure effective documentation of the keywords used by
the simulator.

There are several key features that can be used to navigate the manual in an efficient manner. The first is the
“footer” which can be used to move to various sections in the manual. For example the “Table of Contents”
footer shown below:

Date: December 1, 2020 Table of Contents Page 90 of 1991

Figure 3.1:Table of Contents Footer

Allows the reader to move to the Table of Contents by clicking on the link (highlighted in italic blue text on a
gray background in Figure 3.1). Note also that the entries in the table of contents are also “clickable” enabling
the reader to move to the desired entry.

The second type of footer is the “Keyword Index” footer that also contains the Table of Contents link
mentioned above.This footer is illustrated in Figure 3.2 and is displayed on a keyword definition page.

A|lBIC|DIE|E|G|H|lI|J|K|LIM|[N|O|P[|[Q|R|S|(T|U|V W |X|Y | Z
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Figure 3.2: Keyword Index Footer

Clicking on a letter (highlighted in italic blue text on a gray background in) takes the reader to an alphabetic
listing of all the keywords beginning with the selected letter (Figure 3.3).

A

RUNSPEC |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Alphabetic Listing Of Keywords Starting With The Letter A Status

ACTDIMS — ACTION Keyword Dimensions -

ACTION - Define Action Conditions and Command Processing (Field)

ACTIONG - Define Action Conditions and Command Processing (Groups)

Figure 3.3:Alphabetic Listing of Keywords

The list is color coded, so one instantly knows what keywords are implemented, with - colored cells
indicating the keyword is available and is mostly or fully implemented. Cells colored orange show that
keyword is recognized but not implemented in OPM Flow. Finally, cells colored mean that keyword is
available in the commercial simulator but has not been implemented in OPM Flow, and may cause an error if
used in the input deck. Clicking on a keyword in the list it will move the reader to the keyword definition.
Note also that clicking one of the section names, RUNSPEC, GRID, etc., in Figure 3.3, will take the reader to
the beginning of the selected section.

Finally, in the PDF version of the manual if one displays the "bookmarks" in the PDF reading software one can
jump to a particular keyword or section without having to scroll up or down.
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3.2

3.3

Keyworp DEFINITIONS

Each keyword is defined in it's own section that contains a section header, that contains the keyword name in
capital letters followed by a brief description of the keyword’s function. This is then followed by Keyword Table
Section which defines the status of the keyword and which sections of the input deck the keyword can be
utilized. Table 3.1 illustrates a typical Keyword Table Section defining the keyword status with the various OPM
Flow sections.

Table 3.1: Example Keyword Table Section

The cells are colored in such a manner as to quickly indicate to the reader the keyword’s section availability
and function availability, with - colored cells indicating the keyword is available for this section and is
mostly or fully implemented. Cells colored gray indicate that keyword cannot be used in that particular
section, and cells colored orange show that cell is only partially implemented within OPM Flow, for example
OPM Flow may simple just recognize the keyword and ignore the keyword’s function. Finally, cells colored
mean that keyword is available in the commercial simulator but has not been implemented in OPM Flow.
In this scenario the keyword should not be used in OPM Flow as it will result in unpredictable results,
including causing the simulator to abort or throw an exception.

MuLti-Section KeEywoRrbps

As there are numerous keywords that can be used within multiple OPM Flow sections of the input file, for
example the ADD and EQUALS keywords, there is a need to avoid duplication of the keyword definitions but
at the same time attempt to define only those keywords for a given section. Thus for multi-section
keywords, the keyword is defined in the first available section that the keyword can be found. The Keyword
Table Section as shown below for the ADD keyword below, indicates which sections the keyword can be
utilized.

RUNSPEC SUMMARY | SCHEDULE
Table 3.2:ADD Keyword Table Section

Here the keyword can be used in the GRID, EDIT, PROPS, REGIONS and SOLUTION sections as indicated
by those cells colored -and not for the cells colored in light gray. In subsequent sections that the
keyword can be used, there is a brief description description with a link to the full description of the
keyword, as shown below for the ADD keyword.

The ADD keyword adds a constant to a specified array or part of an array. The constant can be real or
integer depending on the array type; however, the arrays that can be operated on is dependent on
which section the ADD keyword is being applied. See ADD —Add a Constant to a Specified Array in the
GRID section for a full description.

A complete list of keywords in alphabetic order is given in section APPENDIX A: KEYWORD INDEX -
ALPHABETIC LISTING and clicking on a specific keyword will take the reader to the keyword definition
in a particular section.
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3.4

3.4.1

3.4.2

Keyworp FORMATS

All keywords in OPM Flow should be entered in capital case and start in column one, lowercase entry of
keywords will be produce errors and keywords not starting in column one will not be recognized. There are
five types of keyword format types used by OPM Flow for data input. The description of the five types is
given in the next three section together with some examples.

Keyworp FormaT TyPE — COMMENT

Comments in the input deck can occur anywhere in the file are preceded by “--” in columns one and two, for
example for the EQUL keyword:

-- MAX MAX RSVD TVDP TVDP
-- EQLNUM DEPTH NODES TABLE  NODES
EQLDIMS
9 1* 20 1* 1* /

In addition, comments can be place after “/”’ that terminates a record entry as shown below;

-- -- ARRAY CONSTANT -- ---------- BOX ce=s====0
== I1 1I2 Ji J2 K1 K2
MULTIPLY
'PERMZ' 0.50000 1* 1* 1* 1* 1* 1* / PERMZ * 0.5
/

Keyworp FormaT TyPe — AcCTIVATION

This type of keyword format only consists of the keyword itself and is usually used to invoke a feature or to
switch on or off a processing feature. The keyword is document by describing the functionality or action the
keyword performs, followed by an example. Examples of this type of keyword include API (to switch on API
tracking), GAS (to activate the gas phase in the model), ECHO (to switching echoing of the input file to the
output file), and SKIP (for skipping parts of the input deck). For example the GAS keyword in the RUNSPEC
section would be described as:

Description

This keyword indicate that the gas phase is present in the model and must be used for oil-gas, gas-water, oil-
water-gas input decks that contain the gas phase. The keyword will also invoke data input file checking to
ensure that all the required gas phase input parameters are defined in the input deck.

There is no data required for this keyword.

Example

= GAS PHASE IS PRESENT IN THE RUN

GAS

The above example declares that the gas phase is active in the model.
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3.4.3 Keyworp FormAT Tyre - VECTOR (Row VECTOR)

Vector based keywords consist of the keyword followed by a vector of parameters on a separate line and
may consists of multiple lines of vectors with each line representing a data set (see the second example for
this type of vector keyword). The vector may contain integer, real and character parameters depending on
the keywords requirements. This type of keyword is documented by describing the functionality or action the
keyword performs, a table describing the parameters associated with the keyword, followed by one or two
examples on how to use the keyword. For example the DIMENS keyword in the RUNSPEC section would be
described as:

Description
DIMENS defines the dimensions of the model entered as integer vector. The keyword can be used with all
grid types.
No. Name Description Default
| NX The number of grid blocks in the x direction for Cartesian grids or the None
number of grid blocks in the r direction for radial grids
2 NY The number of grid blocks in the y direction for Cartesian grids or the None
number of grid blocks in the theta direction for radial grids.
3 NZ The number of grid blocks in the z direction for both Cartesian and radial None
grids.
Notes:
I) The keyword is terminated by a “/”.

Table 3.3: DIMENS Keyword Description

Note that NX, NY and NZ are not maximum values but the actual size of the grid. OPM Flow applies
these parameters when reading in particular data sets. For example if NX, NY, and NZ are set to 10, 10 and
10 respectively, then for the grid property data like PORO; OPM Flow expects to read in 10 x 10 x 10 or
1,000 porosity values for the PORO array. If the number of porosity values is not equal to 1,000 then OPM
Flow will produce an error.

Example

== MAX MAX MAX
== NDIVIX NDIVIY NDIVIZ
DIMENS
46 112 22 /

The above example defines the dimensions for the Norne model of 36 cells in the x direction, 122 cells in
the y direction and 22 cells in the z direction.

For vector keywords that have parameters associated with units then there is a slightly different table format
to that used above to take into account the documenting the defaults for the three sets of units supported
by OPM Flow, for example for the ROCK keyword is describe as follows:
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Description

ROCK defines the rock compressibility for various regions in the model. The number of ROCK vector data
sets is defined by the NTPVT parameter on the TABDIMS keyword in the RUNSPEC section and the
allocation of the ROCK tables to different grid blocks in the model is done via the PYTNUM keyword in the

REGION section. One data set consists of one record or line which is terminated by a “/”.
This keyword must be defined in the OPM Flow input deck.

No. Name Description Default
Field Metric Laboratory
| Pref Pref is a real number defining the reference pressure for the other
parameters for this data set.
psia barsa atma
1.032 1.032 1.032 Default
2 Cf Cf is a real number defining the rock compressibility at the reference
pressure, Cf(Pref) and is defined as:
- _1(dv
f v \dpP
| /psia I/barsa I/atma
0.0 0.0 0.0 Defined
Notes:
I) The each data set terminated by terminated by a “/”” at the end of the line,_there is no terminator for the
keyword.
Table 3.4: ROCK Keyword Description
Example

The following shows the PVTW keyword for when NTPVT on the TABDIMS keyword in the RUNSPEC
section is set to one.

-- ROCK COMPRESSIBILITY

-- (1) REFERENCE PRESSURE IS TAKEN FROM THE HCPV WEIGHTED RESERVOIR PRESSURE

== AS THE PORV IS ALREADY AT RESERVOIR CONDITIONS (FLOW USES THE REFERENCE

= PRESSURE) TO CONVERT THE GIVEN PORV TO RESERVOIR CONDITIONS USING THE DATA
= ON THE ROCK KEYWORD)

ROCK
3566.9 5.0E-06 / ROCK COMPRESSIBILITY REGION 1
3966.9 5.5E-06 / ROCK COMPRESSIBILITY REGION 2
4566.9 6.0E-06 / ROCK COMPRESSIBILITY REGION 3

There is no terminating “/” for this keyword.

In this case the example shows a multiple data set entry of the vector format keyword, with three ROCK
data sets being defined by the keyword.
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3.4.4 Keyworp FormMAT TYPE — VECTOR (COLUMNAR VECTOR)

Columnar vector based keywords consist of the keyword followed by a columnar vector of parameters in a
separate column for each parameter. The vector may contain integer, real and character parameters
depending on the keywords requirements. This type of keyword is documented by describing the
functionality or action the keyword performs, a table describing the parameters associated with the keyword,
followed by one or two examples on how to use the keyword. For example the SWFN keyword in the
PROPS section would be described as:

Description

The SWFN keyword defines the water relative permeability and water-oil capillary pressure data versus
water saturation tables for when water is present in the input deck. This keyword should only be used if
water is present in the run.

No. Name Description Default
Field ‘ Metric ‘ Laboratory
| SWAT A columnar vector of real monotonically increasing down the column
values starting from zero and terminating at one, that defines the water
saturation.
dimensionless ‘ dimensionless ‘ dimensionless None
2 KRW A columnar vector of real values that are either equal or increasing down

the column and that are greater than or equal to zero and less than or
equal to one that defines the water relative permeability with respect to
gas saturation.

The first value in the column should be zero.

dimensionless dimensionless dimensionless None

3 PCWO A columnar vector of real values that are either equal or increasing down
the column that defines the water-oil relative capillary pressure.

If the SWATINIT keyword has been used to initialize the model then
columnar vector has to be strictly monotonically increasing.

psia ‘ bars ‘ atm None

Notes:
1)  The keyword is followed by NTSFUN tables as declared on the TABDIMS keyword in the RUNSPEC section.

2) Each table must contain a minimum of two rows and a maximum of NSSFUN rows as declared on the
TABDIMS keyword in the RUNSPEC section.

3) Each table is terminated by a “/” and there is no “/” terminator for the keyword.

Table 3.3: SWFN Keyword Description

Example

== WATER RELATIVE PERMEABILITY TABLES (SWFN)

SWEN

== SWAT KRW PCOwW

== FRAC FRAC PSIA
0.15 0.00000 1*
0.30 0.00050 1*
0.40 0.00390 1*
0.50 0.01500 1*
0.60 0.04100 1*
0.65 0.06250 1*
0.70 0.09150 1*
0.80 0.17850 1*
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0.90 0.31640 1*
0.95 0.40960 1*
1.00 0.52200 1* / TABLE NO. 1

The example defines two SWFN tables for use when water is present in the run. In the tables the water-oil
capillary pressure data has been defaulted with “1*” and will be set to zero as there are no other values for
the water-oil capillary pressure columns.

3.4.5 Keyworp FormaT TyYPE — ARRAY

This type of keyword defines a property for the grid or an area of the grid using a previously entered BOX
keyword to define the area where the property will be defined. For array data a full set of values for each
element in the array is required. For example, the documentation for the PORO array would be:

Description
PORO defines the porosity for all the cells in the model via an array. The keyword can be used with all grid
types.
No. Name Description Default
Field Metric Laboratory
| PORO PORO is an array of real numbers assigning the porosity values to each None
cell in the model. The number of entries should correspond to the NX x
NY x NZ parameters on the DIMENS keyword.
Repeat counts may be used, for example 30*100.0.
dimensionless dimensionless dimensionless
Notes:
1)  The keyword is terminated by a “/”.

Table 3.3: PORO Keyword Description

See also the DX, DY and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK POROSITY DATA FOR ALL CELLS (BASED ON NX x NY X NZ = 300)

PORO
300%0.300
/
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3.5 InpuT FILE STRUCTURE

OPM Flow input files are similar to commercial simulators that are used in the oil and gas industry, that is the
input file is separate into sections in an effort to avoid an engineer’s input data errors and a computer
programmer's code to interpret the data. OPM Flow has been designed, from an engineer’s prospective and
input structure to be similar to Schlumberger’s industry wide ECLIPSE 1008 simulator. Table 3.4 lists the
various section together with a brief description of purpose of the section. As well as declaring if section is
mandatory or not for a run to form a valid input deck

Section Description Required

Name Optional

RUNSPEC This is the first section in the OPM Flow input file and defines the key parameters
for the simulator including the dimensions of the model, phases present in the
model (oil, gas and water for example), number of tables for a given property and
the maximum number of rows for each table, the maximum number of groups,
wells and well completions, as well as various options to be invoked by OPM Flow.

GRID Defines the basic grid properties, including structure, faults and various static rock
properties (porosity, permeability etc.). Upon completion of reading this section,
the software calculates the pore volume (PORYV) for each and the transmissibilities
(TRANX, TRANY and TRANX,) between all the cells, as well as calculating the
transmissibilities of the Non-Neighbor Connections (“NNC”)

EDIT The properties calculated by OPM Flow in the GRID section are available for | Optional
editing in this section (PORV, TRANX etc.).
PROPS This section defines the fluid properties for all the phases present in the run, for

example oil viscosity, oil formation volume factor etc. The section also defines the
rock flow properties as per the relative permeabilities and the distribution of the
fluids based on the capillary pressure functions.

REGIONS The REGIONS section allows the engineer to define various regions in the model
for reporting purposes and to define how the fluid and rock property defined in
the PROPS section are allocated throughout the model.

SOLUTION Defines the parameters to initialize the model, fluid contacts, reservoir pressures
etc., together with the data from the previous sections. This section, if requested,
reports the initial in-place volumes for phases present in the model, as well as the
average pressure for the various defined regions.

SUMMARY" Defines the time vector property data to be written out to various report output | Optional
property P P P

files for reviewing the results of the simulation. This data includes field, group, well

and well completion production and injection data, for example field oil rate versus

time.

Grid block data can also be reported versus time as well, for example grid block
pressure versus time”.

SCHEDULE The final section is the SCHEDULE that the defines the field, group and well
parameters, targets and constraints that should be applied to the field, group or
wells, numerical controls, the operating schedule and reporting requirements.

Notes:

1) Although the SUMMARY section is optional, it is nearly always included in order to obtain results from the
simulation run.

2) The OPM Reslnsight three-dimensional visualization software has a feature to display a grid block property
change versus time, so it should not be necessary to export the grid block data to the SUMMARY report
output files.

Table 3.4: OPM Flow Input Deck Sections

8

ECLIPSE Industry-Reference Reservoir Simulator — Reference Manual 2019.1, Schlumberger.
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CHAPTER 4: GLOBAL SECTION KEYWORDS
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4.1 INTRODUCTION

Keywords used in this section can be used in all input file sections, that is the RUNSPEC, GRID, EDIT PROPS,
REGIONS, SOLUTION, SUMMARY and SCHEDULE sections.

4.1.1 Data REQUIREMENTS

There are no data requirements for the GLOBAL section keywords, as all the keywords are optional and
considered to utility keywords that can be used throughout the input deck. A complete list of these global
keywords is given in Table 4.1.

No. GLOBAL Description Section
Keyword Applied
I COLUMNS COLUMNS - Define Input File Column Margins. The COLUMNS keyword ALL

defines the input file column margins; characters outside the margins are
ignored by the input parser.

2 DEBUG DEBUG - Define the Debug Data to be Printed to File. This keyword ALL
defines the debug data to be written to the debug file (*DBG), it is
ignored by OPM Flow.

3 ECHO ECHO - Activate Echoing of User Input Files to the Print File. Turns on ALL
echoing of all the input files to the print file; note that this keyword is
activated by default and can subsequently be switched off by the
NOECHO activation keyword.

4 END END - Define the End of the Input File.This keyword marks the end of the ALL
input file and can occur in any section. Any keywords and data after the
END keyword are ignored.

5 ENDINC ENDINC - Define the End of an Include File.This keyword marks the end ALL
of an include file specified on the INCLUDE keyword.When the ENDINC
keyword is encountered in the INCLUDE file, input data is read from the
next keyword in the current file.

6 ENDSKIP ENDSKIP - DeActivate Skipping of Keywords and Input Data. Turns off ALL
skipping of keywords that was activated by the SKIP, SKIP100, or SKIP300
keywords.

7 EXTRAPMS EXTRAPMS - Activate Extrapolation Warning Messages.The EXTRAPMS ALL

keyword activates extrapolation warning messages for when simulator
extrapolates the PVT or VFP tables.

8 FORMFEED FORMFEED - Defined the Print File Form-Feed Character. The keyword ALL
defines the form-feed character, or carriage control character, for the
output print (*.PRT) run summary (*.RSM) files.

9 INCLUDE INCLUDE - Load Another Data File at the Current Position. The INCLUDE ALL
keyword informs OPM Flow to continue reading input data from the
specified INCLUDE file.

10 MESSAGE MESSAGE - Output User Message. The MESSAGE keyword outputs a ALL
user message to the terminal, as well as to the print (*PRT) and debug
(*.DBG) files.

I MESSAGES MESSAGES - Define Message Print Limits and Stop Limits. The ALL
MESSAGES keyword defines the print and stops levels for various
messages.

12 NOECHO NOECHO - Deactivate Echoing of User Input Files to the Print File. Turns ALL

off echoing of all the input files to the print file.
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No. GLOBAL Description Section
Keyword Applied
13 NOWARN NOWARN - Deactivate Warning Messages.Turns off warning messages to ALL
be printed to the print file.
14 SKIP SKIP - Activate Skipping of All Keywords and Input Data. The keyword ALL
turns on skipping of keywords until the ENDSKIP activation keyword is
encountered.
15 SKIP100 SKIP100 - Activate Skipping of “Black-Oil” Keywords and Input Data. This ALL

keyword turns on skipping of “black-oil” keywords until the ENDSKIP
activation keyword is encountered.

16 SKIP300 SKIP300 - Activate Skipping of “Compositional” Keywords and Input Data. ALL
Turns on skipping of “compositional” keywords until the ENDSKIP
activation keyword is encountered.

17 WARN WARN - Activate Warning Messages. Turns on warning messages to be ALL
printed to the print file (*.PRT); note that this keyword is activated by
default.
Notes:

I) Note that not all keywords and features listed above are implemented in OPM Flow. Cells not colored in the
No. column indicate the keyword is supported or partially supported by OPM Flow, cells colored gray indicate
that the keyword is not applicable, and finally, cells colored in orange indicate keywords that are not supported
by OPM Flow and will be ignored by the simulator.

Table 4.1:Alphabetic List of GLOBAL Section Keywords

A more detailed description of the keywords is presented in the following sections.
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4.2 Keyworbp DEFINITIONS
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4.2.1 COLUMNS - Derine InpuT FiLE CoLumn MARGINS

Description

The COLUMNS keyword defines the input file column margins; characters outside the margins are ignored
by the input parser.

This keyword is ignored by OPM Flow and has no effect on the simulation
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4.2.2 DEBUG - Derine THE DeBuc DATA 1o BE PRINTED TO FILE

Description

This keyword defines the debug data to be written to the debug file (*.DBG), it is ignored by OPM Flow and

has no effect on the simulation but is documented here for completeness.
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4.2.3 ECHO - AcTivate EcHoing oF User INpuT FiLEs To THE PRINT FILE

Description

Turns on echoing of all the input files to the print file; note that this keyword is activated by default and can
subsequently be switched off by the NOECHO activation keyword.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example
- SWITCH OFF ECHOING OF INPUT FILES
NOECHO
- INCLUDE SIMULATION GRID WITH SLOPING FAULTS
INCLUDE
'./INCLUDE/GRID/IRAP_1005.GRDECL' /
- SWITCH ON ECHOING OF INPUT FILES
ECHO

The examples deactivates the echoing of the input files, reads in the grid geometry data using the INCLUDE
keyword, and then activates the echoing of the input files again.

Note

Especially for the large voluminous data sets in the GRID section, it is good practice to deactivate the

echoing of the input files when loading this data to avoid the print output file becoming too large to view
in a text editor.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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4.2.4 END - Derine THE EnD ofF THE INPUT FILE

Description

This keyword marks the end of the input file and can occur in any section. Any keywords and data after the
END keyword are ignored.

There is no data required for this keyword.

Example

-- SCHEDULE SECTION - 2006-01-01
RPTSCHED
'"WELLS=2" 'WELSPECS' 'CPU=2" 'FIP=2"' /

DATES
1 JAN 2006 /
/

RPTSCHED
"NOTHING' /

DATES
1 APR 2006 /
1 JLY 2006 /
1 OCT 2006 /

/
ECHO
-: Rk I I O S kR I S O I O O Rk
-- END OF FILE
PRI Sk kS kS gk Sk kS kR R S R R R S Ik kR R Rk kR kS kR R Rk Sk kR Sk Rk R Rk kR R R R R R R R Rk R R R R R
END
-- SCHEDULE SECTION - 2007-01-01
RPTSCHED
'"WELLS=2" 'WELSPECS' 'CPU=2" 'FIP=2"' /
DATES
1 JAN 2007 /
/

In the above example OPM Flow will process the data up to October |, 2006 only, and then start to run the
simulation. All keywords after the END file keyword will not be read or processed.
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4.2.5 ENDINC - Derine THE EnD oF AN INcLuDE FILE

Description

This keyword marks the end of an include file specified on the INCLUDE keyword. When the ENDINC
keyword is encountered in the INCLUDE file, input data is read from the next keyword in the current file.
Any keywords and data after the ENDINC keyword in the INCLUDE file are ignored.

There is no data required for this keyword.

Example

RPTSCHED
'"WELLS=2' 'WELSPECS' 'CPU=2" 'FIP=2" /
DATES
1 JAN 2006 /
/
RPTSCHED
"NOTHING' /
DATES
1 APR 2006 /
1 JLY 2006 /
1 OCT 2006 /
/
ECHO
-: EIEE R I S S I R S I S S S S
-- END OF INCLUDE FILE PROCESSING
. *kkkkkkkkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkk
ENDINC
-- SCHEDULE SECTION - 2007-01-01
RPTSCHED
'"WELLS=2' 'WELSPECS' 'CPU=2" 'FIP=2" /
DATES
1 JAN 2007 /
/

In the above example OPM Flow will process the data up to October |, 2006 only, and return control to the
file that called the INCLUDE keyword, and then continue processing the input files. All keywords after the
ENDINC keyword in the INCLUDE FILE will not be read or processed.
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4.2.6 ENDSKIP - DeAcTivate Skipping oF KeEyworps AnD INpuT DaATA

Description

Turns off skipping of keywords that was activated by the SKIP, SKIP100, or SKIP300 keywords. Note that for
each SKIP keyword activated there must be a corresponding ENDSKIP keyword.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- SWITCH ON SKIPPING OF KEYWORDS AND DATA

SKIP

-- INCLUDE SIMULATION GRID WITH SLOPING FAULTS

INCLUDE
' ./INCLUDE/GRID/IRAP_1005.GRDECL"' /

-- SWITCH ON READING OF KEYWORDS AND DATA

ENDSKIP

The example skips reading of the of the grid geometry data using the INCLUDE keyword, and then reverts
back to reading the input files again.
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4.2.7 EXTRAPMS - AcTivate ExTrAaPoLATION WARNING MESSAGES

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY  |SCHEDULE

Description

The EXTRAPMS keyword activates extrapolation warning messages for when OPM Flow extrapolates the
PVT or VFP tables. Frequent extrapolation warning messages should be investigated and resolved as this
would indicate possible incorrect data and may result in the simulator extrapolating to unrealistic values.

No. Name Description Default

| EXTRAP Defines a single integer that activates the extrapolation warning message 0
options for PVT and VFP tables. EXTRAP can have the following values:

1) 0 — No warning messages are give (the default).

2) | — PVT table extrapolation warnings are printed.

3) 2 -VFP table extrapolation warnings are printed.

4) 3 —PVT and VFP table extrapolation warnings are printed.

5) 4 - PVT and VFP table extrapolation warnings are printed with
additional information.

Notes:

1) In addition extrapolation warnings will also be given for Rs and Rv if options (1), (3),and (4) are requested.

2) The keyword is terminated by a “/”.
Table 4.2: EXTRAPMS Keyword Description

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE EXTRAPOLATION MESSAGES

EXTRAPMS
2 /

The above example activates the default the VFP table extrapolation warnings option.
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4.2.8 FORMFEED - Derinep THE PRINT FiLe FormM-FEep CHARACTER

Description

The FORMFEED keyword defines the form-feed character, or carriage control character, for the output print
(*.PRT) run summary (*.RSM) files. The keyword should be place at the very top of the input file.

Name Description Default
FORMFEED Defines a single integer that defines the carriage control character 0
activates, and should be set to:
1) | —Standard FORTRAN (the default).
2) 2 - Form-feed character ASCII(12)
3) 3 -—None.

Notes:

1)  The keyword is terminated by a “/”.

Table 4.3: FORMFEED Keyword Description

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE EXTRAPOLATION MESSAGES

FORMFEED
3 /

The above example sets the carriage return character to no form-feed character.
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4.2.9 INCLUDE - Loap AnoTHER DaATA FiLE AT THE CURRENT PosiTiON

Description

The INCLUDE keyword informs OPM Flow to continue reading input data from the specified INCLUDE file.
When the end of the INCLUDE file is reached, or the ENDINC keyword is encountered in the included file,
input data is read from the next keyword in the current file. Although INCLUDE files can be nested, that is
INCLUDE files within INCLUDE files etc., in practice this should be avoided due to the complexity of

tracking the files.

No. Name Description Default
| FILENAME A character string enclosed in quotes that defines a file to read in and be None
processed by OPM Flow.
Notes:
1)  The keyword is terminated by a “/”.
Table 4.4: INCLUDE Keyword Description
Examples
The first example shown below loads the grid file from the same directory as the data file.
-- LOAD INCLUDE FILE
INCLUDE
'"NOR-OPM-AGO-GRID.inc' /
The next example loads the same file one directory above from where the data file is located.
-- LOAD INCLUDE FILE
INCLUDE
'../NOR-OPM-AQO-FAULTS.inc"' /
The final example loads the same file from a separate include from where the data file is located.
-- LOAD INCLUDE FILE
INCLUDE
'../INCLUDE/NOR-OPM-AQ@-FAULTS.inc"' /
A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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4.2.10 MESSAGE - Output User MessaGe

Description

The MESSAGE keyword outputs a user message to the terminal, as well as to the print (*.PRT) and debug
(*.DBG) files. Note this is different to the MESSAGES keyword, that defines OPM Flows message print limits
and stop limits generated by the simulator.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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4.2.11 MESSAGES - Derine Messace PrINT Limits AND STtop LimiTs

Description

The MESSAGES keyword defines the print and stops levels for various messages. The “print limits” set the
maximum number of messages that will be printed, after which no more messages will be printed and the
“stop limits” terminate the run when these limits are exceeded. There are six levels of message that increase
in severity from informative all the way to programming errors, as outlined in Table 4.5.

No.

Name

Description

Default

PRTSMESG

An integer defining the maximum number of MESSAGE type messages
to be printed after which this type of message stops printing.

1,000,000

PRTSCOMT

An integer defining the maximum number of COMMENT type messages
be printed after which this type of message stops printing.

1,000,000

PRTSWARN

An integer defining the maximum number of WARNING type messages
be printed after which this type of message stops printing.

10,000

PRTSPROB

An integer defining the maximum number of PROBLEM type messages
to be printed after which this type of message stops printing.

100

PRTSERRS

An integer defining the maximum number of ERROR type messages to
be printed after which this type of message stops printing.

100

PRTSBUGS

An integer defining the maximum number of BUG type messages to be
printed after which this type of message stops printing.

100

STOPMESG

An integer defining the maximum number of MESSAGE type messages
to be printed after which OPM Flow terminates the run.

Not used by OPM Flow.

1,000,000

STOPCOMT

An integer defining the maximum number of COMMENT type messages
to be printed after which OPM Flow terminates the run.

Not used by OPM Flow.

1,000,000

STOPWARN

An integer defining the maximum number of WARNING type messages
to be printed after which OPM Flow terminates the run.

Not used by OPM Flow.

10,000

STOPPROB

An integer defining the maximum number of PROBLEM type messages
to be printed after which OPM Flow terminates the run.

Not used by OPM Flow.

100

STOPERRS

An integer defining the maximum number of ERROR type messages to
be printed after which OPM Flow terminates the run.

Not used by OPM Flow.

STOPBUGS

An integer defining the maximum number of BUG type messages to be
printed after which OPM Flow terminates the run.

Not used by OPM Flow.

PRTGRPMS

An integer defining the maximum number of GROUP MESSAGE type
messages to be printed after which this type of message stops printing.

Not used by OPM Flow.
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No. Name Description Default
Notes:

1)  MESSAGE type messages are informative messages.

2) COMMENT type messages are probably not data errors.

3) WARNING type message are possible data errors and should be investigated.

4) PROBLEM type errors messages are associated with numerical problems.

5) ERROR type messages are errors are need to be fixed before the simulator can run the input deck.

6) BUG type of messages are potential programming errors.

7) The keyword is terminated by a “/”.
Table 4.5: MESSAGES Keyword Description

Example
-- MESS COMMT WARN PROBL ERROR BUG  MESS COMMT WARN PROBL ERROR BUG
-- LIMIT LIMIT LIMIT LIMIT LIMIT LIMIT STOP STOP STOP STOP STOP STOP

MESSAGES
1* 1* 1* 1500 1* 1* 1* 1* 1* 1000 1* 1* /

The above example sets the PROBLEM type message print limit to 1,500 and the stop limit to 1,000.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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4.2.12 NOECHO - DeacTtivate EcHoing oF User INpuT FiLEs To THE PRINT FILE

Description

Turns off echoing of all the input files to the print file. Note by default echoing of the inputs files is active. but
can subsequently be switched off by the NOECHO activation keyword.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- SWITCH OFF ECHOING OF INPUT FILES

NOECHO
:: INCLUDE SIMULATION GRID WITH SLOPING FAULTS
i&CLUDE
' ./INCLUDE/GRID/IRAP_1005.GRDECL"' /
:: SWITCH ON ECHOING OF INPUT FILES
ECHO

The example deactivates the echoing of the input files, reads in the grid geometry data using the INCLUDE
keyword, and then activates the echoing of the input files again.

Note

Especially for the large voluminous data sets in the GRID section, it is good practice to deactivate the

echoing of the input files when loading this data to avoid the print output file becoming too large to view
in a text editor.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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4.2.13 NOWARN - DeacTtivate WARNING MESSAGES

RUNSPEC

GRID

EDIT

PROPS REGIONS

SOLUTION

SUMMARY  |SCHEDULE

Description
Turns off warning messages to be printed to the print file; note that this keyword is deactivated by default

and can subsequently be switched off by the WARN activation keyword. The warning messages may be
turned on and off using keywords WARN and NOWARN.

It is recommended that WARN should always be used and action taken if necessary. For subsequent runs, the

warning messages can be turned off.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

NOWARN

INCLUDE

WARN

SWITCH OFF WARNING MESSAGES

INCLUDE SIMULATION GRID WITH SLOPING FAULTS

' ./INCLUDE/GRID/IRAP_1005.GRDECL' /

SWITCH ON WARNING MESSAGES

The example deactivates the warning messages before reading the grid geometry data using the INCLUDE
keyword, and then activates the warning messages after reading the INCLUDE file.
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4.2.14 SKIP - AcTivate SkippiNnGg oF ALL Keyworps AnD INPuT DATa

Description

The SKIP keyword turns on skipping of keywords until the ENDSKIP activation keyword is encountered. All
keywords and between the SKIP and ENDSKIP keywords are ignored by OPM Flow. See also the SKIP100
and SKIP300 keywords that skip only the “black-oil” and compositional keywords, respectively.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- SWITCH ON SKIPPING OF ALL KEYWORDS AND DATA

SKIP

-- INCLUDE SIMULATION GRID WITH SLOPING FAULTS

INCLUDE
' ./INCLUDE/GRID/IRAP_1005.GRDECL"' /

-- SWITCH ON READING OF ALL KEYWORDS AND DATA

ENDSKIP

The example skips reading of the of the grid geometry data using the INCLUDE keyword, and then reverts
back to reading the input files again.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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4.2.15 SKIP100 - AcTtivate SkippING oF “BrLack-O1L” Keyworps aAnp INpuT DATA

RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword turns on skipping of “black-oil” keywords until the ENDSKIP activation keyword is
encountered. All “black-oil” keywords between the SKIPI00 and ENDSKIP keywords are ignored by OPM
Flow. See also the SKIP and SKIP300 keywords that skip all and only the compositional keywords,
respectively. There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- SWITCH ON SKIPPING OF BLACK-OIL KEYWORDS AND DATA

SKIP100
-- INCLUDE BLACK-OIL PVT DATA
INCLUDE
'./INCLUDE/'BLACK-OIL-PVT' /
-- INCLUDE COMPOSITIONAL PVT DATA
INCLUDE
' ./INCLUDE/'COMPOSITION-PVT-EOS' /
-- SWITCH ON READING OF ALL KEYWORDS AND DATA
ENDSKIP
-- WATER PVT TABLE
PVTW
-- REF PRES BW Cw VISC VISC
-- PSIA RB/STB 1/PSIA CPOISE GRAD
4840.0 1.019 2.7E-6 0.370 1~ / WATER DATA REGION 1
-- OIL WAT GAS
-- DENSITY DENSITY DENSITY
DENSITY
39.0 62.37 0.04520 / PVT DATA REGION 1
-- ROCK COMPRESSIBILITY
-- REF PRES CF
-- PSIA 1/PSIA
ROCK
3966.9 5.0E-06 / ROCK COMPRESSIBILITY

The example skips reading of the of the 'BLACK-OIL-PVT' data set and reads the ‘COMPOSITION-PVT-
EOS’ file using the INCLUDE keyword, before proceeding to revert back to reading the input files again.
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4.2.16 SKIP300 - AcTivate SkiprING oF “ComposiTioNAL” KeEyworbps AnD InpuT DATA

RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE

Description

Turns on skipping of “compositional” keywords until the ENDSKIP activation keyword is encountered. All
“compositional” keywords between the SKIP300 and ENDSKIP keywords are ignored by OPM Flow. See also
the SKIP and SKIP100 keywords that skip all and only the “black-oil” keywords, respectively. There is no data
required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- SWITCH ON SKIPPING OF E300 KEYWORDS AND DATA

SKIP300
-- INCLUDE BLACK-OIL PVT DATA
INCLUDE
'./INCLUDE/'BLACK-OIL-PVT' /
-- INCLUDE COMPOSITIONAL PVT DATA
INCLUDE
' ./INCLUDE/'COMPOSITION-PVT-EOS' /
-- SWITCH ON READING OF KEYWORDS AND DATA
ENDSKIP
-- WATER PVT TABLE
PVTW
-- REF PRES BW Cw VISC VISC
-- PSIA RB/STB 1/PSIA CPOISE GRAD
4840.0 1.019 2.7E-6 0.370 1* / WATER DATA REGION 1
-- OIL WAT GAS
-- DENSITY DENSITY DENSITY
DENSITY
39.0 62.37 0.04520 / PVT DATA REGION 1
-- ROCK COMPRESSIBILITY
-- REF PRES CF
-- PSIA 1/PSIA
ROCK
3966.9 5.0E-06 / ROCK COMPRESSIBILITY

The example reads the 'BLACK-OIL-PVT' file using the INCLUDE keyword, then skips reading of the
‘COMPOSITION-PVT-EOS™ data set, before proceeding to revert back to reading the input files again.
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4.2.17 WARN - Activate WaARNING MESSAGES

RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE

Description

Turns on warning messages to be printed to the print file (*.PRT); note that this keyword is activated by
default and can subsequently be switched off by the NOWARN activation keyword. The warning messages
may be turned on and off using keywords WARN and NOWARN. OPM Flow always prints error messages.

It is recommended that WARN should always be used and action taken if necessary for the initial runs, once
the run has been “cleaned up” the warning messages can be turned off.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- SWITCH OFF WARNING MESSAGES

NOWARN
-- INCLUDE SIMULATION GRID WITH SLOPING FAULTS
INCLUDE
' ./INCLUDE/GRID/IRAP_1005.GRDECL' /
-- SWITCH ON WARNING MESSAGES
WARN

The example deactivates the warning messages before reading the grid geometry data using the INCLUDE
keyword, and then activates the warning messages after reading the INCLUDE file.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z
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CHAPTER 5: RUNSPEC SECTION
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5.1

51.1

INTRODUCTION

This is the first section in the OPM Flow input file and defines the key parameters for the simulator including
the dimensions of the model, phases present in the model (oil, gas and water for example), number of tables
for a given property and the maximum number of rows for each table, the maximum number of groups, wells
and well completions, as well as various options to be invoked by the simulator.

The section is defined by the RUNSPEC keyword and is terminated by the GRID keyword.

Keywords associated with the RUNSPECC section are either Activation type keywords to switch on a
feature or declare a phase, or a Vector (Row Vector) type of keyword that declares various options or array
dimensions. For example, the SATOPTS keyword that activates relative permeability assignment options, or
the WELLDIMS keyword that defines the maximum number of wells, completions per well, and maximum
number of groups etc. for the run. The keywords can be in any order, but the values entered impact the data
the simulator expects in subsequent sections. So for example if the VAPOIL keyword has been invoked to
declare that the vaporized oil phase (condensate) in wet gas? is present in the run, then the simulator
expects the PVTG keyword in the PROPS section to define the wet gas PVT properties. If the PYDG
keyword (dry gas!® PVT data set), has been entered instead in the PROPS section, then the simulator will
report this as an error when it reads the PYDG keyword or after processing the PROPS section.

Note that in some instances the numerical values entered need to be the actual values, as per the DIMENS
keyword, or maximum values, for example the previously mentioned WELLDIMS keyword. If the requirement
for the keyword is for the actual value and an incorrect value has been entered then this may or may not be
directly trapped by the simulator, and may result in numerous error message associated with the data instead.
Thus, if the error reporting messages in a given section are associated with data that is required to be
declared via a RUNSPEC keyword, one should also verify that the RUNSPEC keyword has been correctly
defined with the associated problematic data error messages. This is particularly true for the TABDIMS
keyword in the RUNSPEC section where some of the variables are defined as the actual number of tables,
whereas the length of the tables are a maximum value.To be clear, if NTSFUN on the TABDIMS keyword has
been set to five, then there must be exactly five sets of relative permeability data entered in the PROPS
section, otherwise data input errors will occur.

Data REQUIREMENTS

Table 5.1 outlines the minimum set of keywords required by OPM Flow in order for the simulator to
successfully parse the RUNSPEC section.

No. RUNSPEC Description Section
Keyword Applied
I TITLE TITLE — Define the Title for the Input Deck - this is printed on most | RUNSPEC
reports routed to the print file.
2 DIMENS DIMENS - Define the Dimension of the Model - the values entered must GRID
be the exact dimensions of the grid, otherwise the simulator will report
errors.

Natural gas that contains significant heavy hydrocarbons such as propane, butane and other liquid hydrocarbons is known as wet gas or

rich gas.

Natural gas that occurs in the absence of condensate or liquid hydrocarbons, or gas that had condensable hydrocarbons removed, is called

dry gas. It is primarily methane with some intermediates
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No. RUNSPEC Description Section
Keyword Applied
3 OlL, OIL - Activate the Oil Phase in the Model PROPS
DISGAS, DISGAS - Activate the Dissolved Gas Phase in the Model
GAS, GAS —Activate the Gas Phase in the Model
VAPOIL, VAPOIL - Activate the Vaporize Oil in Wet Gas Phase in the Model
and/or WATER - Activate the Water Phase in the Model
WATER Only the phase present in the run should be declared, so for a dry gas run
then only GAS and WATER keywords should be declared, since water is
always present in hydrocarbon accumulations.
4 FIELD, FIELD - Activate the Oil Field System of Units for the Model ALL
LAB, LAB - Activate the Laboratory System of Units for the Model
or METRIC - Activate the Metric System of Units for the Model
METRIC States the units to be used for the input deck.
5 WELLDIMS WELLDIMS - Define the Wells and Group Dimensions SCHEDULE
Sets the well and group dimensions etc.
Notes:
1) This limited input for the RUNSPEC section is never used in practice, as real full field models are more
complicated.

Table 5.1: Minimum Set of RUNSPEC Keywords Required by OPM Flow

If the minimum set of RUNSPEC keywords is only entered, then the default values of the missing keywords
will apply. This means for example only one set of PVT, relative permeability tables, and one equilibrium
region will be assumed by the simulator.

A complete list of RUNSPEC keywords in alphabetic order is shown in Table 5.2 together with a generalized
Topic column that classifies the functionality of the keyword. Note that not all keywords and features listed
in Table 5.2 are implemented in OPM Flow. Cells not colored in the No. column indicate the keyword is
supported, cells colored gray indicate that the keyword is not applicable, and finally, cells colored in orange
indicate keywords that are not supported by OPM Flow.

No. RUNSPEC Description Topic
Keyword
I ACTDIMS ACTDIMS - ACTION Keyword Dimensions. Action
2 ACTPARAM ACTPARAM - Define Action Facility Target and Tolerance Parameters . Action
3 AITS AITS - Activate Intelligent Time Stepping. Numeric
4 AITSOFF AITSOFF — Deactivate Intelligent Time Stepping. Numeric
5 ALKALINE ALKALINE - Activate the Alkaline Phase and Model. Alkaline
6 AP API - Activate API Tracking. AP
7 AQUDIMS AQUDIMS - Define Aquifer Dimensions. Aquifer
8 AUTOREF AUTOREF - Define Auto Refinement Options. LGR
9 BIGMODEL BIGMODEL - Activate Big Model Option (Retired). N/A
10 BLACKOIL BLACKOIL - Activate Black Oil Phases. Phases
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No. RUNSPEC Description Topic
Keyword
Il BPARA BPARA - Activate Block Parallel License. N/A
12 BPIDIMS BPIDIMS - Define the Dimensions of the Interpolated Block Quantities. Output
13 BRINE BRINE - Activate Brine Tracking Option. Brine
14 CART CART - Activate Cartesian Geometry. Input
This the default grid type that is normally not required to be entered.
I5 CBMOPTS CBMOPTS - Define Coal Bed Methane Options. CBM
16 CO2STORE CO2STORE - Activate the CO2 Storage Model. Phases
This is an OPM Flow implementation that is different to the
commercial simulator, the keyword is a compositional keyword in the
commercial simulator but has been implemented in OPM Flow’s
“black-oil” model.
The keyword actives the carbon dioxide storage model for the run to
account for both carbon dioxide and water phase solubility the
simulators CO,-Brine PVT model.
17 COAL COAL - Activate the Coal Phase (CBM Model). CBM
COLUMNS COLUMNS - Define Input File Column Margins. Input
18 CPR CPR - Activate Constrained Pressure Residual (“CPR”) Linear Solver. Numeric
See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.
19 DEBUG DEBUG - Define the Debug Data to be Printed to File. Output
19 DIFFUSE DIFFUSE - Activate Molecular Diffusion Option. Diffusion
20 DIMENS DIMENS - Define the Dimension of the Model. Input
The values entered must be the exact dimensions of the grid,
otherwise the simulator will report errors.
21 DISGAS DISGAS - Activate the Dissolved Gas Phase in the Model. Phases
22 DISPDIMS DISPDIMS - Define the Maximum Number of Dispersion Tables. Dispersion
23 DUALPERM DUALPERM - Activate Dual Permeability Model. Dual-Porosity
24 DUALPORO DUALPORO - Activate Dual Porosity Model. Dual-Porosity
25 DYNRDIMS DYNRDIMS - Define Dynamic Region Dimensions. Input
26 ECHO ECHO - Activate Echoing of User Input Files to the Print File. Output
27 ECLMC ECLMC - Activate Multi-Component Brine Model. Brine
28 END END - Define the End of the Input File. Input
29 ENDINC ENDINC - Define the End of an Include File. Input
30 ENDSCALE ENDSCALE - Activate Relative Permeability End-Point Scaling Option. End-Point
31 ENDSKIP ENDSKIP - DeActivate Skipping of Keywords and Input Data. Input
32 EQLDIMS EQLDIMS - Define the Equilibration Data Dimensions. Equilibration
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No. RUNSPEC Description Topic
Keyword
33 EQLOPTS EQLOPTS - Activate the Equilibration Options. Equilibration
34 EXTRAPMS EXTRAPMS - Activate Extrapolation Warning Messages. Output
35 FAULTDIM FAULTDIM - Define the Number of Fault Segments. Input
36 FIELD FIELD - Activate the Oil Field System of Units for the Model. Input
- FMTHMD FMTHMD - Activate The Format History Match Gradient File Option. Output
38 FMTIN FMTIN - Activate The Format Input File Option. Input
39 FMTOUT FMTOUT - Activate The Format Output File Option. Output
40 FOAM FOAM - Activate the Foam Phase and Model. Foam
4| FORMFEED FORMFEED - Defined the Print File Form-Feed Character. Output
FRICTION FRICTION - Activate Wellbore Friction Option. Well
FULLIMP FULLIMP - Activate Fully Implicit Solution Option. Numeric
See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.
GAS GAS - Activate the Gas Phase in the Model. Phases
GASFIELD GASFIELD - Define Gas Field Operations Options. Gas Field
GDIMS GDIMS - Activate Instantaneous Gradient Option and Define Gradient
Dimensions .
GIMODEL Gl - Define the Initial Equilibration Gi Values for All Grid Blocks. Phases
GRAVDR GRAVDR - Activate Gravity Drainage and Imbibition for Dual Porosity | Dual-Porosity
Model.
GRAVDRB GRAVDRB - Activate Vertical Discretized Gravity Drainage and | Dual-Porosity
Imbibition for Dual Porosity Model .
GRAVDRM GRAVDRM - Activate Alternative Gravity Drainage and Imbibition for | Dual-Porosity
Dual Porosity Model.
51 GRIDOPTS GRIDOPTS - Grid Processing Options. Input
- HMDIMS HMDIMS - Define History Match Gradient Parameter Dimensions. Gradient
53 HYST HYST - Activate the Hysteresis Option (Retired). Hysteresis
The HYST keyword activates the hysteresis option, the keyword
should be avoided and the hysteresis option should be enabled by the
HYSER parameter on the SATOTPS keyword see - SATOPTS -
Activate Relative Permeability Assignment Options .
IMPES IMPES - Activate Implicit Pressure Explicit Saturation Solution Option. Numeric

See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.
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No. RUNSPEC Description Topic
Keyword
IMPLICIT IMPLICIT - Activate Fully Implicit Solution Option. Numeric
See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.
INCLUDE INCLUDE - Load Another Data File at the Current Position. Input
INSPEC INSPEC - Activate the INSPEC File Option. Output
LAB LAB - Activate the Laboratory System of Units for the Model. Input
LGR LGR - Define Local Grid Refinement Dimensions and Parameters. LGR
LGRCOPY LGRCOPY - Activate Local Grid Refinement Inheritance. LGR
LICENSES LICENSES - Define Required Licenses for Run. N/A
LIVEOIL LIVEOIL - Activate the Live Oil Phase (Oil with Free and Dissolved Phases
Gas).
LOAD LOAD - Load a SAVE File for a Fast Restart. Input
LOWSALT LOWSALT - Activate the Low Salt Brine Phase in the Brine Model. Brine
MEMORY MEMORY - Define Allocated Memory (Retired). N/A
MESSAGE MESSAGE - Output User Message.The MESSAGE keyword outputs a Output
user message to the terminal, as well as to the print (*.PRT) and debug
(*.DBG) files.
MESSAGES MESSAGES - Define Message Print Limits and Stop Limits. The Output
MESSAGES keyword defines the print and stops levels for various
messages.

- MESSSRVC MESSSRVC - Activate or Deactivate Database Message File Output. Output
69 METRIC METRIC - Activate the Metric System of Units for the Model. Input
70 MISCIBLE MISCIBLE - Define Miscibility Todd-Longstaff Parameters. Miscible

MONITOR MONITOR - Activate Output of the Monitoring Data and File. Output
MSGFILE MSGFILE - Active or Deactivate Message File Output. Output
73 MULTIN MULTIN - Activate the Non-Unified Multiple Input File Option. Input
74 MULTOUT MULTOUT - Activate the Non-Unified Multiple Output File Option. Output
MULTOUTS MULTOUTS - Activate Non-Unified Multiple Summary Output File Output
Option.
76 MULTREAL MULTREAL - Activate Commercial Simulator’'s Multi-Realization N/A
License.
77 NETWORK NETWORK - Activate the Extended Network Option and Define Network
Parameters.
NINEPOIN NINEPOIN - Activate the Nine-Point Discretization Option. Numeric
NMATRIX NMATRIX - Activate the Discretized Matrix Dual Porosity Option. Dual-Porosity
NNEWTF NNEWTF - Activate the Non-Newtonian Fluid Model. Numeric
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No. RUNSPEC Description Topic
Keyword
NOCASC NOCASC - Activate Linear Solver Tracer Algorithm. Tracers
See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.
NOECHO NOECHO - Deactivate Echoing of User Input Files to the Print File.
NOHYST NOHYST - Deactivate the Hysteresis Option. Hysteresis
NOINSPEC NOINSPEC - Deactivate Output of the INIT Index File. Output
NOMONITO | NOMONITO - Deactivate Output of the Monitoring Data and File. Output
NONNC NONNC - Deactivate Non-Neighbor Connections. Input
NORSSPEC NORSSPEC - Deactivate Output of the RESTART Index File. Output
NOSIM NOSIM - Activate the No Simulation Mode for Data File Checking. Numeric
NOWARN NOWARN - Deactivate Warning Messages. Output
NRSOUT NRSOUT - Defined Maximum Number of RESTART Elements . Output
NSTACK NSTACK - Define the Stack Length for the Iterative Linear Solver. Numeric
92 NUMRES NUMRES - Define the Number of Reservoir Grids. Input
Currently, this should only be set to one in OPM Flow.
93 NUPCOL NUPCOL - Define the Number of Newtonian Iterations Used to Update Numeric
Well Targets.

94 OoIL OIL - Activate the Oil Phase in the Model. Phases
OPTIONS OPTIONS - Activate Various Program Options. Options
PARALLEL PARALLEL - Define Parallel Run Configuration. Numeric

The keyword defines the run to use parallel processing and sets the

domain decomposition options. See section 2.2 Running OPM Flow

2021-04 From The Command Line on how to run OPM Flow in

parallel mode.
PARTTRAC PARTTRAC - Activate and Define Partitioned Tracer Option. Tracers

n PATHS PATHS - Define Filename Directory Path Aliases. Input

PEDIMS PEDIMS - Define Petro-Elastic Model Regions and Table Dimensions. Petro-Elastic
PETOPTS PETOPTS - Define Petrel and Generic Simulation File Options. Input

101 | PIMTDIMS PIMTDIMS - Define Well Productivity Scaling Table Dimensions. Wells

102 | POLYMER POLYMER - Activate the Polymer Phase in the Model. Polymer
PRECSALT PRECSALT - Activate the OPM Flow Salt Precipitation Model. Water

This is an OPM Flow specific keyword for the simulator’s Salt Vaporization
Precipitation model, note that this is an extension to the commercial
simulator’s Brine model.
PSTEADY PSTEADY - Activate Pseudo Steady State Flow Calculation Option. Numeric
RADIAL RADIAL - Radial Grid Activation Option. Radial

Date: June 17,2021

Table of Contents

Page 131 of 2151




X3 OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04)

Revision: Rev-0

No. RUNSPEC Description Topic
Keyword
106 | REGDIMS REGDIMS - Define the Maximum Number of Regions for a Region Input
Array.

107 | RIVRDIMS RIVRDIMS - Define the River Dimensions and Associated Data . Rivers

108 | ROCKCOMP | ROCKCOMP - Activate Rock Compaction . Compaction
RPTCPL RPTCPL - Activate Couple Simulation Reporting. Output
RPTHMD RPTHMD - Define Well History Match Gradient Reporting Options. Gradient
RPTRUNSP RPTRUNSP - Activate RUNSPEC Reporting. Output
RSSPEC RSSPEC - Activate Output of the RESTART Index File. Output

113 | RUNSPEC RUNSPEC - Define the Start of the RUNSPEC Section of Keywords
SAMG SAMG - Activate Algebraic Multi-Grid Linear Solver. Numeric

See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.

115 | SATOPTS SATOPTS - Activate Relative Permeability Assignment Options . Input
SAVE SAVE - Activate Output of a SAVE File for Fast Restarts. Output
SCDPDIMS SCDPDIMS - Define Scale Deposition and Damage Table Dimensions. Scale

Deposition
SKIP SKIP - Activate Skipping of All Keywords and Input Data. Input
SKIP100 SKIP100 - Activate Skipping of “Black-Oil” Keywords and Input Data. Input
SKIP300 SKIP300 — Activate Skipping of “Compositional” Keywords and Input Input
Data.
121 | SMRYDIMS SMRYDIMS - Define Maximum Number of Summary Vectors to be Output
Written .
SOLVDIMS SOLVDIMS - Define PEBI Grid Nested Factorization Solver Numeric
Dimensions .
See section 2.2 Running OPM Flow 2021-04 From The Command Line
on how to invoke various numerical schemes via the OPM Flow
command line interface.
123 | SOLVENT SOLVFRAC - Define the Initial Gas Solvent Fraction for All Grid Blocks Solvent
124 | SPIDER SPIDER — Spider Grid Activation Option. Radial
This is an OPM Flow specific keyword for the simulator’s Spider Grid
option, that emulates a Radial Grid via corner-point geometry. The
option employs the standard GRID section radial grid keywords to
construct the grid - see the example in the section on Spider Grids
(Spider Grids).

125 | START START - Simulation Start Date. Numeric
SURFACT SURFACT - Activate the Surfactant Phase in the Model. Surfactant
SURFACTW SURFACTW - Activate the Surfactant Phase with Wettability Changes Surfactant

in the Model.
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No. RUNSPEC Description Topic
Keyword
128 | TABDIMS TABDIMS - Define the Number of Tables and the Table Dimensions. Input
129 | TEMP TEMP - Activate the Temperature Modeling Option. Thermal
The temperature option (TEMP keyword) and the thermal option
(THERMAL keyword) are two separate modeling facilities in the
commerecial simulator. See THERMAL- Activate the Thermal Modeling
Option for additional information.
130 | THERMAL THERMAL- Activate the Thermal Modeling Option. Thermal
This keyword activates OPM Flow’s thermal modeling option. The
energy “black-oil” implementation in OPM Flow is a mixture of the
commercial simulators “black-oil” and the commercial simulators
“compositional thermal” keywords, as well as some OPM Flow specific
keywords. See the keyword for further information.
131 | TITLE TITLE - Define the Title for the Input Deck. Input
132 | TRACERS TRACERS - Activate Tracer Options and Set Tracer Array Dimensions. Tracers
133 | TRPLPORO TRPLPORO - Activate the Triple Porosity Model Option. Triple-Porosity
134 | UDADIMS UDADIMS - Define the Dimensions of the User Defined Arguments. Action
135 | UDQDIMS UDQDIMS - Define the Dimensions of the User Defined UDQ Feature. Action
136 | UDQPARAM UDQPARAM - Define Parameters for the User Defined Quantity Action
Feature.
137 | UDTDIMS UDTDIMS - Define the Dimensions of the User Defined Tables. Action
138 | UNCODHMD | UNCODHMD - Activate History Match Gradient Unencoded Output. Gradient
139 | UNIFIN UNIFIN - Activate The Unified Input File Option. Input
140 | UNIFOUT UNIFOUT - Activate The Unified Output File Option. Output
141 UNIFOUTS UNIFOUTS - Activate The Unified Output Summary File Option. Output
142 | UNIFSAVE UNIFSAVE - Activate The Unified Output Save File Option. Output
143 | VAPOIL VAPOIL - Activate the Vaporize Oil in Wet Gas Phase in the Model Phases
144 | VAPWAT VAPWAT - Activate Vaporize Water in the Dry and Wet Gas Phases. Water
This is an OPM Flow specific keyword for the simulator’s Water Vaporization
Vaporization Model that is activated by declaring that vaporized water
is present in the run.
145 | VE VE - Activate Vertical Equilibrium Model (Global). Input
146 | VFPIDIMS VFPIDIMS - Injection Vertical Flow Performance Table Dimensions. Well
147 | VFPPDIMS VFPPDIMS - Production Vertical Flow Performance Table Dimensions. WVell
148 | VISAGE VISAGE - Activate External Reservoir Geo-Mechanics VISAGE Option. N/A
149 | VISCD VISCD - Activate Dual Porosity Viscous Displacement Option . Dual-Porosity
150 | WARN WARN - Activate Warning Messages. Output
151 WATER WATER - Activate the Water Phase in the Model. Phases
52 | WELLDIMS WELLDIMS - Define the Wells and Group Dimensions. Well
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)

2)
3)

4

3)

6)

7)

8)

9)

10)

)

12)
13)

Action: Keywords associated with the
ACTIONX or OPM Flow’s Python facility.

API: Keywords associated with the API option.
Brine: Keywords associated with the BRINE
option.

CBM: COAL BED METHANE activation and
options (not implemented in OPM Flow).
Diffusion: DIFFUSION model activation and
options.

Dispersion: DISPERSION model activation and
options.

Dual-Porosity: DUAL POROSITY and DUAL
PERMEABILITY model activation and
parameters.

End-Point: END-POINT SCALING activation
and options.

Equilibration EQUIL section control and
options.

Gas Field: GAS FIELD model activation, control
and options.

Gradient: Keywords associated with the
GRADIENT option, used in history matching.

Foam: FOAM model activation.
Hysteresis: HYSTERESIS model.

14)
I5)

16)
17)
18)

19)
20)

21)
22)
23)

24)

25)
26)

27)

No. RUNSPEC Description Topic
Keyword
153 | WPOTCALC WPOTCALC - Well Potential Calculation Options. Well
154 | WSEGDIMS WSEGDIMS - Define Multi-Segment Well Dimensions. Multi-Segment
Well
Notes:

I) Note that not all keywords and features listed above are implemented in OPM Flow. Cells not colored in the
No. column indicate the keyword is supported or partially supported by OPM Flow, cells colored gray indicate
that the keyword is not applicable, and finally, cells colored in orange indicate keywords that are not supported
by OPM Flow and will be ignored by the simulator.

2) For the Topic column the definition of the entries is defined as follows:

Input: Input control and options.

LGR: LOCAL GRID REFINEMENT dimensions
and options.

Multi-Segment: Multi-Segment well
dimensions and options.

Network: Activation and options for the
NETWORK model.

Numeric: Keywords related to the various
numeric control and options for the run.

Output: Output control and options.

Phases: Declarations related to the active
phases.

Scale Deposition: Scale and BRINE options.
Solvent: SOLVENT phase options

Surfactant: SURFACTANT phase activation and
options.

Thermal: THERMAL model activation and
options.

Tracers: TRACER model options.

Tripple-Porosity: TRIPLE POROSITY model
option activation.

Water Vaporization: WATER
VAPORIZATION activation.

Table 5.2:Alphabetic List of RUNSPEC Keywords

Note that a number of keywords can be classified under several topics, so the Topic column should only be
used as a general reference guide.
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Example

A typical RUNSPEC section using various keywords is shown below and on the next few pages for reference.

-- RUNSPEC SECTION

RUNSPEC

-- DEFINE THE TITLE FOR THE RUN

TITLE
CASE CASENAME - SIMULATION RUN TITLE

-- DEFINE THE START DATE FOR THE RUN

START
01 'JAN' 2021 /

-- SWITCH NO SIMULATION MODE FOR DATA CHECKING COMMENT OUT TO RUN THE MODEL

-- OIL PHASE IS PRESENT IN THE RUN

OIL

:: WATER PHASE IS PRESENT IN THE RUN

WATER

:: GAS PHASE IS PRESENT IN THE RUN

6AS

:: DISSOLVED GAS IN LIVE OIL IS PRESENT IN THE RUN

BiSGAS

:: VAPORIZED OIL IN WET GAS IS PRESENT IN THE RUN

QAPOIL

:: NUMBER AND TYPE OF TRACERS

-- NO OIL NO WAT NO GAS NO ENV DIFF MAX MIN TRACER
-- TRACERS TRACERS TRACERS TRACERS CONTL NONLIN NONLIN NONLIN
TRACERS

0 0 1 0 "NODIFF' 1* 1* 1* /
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-- MAX MAX MAX
-- NDIVIX NDIVIY NDIVIZ
DIMENS

46 112 22 /
-- FAULT
-- SEGMS
FAULTDIM

10000 /
-- MAX MAX RSVD TVDP TVDP
-- EQLNUM DEPTH NODES TABLE NODES
EQLDIMS

9 1* 20 1 1 /
-- MAX TOTAL INDEP FLUX TRACK CBM OPERN WORK WORK POLY
-- FIPNUM REGNS REGNS REGNS REGNS REGNS REGNS REAL INTG REGNS
REGDIMS

9 9 1* 1* 1* 1* 1* 1* 1~ 1~ /
-- NEG MAX MAX
-- MULTS MULTNUM PINCHNUM
GRIDOPTS

YES 9 1~ /
-- ACTIVATE EQUILIBRATION OPTIONS
-- MOBILE ENDPOINT(MOBILE) STEADY STATE(QUIESC) THRESHOLD(THPRES)
-- IRREVERSIBLE THRESHOLD(IRREVERS)
EQLOPTS

'MOBILE' '"QUIESC' 'THPRES' 'IRREVERS' /

-- MAX MAX MAX MAX MAX MAX E300
-- NTSFUN NTPVT NSSFUN  NPPVT NTFIP NRPVT BLANK NTEND
TABDIMS
15 9 40 30 9 25 1~ 1 /
-- DIRC REVERSE MAX MAX
-- SCALE SCALE TABLES NODES
ENDSCALE
NODIR REVERS 1* 1* /
-- ACTIVATE RELATIVE PERMEABILITY ASSIGNMENT HYSTERESIS OPTIONS
-- DIRECTTIONAL(DIRECT) IRREVERSIBLE(IRREVERS) HYSTERESIS(HYSTER)
SATOPTS

'DIRECT' 'IRREVERS' '"HYSTER' /
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-- WELL WELL GRUPS GRUPS
-- MXWELS MXCONS MXGRPS MXGRPW

WELLDIMS
60 110 18 40
-- DEFINE WELL PRODUCTIVITY SCALING TABLE DIMENSIONS
-- MAX MAX
-- TABLES ENTRIES
PIMTDIMS
1 51

-- INJECTING VFP TABLES

-- VFP VFP VFP
-- MXMFLO MXMTHP NMMVFT
VFPIDIMS

10 10 12

-- PRODUCING VFP TABLES

-- VFP VFP VFP VFP VFP VFP
-- MXMFLO MXMTHP MXMWFR MXMGFR MXMALQ NMMVFT
VFPPDIMS

20 10 10 10 6 9

-- USER DEFINED ARGUMENT DIMENSIONS FACILITY

-- MAX MAX MAX MAX MAX MAX  MAX MAX MAX RAND
-- FUNCS ITEMS CONNS FIELD GROUP REGS SEGTM WELL AQUF BLCKS OPT
UDQDIMS

16 16 0 0 0 0 0 0 N /
-- USER DEFINED ARGUMENT DIMENSIONS
-- NO. NOT TOTAL
-- ARGS USED uDQ
UDADIMS

2 1* 1* /
-- USER DEFINED DEFAULT VALUES
-- SEED RANGE UNDEFINED  COMPARISON
-- INTG -AND+ VALUE TOLERANCE
UDQPARAM

1 1* 0.0 1.0E-4 /
-- NUMERICAL AND RUN CONTROL OPTIONS
-- SET STACK SIZE FOR LINEAR SOLVER
NSTACK

30 /
-- DEFINE THE NUMBER OF ITERATIONS TO UPDATE WELL FLOW TARGETS
NUPCOL

3 /
-- SKIP ACTIVATE
-- OPTIONS  OPTION
OPTIONS

77%0 1 /
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METRIC
UNIFIN
UNIFOUT

MESSAGES

METRIC SYSTEM OF UNITS FOR BOTH INPUT AND OUTPUT

SWITCH ON THE UNIFIED INPUT FILES OPTION

SWITCH ON THE UNIFIED OUTPUT FILES OPTION

MESS COMMT WARN PROBL ERROR BUG MESS COMMT WARN PROBL ERROR BUG
LIMIT LIMIT LIMIT LIMIT LIMIT LIMIT STOP STOP STOP STOP STOP STOP

3000 1* 1000 1000 1* 1* 1* 1* 9000 1% 9000 1% /

DEBUG PRINTING OPTIONS

8*0 1 11*0 1 30%0 /

The above example is rather extensive but is not unrealistic in terms of the features being activated and the
array size declarations.

Previously on 32-bit systems, array sizes were important to ensure that there was sufficient addressable
memory to load the input deck and to be able to run given the memory limitations, this is no longer a
concern on modern 64-bit systems like Linux.
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5.2 KEeyworbp DEFINITIONS
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5.2.1 ACTDIMS - ACTION Keyworp DIMENSIONS

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The ACTDIMS keyword defines the maximum number of properties associated with the ACTION keyword.
The ACTION keyword allows the user to enter computational logic and calculations to the simulation run
based on the how the simulation run is proceeding.

No. Name Description Default

| MXACTNS A positive integer value that defines the maximum number of ACTION 2
keywords defined in the input deck.

2 MXLINES A positive integer value that defines the maximum number of lines in an 50
ACTION statement.

3 MXCHARS A positive integer value that defines the maximum characters in an 80
ACTION statement.

4 MXSTATMS A positive integer value that defines the maximum number of conditional 3
statements in the ACTION statement.

Notes:

1) The keyword is terminated by a ““/”.

Table 5.3:ACTDIMS Keyword Description

Although this keyword is read by OPM Flow, the ACTION and UDQ computational logic and calculations
have not been fully implemented and therefore this keyword should not be used as it may result in OPM
Flow terminating.

Example

-- ACTION ACTION ACTION ACTION
-- MXACTNS MXLINES MXCHARS MXSTATMS
ACTDIMS
2 50 80 3 /

The above example defines the default values for the ACTDIMS keyword.
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5.2.2 ACTPARAM - DeriNne AcTioN FaciLity TARGET AND ToLERANCE PARAMETERS

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The ACTPARAM keyword defines the maximum target percent value for the ACTION series of keywords
and the fractional equality tolerance for determining if two numbers are numerically equal when comparing
values using the ACTION series of keywords. The ACTION keyword allows the user to enter computational
logic and calculations to the simulation run based on the how the simulation run is proceeding.

No.

Name

Description

Field

Metric

Laboratory

Default

| MXTOLS

A positive real value that defines the maximum target percent number for
the ACTION series of keywords.

The default value of 100 means the target is not applied.

percent

100.0

percent

100.0

percent

100.0

Defined

2 MXEQLS

MXEQLS a real positive number greater than zero and less than one that

defines the tolerance used to determine if two real values are equal for
comparing values in the ACTION series of keywords.

Floating-point numbers (as implemented in computers) are never exact,
one cannot compare floating point numbers for exact equality. Thus,
MXEQLS defines a tolerance. For example, the default value of | x 10
means that if the difference between two real values is less than | x 10
then the values are considered equal.

fraction
| x 10

fraction
I x10*

fraction

I x 10* Defined

Notes:

1)  The keyword is terminated by a *“/”.

Table 5.4:ACTPARAM Keyword Description

Although this keyword is read by OPM Flow, the ACTION and UDQ computational logic and calculations
have not been fully implemented and therefore this keyword should not be used as it may result in OPM
Flow terminating.

Example
-- ACTION  ACTION
-- MXTOLS  MXEQLS
ACTPARAM
5.0 1.0E-4 /

The above example defines the maximum tolerance to be 5% and the equality tolerance to be the default
value of 1.0 x 10
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5.2.3 AITS - AcTivate INTELLIGENT TIME STEPPING
RUNSPEC  |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
Turns on the commercial simulator’s intelligent time stepping.

This keyword is ignored by OPM Flow and has no effect on the simulation
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5.2.4 AITSOFF - DeacTtivaTe INTELLIGENT TIME STEPPING
RUNSPEC  |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
Turns off the commercial simulator’s intelligent time stepping.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.5 ALKALINE - Activate THE ALKALINE PHASE AND MoDEL

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword indicates that an alkaline phase is present in the model and to activate the alkaline model in the
run. The keyword will also invoke data input file checking to ensure that all the required alkaline model input
parameters are defined in the input deck.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ALKALINE PHASE IS PRESENT IN THE RUN

ALKALINE

The above example declares that the alkaline phase is active in the model to activate alkaline model.
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5.2.6 API - AcTtivate API TrAcKING

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
This keyword switches on API tracking so that the various “oil types” are tracked in the model.

In many reservoirs the initial APl gravity of oil varies with depth due to the heavy viscous fractions occupying
the deepest part of the reservoir whilst the lighter more mobile fractions will occupy the upper part of the
reservoir. As a reservoir is depleted the API gravity of oil in a cell will gradually change as the different fluids
mix.

In OPM Flow it is possible to define different PVT regions in a reservoir, as in all finite difference formulated
simulators, oil moving from one region to another will suddenly assume the properties of that region it has

moved to. The fluid type tracking option allows the smooth change of PVT properties in a cell to be
simulated by correlating PVT properties against the APl gravity of oil.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE THE API TRACKING OPTION

API

The above example switches on the API tracking facility.
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5.2.7 AQUDIMS - DeriNe AQuiFER DIMENSIONS
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE
Description

The AQUDIMS keyword defines the dimensions of the various aquifer property data. The data is normally
entered on a single line and is terminated by a “/”.

No. Name Description Default

| MXNAQN A positive integer value that defines the AQUNUM keyword maximum I
number of lines associated with this keyword, that is the maximum

number of numerical aquifers

2 MXNAQC A positive integer value that defines the AQUCON keyword maximum
number of lines of connection data associated with this keyword, that is
the maximum number of lines of connection data for numerical aquifers.

3 NIFTBL A positive integer value that defines the AQUTAB keyword maximum
number of Carter-Tracy aquifer tables associated with this keyword.

4 NRIFTB A positive integer value that defines the AQUTAB keyword maximum 36
number of rows in the Carter-Tracy aquifer tables associated with this
keyword.

NRIFTB must not be less than 36 in order to accommodate the default
infinite acting Carter-Tracy aquifer influence function.

5 NANAQ A positive integer value that defines the AQUFET and AQUCT maximum
number of analytical aquifers defined by these two keywords.

6 NCAMAX A positive integer value that defines the maximum number of cells
connected to an analytical aquifer.

7 MXNALI A positive integer value that defines the maximum number of aquifer lists. 0
8 MXAAQL A positive integer value that defines the maximum number of analytic 0

aquifers in any single aquifer list as defined by (7).

Notes:

1)  The keyword is terminated by a “/”.

Table 5.5:AQUDIMS Keyword Description

Example

-- AQF AQF AQF AQF AQF AQF AQF AQF
-- MXAQN  MXNAQC NIFTBL NRIFTB NANAQ  NCAMAX MXNALI MXAAQL
AQUDIMS
1* 1* 1* 1* 1* 1* 1* 1* /

The above example defines the default values for the AQUDIMS keyword.
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5.2.8 AUTOREF - Derine Auto RerINEMENT OPTIONS

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
The AUTOREF keyword activates the Auto Refinement option and defines the parameters for this feature.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.9 BIGMODEL - Activate Bic MopeL OpTion (RETIRED)
RUNSPEC  |GRID EDIT PROPS REGIONS ~ [SOLUTION ~ |SUMMARY  |SCHEDULE

Description

The original intention in the commercial simulator was to define an optimized memory allocation method to
handle large models; this has since become redundant and has been retired in the commercial simulator.

This keyword is ignored by both OPM Flow and the commercial simulator and has no effect on the
simulation but is documented here for completeness.
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5.2.10 BLACKOIL - AcTivate BLack OiL PHASES
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE
Description

In

This keyword switches on the “black-oil” formulation, and is equivalent to setting the phases present in the
model to be oil, vaporized oil, gas, and dissolved gas. Note if water is present in the model this needs to be
explicitly stated via the WATER keyword in the RUNSPEC section (see also the DEADOIL and LIVEOIL
keywords in the RUNSPEC section). The keyword is used by the commercial simulator’s compositional
THERMAL option to set the phases present in the model.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example
The following example activates the “black-oil” phases in the model.

-- ACTIVATE BLACK-OIL PHASES

BLACKOIL

Alternatively one could explicitly declare the phases using the following keywords in the RUNSPEC section.

-- OIL PHASE IS PRESENT IN THE RUN

OIL

:: VAPORIZED OIL IN WET GAS IS PRESENT IN THE RUN
QAPOIL

:: GAS PHASE IS PRESENT IN THE RUN

6AS

:: DISSOLVED GAS IN LIVE OIL IS PRESENT IN THE RUN
6iSGAS

The above example switches on the “black-oil” phases in the model.
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5.2.11 BPARA - AcTivate BLock PaRALLEL LICENSE

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The BPARA keyword activates the block parallel license in the commercial simulator. There is no data
required for this keyword; however the keyword should be followed by the PARALLEL keyword in the
RUNSPEC section, as illustrated in the example below.

There is no data required for this keyword and there is no terminating “/” for this keyword.

OPM Flow is an open source project and therefore there is no license management of the various
implemented options or the number of cores/threads that can be utilized; hence, this keyword is ignored by
OPM Flow and has no effect on the simulation but is documented here for completeness.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to run OPM Flow in parallel mode.

Example

-- ACTIVATE BLOCK PARALLEL LICENSE

BPARA
-- PARALLEL MULTI-CORE OPTIONS
-- NDMAIN MACHINE TYPE
PARALLEL
8 DISTRIBUTED /

The above example sets the number of domains (or processors) to eight and for the simulation to run in
block parallel mode. This has no effect in OPM Flow input decks.
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5.2.12 BPIDIMS - DerINE THE DiMENSIONS OF THE INTERPOLATED BLock QUANTITIES
SOLUTION  |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS REGIONS

Description
The BPDIMS keyword defines the dimensions of the interpolated grid block quantities for the BPR_X,

BHD_X,BHDF_X, BSCN_X and BCTRA X, etc. variables declared in the SUMMARY section.
This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for

completeness.
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5.2.13 BRINE - AcTtivate BriNE TrRAackING OpPTION

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Description

The BRINE keyword activates the standard Brine Tracking model and optionally defines the water phase to
have various salinities if the ECLMC keyword in the RUNSPEC section has been used to activate the Multi-
Component Brine model, that allows for the water phase to have multiple water salinities. Note that the
Multi-Component Brine model is not supported by OPM Flow.

No. Name Description Default
| SALTS An optional character vector string that defines the salts to be tracked for None
when the Multi-Component Brine model has been activated by the
ECLMC keyword in the RUNSPEC section.
SALTS should be set to one or more of the following salt chemical
formulae:
Salt Name Salt Chemical Formulae
Sodium Chloride NaCl
Potassium Chloride KCI
Calcium Chloride CaCl,
Magnesium Chloride MgCl,
Sodium Carbonate Na,COs;
Potassium Carbonate K,CO;
Calcium Carbonate CaCO;
Magnesium Carbonate MgCO;
Sodium Sulfate Na,SO,
Potassium Sulfate K,SO4
Calcium Sulfate CaSO,
Magnesium Sulfate MgSO,
Note that the ECLMC option is currently not available in OPM Flow, so
only the BRINE keyword without the optional SALT variables should be
declared in the input deck.
Notes:

1) There is no data required for this keyword if the standard Brine Tracking option is being activated and there
should be no terminating “/”” in this case. However, if the Multi-Component Brine Tracking option has been
invoked by the ECLMC keyword, a list of SALTS must be supplied and in this case.

2) The keyword is terminated by a “/”.

Table 5.6: BRINE Keyword Description

See also the PRECSALT and VAPWAT keywords in the RUNSPEC section that activates OPM Flow’s Salt
Precipitation model, and the PVTWSALT keyword in the PROPS section to define the water properties with
respect to salt concentration.
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Example
The first example actives the standard Brine model and has no terminating ““/”.

-- ACTIVATE STANDARD BRINE MODEL IN THE RUN

BRINE

The second example illustrates how to activate OPM Flow’s Salt Precipitation model which is under
development, but is currently unavailable for this release.

-- ACTIVATE STANDARD BRINE MODEL IN THE RUN

BRINE

:: ACTIVATE THE OPM FLOW SALT PRECIPITATION MODEL (OPM FLOW KEYWORD)
ééECSALT

:: VAPORIZED WATER IN DRY/WET GAS IS PRESENT IN THE RUN (OPM FLOW KEYWORD)
QAPWAT

The third and final example activates the Multi-Component brine model with four different salts.

-- ACTIVATE MULTI-COMPONENT BRINE MODEL

-- DEFINE WATER PHASE MULTI-COMPONENT BRINE COMPONENTS
-- SALT1 SALT2 SALT3 SALT4 SALTS5

NACL CACL2 MGCO3 K2C03 /

This option is currently not available in OPM Flow.
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5.2.14 CART - AcTivate CARrTESIAN GEOMETRY
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
CART activates the Cartesian grid geometry for the main model, as oppose to a radial geometry. This is the
default geometry and therefore the keyword does have to be used to activate this type of geometry.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.15 CBMOPTS - Derine CoaL Bep MeTHANE OpPTIONS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
This keyword sets the options for the Coal Bed Methane model which is activated via the COAL keyword in

the RUNSPEC section.
This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.16 CO2STORE - AcTivate THE CO> StorAGE MoODEL

n

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The CO2STORE keyword actives the carbon dioxide (CO,) storage model for the run to account for both
carbon dioxide and water phase solubility, via the simulator’s CO,-Brine PVT model. This keyword is a
compositional keyword in the commercial simulator but has been implemented in OPM Flow’s “black-oil”
model.

The CO,-Brine PVT model computes the PVT properties such as density, viscosity, and enthalpy internally as
functions of pressure, temperature, and composition by using analytic correlations and models from the
literature rather than by interpolation from tabulated values. These values are transformed to the standard
black oil equivalent PVT tables internally by the simulator. A full description of the underlying PVT models is
described by Sandve at al.!!. This means that the normal PVT keywords like DENSITY, PVTO, PVDG etc. are
not required by OPM Flow when this model is activated, and if entered will be ignored by the simulator.
Note that the CO,-Brine PVT properties depend on the salinity and must therefore be entered in the
PROPS section. Region based salinity can be provided using the SALINITY keyword.

The CO2STORE keyword must be used together with the GAS and OIL keywords in the RUNSPEC section
to declare that the gas and oil phases are present in the model. Internally the oil phase refers to the brine
and the gas phase to CO.. Input / output keywords need to be consistent with this assumption. i.e., SGOF
(gas-oil relative permeability) is used for the CO,-Brine relative permeability, FOIP (Field Oil-In-Place) shows
the total amount of brine in the reservoir, etc.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

The example below declares that the carbon dioxide storage model is active for the run to account for both
carbon dioxide and water phase solubility using OPM Flow’s CO,-Brine PVT model. Again, note that the OIL
phase refers to the brine and the GAS phase to CO..

-- RUNSPEC SECTION

RUNSPEC

-- OIL PHASE IS PRESENT IN THE RUN BUT IS THE BRINE PHASE FOR CO2STORE

OIL

:: GAS PHASE IS PRESENT IN THE RUN BUT IS THE CO2 PHASE FOR CO2STORE
6AS

:: ACTIVATE CO2 STORAGE IN THE MODEL (OPM FLOW CO2 STORAGE KEYWORD)
(-:(_JZSTORE

Tor Harald Sandvel, Sarah E. Gasda, Atgeirr Rasmussen, and Alf Birger Rustad. Convective dissolution in field scale CO , storage simulation
using the OPM Flow simulator. Submitted to TCCS || —Trondheim Conference on CO, Capture, Transport and Storage Trondheim, Norway
—June 21-23,2021.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z

Date: June 17,2021 Table of Contents Page 156 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

The second part of the example covers the data required for the PROPS section, in which the input
keywords need to be consistent with the OIL phase referring to the Brine and the GAS to CO,; that is
SGOF (gas-oil relative permeability) is used to define the CO,-Brine relative permeability table.

-- PROPS SECTION

PROPS
-- ROCK COMPRESSIBILITY
-- REFERENCE PRESSURE IS TAKEN FROM THE HCPV WEIGHTED RESERVOIR PRESSURE
-- REF PRES CF
-- BARSA 1/BARSA
ROCK
1.0000 1.0E-06 / ROCK COMPRESSIBILITY
-- GAS-0IL RELATIVE PERMEABILITY TABLES (SGOF) - CO2STORE PHASES
SGOF
-- SG KRG KROG PCOG
-- FRAC PSIA
0.00000 0.000000 1.00000 0.0000
1.00000 1.000000 0.00000 0.0000 / TABLE No. 01
-- SET SALINITY FOR ALL CELLS (OPM FLOW KEYWORD)
SALINITY
0.7 /

No other data is required to define the fluid and rock properties in the PROPS section as the data is
generated from internal analytic correlations and models by the simulator. Finally, note that units for salinity
are to the 107, thus for metric units we have 107 x kg-M/kg.

The third and final part of the example sets the maximum dissolution rate for convective CO, mixing via the
DRSDTCON keyword in the SCHEDULE section.

-- SCHEDULE SECTION

SCHEDULE

-- CO2 CONVECTIVE DISSOLUTION PARAMETER

DRSDTCON
-- C02 CONV
-- DISSOLN

See the DRSDTCON keyword in the SCHEDULE section for further information on this keyword.
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5.2.17 COAL - AcTtivate THE CoAaL PHAse (CBM MobkEL)
RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE
Description

The COAL keyword actives the coal phase and the Coal Bed Methane (“CBM”) model for the run.
This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE THE COAL PHASE (CBM MODEL) IN THE MODEL

COAL

The above example declares that the Coal phase is active in the run and activates the CBM model option.
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5.2.18 COLUMNS - DeriNe INPuT FiLE CoLumn MARGINS

The COLUMNS keyword defines the input file column margins; characters outside the margins are ignored
by the input parser.

See COLUMNS - Define Input File Column Margins in the GLOBAL section for a full description.
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5.2.19 CPR - AcTtivaTE ConsTRAINED PRessure REsibuaL (“CPR”) LINEAR SoLvER

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

Turns on the Constrained Pressure Residual (“CPR”) linear solver. There is no data required for this
keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to invoke various numerical
schemes via the OPM Flow command line interface.

Example

-- ACTIVATE CONSTRAINED PRESSURE RESIDUAL LINEAR SOLVER FOR THE RUN

CPR

The above example activates linear solver for the run.
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5.2.20 DEBUG - DeriNE THE Desuc DAaTA 1O BE PRINTED TO FILE

This keyword defines the debug data to be written to the debug file (*.DBG), it is ignored by OPM Flow and
has no effect on the simulation but is documented here for completeness.

See DEBUG - Define the Debug Data to be Printed to File in the GLOBAL section for a full description.
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5.2.21 DIFFUSE - Activate MoLecuLARr Dirrusion OpTION
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The DIFFUSE keyword activates molecular diffusion option.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.22 DIMENS - Derine THE Dimension oF THE MobpEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

DIMENS defines the dimensions of the model entered as integer vector. The keyword can be used with all

grid types.

No. Name Description Default

| NX A positive integer value that defines the number of grid blocks in the x None
direction for Cartesian grids or the number of grid blocks in the r
direction for radial grids

2 NY A positive integer value that defines the number of grid blocks in the y None
direction for Cartesian grids or the number of grid blocks in the theta
direction for radial grids.

3 NZ A positive integer value that defines the number of grid blocks in the z None
direction for both Cartesian and radial grids.

Notes:
1)  The keyword is terminated by a “/”.

Table 5.7: DIMENS Keyword Description

Note that NX, NY and NZ are not maximum values but the actual size of the grid. OPM Flow applies
these parameters when reading in particular data sets. For example if NX, NY,and NZ are set to 10, 10 and
10 respectively, then for the grid property data like PORO; OPM Flow expects to read in 10 x 10 x 10 or
1,000 porosity values for the PORO array. If the number of porosity values is not equal to 1,000 then OPM
Flow will produce an error.

Example

-- MAX MAX MAX
-- NDIVIX NDIVIY NDIVIZ
DIMENS
46 112 22 /

The above example defines the dimensions for the Norne model of 46 cells in the x direction, 112 cells in
the y direction and 22 cells in the z direction.
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5.2.23 DISGAS - AcTivate THE DissoLvep Gas PHASE IN THE MobDEL
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE
Description

13

This keyword indicates that dissolved gas is present in live!2 oil in the model and the keyword should only be
used if the there is both oil and gas phases in the model. The keyword may be used for oil-water and oil-
water-gas input decks that contain the oil and gas phases. The keyword will also invoke data input file
checking to ensure that all the required oil and gas phase input parameters are defined in the input deck.

If the oil has a constant and uniform dissolved gas concentration, Gas-Oil Ratio (“GOR”), and if the reservoir
pressure never drops below the saturation pressure (bubble point pressure), then the model can be run
more efficiently by omitting the GAS and DISGAS keywords from the RUNSPEC section, treating the oil as a
dead oill3, and defining a constant Rs (GOR) value with keyword RSCONST or RSCONSTT in the PROPS
section. This results in the model being run with as a dead oil problem with no active gas phase. However,
OPM Flow takes into account the constant Rs in the calculations and reporting.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DISSOLVED GAS IN LIVE OIL IS PRESENT IN THE RUN

DISGAS

The above example declares that the dissolved gas in the oil phase is active in the model.

“Live” oil is oil that contains gas in solution, which is normally the case for most conventional oil reservoirs. However, for oil reservoirs
classified as heavy oil reservoirs, the in situ dissolved gas may be negligible and oil would then be classified as gas-free oil which is
commonly referred to as “dead” oil.

“Dead” oil is oil that it contains no dissolved gas or a relatively thick oil or residue that has lost its volatile components.
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5.2.24 DISPDIMS - DeriNne THE Maximum NumBeR oF Dispersion TABLES
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The DISPDIMS key defines the maximum number of dispersion tables, and the maximum number of velocity

and concentration elements per table.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.

2.25 DUALPERM - AcTivate DuaL PermEABILITY MoODEL

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The DUALPERM keyword activates the Dual Permeability option and the Dual Porosity option for the run.
In a dual porosity system flow occurs between the matrix and the fracture only, whereas in a dual
permeability system flow also occurs between the matrix grid blocks 4151617218,

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE DUAL PERMEABILITY MODEL

DUALPERM

The above example declares that the Dual Permeability option is active for the run.

Warren, JE. and Root, PJ. 1963. The Behavior of Naturally Fractured Reservoirs. SPE J. 3 (3): 245-255. SPE-426-PA.
http:/ldx.doi.org/10.2 1 18/426-PA.

Gringarten,A.C. 1984. Interpretation of Tests in Fissured and Multilayered Reservoirs With Double-Porosity Behavior:Theory and Practice. |
Pet Technol 36 (4): 549-564. SPE-10044-PA. http://dx.doi.org/10.2 1 1 8/10044-PA.

Serra, K., Reynolds, A.C., and Raghavan, R. 1983. New Pressure Transient Analysis Methods for Naturally Fractured Reservoirs(includes
associated papers 12940 and 13014 ). Pet Technol 35 (12): 227 1-2283. SPE-10780-PA. http://dx.doi.org/10.2118/10780-PA

Barenblatt, G.E., Zheltov, I.P, and Kochina, I.N. 1960. Basic Concepts in the Theory of Homogeneous Liquids in Fissured Rocks. J. Appl.
Math. Mech. 24: 1286-1303.

Kazemi, H., Merrill JR, L. S., Porterfield, K. L., and Zeman, P. R. “Numerical Simulation of Water-Oil Flow in Naturally Fractured Reservoirs,”
paper SPE 5719, Society of Petroleum Engineers Journal(1976) 16, No. 6,317-326.
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5.2.26 DUALPORO - AcTtivate DuaL Porosity MobEL
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE
Description

The DUALPORO keyword activates the Dual Porosity option for the run. In a dual porosity system flow
occurs between the matrix and the fracture only, whereas in a dual permeability system flow also occurs
between the matrix grid blocks!9-20-21-22223,

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE DUAL POROSITY MODEL

DUALPORO

The above example declares that the Dual Porosity option is active for the run.

Warren, JE. and Root, PJ. [963. The Behavior of Naturally Fractured Reservoirs. SPE J. 3 (3): 245-255. SPE-426-PA.
http:/ldx.doi.org/ 10.2 1 18/426-PA.

Gringarten,A.C. 1984. Interpretation of Tests in Fissured and Multilayered Reservoirs With Double-Porosity Behavior: Theory and Practice. |
Pet Technol 36 (4): 549-564. SPE-10044-PA. http://dx.doi.org/10.2 1 1 8/10044-PA.

Serra, K., Reynolds, A.C., and Raghavan, R. 1983. New Pressure Transient Analysis Methods for Naturally Fractured Reservoirs(includes
associated papers 12940 and 13014 ). Pet Technol 35 (12): 2271-2283. SPE-10780-PA. http://dx.doi.org/10.2118/10780-PA

Barenblatt, G.E., Zheltov, I.P, and Kochina, I.N. 1960. Basic Concepts in the Theory of Homogeneous Liquids in Fissured Rocks. J. Appl.
Math. Mech. 24: 1286-1303.

Kazemi, H., Merrill JR, L. S., Porterfield, K. L., and Zeman, P. R. “Numerical Simulation of Water-Oil Flow in Naturally Fractured Reservoirs,”
paper SPE 5719, Society of Petroleum Engineers Journal(1976) 16, No. 6,317-326.
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5.2.27 DYNRDIMS - Derine Dynamic Recion DIMENSIONS
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

Description

The DYNRDIMS keyword defines the dimensions for the parameters used by the Dynamic Regions facility,
including the maximum number of dynamic regions. The Dynamic Regions facility allows for property and
reporting regions to vary as the run progresses, based on the parameters and logic defined by the

DYNAMICR keyword in the SOLUTION and PROPS section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.28 ECHO - AcTtivate EcHoinG oF UseRr InpuT FiLEs To THE PRINT FILE

Turns on echoing of all the input files to the print file; note that this keyword is activated by default and can
subsequently be switched off by the NOECHO activation keyword.

See ECHO - Activate Echoing of User Input Files to the Print File in the GLOBAL section for a full description.
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5.2.29 ECLMC - AcTivate MuLTi-CompoNenT BRINE MoDEL

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The ECLM keyword activates the Multi-Component Brine model that allows for the water phase to have
multiple water salinities. The keyword should be used in conjunction with the BRINE keyword in the
RUNSPEC. Both keywords must be specified to activate the Multi-Component Brine model, whereas the
BRINE keyword only is required to activate the standard brine tracking model.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example
The first example activates the standard Brine Tracking model.

-- ACTIVATE STANDARD BRINE MODEL

BRINE

The next example shows the ECLMC and BRINE keywords for when the Multi-Component Brine model is
required.

-- ACTIVATE MULTI-COMPONENT BRINE MODEL

-- DEFINE WATER PHASE MULTI-COMPONENT BRINE COMPONENTS
-- SALT1 SALT2 SALT3 SALT4 SALTS5

NACL CACL2 MGCO3 /

The above example activates the Multi-Component Brine model with three different water salinities.
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5.2.30 END - Derine THE EnD ofF THE InpuT FILE

This keyword marks the end of the input file and can occur in any section. Any keywords and data after the
END keyword are ignored.

See END - Define the End of the Input File in the GLOBAL section for a full description.

5.2.31 ENDINC - Derine THE Enp ofF AN IncLupE FiLE

This keyword marks the end of an include file specified on the INCLUDE keyword. When the ENDINC
keyword is encountered in the INCLUDE file, input data is read from the next keyword in the current file.
Any keywords and data after the ENDINC keyword in the INCLUDE file are ignored.

See ENDINC - Define the End of an Include File in the GLOBAL section for a full description.
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5.2.32 ENDSCALE - AcTivate ReLaTivE PErMEABILITY END-PoOINT ScaLing OpTiON

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The ENDSCALE keyword activates OPM Flow’s relative permeability end-point scaling option. The relative
permeability functions are defined using the either the:

I) SWOF SGOF, SLGOF series of saturation functions, or the
2) SWEFN, SGFN, SGWFN, SOF2, SOF3, SOF32D series of functions.
And are allocated to the grid cells via the SATNUM keyword.

End-point scaling allows the entered relative permeability functions to be re-scaled based on the saturation
end-points allocated to each cell by the SWL, SWCR, SWU, SGL, SGCR, SGU, SOWCR, and SOGCR
saturation grid arrays for the saturation end-points, and the KRG, KROG, KROW and KRW relative
permeability grid cell arrays for the relative permeability end-point data. In addition end-point scaling may be
directional dependent in which case the directional dependent versions of the aforementioned arrays should
be used, that is SWLX, SWLY and SWLZ instead of SWL etc.There is also the facility to make the directional
end-point scaling reversible or non-reversible and if the non-reversible option is selected the non-reversible
versions of the aforementioned arrays should be used, that is SWLX, SWLX-, SWLY, SWLY- SWLZ and
SWLZ-, instead of SWL or the SWLX, SWLY and SWLZ set of keywords.

The keyword also defines the number of saturation end-point tables that allows for the re-scaling of the
saturation functions to be tion of depth as oppose to being a grid property array.This is accomplished via the
ENKRVD and ENPVTD keywords in the PROPS section.

No. Name Description Default

| DIRECT A character string that activates or deactivates directional end-point NODIR
scaling option.

If DIRECT is set to NODIR then directional end-point scaling is switch off
and the same saturation function is used in the x, y and z directions
(unless activated otherwise by the SATOPS keyword in the RUNSPEC
section). In this case the SWL, SWCR, SWU, SGL, SGCR, SGU, SOWCR
and SOGCR saturation grid arrays and the KRG, KROG, KROW and
KRW relative permeability grid cell arrays should be use to enter the grid
block end-point data.

If DIRECT is to DIRECT then directional end-point scaling is switch on
and the same saturation function is used in the X, y and z directions
(unless activated otherwise by the SATOPS keyword in the RUNSPEC
section). Here the directional form of the SWL, SWCR, SWU, SGL, SGCR,
SGU, SOWCR and SOGCR saturation grid arrays and the KRG, KROG,
KROW and KRW relative permeability grid cell arrays should be use to
enter the grid block end-point data. For example SWLX, SWLY and SWLZ
for SWL.

Only the default option is supported by OPM Flow.
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No. Name Description Default
2 IRREVERS A character string that activates or deactivates non-reversible end-point REVERS

scaling option.

If IRREVERS is set to REVER then the end-point scaling is set to reversible
and results in the same set of end-point arrays being used for flow from
the x; to x; + | direction as for the flow from the x; to the x, _, for all
directions (%, y and z). Here the SWLX, SWLY and SWLZ series of
keywords should be used instead of SWL type of keywords.

Alternatively, if IRREVERS is set to IRREVERS then the end-point scaling is
set to non-reversible and results in different sets of end-point arrays being
applied for flow from the x; to x; . | direction and the x, to the x _ |
direction, for all directions (X, y, ). in this case the SWLX+, SWLX-,
SWLY+, SWLY- SWLZ+ and SWLZ- series of keywords should be utilized
instead of SWL or the SWLX, SWLY and SWLZ set of keywords.

Only the default option is supported by OPM Flow.

3 NTENDP A positive integer that defines the maximum number of saturation end-
point depth tables. The end-point depth tables are used to re-scale the
saturation tables as a function of depth as oppose to being a grid block
property. NTENDP may also be specified on the TABDIMS keyword, and
if specified on both here and on the TABDIMS keyword the maximum
value of the two is used.

Only the default option is supported by OPM Flow.

4 NNODES A positive integer the defines the maximum number entries for saturation 20
end-point depth tables.

5 MODE A positive integer that activates the options for temperature dependent 0
saturation end-point scaling.

Only the default value, MODE equal to zero, is implemented that means
that scaling can only be performed by grid block end-point scaling
properties or via saturation end-point depth tables.

Notes:

1) Note that the IRREVERS option can only be set to IRREVERS if the DIRECT parameter is set equal to
DIRECT.

2) The keyword is terminated by a ““/”.

Table 5.8: ENDSCALE Keyword Description

Example
-- DIRC  REVERSE MAX MAX
-- SCALE SCALE  TABLES NODES
ENDSCALE
NODIR REVERS  1* 1* /

The above example invokes the end-point scaling option with end-point scaling being non-directional and
reversible with the default number of saturation end-point depth tables (one) with 20 entries per table.
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5.2.33 ENDSKIP - DeAcrTivate Skipping oF KEyworps AND INPUT DATA

Turns off skipping of keywords that was activated by the SKIP, SKIP100, or SKIP300 keywords. Note that for
each SKIP keyword activated there must be a corresponding ENDSKIP keyword.

See ENDSKIP - DeActivate Skipping of Keywords and Input Data in the GLOBAL section for a full description.
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5.2.34 EQLDIMS - Derine THE EqQuiLIBRATION DATA DIMENSIONS
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The EQLDIMS keyword defines the maximum number of properties associated with equilibrating the model,
that is initializing the model. A reservoir grid can be separated into separate regions in order to apply
different pressure regimes and/or fluid contacts. Care should be taken that the different regions are not in
communication if the pressures or fluid contacts are different for the various regions, as this would lead to an
unstable initialization and would also imply errors in the model description as implemented.

No. Name Description Default

| NTEQUL A positive integer value that defines the number of equilibration regions I
entered using the EQLNUM keyword in the REGIONS section and the
number of entries associated with the EQUIL keyword in the SOLUTION
section.

2 NPRSVD A positive integer value setting the number of pressure versus depth 100
entries used by OPM Flow in determining equilibration parameters.

Unless there is a requirement for a very fine equilibration this parameter
should be defaulted.

3 NDRXVD A positive integer value that defines the maximum number of depth 20
entries in equilibration property versus depth tables (RSVD, RVVD, PBVD
or PDVD etc.) as defined in the SOLUTION section.

4 NTTRVD A positive integer that defines the maximum number of TVDP tables that
describe the initial tracer concentration versus depth.

This option is ignored by OPM Flow.

5 NSTRVD A positive integer that defines the maximum number of depth entries in 20
the TVDP tables as described in (4).

This option is ignored by OPM Flow.

Notes:

1) NTEQUL is the exact number of entries must be entered on the EQUIL keyword, otherwise OPM Flow will
report an error. It is not a maximum number as for the other region arrays.

2) The keyword is terminated by a “/”.
Table 5.9: EQLDIMS Keyword Description

It is common that the EQLNUM and FIPNUM arrays are identical so that the fluid in-place reporting matches
the equilibration regions. Thus, in order to avoid errors in this case, one should just use one array (say the
FIPNUM property array) and use the COPY keyword to generate the EQLNUM array.

Example

-- MAX MAX RSVD TVDP TVDP
-- EQLNUM DEPTH NODES TABLE  NODES
EQLDIMS
9 1* 20 1* 1* /

The above example defines nine equilibration regions the default values for the remaining parameters on the
EQLDIMS keyword.
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5.2.35 EQLOPTS - AcTivate THE EqQuiLiBRATION OPTIONS

Description

The EQLOPTS keyword defines the equilibration options by stating the character command to activate an
option to be used for initializing the model. Multiple commands may be utilized to activate several
equilibration options following the keyword.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

No. Name Description Default
| MOBILE A character string that activates the mobile fluid critical saturation end None
point correction.
If the MOBILE command is stated then this option is activated.
This option is not supported and should be defaulted with |* on the
keyword.
2 QUIESC A character string that activates the initial quiescence option that modifies None
the equilibrium calculated phase pressures to ensure that a steady state
solution is obtained. This options ensures that there is no flow potential
between the grid blocks in a given region, which is the normal case when
block-centered equilibration is used by setting BOINIT on the EQUIL
keyword to zero in the SOLUTION section.
If the QUIESC command is stated then this option is activated.
This option is ignored by OPM Flow.
3 THRPRES A character string that activates the inter-region equilibration flow option. None
This option allows for a threshold pressure variable entered via the
THRPRES keyword to define a pressure which prevents flow between
regions until the THRPRES value between regions is exceeded.
If the THRPRES command is stated then this option is activated.
4 IRREVER A character string that activates the irreversible inter-region equilibration None
flow option. This option can only be invoked if the THPRES command has
been stated. The option allows for different THPRES values for different
directions.
If the IRREVER command is stated then this option is activated.
This option is not supported and should be defaulted with |I* on the
keyword.
Notes:
1)  The keyword is terminated by a “/”.
Table 5.10: EQLOPTS Keyword Description
Example
-- ACTIVATE EQUILIBRATION OPTIONS
-- MOBILE END-POINT(MOBILE) STEADY STATE(QUIESC) THRESHOLD(THPRES)
-- IRREVERSIBLE THRESHOLD(IRREVERS)
EQLOPTS
'THPRES' 'IRREVERS' /

The above example activates the threshold pressure option with different threshold pressure for different
directions.
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5.2.36 EXTRAPMS - Activate ExTraPOLATION WARNING MESSAGES

The EXTRAPMS keyword activates extrapolation warning messages for when OPM Flow extrapolates the
PVT or VFP tables. Frequent extrapolation warning messages should be investigated and resolved as this
would indicate possible incorrect data and may result in the simulator extrapolating to unrealistic values.

See EXTRAPMS - Activate Extrapolation Warning Messages in the GLOBAL section for a full description.
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5.2.37 FAULTDIM - DeriNne THE NumBER oF FAULT SEGMENTS

EDIT

PROPS

REGIONS

SOLUTION

SUMMARY

SCHEDULE

Description

The FAULTDIM keyword defines the maximum number of records (or segments) that can be entered with
the FAULTS keyword.The FAULTS keyword defines the faults in the grid than can be used for setting (or re-
setting) transmissibility barriers across the fault planes.

No. Name Description Default
| MFSEGS A positive integer value that defines the maximum number of records 0
(segments) for the FAULTS keyword.
Notes:
1)  The keyword is terminated by a *“/”.
Table 5.1 1: FAULTDIM Keyword Description
Example
-- FAULT
-- SEGMS
FAULTDIM
10000 /

The above example defines the maximum number of records that can be entered using the FAULT keyword
to be 10,0000 segments.
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5.2.38 FIELD - AcTtivate THE OiL FieLp SysTtem oF UnNits For THE MoDEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
This keyword switches on the oil FIELD system of units for the model.

OPM Flow has three sets of units, namely: METRIC, FIELD and LAB and one of these keyword should be
invoked in the RUNSPEC section to avoid any ambiguity. Both the simulator input and output units are
controlled by including one of the METRIC, FIELD or LAB keywords in the RUNSPEC section of the input
file.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- SWITCH ON THE FIELD SYSTEM OF UNITS FOR BOTH INPUT AND OUTPUT

FIELD

The above example switches on the FIELD system of units for the model.
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5.2.39 FMTHMD - AcTivate THE FormAT HisTory MATcH GRADIENT FiLE OPTION
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
This keyword switches on formatted output for the History Match Gradient output file, for when the

History Match Gradient option has been activated by the HMDIMS keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.40 FMTIN - Activate THe FormaT INPUT FiLE OPTION

Description

This keyword switches on the Format Input Files option for all input files. Similar to the commercial
simulator, OPM Flow has various options for reading various input files and writing the resulting OPM Flow
output files as described in Table 5.12.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Process Keyword Description Files
Input FMTIN A character string that defines the input files to be formatted as ASCIl | *.FEGRID
i.e. text files, as oppose to binary files. The input deck file is always of this * FINSPEC
type.
. . . *FINIT
The option relates to the OPM Flow derived files that used as input, for
for example when restarting from another case. *FRSSPEC
If the keyword is omitted then the default is for binary file input. *FUNRST
*.FSMSPEC
* FUNSMRY

MULTIN A character string that defines the input files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is read in per %0001
reporting time step, as opposed to all time steps reports being read from |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.

UNIFIN A character string that defines the input files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. For this option a single |
summary file and a single restart file will be read. *SMSPEC
If the keyword is omitted then the default is for one file per reporting | “UNSMRY
time step.

Output FMTOUT A character string that sets all output files to be formatted as ASCII i.e. |*.FEGRID
text files, as opposed to binary files. The *.PRT, *.LOG and *.DEBUG files | i\ ispec
are always of this type. *'

FINIT
The option relates to the OPM Flow output files only. In this case the
files will be portable across operating systems, but will also be very large *.FRSSPEC
in terms of hard disk space. For this reason it is recommend that the |:x
.FUNRST
default option is used so that binary files are outputted.
* FSMSPEC
If the keyword is omitted then the default is for binary file input.
* FUNSMRY
MULTOUT | A character string that defines the output files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is written for each %0001
reporting time step, as opposed to all time steps reports being written in |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.
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Process Keyword Description Files

UNIFOUT | A character string that defines the output files to be unified files, as | *RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. Here a single summary
file and a single restart file will be generated, as opposed to one file per *SMSPEC
report time step. * UNSMRY

If the keyword is omitted then the default is for one file per reporting
time step.

Notes:

I) A binary file is computer-readable but not human-readable. All executable programs are stored in binary

files, as are most numeric data files. In contrast, text files are stored in a form (usually ASCII) that is human-
readable.

2) For unified files if the run terminates unexpectedly, or there is sufficient disk space, then the last report
output is not stored. Their main advantage is that if a number of simulations reside in one directory, their
output is organized. There is no limit on the number of reporting steps that a unified file can store.

Table 5.12: FMTIN Keyword Description

There is no data required for this keyword.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- SWITCH ON THE FORMAT INPUT FILES OPTION

FMTIN

The above example switches on the format input file option.
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5.2.41 FMTOUT - AcTtivate THe FormaT OuTtput FiLE OpPTION

Description

This keyword switches on the Format Output Files option for all output files. Similar to the commercial
simulator, OPM Flow has various options for reading various input files and writing the resulting OPM Flow
output files as described in Table 5.13.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Process Keyword Description Files
Input FMTIN A character string that defines the input files to be formatted as ASCIl | *.FEGRID
i.e. text files, as oppose to binary files. The input deck file is always of this * FINSPEC
type.
. . . *FINIT
The option relates to the OPM Flow derived files that used as input, for
for example when restarting from another case. *FRSSPEC
If the keyword is omitted then the default is for binary file input. *FUNRST
*.FSMSPEC
* FUNSMRY

MULTIN A character string that defines the input files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is read in per %0001
reporting time step, as opposed to all time steps reports being read from |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.

UNIFIN A character string that defines the input files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file | UNRST
containing output for each reporting time step. For this option a single |
summary file and a single restart file will be read. *SMSPEC
If the keyword is omitted then the default is for one file per reporting | “UNSMRY
time step.

Output FMTOUT A character string that sets all output files to be formatted as ASCIl i.e. |*.FEGRID
text files, as opposed to binary files. The *.PRT, *.LOG and *.DEBUG files | i\ ispec
are always of this type. *'

FINIT
The option relates to the OPM Flow output files only. In this case the
files will be portable across operating systems, but will also be very large *FRSSPEC
in terms of hard disk space. For this reason it is recommend that the |
.FUNRST
default option is used so that binary files are outputted.
* FSMSPEC
If the keyword is omitted then the default is for binary file input.
* FUNSMRY
MULTOUT | A character string that defines the output files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is written for each %0001
reporting time step, as opposed to all time steps reports being written in |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.
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Process Keyword Description Files

UNIFOUT | A character string that defines the output files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. Here a single summary
file and a single restart file will be generated, as opposed to one file per *.SMSPEC
report time step. * UNSMRY

If the keyword is omitted then the default is for one file per reporting
time step.

Notes:

I) A binary file is computer-readable but not human-readable. All executable programs are stored in binary

files, as are most numeric data files. In contrast, text files are stored in a form (usually ASCII) that is human-
readable.

2) For unified files if the run terminates unexpectedly, or there is sufficient disk space, then the last report
output is not stored. Their main advantage is that if a number of simulations reside in one directory, their
output is organized. There is no limit on the number of reporting steps that a unified file can store.

Table 5.13: FMOUT Keyword Description

There is no data required for this keyword.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- SWITCH ON THE FORMAT OUTPUT FILES OPTION

FMTOUT

The above example switches on the format output file option.
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5.2.42 FOAM - AcTtivate THE Foam PHAsSeE AND MoDEL
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword activates the foam phase and modeling option. The keyword will also invoke data input file
checking to ensure that all the required foam phase input parameters are defined in the input deck. Note in
the commercial simulator the FOAM phase and model can be used in conjunction with the POLYMER and
SURFACT phases; this is not the case for OPM Flow. OPM Flow’s FOAM phase and model is a standalone
implementation and cannot be used in conjunction with the either the POLYMER or SURFACT phases.

Foam flooding is an enhanced oil recovery flood process that attempts to control injected gas breakthrough
in an oil reservoir by changing the mobility of the injected fluid.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE THE FOAM PHASE IN THE MODEL

FOAM

The above example declares that the foam phase is active in the model.
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5.2.43 FORMFEED - Derinep THE PRINT FiLE ForM-FEep CHARACTER

The FORMFEED keyword defines the form-feed character, or carriage control character, for the output print
(*.PRT) run summary (*.RSM) files. The keyword should be place at the very top of the input file.

See FORMFEED - Defined the Print File Form-Feed Character in the GLOBAL section for a dull description.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z

Date: June 17,2021 Table of Contents Page 186 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

5.2.44 FRICTION - AcTtivate WELLBORE FricTioON OPTION
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

The FRICTION keyword activates the Wellbore Friction option and defines the maximum number of
wellbore friction wells together with the maximum number of well branches.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for

completeness.

No. Name Description Default

0

| MXWELS A positive integer defining the maximum number of wellbore friction wells
for this model.

3 MXBRAN A positive integer defining the maximum number of branches per well. I

The default value of one implies a standard well with no branches.

Notes:
1)  The keyword is terminated by a “/”.
Table 5.14: FRICTION Keyword Description

Example
-- WELL  BRANCH
-- MXWELS ~MXBRAN

FRICTION
5 1 /

The above example defines the maximum number of wellbore friction wells to be five and the maximum
number of branches set to one, for standard wells.
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5.2.45 FULLIMP - Activate FuLLy ImpLiciT SoLuTtion OpTiON

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
The FULLIMP keyword activates the Fully Implicit Solution formulation and solution options. OPM Flow
users a different numerical scheme which makes this keyword redundant; hence, OPM Flow ignores this

keyword. It is documented here for completeness. The keyword as the same function as the IMPLICIT
keyword in the RUNSPEC section.

There is no data required for this keyword and there is no terminating “/” for this keyword.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to invoke various numerical
schemes via the OPM Flow command line interface.

Example

-- ACTIVATES THE FULLY IMPLICIT SOLUTION OPTION

FULLIMP

The above example switches on the fully implicit solution option; however, this has no effect in OPM Flow
input decks.
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5.2.46 GAS - AcTivate THE GAs PHAsE IN THE MoDEL
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword indicate that the gas phase is present in the model and must be used for oil-gas, gas-water, oil-
water-gas input decks that contain the gas phase. The keyword will also invoke data input file checking to
ensure that all the required gas phase input parameters are defined in the input deck.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE THE GAS PHASE IN THE MODEL

GAS

The above example declares that the gas phase is active in the model.
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5.2.47 GASFIELD - Derine Gas FieLp OperaTions OpPTIONS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The GASFIELD keyword activates and specifies the Gas Field Operations options and determines if extended

compressors are present in the run and if the expedited first pass DCQ calculation should be used.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.48 GDIMS - Activate InsTaANTANEOUS GRADIENT OpPTION AND DEFINE DIMENSIONS
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION  |SUMMARY |SCHEDULE
Description

The GDIMS keyword activates the Instantaneous Gradient option and defines the maximum dimensions as
used by the GWRTWCYV keyword in the SCHEDULE section. The Instantaneous Gradient option calculates
derivatives of solution quantities at the current time step with respect to variations in the variables at the
current time step. This is different to Gradient option that calculates the derivatives of solution quantities at
the current time step with respect to variations in the variables at the initial time step, that is a time equal to
zero. Consequently, the Instantaneous Gradient option can be switched on and off by the GUPFREQ
keyword in the SCHEDULE section, whereas the Gradient option cannot.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.49 GIMODEL - AcTivate Gi Pseupo ComposiTioNnAL OPTION

24

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword, GIMODEL, activates the Gi Pseudo Compositional option for gas condensate and volatile oil
fluids.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

The accuracy of gas condensate and volatile oil modeling using a “black-oil” reservoir simulator is now firmly
accepted in the industry; both depletion and gas cycling above the saturation point can be modeled and yield
an acceptable match compared with compositional simulators. The main deficiency with the existing “black-
oil” formulation is the treatment of gas injection below the saturation point, where the compositional effect
of the stripping of liquid components is inversely proportional to their molecular weights, is not considered.
This is because the “black-o0il” model assumes that the saturated hydrocarbon fluid properties are only
functions of pressure. Thus, when dry gas is injected into a condensate reservoir below the saturation
pressure the injected gas continues to re-vaporize liquid at a rate governed only by the cell pressures.
Compositional modeling indicate that this not the case.

The GI option attempts to overcome the limitation of the standard “black-oil” approach by extending the
“black-0il” model using the method of Cook et al.24 to take into account the fluid property changes
occurring during gas injection. This is done by extending the fluid property treatment so that the saturated
fluid properties depend on pressure (as per the standard “black-oil” formulation) and also on an additional
parameter which characterizes the compositional changes in the reservoir liquid and vapor phases at
constant pressure.

There is no data required for this keyword.

Example

-- ACTIVATE THE GI PSEUDO COMPOSITIONAL OPTION

GIMODEL

The above example switches on the Gi Pseudo Compositional option.

Cook, R. E., Jacoby, R. H., and Ramesh, A. B. “A Beta-type Reservoir Simulator for Abproximating Compositional Effects During Gas Injection”
paper SPE 4272, Society of Petroleum Engineers Journal (1974) 14, No. 5,471-481.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z

Date: June 17,2021 Table of Contents Page 192 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

5.2.50 GRAVDR - AcTtivate Gravity DraINAGE AND ImBIBITION FOR DuaL PorosiTy

MobEL
RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE
Description

This keyword switches on gravity drainage and imbibition modeling between the matrix and the fracture grid
blocks in dual porosity and dual permeability runs. Note that either DZMTRX or DZMTRXYV keywords in
the GRID section should be used to set the matrix vertical dimensions if this option is activated.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation, but is documented here for
completeness.

Example

-- ACTIVATE GRAVITY DRAINAGE AND IMBIBITION FOR DUAL POROSITY MODEL

GRAVDR

The above example switches on the gravity drainage and imbibition option for the run.
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5.2.51 GRAVDRB - AcrTivate VERTICAL DiscreTizep GRraviTY DRAINAGE AND IMBIBITION

For DuaL Porosity MobpEL

RUNSPEC | GRID EDIT PROPS REGIONS  [SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword switches on vertical discretized gravity drainage and imbibition modeling between the matrix
and the fracture grid blocks in dual porosity and dual permeability runs. Note that the geometry of the
matrix sub-cells should be set to VERTICAL on the NMATOPS keyword in the GRID section if this option is
activated.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE VERTICAL DISCRETIZED GRAVITY DRAINAGE AND IMBIBITION

GRAVDRB

The above example switches on the vertical discretized gravity drainage and imbibition option for the run.
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5.2.52 GRAVDRM - AcTtivate ALTERNATIVE GRAVITY DRAINAGE AND IMBIBITION FOR

DuaL Porosity MobEL
RUNSPEC |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword switches on the alternative gravity drainage and imbibition modeling between the matrix and
the fracture grid blocks in dual porosity and dual permeability runs. Either the GRAVDRM or GRAVDR
keywords should be used to activate this standard or alternative type of formulation.

There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default

| OPTIONI A defined character string that sets the matrix flow in and out of the YES
matrix block option, and should be set to one of the following:
1) YES: oil flow is bi-directional, that is oil can flow into and out of the
matrix block.
2) NO: oil flow is uni-directional, that is oil can flow out of the matrix
block.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.15: GRAVDRM Keyword Description

Example
-- ACTIVATE ALTERNATIVE GRAVITY DRAINAGE AND IMBIBITION MODEL

-- MATRIX
-- OPTION
GRAVDRM
YES /

The above example switches on the alternative gravity drainage and imbibition option for the run and sets oil
flow to be bi-directional, that is oil can flow into and out of the matrix block.
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5.2.53 GRIDOPTS - Grip Processing OpTIONS

Description

GRIDOPTS activates the negative directional dependent transmissibility multipliers option, defines the
maximum number of MULTNUM regions and the number of PINCHNUM regions for the model.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

No.

Name

Description

Default

TRANMULT

A character string that activates the negative directional dependent
transmissibility multipliers option by setting TRANMULT to YES. Setting
the value to NO switches off this option.

OPM Flow users a positive directional dependent transmissibility
formulation to describe the flow between two cells, that is for cell (|, ], K)
OPM Flow calculates the x face transmissibility between (1, ], K) and (I +1,
J, K) cell face. Modification to the transmissibilities in this case is
accomplished by the MULTX, MULTY and MULTZ keywords.

Setting TRANMULT to YES invokes the option to use a negative
directional dependent multiplier scheme using the MULTX-, MULTY and
MULTZ- keywords. In this case OPM Flow applies the x face
transmissibility between (I - 1, ], K) and (l, J, K) cell face when using the
MULTX-, MULTY and MULTZ- keywords.

This option is not supported and should be defaulted with 1* or NO on
the keyword.

NO

NRMULT

A positive integer value that defines the maximum number of MULTNUM
regions for the MULTNUM array.

The MULTNUM array is used in the GRID section to define various inter-
region transmissibility regions in the model and NRMULT sets the
maximum number of regions which is the maximum value of an element in
the MULTNUM array.

Inter-region MULTNUM transmissibility multipliers can be defined using
the MULTREGT and regional pore volumes multipliers can be set using
the MULTREGP keyword.

NRPINC

A positive integer value that defines the maximum number of
PINCHNUM regions for the PINCHNUM array.

The PINCHNUM array is used in the GRID section to define various
regions in the model and NRPINC sets the maximum of regions which is
the maximum value of an element in the PINCHNUM array.

Each regions criteria for setting the pinch out criteria is set by the
PINCHREG keyword.

Notes:

)

The keyword is terminated by a “/”.

Table 5.16: GRIDOPTS Keyword Description

See also the MULTNUM, MULTREGPY, MULTREGT, PINCHNUM, and PINCHREG keywords.
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Example
-- NEG MAX MAX
-- MULTS ~ MULTNUM PINCHNUM
GRIDOPTS
NO 9 1% /

The above example switches off the negative directional dependent transmissibility multipliers option and
defines the maximum of MULTNUM regions to be nine,. The NRPINC parameter is defaulted which means
there the maximum number of PINCHREG regions is zero.
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5.2.54 HMDIMS - DeriNne History MaTcH GRADIENT PARAMETER DIMENSIONS
REGIONS |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
This keyword, HMDIMS, defines the maximum parameter dimensions for the History Match Gradient option

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.55 HYST - Activate THE HysTERESIS OPTION (RETIRED)
REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The HYST keyword activates the hysteresis option, the keyword should be avoided and the hysteresis option should be

enabled by the HYSER parameter on the SATOTPS keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.

ulv (wWi(x |y |Zz
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5.2.56 IMPES - AcTivate ImpLiciT PRessURE ExpLiciT SAaTurATION SoLuTtion OpTiON

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The IMPES keyword activates the Implicit Pressure Explicit Saturation formulation and solution options,
commonly know as IMPES. OPM Flow users a different numerical scheme which makes this keyword
redundant; hence, OPM Flow ignores this keyword. It is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to invoke various numerical
schemes via the OPM Flow command line interface.

Example

-- ACTIVATE THE IMPES SOLUTION OPTION

IMPES

The above example switches on the IMPES solution option; however, this has no effect in OPM Flow input
decks.
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5.2.57 IMPLICIT - AcTtivate FuLLy ImpLiciT SorLuTion OPTION

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
The IMPLICIT keyword activates the Fully Implicit Solution formulation and solution options. OPM Flow
users a different numerical scheme which makes this keyword redundant; hence, OPM Flow ignores this

keyword. It is documented here for completeness. The keyword as the same function as the FULLIMP
keyword in the RUNSPEC section.

There is no data required for this keyword and there is no terminating “/” for this keyword.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to invoke various numerical
schemes via the OPM Flow command line interface.

Example

-- ACTIVATES THE FULLY IMPLICIT SOLUTION OPTION

IMPLICIT

The above example switches on the fully implicit solution option; however, this has no effect in OPM Flow
input decks.
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5.2.58 INCLUDE - Loap ANoTHER DATA FiLe AT THE CUrRRENT PosiTion

The INCLUDE keyword informs OPM Flow to continue reading input data from the specified INCLUDE file.
When the end of the INCLUDE file is reached, or the ENDINC keyword is encountered in the included file,
input data is read from the next keyword in the current file.

See INCLUDE - Load Another Data File at the Current Position in the GLOBAL section for a full description.
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5.2.59 INSPEC - AcrTivate THE INSPEC FiLe OrTiON
PROPS

RUNSPEC

GRID

EDIT

REGIONS

SOLUTION

SUMMARY

SCHEDULE

Description

This keyword switches on the writing of the INIT Index file that specifies and defines the format and data
type written to the INIT Data file. The INIT Data file that contains the static data specified in the GRID,

PROPS and REGIONS sections. For example, the PORO, PERM and NTG arrays from the GRID section. The

data is used in post-processing software, for example Reslnsight, to visualize the static grid properties.

The INIT Index file can either be written out in formatted form as ASCII i.e. text files, if the FMTOUT
keyword has been activated (*.FINSPEC), or binary format (*.INSPEC) if the FMTOUT keyword has not been

activated. If the INIT keyword in the RUNSPEC section has been used to switch on the writing of the INIT
Data file then a binary INIT Index file is automatically written out as well, unless the NOINSPEC keyword in

the RUNSPEC section has been used to switch off the writing of the INIT Index file. Note that most post-
processing software require the *.INSPEC file to load the *.INIT data set.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation.

Example

INSPEC

ACTIVATE WRITING THE INIT INDEX FILE FOR POST-PROCESSING

The above example switches on the writing of the INIT Index file for post-processing in Reslnsight.
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5.2.60 LAB - AcTivate THE LABORATORY SysTEM oF UNiTs FOrR THE MoDEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
This keyword switches on the LABORATORY system of units for the model.
OPM Flow has three sets of units, namely: METRIC, FIELD and LAB and one of these keyword should be

invoked in the RUNSPEC section to avoid any ambiguity. Both the simulator input and output units are

controlled by including one of the METRIC, FIELD or LAB keywords in the RUNSPEC section of the input
file.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- SWITCH ON THE LABORATORY SYSTEM OF UNITS FOR BOTH INPUT AND OUTPUT

LAB

The above example switches on the LABORATORY system of units for the model.
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5.2.61 LGR - Derine LocaL Grib ReEFINEMENT DiMENSIONS AND PARAMETERS

25

RUNSPEC

GRID

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Description

This keyword, LGR, defines maximum dimensions and parameters for the Local Grid Refinement (“LGR”)

option.

Currently, OPM Flow does not support the local grid refinement feature and therefore this keyword is
ignored by the simulator, but is documented here for completeness.

Name

Description

Default

MAXLGR

A positive integer value that defines the maximum number of LGRs in the
model.

0

MAXCLS

A positive integer value that defines the maximum number of grid blocks
in all the LGRs.

MCOARS

A positive integer value that defines the maximum number of
amalgamated coarse grid blocks in the model.

MAMALG

A positive integer value that defines the maximum number of LGR
amalgamations in the model.

MXLALG

A positive integer value that defines the maximum number of LGRs in any
amalgamation in the model.

LSTACK

A positive integer that defines the maximum number of previous search
directions stored by the linear solver for the LGR. See the NSTACK
keyword in the RUNSPEC section for a full description.

INTOPT

A character string set to either INTERP to activate the Quandalle25
pressure correction, or NOINTERP to deactivate this option. The option
applies bi-linear interpolation to the global cells surrounding an LGR in
order to improve the accuracy of the flow calculations between the LGR
and the host cells.

NOINTERP

NCHCOR

A positive integer value that defines the maximum number of grid blocks
within a coarsened grid that overlap parallel domain boundaries for when
the Parallel option has been invoked by the PARALLEL keyword in the
RUNSPEC section.

OPM Flow users a different numerical scheme which makes this
parameter redundant, see section 2.2 Running OPM Flow 2021-04 From
The Command Line on how to run OPM Flow in parallel mode.

Notes:

)

The keyword is terminated by a “/”.

Table 5.17: LGR Keyword Description

Quandalle, Philippe & Besset, P. (1985). Reduction of Grid Effects Due to Local Sub-Gridding in Simulations Using a Composite Grid.
10.2118/13527-MS.
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Example

LOCAL GRID REFINEMENT DIMENSIONS AND PARAMETERS

LGR LGR LGR LGR LGR LGR LGR LGR
MAXLGR MAXCLS MCOARS MAMALG MXLALG LSTACK INTOPT NCHCOR

10 1000 1* 1* 1* 1* INTERP 1% /

The above example sets the maximum number of LGRs to 10 and the maximum number of grid blocks a
LGR may contain to 1,000, and that Quandalle pressure correction should be used to improve the flow

calculation.
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5.2.62 LGRCOPY - AcTtivate LocaL GriD RErFINEMENT INHERITANCE

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The LGRCOPY keyword actives Local Grid Refinement (“LGR”) Inheritance option that allows the LGR to
inherit the properties of the global or host cell containing a LGR grid block at the start of the GRID section,
as oppose to the normal process of applying this transform at the end of the GRID section. LGRCOPY can
be used in the RUNSPEC, GRID and EDIT sections. If used in the RUNSPEC section then the option is
applied to all LGRs defined in the input file, whereas if used in the GRID and EDIT sections the keyword
must be placed inside a LGR definition section, that is between a CARFIN (Cartesian LGR grid) or
RADIN/RADIN4 (radial LGR grid) and the ENDFIN keyword. In the latter case inheritance is applied on an
individual LGR basis.

Currently, OPM Flow does not support the local grid refinement feature and therefore this keyword is
ignored by the simulator.

Example
The following example activates the LGR Inheritance option for all LGRs in the model.

-- RUNSPEC SECTION

RUNSPEC

-- ACTIVATE LOCAL GRID REFINEMENT INHERITANCE

LGRCOPY

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z

Date: June 17,2021 Table of Contents Page 207 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

5.2.63 LICENSES - Derine Requirep Licenses For Run

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword defines the additional software licenses that are required to invoke various licensed options in
the commercial simulator at the start of the run. The commercial simulator requests a license when
keywords associated with a licensed option is encountered in the input deck, this may result in the license
being unavailable at the time of request and after the simulation has been initiated, resulting in the run
terminating. This keyword avoids this scenario by reserving the license at the start of the run.

OPM Flow is an open source project and therefore there is no license management of the various
implemented options; hence, this keyword is ignored by OPM Flow and has no effect on the simulation but
is documented here for completeness.
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5.2.64 LIVEOIL — AcTivate THE Live OiL PHAsE (OiL witH FRee AnD DissoLvep Gas)

26

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword activates oil, free and dissolved gas in the model and therefore makes the oil phase live 0il26 in
the “black-oil” formulation, and is equivalent to setting the phases present in the model to be oil, dissolved
gas, gas and water phases. Note if water is present in the model this needs to be explicitly stated via the
WATER keyword in the RUNSPEC section (see also the BLACKOIL and DEADOIL keywords in the
RUNSPEC section). The keyword is used by the commercial simulator’s compositional THERMAL option to
set the phases present in the model.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example
The following example activates the “black-oil” phases in the model.

-- ACTIVATE LIVE-OIL PHASE

LIVEOIL

Alternatively one could explicitly declare the phases using the following keywords in the RUNSPEC section.

-- OIL PHASE IS PRESENT IN THE RUN

OIL

:: DISSOLVED GAS IN LIVE OIL IS PRESENT IN THE RUN
ISiSGAS

:: GAS PHASE IS PRESENT IN THE RUN

6AS

:: WATER PHASE IS PRESENT IN THE RUN

\/-\!ATER

The above example switches on the oil, dissolved gas, gas and water phases in the model.

“Live” oil is oil that contains gas in solution, which is normally the case for most conventional oil reservoirs. However, for oil reservoirs
classified as heavy oil reservoirs, the in situ dissolved gas may be negligible and oil would then be classified as gas-free oil which is
commonly referred to as “dead” oil.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z

Date: June 17,2021 Table of Contents Page 209 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0
5.2.65 LOAD - Loap A SAVE FiLE For A FAsT RESTART
RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE
Description

The LOAD keyword loads a previously generated SAVE file to enable a fast restart. A SAVE file contains all
the data from a previous run’s RUNSPEC, GRID, EDIT, PROPS and REGIONS sections, and thus there is no
need for the simulator to calculate various parameters, including grid block transmissibilities etc. This allows
for the current run to restart quicker than a conventional restart run using the RESTART keyword in the
SOLUTION section via a RESTART file (UNRST or *FUNRST etc.). The keyword should be the first
keyword in the input deck and the RUNSPEC, GRID, EDIT, PROPS and REGIONS sections should be deleted

from the input deck.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.66 LOWSALT - AcTtivate THE Low SALT BRrINE PHASE IN THE BRINE MODEL
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE
Description

This keyword, LOWSALT, activates the low salt brine phase for the Brine option and also activates the Brine
option. See also the BRINE keyword in the RUNSPEC section.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE THE LOW SALT BRINE PHASE FOR THE BRINE OPTION

LOWSALT

The above example declares that the low salt brine phase is active in the model for the Brine option.
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5.2.67 MEMORY - DeriNe ALLocaTED MEmoRY (RETIRED)

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword defines the memory allocation for the run.

OPM Flow and now the commercial simulator users dynamic memory allocation and therefore the keyword
has no effect and is ignored by both simulators.
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5.2.68 MESSAGE - Output User MEessaGE

The MESSAGE keyword outputs a user message to the terminal, as well as to the print (*.PRT) and debug
(*.DBG) files. Note this is different to the MESSAGES keyword, that defines OPM Flows message print limits
and stop limits generated by the simulator.

See MESSAGE - Output User Message in the GLOBAL section for a full description.

5.2.69 MESSAGES - Derine Messace PrinT Limits anp Stop Limits

The MESSAGES keyword defines the print and stops levels for various messages. The “print limits” set the
maximum number of messages that will be printed, after which no more messages will be printed and the
“stop limits” terminate the run when these limits are exceeded. There are six levels of message that increase
in severity from informative all the way to programming errors, as outlined in Table 4.5.

See MESSAGES - Define Message Print Limits and Stop Limits in the GLOBAL section for a full description.
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5.2.70 MESSSRVC - AcTtivate or DeacTivATE DATABASE MESsAGE FiLE OuTpuT
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The MESSSRVC keyword activates or deactivates output to the database message file (*.DBPRTX). The file
contains all the messages from run in binary format and is used in some post-processing software to

annotate production line plots from the run.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.71 METRIC - AcTtivate THE MeTric SysTeEm oF UNiTs For THE MoDEL
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
This keyword switches on the METRIC system of units for the model.

OPM Flow has three sets of units, namely: METRIC, FIELD and LAB and one of these keyword should be
invoked in the RUNSPEC section to avoid any ambiguity. Both the simulator input and output units are
controlled by including one of the METRIC, FIELD or LAB keywords in the RUNSPEC section of the input
file.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- SWITCH ON THE METRIC SYSTEM OF UNITS FOR BOTH INPUT AND OUTPUT

METRIC

The above example switches on the METRIC system of units for the model.
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5.2.72 MISCIBLE - Derine MisciBiLiTy Topp-LonGsTAFF PARAMETERS

27

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The MISCIBLE keyword defines the options associated with the Todd-Longstaff27 mixing parameters used for
when polymer flooding or CO, EOR simulation cases are being run.

No. Name Description Default

| NTMISC A positive integer value that declares the number miscible residual oil I
saturations versus water saturations tables for SORWMIS keyword and
the number Todd-Longstaff mixing parameters entries on the TLMIXPAR
keyword.

2 NSMISC A positive integer value that sets the maximum number of entries (or 20
rows) for each SORWMIS table defined by the SORWMIS keyword.

3 MISOPT A character string that defines the numerical dispersion control options NONE
for the oil and gas relative permeability curves, set to either NONE or
TWOPOINT:

I)  NONE - standard single point up streaming, that is using the
immediate neighbor

2)  TWOPOINT — two-point up streaming, that is using the immediate
neighbor plus one cell for better numerical dispersion control but
with a higher computational cost.

Only the default value of NONE is supported.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.18: MISCIBLE Keyword Description

Example
-- NTAB  MAX UPSTRM
-- NTMISC NSMISC MISOPT
MISCIBLE
1 20 NONE /

The above example defines the default values for the MISCIBLE keyword, that is one table with a maximum
of 20 rows per table using the standard one cell upstream option.

M. R. Todd and W. | Longstaff, The Development, Testing, and Application Of a Numerical Simulator for Predicting Miscible Flood
Performance". In:]. Petrol. Tech. 24.7 (1972), pages 874{882.
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5.2.73 MONITOR - AcTivate OutpuT oF THE MoniToring DATA AnD FILE

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY " |SCHEDULE

Description

The MONITOR keyword activates the writing out of the run time monitoring information used by post-
processing graphics software to display run time information, for example the simulated production and
injection rates and cumulative values. OPM Flow does not have this functionality.

Hence, OPM Flow ignores this keyword but it is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE MONITORING OUTPUT DATA AND FILES

MONITOR

The above example switches on the output required for run time monitoring required by post-processing
graphics software to review the simulation results in real time as the run progresses; however, this has no

effect in OPM Flow input decks.
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5.2.74 MSGFILE - AcTive or DeacTivATE MEessaGe FiLe OuTput
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION  |SUMMARY |SCHEDULE
Description

MSGFILE keyword activates or deactivates the message file output used by pre- and post-processing
software. Note that message file processing is not available in OPM Flow.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for

completeness.

No. Name Description Default

| MSGOPT A positive integer set to 0 for to deactivate message file output or | to I
activate message file output.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.19: MSGFILE Keyword Description

Example
-- OUTPUT
-- OPTN
MSGFILE
0 /

The above example deactivates the message file output, but the keyword is ignored by OPM Flow.
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5.2.75 MULTIN - AcTtivate THE Non-UniFiep MuLtipLe InpuTt FiLE OPTION

Description

This keyword switches on the Multiple Input Files option for all input files. Similar to the commercial
simulator, OPM Flow has various options for reading various input files and writing the resulting OPM Flow
output files as described in Table 5.20.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Process Keyword Description Files
Input FMTIN A character string that defines the input files to be formatted as ASCIl | *.FEGRID
i.e. text files, as oppose to binary files. The input deck file is always of this * FINSPEC
type.
. . . *FINIT
The option relates to the OPM Flow derived files that used as input, for
for example when restarting from another case. *FRSSPEC
If the keyword is omitted then the default is for binary file input. *FUNRST
*.FSMSPEC
* FUNSMRY

MULTIN A character string that defines the input files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is read in per %0001
reporting time step, as opposed to all time steps reports being read from |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.

UNIFIN A character string that defines the input files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file | UNRST
containing output for each reporting time step. For this option a single |
summary file and a single restart file will be read. *SMSPEC
If the keyword is omitted then the default is for one file per reporting | “UNSMRY
time step.

Output FMTOUT A character string that sets all output files to be formatted as ASCII i.e. |*.FEGRID
text files, as opposed to binary files. The *.PRT, *.LOG and *.DEBUG files | i\ ispec
are always of this type. *'

FINIT
The option relates to the OPM Flow output files only. In this case the
files will be portable across operating systems, but will also be very large *.FRSSPEC
in terms of hard disk space. For this reason it is recommend that the |:x
.FUNRST
default option is used so that binary files are outputted.
* FSMSPEC
If the keyword is omitted then the default is for binary file input.
* FUNSMRY
MULTOUT | A character string that defines the output files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is written for each %0001
reporting time step, as opposed to all time steps reports being written in |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.
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Process Keyword Description Files

UNIFOUT | A character string that defines the output files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. Here a single summary
file and a single restart file will be generated, as opposed to one file per *.SMSPEC
report time step. * UNSMRY

If the keyword is omitted then the default is for one file per reporting
time step.

Notes:

I) A binary file is computer-readable but not human-readable. All executable programs are stored in binary
files, as are most numeric data files. In contrast, text files are stored in a form (usually ASCII) that is human-
readable.

2) For unified files if the run terminates unexpectedly, or there is sufficient disk space, then the last report
output is not stored. Their main advantage is that if a number of simulations reside in one directory, their
output is organized. There is no limit on the number of reporting steps that a unified file can store.

Table 5.20: MULTIN Keyword Description

There is no data required for this keyword.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- ACTIVATE THE MULTIPLE INPUT FILES OPTION

MULTIN

The above example switches on the multiple input file option.
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5.2.76 MULTOUT - AcTmivate THE Non-UnNiFiep MuLtipLe OutpuTt FiLe OpTiON

Description

This keyword switches on the Multiple Output Files option for all output files. Similar to the commercial
simulator, OPM Flow has various options for reading various input files and writing the resulting OPM Flow
output files as described in Table 5.21.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Process Keyword Description Files
Input FMTIN A character string that defines the input files to be formatted as ASCIl | *.FEGRID
i.e. text files, as oppose to binary files. The input deck file is always of this * FINSPEC
type.
. . . *FINIT
The option relates to the OPM Flow derived files that used as input, for
for example when restarting from another case. *FRSSPEC
If the keyword is omitted then the default is for binary file input. *FUNRST
*.FSMSPEC
* FUNSMRY

MULTIN A character string that defines the input files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is read in per %0001
reporting time step, as opposed to all time steps reports being read from |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.

UNIFIN A character string that defines the input files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file | UNRST
containing output for each reporting time step. For this option a single |
summary file and a single restart file will be read. *SMSPEC
If the keyword is omitted then the default is for one file per reporting | “UNSMRY
time step.

Output FMTOUT A character string that sets all output files to be formatted as ASCII i.e. |*.FEGRID
text files, as opposed to binary files. The *.PRT, *.LOG and *.DEBUG files | i\ ispec
are always of this type. *'

FINIT
The option relates to the OPM Flow output files only. In this case the
files will be portable across operating systems, but will also be very large *.FRSSPEC
in terms of hard disk space. For this reason it is recommend that the |:x
.FUNRST
default option is used so that binary files are outputted.
* FSMSPEC
If the keyword is omitted then the default is for binary file input.
* FUNSMRY
MULTOUT | A character string that defines the output files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is written for each %0001
reporting time step, as opposed to all time steps reports being written in |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.
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Process Keyword Description Files

UNIFOUT | A character string that defines the output files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. Here a single summary
file and a single restart file will be generated, as opposed to one file per *.SMSPEC
report time step. * UNSMRY

If the keyword is omitted then the default is for one file per reporting
time step.

Notes:

I) A binary file is computer-readable but not human-readable. All executable programs are stored in binary
files, as are most numeric data files. In contrast, text files are stored in a form (usually ASCII) that is human-
readable.

2) For unified files if the run terminates unexpectedly, or there is sufficient disk space, then the last report
output is not stored. Their main advantage is that if a number of simulations reside in one directory, their
output is organized. There is no limit on the number of reporting steps that a unified file can store.

Table 5.2 1: MULTOUT Keyword Description

There is no data required for this keyword.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- ACTIVATE THE MULTIPLE OUTPUT FILES OPTION

MULTOUT

The above example switches on the multiple output file option.
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5.2.77 MULTOUTS - AcTtivate Non-UnNiFiep MuLtipLe Summary OuTtput FiLe OpTiON

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword switches on the Multiple Output Files option for SUMMARY files only, and overwrites the
UNIFOUT keyword in the RUNSPEC section that activates the Unified Output Files option for all output
files.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- ACTIVATE MULTIPLE OUTPUT SUMMARY FILES ONLY OPTION

MULTOUTS

The above example switches on the multiple output file option.
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5.2.78 MULTREAL - AcTtivateE CommMmERcIAL SimuLATOR’s MuLTI-REALIZATION LICENSE
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

Description
The MULTREAL keyword activates the commercial simulator’s Multi-Realization License option.

OPM Flow is an open source project and therefore there is no license management of the various
implemented options; hence, this keyword is ignored by OPM Flow and has no effect on the simulation but

is documented here for completeness.
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5.2.79 NETWORK - Activate THE Extenbep NEetwork OpTion AND DEFINE
PARAMETERS
!GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE
Description

This keyword activates the Extended Network option and defines the maximum number on nodes and links
(branches) in the network. The Extended Network option is a different facility to the Standard Network
facility, as such, this keyword should only be used if the former network is required for the run.

No. Name Description Default
| NODMAX NODMAX is a positive integer that defines the maximum number of None
nodes in the Extended Network model.
2 NBRMAX NBRMAX is a positive integer that defines the maximum number of links None
in the Extended Network model.
3 NBCMAX Not Used I*
Notes:

1)  The keyword is terminated by a *“/”.

Table 5.22: Network Keyword Description

Example

-- ACTIVATE THE EXTENDED NETWORK OPTION AND DEFINE PARAMETERS

-- MAX. MAX NOT
-- NODE LINK USED
NETWORK
10 12 1* /

In the above example the maximum number of nodes is set equal to ten and the maximum number of links
(or branches) is set equal to 12, for the Extended Network option.
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5.2.80 NINEPOIN - AcTtivate THE NINE-PoinT DiscreTizaTion OpTiON

28

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The NINEPOIN keyword activates the Nine-Point Discretization formulation for the whole grid. If the
keyword is absent from the run then the conventional standard five-point discretization formulation is used
for the model. The nine-point scheme is based on adding additional non-neighbor connections between the
diagonal neighbors in the areal plane, in order to reduce grid orientation effects28.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

In none Local Grid Refinement runs the NINENUM keyword in the GRID section may be use to optionally
set parts of the grid to use nine-point discretization and the remaining regions to use the conventional
standard five-point discretization formulation.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE THE NINE-POINT DISCRETIZATION OPTION

NINEPOIN

The above example switches on the Nine-Point Discretization option for the whole grid.

Yanosik, J. L. and McCracken, T. A. “A Nine-Point, Finite-Difference Reservoir Simulator for Realistic Prediction of Adverse Mobility Ratio
Displacements,” paper SPE 5734, Society of Petroleum Engineers Journal (1979) 19, No. 4,253-262.
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5.2.81 NMATRIX - AcTivate THE DiscreTizep MATRIXx DuaL PorosiTy OpTiON
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION  |SUMMARY |SCHEDULE
Description

The NMATRIX keyword activates the Discretized Matrix Dual Porosity option and specifies the number of
sub-grid blocks in the actual matrix grid blocks. See also the NMATOPS keyword in the GRID section that

defines various parameters for this option.

This keyword is ignored by OPM Flow and has no effect on the simulation.

No. Name Description Default

| NMATRIX A positive integer value that specifies the number of sub-grid blocks in the I
actual matrix grid blocks.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.23: NMATRIX Keyword Description

Note the keyword cannot be used in conjunction with the TRPLPORO keyword, which is also in the
RUNSPEC section.

Example

-- SUB-GRIDS
-- NMATRIX
NMATRIX
4 /

The above example activates the Discretized Matrix Dual Porosity option and specifies the number of sub-
grid blocks in the actual matrix grid block to be four.
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5.2.82 NNEWTF - Activate THE Non-NewTonian FLuib MobEL
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION  |SUMMARY |SCHEDULE
Description

This keyword activates the Non-Newtonian Fluid phase and model for when the polymer phase is present in
the model, as indicated by the POLYMER keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default

| NTHRBL A positive integer that defines the maximum number of Herschel-Bulkley NTPVT
versus polymer concentration tables to be used with the polymer model,
as entered via the FHERCHBL keyword in the PROPS section.

The tables are allocated to different parts of the grid by the HBNUM
keyword in the REGION section

2 NLNHBL A positive integer that defines the maximum number of rows for each 2
table entered by the FHERCHBL keyword in the PROPS section.

Notes:

1)  The exact number of NTHRBL tables are required to completed the data set. For example, if NTHRBL is set
equal to three, then there must be three tables entered for the FHERCHBL keyword.

2) The keyword is terminated by a ““/”.
Table 5.24: NNEWTF Keyword Description

Example
-- MAX MAX
-- NTHRBL NLNHBL

NNEWTF
3 5 /

The above example defines maximum number of Herschel-Bulkley tables to be three with a maximum
number of rows for each table set to five.
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5.2.83 NOCASC - AcTivate LINEAR SoLvER TRACER ALGORITHM

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
NOCASC keyword activates the linear solver tracer algorithm for single phase tracers.

OPM Flow users a different numerical scheme which makes this keyword redundant; hence, OPM Flow
ignores this keyword. It is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- TRACER SOLVER OPTION

NOCASC

The above example switches on the linear solver tracer algorithm; however, this has no effect in OPM Flow
input decks.
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5.2.84 NODPPM - DeacTivate FrRAcTURE PorosiTY-PERMEABILITY CALCULATION

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The NODPPM keyword deactivates the default behavior of multiplying the fracture porosity by the fracture
permeability to calculate the effective fracture permeability in dual porosity and dual permeability runs. Either
the DUALPORO or DUALPERM keywords in the RUNSPEC section must be declared in the input file in
order to use this keyword. If the default calculation is switched off by this keyword, then the effective
fracture permeability is taken to be those entered for the fracture using the PERMX, PERMY and PERMZ
keywords in the GRID section. If the keyword is absent from the input deck, then the entered PERMX,
PERMY and PERMZ arrays for the fractures are multiplied by fracture PORO array values in order to obtain
the effective fracture permeability.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DEACTIVATE FRACTURE POROSITY-PERMEABILITY CALCULATION

NODPPM

The above example switches off the default behavior of multiplying the fracture porosity by the fracture
permeability to calculate the effective fracture permeability.
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5.2.85 NOECHO - DeacTivate EcHoinGg oF UseRr InpuT FiLEs To THE PRINT FILE

Turns off echoing of all the input files to the print file. Note by default echoing of the inputs files is active. but
can subsequently be switched off by the NOECHO activation keyword.

See NOECHO - Deactivate Echoing of User Input Files to the Print File in the GLOBAL section for a full
description.
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5.2.86 NOHYST - DeacTivate THE HysTERESIS OPTION

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The NOHYST keyword deactivates the Hysteresis option and informs the simulator to ignore the IMBNUM
array in the REGIONS section.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DEACTIVATE THE HYSTERESIS OPTION

NOHYST

The above example switches off the default behavior of multiplying the fracture porosity by the fracture
permeability to calculate the effective fracture permeability.
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5.2.87 NOINSPEC - DeacTivate Output ofF THE INIT Inpex FiLE

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The NOINSPEC keyword deactivates the writing out of the INIT index file (*.INSPEC). The initialization data
(or static data) is written out to two files one file contains the data, *.INIT, and the second file contains an
index of the data (*.INSPEC) stored in the *.INIT file. This functionality is redundant as most post-processing
software require the *.INSPEC file to load the *.INIT data set.

Hence, OPM Flow ignores this keyword. It is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DEACTIVATE OUTPUT OF THE INIT INDEX FILE *.INSPEC

NOINSPEC

The above example switches off the writing of the INIT index file (*.INSPEC); however, this has no effect in
OPM Flow input decks.
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5.2.88 NOMONITO - DeacTivate OutpuT oF THE MoniToriINng DATA AND FILE

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY " |SCHEDULE

Description

The NOMONITO keyword deactivates the writing out of the run time monitoring information used by post-
processing graphics software to display run time information, for example the simulated production and
injection rates and cumulative values. OPM Flow does not have this functionality.

Hence, OPM Flow ignores this keyword but it is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DEACTIVATE MONITORING OUTPUT DATA AND FILES

NOMONITO

The above example switches off the output required for run time monitoring required by post-processing
graphics software to review the simulation results in real time as the run progresses; however, this has no
effect in OPM Flow input decks.
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5.2.89 NONNC - DeacTivatE Non-NEicHBOR CONNECTIONS
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

Description

The NONNC keyword deactivates non-neighbor connections (“NNCs”) in the current run. NNCs create
off-diagonal elements in the Jacobi matrix that impact the numerical efficiency of the solution algorithms, and
thus if the run does not contain NNC'’s then there is the potential for greater computation efficiency.
Unfortunately, nearly all models, except for the most simple models, generate NNCs via for example:

I) aquifer connections,
2) faults,and
3) manually entered NNCs, including those automatically generate by pre-processing software.

Due to the limited application of this option, the feature has not been implemented in OPM Flow and hence
OPM Flow ignores this keyword. It is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DEACTIVATE NON-NEIGHBOR CONNECTIONS

NONNC

The above example switches off the NNCs; however, this has no effect in OPM Flow input decks.
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5.2.90 NORSSPEC - DeacTtivate Output oF THE RESTART Inpex FiLE

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The NORSSPEC keyword deactivates the writing out of the RESTART index file (*.RSSPEC).The restart data
(pressure, saturations etc. through time for each active cell) are written out to two files one file contains the
data, *UNRST for example, and the second file contains an index of the data (*.RSSPEC) stored in the
* UNRST file. This functionality is redundant as most post-processing software require the *.RSSPEC file to
load the *UNRST data set.

Hence, OPM Flow ignores this keyword. It is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- DEACTIVATE OUTPUT OF THE RESTART INDEX FILE *.RSSPEC

NORSSPEC

The above example switches off the writing of the restart index file (*.RSSPEC); however, this has no effect in
OPM Flow input decks.
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5.2.91 NOSIM - AcTtivate THE No SimuLaTioN MobEe For Data FiLe CHECKING

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY -

Description

NOSIM switches the mode of OFM Flow to data input checking mode. In this mode the input file is read and
all messages and print instructions are sent to the respective output files. The SCHEDULE section is read but
the simulation is not performed.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example
The example below switches OPM Flow to no simulation mode for data checking of the input deck.

-- SWITCH NO SIMULATION MODE FOR DATA CHECKING COMMENT OUT TO RUN THE MODEL

NOSIM

And the next example shows how to commented out the NOSIM activation keyword so that the simulation
will proceed.

-- SWITCH NO SIMULATION MODE FOR DATA CHECKING COMMENT OUT TO RUN THE MODEL

Note

Simulation input decks are complex and are therefore prone to typing errors, thus before submitting a
run that will take over |5 minutes or so, it is a good idea to run the model with the NOSIM option. If no

errors are found then the NOSIM keyword should be commented out by placing “--” before the
keyword, and then re-running the model.

Alternatively, one could use OPMRUN to run all the jobs in the queue in NOSIM mode and have the
software re-run jobs in simulation mode if there are no errors.
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5.2.92 NOWARN - DeacTtivate WaARNING MESSAGES

Turns off warning messages to be printed to the print file; note that this keyword is deactivated by default
and can subsequently be switched off by the WARN activation keyword. The warning messages may be
turned on and off using keywords WARN and NOWARN.

See NOWARN - Deactivate Warning Messages in the GLOBAL section for a full description.
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5.2.93 NRSOUT - Derinep Maxivum Numeer oF RESTART ELEMENTS
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description
The NRSOUT keyword specifies the maximum number of elements that can be written to the RESTART file
at each reporting time step.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default
| NRSOUT A positive integer value that specifies the maximum number of elements 3600
that can be written to the RESTART file at each reporting time step.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.25: NRSOUT Keyword Description

Example
-- MAX
-- NRSOUT
NRSOUT
6000 /

The above example sets the maximum number of elements that can be written to the RESTART file at each
reporting time step to 6000.
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5.2.94 NSTACK - DerINE THE Stack LENGTH FOR THE ITERATIVE LINEAR SOLVER

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The NSTACK keyword defines the maximum number of previous search directions stored by the linear
solver. Increasing the value of NSTACK may improve the efficiency of the solver on difficult problems, but will
increase the memory requirements of the simulator. The default value of 10 should be sufficient for most
problems; however, if OPM Flow is having issues with the convergence of the linear questions then increasing
NSTACK and LITMAX on the TUNING keyword may improve performance.

OPM Flow users a different numerical scheme which makes this keyword redundant; see section 2.2 Running
OPM Flow 2021-04 From The Command Line on how to invoke various numerical schemes via the OPM Flow
command line interface.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Name Description Default

NSTACK A positive integer that defines the maximum number of previous search 10
directions stored by the linear solver.

Notes:

1) NSTACK and LITMAX on the TUNING keyword are related such that NSTACK should always be less than
or equal to LITMAX.

2) The keyword is terminated by a “/”.
Table 5.26: NSTACK Keyword Description

Example

-- SET STACK SIZE FOR LINEAR SOLVER

NSTACK
30 /

The above example sets maximum number of previous search directions stored by the linear solver to 30,
this has no effect in OPM Flow input decks.

Note

If the run is suffering from linear convergence problems, then check the data first for any data issues
before manipulating the numerical control parameters. For example, if OPM Flow has written some

WARNING messages with respect to end-point scaling, etc., then resolve these messages first before
adjusting the numerical controls.
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5.2.95 NUMRES - DeriNe THE NumBer oF ReservoirR GRIDs

-GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY

SCHEDULE

Description

The NUMRES keyword defines the number of reservoir grids (COORD data sets) that the simulator should

process. Currently, this should only be set to one in OPM Flow

No. Name Description Default
| NUMRES A positive integer greater than one that defines the maximum number I
COORD data sets to be processed by OPM Flow. This should be set to
one.
Notes:
1)  The keyword is terminated by a *“/”.
Table 5.27: NUMRES Keyword Description
Example
-- DEFINE THE NUMBER OF RESERVOIR GRIDS (COORD DATA SETS)
NUMRES
1 /

The above example sets the maximum number of COORD data sets to be processed to one, this is the only

value that can currently be used in OPM Flow.
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5.2.96 NUPCOL - Derine THE NumBer oF Newtonian ITeraTioNs Usep Tto UpPDATE

WELL TARGETS

!GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY !

Description

The NUPOL keyword defines the maximum number of Newtonian iterations within a time step that may be
used to update the well production and injection targets, after which the well targets will be frozen until the
time step calculations have converged and the time step is complete.

Wells under group control may suffer from some dependency with other wells in the same group that are
under group control. This may cause some oscillation in the production and injection well rates within the
group. In order to avoid this, after the number Newtonian iterations within a time step surpasses NUPCOL,
the group well rates are frozen until the time step has converged. Reducing the potential of well rate
oscillations within the time step may result in the group targets and limits not being exactly being met in this
case. Increasing the value of NUPCOL to greater than the default value of three, will improve the accuracy of
the group targets and limits at the expense of computational efficiency.

See also section 2.2 Running OPM Flow 2021-04 From The Command Line on how to set various other numerical
control parameters for OPM Flow.

No. Name Description Default

| NUPCOL A positive integer that defines the maximum number of Newtonian 12
iterations used to update well targets within a time step.

Note that default value of 12 is different to the commercial simulator’s
default value of three.

Notes:

1)  The keyword is terminated by a “/”.

Table 5.28: NUPCOL Keyword Description

Example

-- DEFINE THE NUMBER OF ITERATIONS TO UPDATE WELL FLOW TARGETS

NUPCOL

The above example sets the default NUPCOL value to four
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5.2.97 OIL - AcTivate THE OiL PHAsE IN THE MoDEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword indicate that the oil phase is present in the model and must be used for oil-gas, oil-water, oil-
water-gas input decks that contain the oil phase. The keyword will also invoke data input file checking to
ensure that all the required oil phase input parameters are defined in the input deck.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- OIL PHASE IS PRESENT IN THE RUN

OIL

The above example declares that the oil phase is active in the model.
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5.2.98 OPTIONS - AcTivate Various ProcraMm OPTIONS

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY  [SCHEDULE

Description

The OPTIONS keyword activates various OPM Flow program options; however only the options known to
be available and tested are documented out of the over 200 activation operations available in the commercial
simulator.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Description Default
| -273 Undefined. 0
Notes:
1)  The keyword is terminated by a “/”.
Table 5.29: OPTIONS Keyword Description
Examples
-- SKIP ACTIVATE
-- OPTIONS OPTION
OPTIONS
77*0 1 /

The above example activates the use of scratch files for pre-processing grid geometry data for non-neighbor
connections. Note if multiple options are required then one can just repeat the format of the example to
activate multiple options as the keyword does not overwrite previous entries. So for example:

-- SKIP ACTIVATE
-- OPTIONS OPTION
OPTIONS
7*0 1 /

-- SKIP ACTIVATE
-- OPTIONS OPTION
OPTIONS

77*0 1 /
-- SKIP ACTIVATE
-- OPTIONS OPTION
OPTIONS

177%0 1 /

Could be used to activate the 8,78 and 178 options if they were available.
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5.2.99 PARALLEL - Derine PArRALLEL Run CoNFIGURATION

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The PARALLEL keyword defines the run to use parallel processing and sets the domain decomposition
options. See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to run OPM Flow in
parallel mode.

No. Name Description Default

| NPROCS A positive integer that defines the number of domains or parallel |
processors to use for this run.

2 RTYPE A character string set to either SERIAL to run the parallel code in serial | PARALLEL
mode for testing the code, or DISTRIBUTED to full utilize parallel
processing.
Notes:

1) The keyword is terminated by a ““/”.
Table 5.30: PARALLEL Keyword Description

OPM Flow users a different numerical scheme which makes this keyword redundant; hence, OPM Flow
ignores this keyword. It is documented here for completeness.

Example
-- PARALLEL MULTI-CORE OPTIONS
-- NDMAIN MACHINE TYPE
PARALLEL
2 DISTRIBUTED /

The above example sets the number of domains (or processors) to two and for the simulation to run in
parallel mode. This has no effect in OPM Flow input decks.
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5.2.100 PARTTRAC - Activate AND DeriNe PArTITIONED TRACER OPTION
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The PARTTRAC keyword activates the Partitioned Tracer option and defines the maximum number of
partitioned tracers, the number of TRACERKP or TRACERKM partitioning tables in the PROPS section, and
the maximum number of number of rows in the TRACERKP or TRACERKM partitioning tables.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.101 PATHS - DeriNe FiLenaME DIReEcTORY PATH ALIASES

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

PATHS allows the user to define alias directory filenames to avoid long filenames with the INCLUDE,
IMPORT, RESTART or GDFILE. keywords. To use the alias with the aforementioned keywords PATHS should
be prefixed with the $ symbol.

No. Name Description Default
| NPROCS A character string enclosed in quotes defining the alias. None
2 RTYPE A character string enclosed in quotes defining the directory filename. None
Notes:

1) Multiple entries must be on separate lines (see the example).

2) The keyword is terminated by a “/”.
Table 5.31: PATHS Keyword Description

Examples
-- PATH PATH
-- ALIAS DIRECTORY FILENAME
PATHS
'GRID' '/DISK1/NORNE/2017/GRID-INCLUDES' /
'SCHD' ' /DISK1/NORNE/2017/SCHD- INCLUDES' /
/

The above example defines “GRID” and “SCHD” aliases in the RUNSPEC section than can be used in the
GRID and SCHEDULE sections of the input deck.The next example shows how to use the “GRID” alias with
the INCLUDE keyword in the GRID section.

-- LOAD INCLUDE FILES

INCLUDE

'$GRID/PORO.INC' /
INCLUDE

'$GRID/PERMX. INC' /
INCLUDE

'$GRID/NTG.INC' /

Here the porosity, permeability and net-to-gross arrays are loaded in the GRID section using the directory
filename aliases declared in the RUNSPEC section.
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5.2.102 PEDIMS - DeriNe PeTro-ELAsTIc MoDEL REcions AND TaABLE DIMENSIONS
SOLUTION  |SUMMARY  |SCHEDULE

RUNSPEC | GRID EDIT PROPS REGIONS

Description
The PEDIMS keyword defines the number of petro-elastic regions to be used with the PENUM keyword in
the REGIONS section and the number of rows in the PEGTABO to PEGTAB7 keywords, as well as the

number of rows in the PEKTABO to PEKTAB7 keywords in the PROPS section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.103 PETOPTS - Derine PeTreL AND GENERIC SimuLATION FILE OPTIONS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
The PETOPTS keyword defines various Petrel and Generic Simulation (*.GSG) file options.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.104 PIMTDIMS - Derine WELL PropoucTivity ScaLing TasLE DiMENSIONS

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

PIMTDIMS keyword defines the maximum number of PIMULTAB tables and the maximum number of entries
(or rows) per PIMULTAB table.The PIMULTAB keyword is used to define a well’s productivity index factor as
a function of a well’s producing water cut, and the PIMULTAB keyword defined in the SCHEDULE section of
the input deck.

No. Name Description Default

| NTPIMT A positive integer value that defines the maximum number of PIMULTAB 0
keywords defined in the input deck.

2 NRPIMT A positive integer value defining the maximum number of entries (rows) in 0
the PIMULTAB keyword.

Notes:

1) The keyword is terminated by a ““/”.
Table 5.32: PIMTDIMS Keyword Description

Example
-- MAX MAX
-- TABLES ENTRIES
PIMTDIMS
1 51 /

The above example defines that there is one PIMULTAB table with a maximum number of 51 rows.
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5.2.105 POLYMER - AcTtivate THE PoLYmMER PHASE IN THE MoDEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword indicates that the polymer phase is present in the model and to activate the polymer flooding
model. The keyword will also invoke data input file checking to ensure that all the required polymer phase
input parameters are defined in the input deck.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE THE POLYMER PHASE IN THE MODEL

POLYMER

The above example declares that the polymer phase is active in the model.
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5.2.106 PRECSALT - AcTtivate THE OPM FLow SaLT Precipitation MobpeL

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword activates the OPM Flow Salt Precipitation model that accounts for salt precipitating out of the
water phase when the water is being vaporized into the gas phase and the dissolved salt reaches the
solubility limit as the pressure in the reservoir is being depleted (see the VAPWAT keyword in the RUNSPEC
section). This facility is an extension to the standard Brine model, and as such the BRINE keyword in the
RUNSPEC must also be present in the input deck. In general, if the PRECSALT keyword has been activated in
the input deck then the VAPWAT keyword should also be activated. The keyword should only be used if
both water and gas phases are active in the model.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Note

This is an OPM Flow specific keyword for the simulator’s Salt Precipitation model, note that this is an
extension to the commercial simulator’s Brine model.

If the keyword is present in the input deck then the SALTSOL keyword in the PROPS section also needs to
be present in the input deck to define the salt solubility. In addition, SALTPVD keyword in the SOLUTION
section should be used to define the initial salt precipitated concentration versus depth tables.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE THE GAS PHASE IN THE MODEL

GAS

:: VAPORIZED WATER IN DRY/WET GAS IS PRESENT IN THE RUN (OPM FLOW KEYWORD)
&APWAT

:: WATER PHASE IS PRESENT IN THE RUN

WATER

:: ACTIVATE STANDARD BRINE MODEL IN THE RUN

ééINE

:: ACTIVATE THE OPM FLOW SALT PRECIPITATION MODEL (OPM FLOW KEYWORD)
ééECSALT

The above example declares that the gas, vaporized water and water phases are present in the model, and
activates the Brine and Salt Precipitation models.
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5.2.107 PSTEADY - AcTtivate Pseupo Steapy State FLow CaLcuLaTion OpPTION
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The PSTEADY keyword activates Pseudo Steady State Flow Calculation option by advancing the simulator
until it reaches a pseudo steady state flow and then sets the date to the date defined on this keyword, that is

written to the RESTART file. Keyword also includes parameters defining the conditions for pseudo steady
flow state.
This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.108 RADIAL - RapiaL Grip AcTivaTion OpPTION
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description
RADIAL29 activates the radial grid geometry option for the model, if this keyword iand the SPIDER keyword
are omitted then Cartesian geometry is assumed by OPM Flow.

Although this keyword is read by OPM Flow, radial grids have not been fully implemented and therefore this
type of grid should not be used.

See also the SPIDER keyword in the RUNSPEC section (SPIDER — Spider Grid Activation Option).This is an OPM
Flow specific keyword for the simulator’s Spider Grid option, that emulates a Radial Grid via corner-point
geometry. The option employs the standard GRID section radial grid keywords to construct the grid - see
the example in the section on Spider Grids (Spider Grids) for further information

Example

-- DEFINE RADIAL GRID GEOMETRY

RADIAL

The example activates the radial grid geometry option.

»  Radial grids are not currently implemented in this version of OPM Flow but are expected to be incorporated in a future release.
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5.2.109 REGDIMS - Derine THE Maximum NumBer ofF REGIONs FOR A REGION ARRAY

Description

The REGDIMS keyword defines the maximum number of regions for various region arrays used in the model.
Note that the maximum number of FIPNUM regions can be defined both on this keyword and the TABDIMS
keyword, if it set in both locations the maximum value is used. The reason for this type of inconsistency is
due to the commercial simulator evolving with time as new features were added, but at the same time having
to maintain backward input deck compatibility.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

No.

Name

Description

Default

NTFIP

A positive integer defining the maximum number of regions in the
FIPNUM region array. Note that this parameter may also be set on the
TABDIMS keyword as well. If NTFIP is set in both places then the
maximum value is used.

NMFIPR

A positive integer defining the total maximum number of regions. The
FIPNUM regions are defined by (I). if additional sets of fluid in-place
regions are required, as per the FIPxxx series of fluid in-place region
keywords, then these are to be defined here by adding to the value in (1).
So for example, if NTFIP equals five and the number of distinct FIPxx
regions is three, then the value to enter for NMFIPR is eight.

NRFREG

A positive integer defining the maximum number of independent reservoir
regions in the ISOLNUM region array.

MXNFLX

A positive integer defining the maximum number of flux regions in the
FLUXNUM region array. MXNFLN can also be defined on the TABDIMS
keywords as well. If MXNFLX is defined both here and on the TABDIMS
keyword then the maximum value of the two is used.

NUSREG

A positive integer defining the maximum user defined regions in a
commercial simulator’s compositional model. This parameter is included
for compatibility and should be defaulted as it is not used in OPM Flow.

NTCREG

A positive integer defining the maximum number of regions in the
COALNUM region array. This parameter is included for compatibility and
should be defaulted as it is not used in OPM Flow.

NOPREG

A positive integer defining the maximum number of regions in the
OPERNUM region array.

NWKDREG

A positive integer defining the maximum maximum of real double-
precision work arrays for use with the OPERATE and OPERATER
keywords This parameter is included for compatibility and should be
defaulted as it is not used in OPM Flow.

NWKIREG

A positive integer defining the maximum number of integer work arrays
for use with the OPERATE and OPERATER keywords. This parameter is
included for compatibility and should be defaulted as it is not used in OPM
Flow.

NPLMIX

A positive integer defining the maximum number of regions in the
PLMIXNUM region array.

Notes:

)

The keyword is terminated by a “/”.

Table 5.33: REGDIMS Keyword Description
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Example

-- MAX TOTAL INDEP FLUX TRACK CBM OPERN WORK WORK POLY
-- FIPNUM REGNS REGNS REGNS REGNS REGNS REGNS REAL INTG REGNS
REGDIMS

9 12 1* 1* 1* 1* 1* 1* 1* 1* /

The above example defines the number of FIPNUM regions to be nine and the number of FIPxxx type of
regions to be three (12 — 9), the rest of the region sizes are set to the default values.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z

Date: June 17,2021 Table of Contents Page 256 of 2151




M OPEN POROUS MEDIA
OPM Frow Rererence ManuaL (202 1-04)

Revision: Rev-0

5.2.110 RIVRDIMS - DeriNe THE RiIvErR DiMENSIONS AND AssociATED DATA
GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC

Description
RIVRDIMS defines the river system array dimensions used with the REACHES keyword and other river

keywords in the SOLUTION and SCHEDULE sections.The keyword also enables the River option.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.111 ROCKCOMP - AcTivate Rock CompPAcTION

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Description

The ROCKCOMP keyword activates rock compaction and defines various rock compaction options for the
run. By default OPM Flow models rock compaction via pore volume compressibility as entered on the
ROCK keyword in the PROPS section. This keyword enables pressure dependent pore volume and
transmissibility multipliers for rock compaction that are entered in the PROPS section using the ROCKTAB
keyword. Currently OPM Flow only supports the default options for rock compaction.

No. Name Description Default

| ROCKOPT A character string that defines the rock compaction option based on one REVERS
of the following character strings:

1) REVERS: Rock compaction is reversible with increasing pressure.
The rock compaction multipliers should be entered via the
ROCKTAB keyword in the PROPS section. Note that this is the
default value and is the only option currently supported by OPM
Flow.

2) IRREVERS: Rock compaction is irreversible, that is the rock
expansion does not occur when the pressure subsequently
decreases.

3) HYSTER:Invokes the hysteresis rock compaction option.

4) BOBERG: Rock compaction hysteresis is modeled using the Boberg
formulation30.

5) REVLIMIT: Activates the reversible hysteresis rock compaction
option that limits the pore volume subject to reversibility based on
the minimum pressure in a grid block and the initial water
saturation. This option is only intended to be used with the water
induced compaction model, neither of which are currently
supported by OPM Flow..

6) PALM-MAN: Rock compaction hysteresis is modeled using the
Palmer-Mansoori3! ® 32 formulation for coal bed methane
reservoirs, neither of which are supported by OPM Flow.

7) NONE: Deactivates rock compaction, unless the water induced
compaction model has been invoked.

Only the default option is supported by OPM Flow.

2 NTROCC A positive integer that defines the number of rock compaction tables, that
is the number of ROCKTAB tables to be used by OPM Flow.

3 WATINOPT A character string that states if the water induced rock compaction NO
option should be used (YES) or not (NO). If set to YES then the either
the ROCKTABW or the ROCK2D and ROCKWNOD keywords should
be entered in the PROPS section
Only the YES option is currently supported by OPM Flow.

% Beattie, C.I, Boberg, T.C., and McNab, G.S. “Reservoir Simulation of Cyclic Steam Stimulation in the Cold Lake Oil Sands,” paper SPE
18752, Society of Petroleum Engineers Journal, (1991) 6, No. 2, 200-206.

¥ Palmer, I. and Mansoori, |. “How Permeability Depends on Stress and Pore Pressure in Coalbeds: A New Model,” paper SPE 52607, SPE
Reservoir Evaluation & Engineering (1998) 1, No. 6, 539-544.

Coalbed-Methane Reservoirs", SPE | 14778-PA, SPE Journal (2010) 15, No. I, 152—159.

Clarkson, C.R,, Pan, Z., Palmer, |. and Harpalani, S. "Predicting Sorption-Induced Strain and Permeability Increase With Depletion for
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No. Name Description Default
4 PORTXROP A character string that specifies the model to be used for when I*

transmissibility is dependent on porosity, and should be set to either:

1) EXP: An exponential porosity-transmissibility relationship should
be used.

2) CZ: The Carmen-Kozeny33 34 * 35 porosity-transmissibility
relationship should be used.

This option is currently ignored by OPM Flow.

Notes:

1) The keyword is terminated by a ““/”.

Table 5.34: ROCKCOMP Keyword Description

Example
-- ROCK  NUMBER  WAT POR-TRAN
-- OPTN  TABLES  INDUCE OPTION
ROCKCOMP
REVERS 5 NO 1* /

The above example defines the default values for the ROCKCOMP keyword with five rock compaction
tables.

3 | Kozeny, "Ueber kapillare Leitung des Wassers im Boden." Sitzungsber Akad.Wiss.,Wien, 136(2a): 271-306, 1927.

¥ PC. Carman, "Fluid flow through granular beds." Transactions, Institution of Chemical Engineers, London, 15: 150-166, 1937.

¥ P.C. Carman, "Flow of gases through porous media." Butterworths, London, 1956
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5.2.112 RPTCPL - AcTivate CouprLE SimuLATION REPORTING

FRUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword activates the couple simulation reporting, that results in the simulator writing out various
initialization data and simulation data in order for external “controlling programs” to interactively manage the
simulation. There is no data required for this keyword but the keyword should be terminated by a “/”.

This keyword is ignored by OPM Flow and has no effect on the simulation, but is documented here for
completeness.

Example

-- ACTIVATE COUPLE SIMULATION REPORTING

RPTCPL
/

The above example switches on couple simulation reporting; however, this has no effect in OPM Flow input
decks.
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5.2.113 RPTHMD - Derine WELL History MaTcH GRADIENT REPORTING OPTIONS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
This keyword, RPTHMD, defines the options and level of history match output that should be written to
history match file (*.HMD), for when the History Match Gradient option has been activated by the HMDIMS

keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.

G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V (W |X]|Y|Z
Page 261 of 2151

A|B|C|DI|E|F

Date: June 17,2021 Table of Contents




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

5.2.114 RPTRUNSP - AcTtivatE RUNSPEC REPORTING

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword activates reporting of all the RUNSPEC options utilized in the run.There is no data required
for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation, but is documented here for
completeness.

Example

-- ACTIVATE RUNSPEC SECTION REPORTING

RPTRUNSP

The above example switches on RUNSPEC reporting; however, this has no effect in OPM Flow input decks.
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5.2.115 RSSPEC - AcTtivate Output oF THE RESTART Inpex FiLE

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The RSSPEC keyword activates the writing out of the RESTART index file (*.RSSPEC). The restart data
(pressure, saturations etc. through time for each active cell) are written out to two files one file contains the
data, *UNRST for example, and the second file contains an index of the data (*.RSSPEC) stored in the
* UNRST file. This keyword is somewhat redundant as the RESTART index file is written out by default. See
the NORSSPEC keyword in the RUNSPEC section that deactivates the writing out of the file.

Hence, OPM Flow ignores this keyword. It is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE OUTPUT OF THE RESTART INDEX FILE *.RSSPEC

RSSPEC

The above example switches on the writing of the restart index file (*.RSSPEC); however, this has no effect in
OPM Flow input decks.
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5.2.116 RUNSPEC - Derine THE START oF THE RUNSPEC Section oF KEywoRrbps

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The RUNSPEC activation keyword marks the start of the RUNSPEC section that defines the key parameters
for the simulator including the dimensions of the model, phases present in the model (oil, gas and water for
example), number of tables for a given property and the maximum number of rows for each table, the
maximum number of groups, wells and well completions, as well as various options to be invoked by OPM
Flow.

Apart from COMMENTS entered by “--” in columns one and two, this keyword should be the first keyword
in the input deck.

There is no data required for this keyword and there is no keyword terminating *“/”

Example

-- RUNSPEC SECTION

RUNSPEC

The above example marks the start of the RUNSPEC section in the OPM Flow data input file.
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5.2.117 SAMG - AcTtivate ALcesraic MuLTi-Grip LINEAR SoOLVER
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE
Description

This keyword actives the algebraic multi-grid linear solve; note this solver is not available to the general
public in the commercial simulator.

This keyword is ignored by OPM Flow and has no effect on the simulation.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to invoke various numerical
schemes via the OPM Flow command line interface.
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5.2.118 SATOPTS - AcTivate ReLATIVE PERMEABILITY ASSIGNMENT OPTIONS

36

37

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

SATOPTS keyword activates OPM Flow’s relative permeability assignment options. The relative permeability
functions are defined using the either the:

I) SWOF SGOF, SLGOF series of saturation functions, or the
2) SWEFN, SGFN, SGWFN, SOF2, SOF3, SOF32D series of functions.

The allocation of the relative permeability tables to the grid cells is dependent on the options selected on
this keyword (SATOPTY).

If the DIRECT option as been activated and the IRREVERS has not been invoked on the SATOPTS
keyword, then different relative permeability functions are used for each x, y, and z directions.
Here the KRNUMX, KRNUMX and KRNUMZ keywords are used for Cartesian grids to allocate the
relative permeability tables to the cells. For Radial grids the KRNUMR, KRNUMT and KRNUMZ keywords
should be used. This results in the same relative permeability curves being used in both the x; to x;_, and the
x; to X; + | flow directions. Similarly for the y direction the same curves are used for the y; to y;_| and the y; to
yi+1 flow directions. And again for the z direction, the same relative permeability function is used for flow in
the z to z,_, and the z; to z;+ | flow directions.

If the DIRECT option as been activated and the IRREVERS has been invoked on the SATOPTS keyword,
then KRNUMX, KRNUMY and KRNUMZ keywords are used for Cartesian grids to allocate the relative
permeability tables in the x; to x;+, yi to yi+ 1, z to z + flow directions, respectively. For Radial grids the
KRNUMR, KRNUMT and KRNUMZ keywords should be used. For flow in the x; to x;_, flow directions, etc.,
the KRNUMX-, KRNUMY- and KRNUMZ- keywords are used for Cartesian grids and the KRNUMR-,
KRNUMT- and KRNUMZ- are used for radial grids.

The HYSTER option activates the relative permeability hysteresis option of the non-wetting phases (liquid
and vapour) may show hysteretic behavior in that their values depend on whether the non-wetting phase
saturation is increasing or decreasing. For this option the user specifies two sets of saturation functions, one
for a drainage process (decreasing wetting phase saturation) and one for an imbibition process (increasing
wetting phase saturation). For a process starting at the maximum wetting phase saturation, on the drainage
curve, with the wetting phase saturation decreasing, the drainage curve is followed. Similarly for a process
starting at the minimum wetting phase saturation with the wetting phase saturation increasing, the imbibition
curve is followed. If the drainage or imbibition process is reversed at some point, then the data does not
necessarily run back over its previous values. In OPM Flow the Carlson36 is used to describe relative
permeability hysteresis and the Killough37 model is used for capillary pressure.

If the DIRECT option as been activated and the IRREVERS has not been invoked on the SATOPTS
keyword, then the same set are keywords as for the DIRECT only option are used to assign the drainage
relative permeability curves, that is: KRNUMX, KRNUMY, etc., plus the IMBNUMX, IMBNUMY, and
IMBNUMZ, keywords for the imbibition curves. If the DIRECT option as been activated and the IRREVERS
has been invoked on the SATOPTS keyword, then the same set are keywords as for the DIRECT and
IRREVERS option are used to assign the drainage relative permeability curves, that is: KRNUMX, KRNUMX-,
etc., plus the IMBNUMX, IMBNUMY, MBNUMZ, IMBNUMX-, IMBNUMY-, IMBNUMZ- keywords for the
imbibition curves. See Table 5.36 for the various relative permeability table allocation keywords for the
various combination of DIRECT, IRREVERS and HYSTER command options.

The keyword should be followed by one or more of the following keyword options.

Carlson, M. (1981) SPE 10157, presented at the 56th Annual SPE Fall Meeting, San Antonio, 198 |

Killough, J. E. “Reservoir Simulation with History-dependent Saturation Functions,” paper SPE 5106, Society of Petroleum Engineers Journal
(1976) 16,No. 1, 37-48.
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No. Name Description Default
| DIRECT A character string that activates the directional relative permeability None

assignment option.

If the DIRECT command is stated then directional relative permeability
assignment is activated and different relative permeability function are
assigned to the x, y and z directions. In this case the KRNUMX, KRNUMY
and KRNUMZ keywords are used for Cartesian grids to allocate the
relative permeability tables. For Radial grids the KRNUMR, KRNUMT and
KRNUMZ keywords should be used.

Only the default option is supported by OPM Flow.

2 IRREVERS A character string the activates reversible directional relative permeability None
assignment option.

If IRREVERS is stated then the relative permeability assignment is set to
non-reversible and results in different sets of relative permeability tables
being applied for flow from the x; to x; + | direction and the x, to the x,_,
direction, for all directions (x, Y, z).

in this case the KRNUMX, KRNUMY and KRNUMZ keywords are used
for Cartesian grids to allocate the relative permeability tables in the x; to
xi + | flow directions etc. For Radial grids the KRNUMR, KRNUMT and
KRNUMZ keywords should be used. For flow in the x; to x; - | flow
directions, etc., the KRNUMX-, KRNUMY- and KRNUMZ- keywords are
used for Cartesian grids and the KRNUMR-, KRNUMT- and KRNUMZ-
are used for radial grids.

Only the default option is supported by OPM Flow.

3 HYSTER A character string that activates the hysteresis option. None

If the HYSTER and DIRECT options have activated and the IRREVERS has
not been invoked on the SATOPTS keyword, then different relative

permeability functions are used for each x, y, and z directions

and for the drainage and imbibition processes. Here the drainage
relative permeability curves are allocated via the KRNUMX, KRNUMX

and KRNUMZ keywords for Cartesian grids and the KRNUMR, KRNUMT
and KRNUMZ keywords for radial grids. The imbibition relative
permeability curves are allocated via the IMBNUMX, IMBNUMY and
IMBNUMZ keywords for Cartesian grids and the IMBNUMR, IMBNUMT
and IMBNUMZ keywords for radial grids.

If the HYSTER, DIRECT and IREVERS options have activated, then
different relative permeability functions are used for each x, y,
and z directions, flow direction and for the drainage and
imbibition processes. Then in addition to aforementioned relative
permeability curves allocation keywords for the x; to x; . flow direction
etc., the x; to x; - | flow directions keywords, KRNUMX-, KRNUMY- and
KRNUMZ- are used for Cartesian grids and the KRNUMR-, KRNUMT-
and KRNUMZ- are used for radial grids. The imbibition relative
permeability curves are allocated via the IMBNUMX-, IMBNUMY- and
IMBNUMZ keywords for Cartesian grids and the IMBNUMR, IMBNUMT
and IMBNUMZ keywords for radial grids.

Only the default option is supported by OPM Flow.

4 SURFTENS A character string that activates the capillary pressure surface tension None
pressure dependency option.

Only the default option is supported by OPM Flow.
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No. Name

Description

Default

Notes:

2) The keyword is terminated by a ““/”.

1) Note that the IRREVERS command can only been activated if the DIRECT command is activated at the same
time. See Table 5.36 for the various relative permeability table allocation keywords.

Table 5.35: SATOPTS Keyword Description

For clarity the following table outlines the keywords that should be used in allocating the relative
permeability tables for the various SATOPTS options.

heavy oils.

Option Cartesian Radial
DIRECT Flow in all directions KRNUMX KRNUMR
KRNUMY KRNUMT
KRNUMZ KRNUMZ
DIRECT and IRREVERS
Flow in the i to i +| directions. KRNUMX, KRNUMR
KRNUMY KRNUMT
KRNUMZ KRNUMZ
Flow in the i to i -1 directions. KRNUMX- KRNUMR-
KRNUMY- KRNUMT-
KRNUMZ- KRNUMZ-
DIRECT and HYSTER Drainage Imbibition Drainage Imbibition
Flow in all directions. KRNUMX IMBNUMX KRNUMR IMBNUMR
KRNUMY IMBNUMY KRNUMT IMBNUMT
KRNUMZ IMBNUMZ KRNUMZ IMBNUMZ
DIRECT, IRREVERS and HYSTER Drainage Imbibition Drainage Imbibition
Flow in the i to i +| directions. KRNUMX IMBNUMX KRNUMR IMBNUMR
KRNUMY IMBNUMY KRNUMT IMBNUMT
KRNUMZ IMBNUMZ KRNUMZ IMBNUMZ
Flow in the i to i -1 directions. KRNUMX-, IMBNUMX- KRNUMR- IMBNUMR-
KRNUMY- IMBNUMY- KRNUMT- IMBNUMT-
KRNUMZ- IMBNUMZ- KRNUMZ- IMBNUMZ-
Notes:

1)  Note the drainage and imbibition classification is related to the wetting phase, that may be either oil or
water; however, water is normally assumed in most cases but there are exceptions to this, especially for

Table 5.36: SATOPTS Relative Permeability Function Allocation Keywords.
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Examples

The first example actives the directional relative permeability assignment option only and hence the following
keywords are used to allocate the relative permeability arrays for Cartesian grids: KRNUMX, KRNUMY, and
KRNUMZ.

-- ACTIVATE RELATIVE PERMEABILITY ASSIGNMENT HYSTERESIS OPTIONS
-- DIRECTTIONAL(DIRECT) IRREVERSIBLE(IRREVERS) HYSTERESIS(HYSTER)
SATOPTS
'DIRECT' /

The next example actives the directional irreversible relative permeability assignment options, and hence the
following keywords are used to allocate the relative permeability arrays for Cartesian grids: KRNUMX,
KRNUMY, KRNUMZ, KRNUMX-, KRNUMY-  and KRNUMZ-.

-- ACTIVATE RELATIVE PERMEABILITY ASSIGNMENT HYSTERESIS OPTIONS
-- DIRECTTIONAL(DIRECT) IRREVERSIBLE(IRREVERS) HYSTERESIS(HYSTER)
SATOPTS
'DIRECT' 'TIRREVERS' /

Finally, the last option invokes all three assignment options.

-- ACTIVATE RELATIVE PERMEABILITY ASSIGNMENT HYSTERESIS OPTIONS
-- DIRECTTIONAL(DIRECT) IRREVERSIBLE(IRREVERS) HYSTERESIS(HYSTER)
SATOPTS
'DIRECT' 'IRREVERS' "HYSTER' /

In this case the drainage relative permeability curves are allocated by the KRNUMX, KRNUMY, KRNUMZ,
KRNUMX-, KRNUMY-, KRNUMZ- keywords, and the imbibition relative permeability curves are allocated
by the IMBNUMX, IMBNUMY, IMBNUMZ, IMBNUMX-, IMBNUMY-, IMBNUMZ- keywords.

Note

This keyword activates how relative permeability curves are assigned in the model. The ENDSCALE
keyword allows the end-point scaling also to vary with direction, flow direction and hysteresis process,

resulting in a great deal of flexibility.

Whether or not all these features should be used though is another question.
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5.2.119 SAVE - AcTivate OuTtput oF A SAVE FiLe For FAsT RESTARTS

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY  [SCHEDULE

Description
This keyword activates output of a SAVE file for fast restarts. There is no data required for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation, but is documented here for
completeness.

Example

-- WRITE OUT SAVE FILE FOR FAST RESTARTS

SAVE

The above example requests that a SAVE file be written out; however, this has no effect in OPM Flow input
decks.
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5.2.120 SCDPDIMS - DeriNe ScaLe DeposiTion Anpo DAMAGE TaBLE DIMENSIONS

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
The SCDPDIMS keyword defines the number of tables used in the Scale Deposition option and the
maximum number of entries for the various tables.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default
| NTSCDP NTSCDRP is a positive integer that defines the number of SCDPTAB scale 0
deposition tables used in the Scale Deposition option.
2 NPSCDP NPSCDRP is a positive integer that defines the maximum number of entries 0
(or rows) in any one SCDPTAB scale deposition table defined in the input
deck.
3 NTSCDA NTSCDA is a positive integer that defines the number of SCDATAB scale 0
damage tables used in the Scale Deposition option.
4 NPSCDA NPSCDA is a positive integer that defines the maximum number of 0
entries (or rows) in any one SCDATAB scale damage table defined in the
input deck.
5 Not Used I*
6 Not Used I*
7 NTSCDE NTSCDE is a positive integer that defines the number of SCDETAB karst 0
aquifer dissolution tables used in the Scale Deposition option.
Notes:
1)  The keyword is terminated by a “/”.
Table 5.37: SCDPDIMS Keyword Description
Example
-- NO. MAX NO. MAX NOT  NOT  NO.
-- NTSCDP NPSCDP NTSCDA NPSCDA USED USED NTSCDE
SCDPDIMS
5 10 4 10 1* 1* 3 /

The above example defines the number of SCDPTAB scale deposition tables to be five with a maximum
number of rows for each table set to 10, the maximum number of SCDATAB scale damage tables to be four
with a maximum number of 10 rows per table, and the maximum number of SCDETAB karst aquifer
dissolution tables to be three.
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5.2.121 SKIP - AcTtivate SkippinGg oF ALL KeEyworbps AND InpuT DATA

The SKIP keyword turns on skipping of keywords until the ENDSKIP activation keyword is encountered. All
keywords and between the SKIP and ENDSKIP keywords are ignored by OPM Flow.

See SKIP - Activate Skipping of All Keywords and Input Data in the GLOBAL section for a full description.

5.2.122 SKIP100 - AcTivate SkippING OF “BrLack-O1L” Keyworbps anp Input DATA

|n

This keyword turns on skipping of “black-oil” keywords until the ENDSKIP activation keyword is
encountered. All “black-oil” keywords between the SKIP100 and ENDSKIP keywords are ignored by OPM
Flow.

See SKIP100 - Activate Skipping of “Black-Oil" Keywords and Input Data in the GLOBAL section for a full
description.

5.2.123 SKIP300 - Activate Skipping ofF “ComposiTioNAL” Keyworbps AND INPUT
Data

Turns on skipping of “compositional” keywords until the ENDSKIP activation keyword is encountered. All
“compositional” keywords between the SKIP300 and ENDSKIP keywords are ignored by OPM Flow.

See SKIP300 — Activate Skipping of “Compositional” Keywords and Input Data in the GLOBAL section for a full
description.
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5.2.124 SMRYDIMS - Derne Maxivum NumBer oF SummaArRy VECTORS TO BE

WRITTEN

!GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
The SMRYDIMS keyword defines the maximum number of summary vectors to be written out to the
SUMMARY file (*SUMMARY).

OPM Flow users dynamic memory allocation and therefore the keyword has no effect and is ignored by the
simulator, but is documented here for completeness.

No. Name Description Default

| NSUMMX A positive integer that defines the maximum number of summary vectors 10000
to be written out to the SUMMARY file (*.SUMMARY).

Notes:

1)  The keyword is terminated by a “/”.
Table 5.38: SMRYDIMS Keyword Description

Example

-- SET THE MAXIMUM NUMBER OF SUMMARY VECTORS THAT CAN BE WRITTEN OUT

SMRYDIMS
10000 /

The above example sets maximum number of summary vectors that can be written out to the SUMMARY
file to the default value of 10,000; however, this has no effect in OPM Flow input decks.
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5.2.125 SOLVDIMS - Derine PEBI Grip Nestep FAcTorizATION SoLver DIMENSIONS
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

Description
The SOLVDIMS defines the unstructured Perpendicular Bisector (“PEBI”)38 * 39 grid nested factorization

solver dimensions. This keyword is generated by an external pre-processing program for generating

simulation grids.

This keyword is ignored by OPM Flow and has no effect on the simulation.

*#  Heinemann, Z.E. and Brand, C.W. 1988. Gridding Techniques in Reservoir Simulation. Proc., First Intl. Forum on Reservoir Simulation,
Alpbach, Austria, 339.

¥ Heinemann, Z.E., Brand, C.W,, Munka, M. et al. 199 1. Modeling Reservoir Geometry With Irregular Grids. SPE Res Eng 6 (2): 225-232.
SPE-18412-PA. http://dx.doi.org/10.2118/18412-PA
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5.2.126 SOLVENT - AcTivate THE SOLVENT PHAsE IN THE MoDEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword indicates that the solvent phase is present in the model and to activate the four component
solvent model for this run. In addition to this keyword, the oil, water and gases phases should also be
declared for the run using the OIL, WATER and GAS keywords. The keyword will also invoke data input file
checking to ensure that all the required Solvent phase input parameters are defined in the input deck.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- SOLVENT PHASE IS PRESENT IN THE RUN

SOLVENT

The above example declares that the solvent phase is active in the model.
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5.2.127 SPIDER - Sriper Grip AcTivaTiION OPTION
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

SPIDER activates the OPM Flow spider grid geometry option for the model, if this keyword and the RADIAL
keyword are omitted then Cartesian geometry is assumed by OPM Flow. Note that is an OPM Flow specific
keyword and option.

Spider Grids basically take the standard radial geometry keywords in the grid section and transform the grid
specification to an Irregular Corner-Point Grid which can then be viewed in OPM Reslnsight in a more
intuitive form.The only difference is that in the RUNSPEC section the SPIDER keyword is used instead of the
RADIAL keyword. One drawback of the approach that only “cake-slides” can be used for Spider Grids; that is
theta must be less than 360 degrees and the dimension must be one, not the full radial geometry.

See the example in the section on SPIDER grids (Spider Grids).

Example

-- DEFINE SPIDER GRID GEOMETRY (OPM FLOW RADIAL GRID KEYWORD)

SPIDER

The above example actives OPM Flow’s spider grid geometry option.
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5.2.128 START - SimuLAaTiON START DATE

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword sets the start date for the simulation switches. If the DATES keyword is to be used during the
simulation, then a start date should be entered.

No. Name Description Default

| DAY A positive integer that defines the day of the month, the value should be None
greater than or equal to one and less than or equal to 31.

2 MONTH Character string for the month and should be one of the following JAN', None
'FEB', 'MAR', 'APR', 'MAY", JUN', 'JUL' (or 'JLY"), 'AUG', 'SEP', 'OCT', 'NOV',
or 'DEC'

3 YEAR A positive four digit integer value of the start year, which must be None

specified fully by four digits, that is 1986.

Notes:

1) The keyword is terminated by a “/”.

Table 5.39: START Keyword Description

Example

-- DEFINE THE START DATE FOR THE RUN

START
01 'JAN' 2014 /

The above example sets the start date for the run to be January 1,2014.

Note

Whenever possible it is a good idea to always set the start date to be at the beginning of the year as per
the example. As like most simulators, OPM Flow reports are always stated at the number of days from

the start date (and sometimes at a given date). If the start date is at the beginning of the year, then
calculating the actual date is relatively straight forward and simple.
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5.2.129 SURFACT - AcTtivaTE THE SURFACTANT PHASE IN THE MoDEL
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

This keyword indicates that the surfactant phase is present in the model and to activate the surfactant
flooding model. The keyword will also invoke data input file checking to ensure that all the required
surfactant phase input parameters are defined in the input deck. See also the SURFACTW keyword in the
RUNSPEC section that actives the surfactant phase, but with the changes to the wettability option activated
as well.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation.

Example

-- ACTIVATE THE SURFACTANT PHASE IN THE MODEL

SURFACT

The above example declares that the surfactant phase is active in the model.
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5.2.130 SURFACTW - AcTivate THE SUrRFACTANT PHASE witH WETTABILITY CHANGES

IN THE MoDEL

RUNSPEC | GRID EDIT PROPS REGIONS  [SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword indicates that the surfactant phase is present in the model and to activate the surfactant
flooding mode with Changes to Wettability option activated as well. The keyword will also invoke data input
file checking to ensure that all the required surfactant phase input parameters are defined in the input deck.
See also the SURFACT keyword in the RUNSPEC section that actives the surfactant phase only, that is
without the Changes to the Wettability option.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation.

Example

-- ACTIVATE THE SURFACTANT PHASE WITH WETTABILITY CHANGES IN THE MODEL

SURFACTW

The above example declares that the surfactant phase is active in the model together with the wettability
changes.
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5.2.131 TABDIMS - DeriNe THE NumBER ofF TaBLES AND THE TABLE DIMENSIONS

Description

The TABDIMS keyword defines the maximum number of tables for a given table type dataset and the
maximum number of entries for the various tables. The commercial simulator combines both the “black-oil”
and compositional simulator variables on this keyword; however, although all the parameters are explained
below only the “black-oil” parameters are used by OPM Flow.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

No.

Name

Description

Default

NTSFUN

A positive integer that defines the maximum number of relative
permeability table sets defined in the input deck. The tables are allocated
to different parts of the grid by the SATNUM keyword.

NTPVT

A positive integer that defines the maximum number of fluid property
table sets defined in the input deck. The tables are allocated to different
parts of the grid by the PVTNUM keyword.

NSSFUN

A positive integer that defines the maximum number of saturation entries
in the relative permeability tables defined in the input deck.

20

NPPVT

A positive integer that defines the maximum number of pressure entries
in the PVT tables.

20

NTFIP

A positive integer defining the maximum number of regions in the
FIPNUM region array. Note that this parameter may also be set on the
REGDIMS keyword as well. If NTFIP is set in both places then the
maximum value is used.

NRPVT

A positive integer that defines the maximum number of Rs and Rv entries
in the PVT tables.

If the DISGAS and VAPOIL options have not been activated then this
parameter is ignored.

20

NRVPVT

A positive integer that defines the maximum number of Rv entries in the
PVT tables for the compositional commercial simulator.

NTENDP

A positive integer that defines the maximum number of saturation end-
point depth tables. The end-point depth tables are used to re-scale the
saturation tables as a function of depth as oppose to being a grid block
property. NTENDP may also be specified on the ENDSCALE keyword,
and if specified on both here and on the ENDSCALE keyword the
maximum value of the two is used.

NMEOSR

A positive integer that defines the maximum number of reservoir
equations of states for the compositional commercial simulator.

NMEOSS

A positive integer that defines the maximum number of separator or
surface equations of states for the compositional commercial simulator.

MXNFLN

A positive integer defining the maximum number flux regions in the
FLUXNUM region array. MXNFLN can also be defined on the REGDIMS
keywords as well. If MXNFLX is defined both here and on the REGDIMS
keyword then the maximum value of the two is used.

MXNTHR

A positive integer that defines the maximum number of thermal regions
for the compositional commercial simulator.
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No. Name Description Default

13 NTROCC A positive integer that defines the maximum number of rock I*
compressibility entries enter by the ROCK keyword defined in the input
deck. The tables are allocated to different parts of the grid by the
PVTNUM keyword.

14 MXNPMR A positive integer that defines the maximum number of pressure 0
maintenance regions for the compositional commercial simulator.

15 NTABKT A positive integer that defines the maximum number of temperature 0
dependent K-value tables for the when the thermal option is activated in
the compositional commercial simulator.

16 NTALPHA A positive integer that defines the maximum number of transport 0
coefficient tables for the compositional commercial simulator.

17 NASPKA A positive integer that defines the maximum number of maximum number 0
of entries in the ASPKDAM keyword tables for the compositional
commercial simulator.

18 MXRAWG A positive integer that defines the maximum number of maximum number 0
of entries in the ASPREWG keyword tables for the compositional
commercial simulator.

19 MXRASO A positive integer that defines the maximum number of pressure 0
maintenance regions for the compositional commercial simulator.

20 Not Used I*

21 MCASPP A positive integer that defines the maximum number of column entries in 0
the ASPPW2D keyword tables for the compositional commercial
simulator.

22 MRASPP A positive integer that defines the maximum number of row entries in the 0
ASPPW?2D keyword tables for the compositional commercial simulator.

23 MXRATF A positive integer that defines the maximum number of entries in the 0
ASPWETF table for the compositional commercial simulator.

24 MXNKVT A positive integer that defines the maximum number of composition 0
dependent K-value tables for the compositional commercial simulator.

25 RESVED Not Used I*

Notes:

1) Table sets are groups of keywords that need to be defined to complete a table set. For example if NTPVT is
set to three, then there must be three PVTO tables and three PVTG tables to complete the three PVT data
set.

2) The keyword is terminated by a ““/”.

Table 5.40:TABDIMS Keyword Description
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Example
- MAX MAX MAX MAX MAX MAX  E300

-- NTSFUN NTPVT NSSFUN NPPVT NTFIP NRPVT BLANK NTEND

TABDIMS
15 9 40 30 1* 1* 1* 1 /

The above example defines maximum number of relative permeability tables to be 15 with a maximum
number of rows for each table set to 40, and the maximum number of PVT tables to be nine with a

maximum number of 30 rows per table.
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5.2.132 TEMP - AcTivate THE TEMPERATURE MopELING OPTION

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
This keyword activates the temperature modeling option.There is no data required for this keyword.

The temperature option (TEMP keyword) and the thermal option (THERMAL keyword) are two separate
modeling facilities in the commercial simulator, although some keywords can be used by both options, for
example the RTEMP keyword. OPM Flow’s thermal implementation is based on solving the energy equation
fully coupled with the “black-oil” equations so the results are not directly equivalent to the commercial
simulator’s “black-oil” TEMP or compositional THERMAL formulations. To activate OPM Flow’s thermal
implementation use the THERMAL keyword in the RUNSPEC section.

The reservoir temperature can be set to a constant or to be varying with depth utilizing the keywords in the
following table:

Input Section Constant Temperature Temperature Variation With Depth
PROPS RTEMP and RTEMPA
SOLUTION RTEMP and RTEMPA RTEMPVD and TEMPVD
Notes:
I) The TEMP option is not implemented in OPM Flow; however, some of the above keywords can be used
with OPM Flow’s THERMAL option

Table 5.41: Reservoir Temperature Keywords

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness. See the THERMAL keyword in the RUNSPEC section to activate OPM Flow’s THERMAL
option instead.

Example

-- ACTIVATE THE TEMPERATURE MODELING OPTION (NOT SUPPORTED BY OPM FLOW)

TEMP

The above example activates the temperature modeling option, although the keyword is ignored by OPM
Flow and has no effect on the simulation.
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5.2.133 THERMAL- AcTtivate THE THERMAL MobpELING OPTION

Description

This keyword activates the thermal modeling option. There is no data required for this keyword. The energy
“black-oil” implementation in OPM Flow is a mixture of the commercial simulators “black-oil” and the
commercial simulators “compositional thermal” keywords, as well as some OPM Flow specific keywords.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

The temperature option (TEMP keyword) and the thermal option (THERMAL keyword) are two separate
modeling facilities in the commercial simulator, although some keywords can be used by both options, for
example the RTEMP keyword. OPM Flow’s thermal implementation is based on solving the energy equation
fully coupled with the “black-oil” equations so the results are not directly equivalent to the commercial
simulator’s “black-oil” TEMP or compositional THERMAL formulations.

Keywords specifically associated with both OPM Flow’s THERMAL and the commercial simulators TEMP and
THERMAL options are listed in Table 5.42 for easy of reference.

Section Keyword Function OPM Flow Commercial
THERMAL TEMP | THERMAL
MODEL MODEL |MODEL
TEMP Activate the Temperature Modeling Option
RUNSPEC
THERMAL Activate the Thermal Modeling Option
HEATCR Rock Heat Capacity.
HEATCRT Rock Heat Capacity Temperature.
THCGAS Gas Phase Thermal Conductivity.
THCOIL Oil Phase Thermal Conductivity.
THCONR Thermal Conductivity of liquids and
GRID reservoir rock.
THCONSF Thermal Conductivity of liquids and
reservoir rock scaling factor applied to
THCONR to account for gas saturation.
THCROCK Rock Thermal Conductivity.
THCSOLID Solid Phase Thermal Conductivity.
THCWATER | Water Thermal Conductivity.
GASDENT Gas Density Temperature Coefficients
(OPM Flow keyword).
GASVISCT Gas Viscosity versus Temperature Functions
(OPM Flow keyword).
OILDENT Oil Density Temperature Coefficients (OPM
Flow keyword).
PROPS OILVISCT Qil Viscosity versus Temperature Functions
(OPM Flow keyword).
RTEMP Constant Initial Reservoir Temperature.
RTEMPA Constant Initial Reservoir Temperature.
RTEMPVD Initial Reservoir Temperature versus Depth.
TEMPVD Initial Reservoir Temperature versus Depth.
SPECHEAT Specific Heat of Oil,Water and Gas
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Function OPM Flow Commercial
THERMAL TEMP | THERMAL
MODEL MODEL |MODEL

Section Keyword
SPECROCK Specific Heat of the Reservoir Rock
THERMEXI Liquid Components Thermal Expansion
Coefficient
WATDENT Oil Density Temperature Coefficients.
WATVISCT Oil Viscosity versus Temperature Function.
REGION THERMNUM | Thermal Region Numbers.
RTEMP Constant Initial Reservoir Temperature.
SOLUTION RTEMPA Constant Initial Reservoir Temperature.
TEMPI Initial Reservoir Temperature for All Cells.
SCHEDULE WTEMP Set An Injection Well’s Fluid Temperature
WINJTEMP Define Injection Fluid Thermal Properties
Notes:
1) Cells colored green implies the keyword can be used with is model formulation.
2) Cells colored orange means the keyword is recognized by OPM Flow’s parser but is ignored and not used by
OPM Flow.
3) Cells colored red should not be used with this model formulation.
4) The list is focused on the OPM Flow implementation of the energy and “black-oil” formulation and therefore

does not necessary include all the commercial simulator’s compositional keywords.

Table 5.42: OPM Flow’s THERMAL Option Associated Keywords

In thermal runs a producing well’s bottom-hole temperature is calculated based on a weighted average of the
temperature in the grid cell connections open to flow in the producing well, that is the reported bottom-
hole temperature, Tgur, is calculated as:

with

M
2 W.T,

i=

Tour = ——— (5.1

M
W,

i=1

N
w, =20, g, C, 52)
p

The term (prpi) (qrpi) C, is the energy rate density (J/(K s)) of phase p,

where:

N = number of phases,

M = number of open connections in the well,

i = the open connection index,

p = the phase index, oil, water and gas.

r = indicating that the parameter is evaluated at reservoir conditions,

T = temperature (K),
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connection flow rate (m?/s),

fluid density (kg/m?), and

specific heat capacity ((J(K kg))

(see the SPECHEAT keyword in the PROPS section).

©
I

The current implementation makes use of the internal energy:

E,=C,-T, (53)
derived from the enthalpy, H,
— Ppi
E,=H,+—= (5.4)
p pi

where Py is connection grid block pressure of phase p.

The phase rates at surface conditions (qspl) are converted to reservoir in situ rates (qrpl) using the
phase formation volume factor, B,;, via:

r _ q pi
q9 pi = I’ (5.5)
pi
And thus equation (5.2) can be simplified to:
N s
F .
w.=2, (prp,-) 74{_5,, E (5.6)
p B, T,

Example

-- ACTIVATE THE THERMAL MODELING OPTION (OPM FLOW THERMAL OPTION ONLY)

THERMAL

The above example activates the thermal modeling option.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z

Date: June 17,2021 Table of Contents Page 286 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

5.2.134 TITLE - Derine THE TiTLE FOR THE INPUT DECK
-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The TITLE keyword defines the title for the input deck. The title text will be printed on all reports so as to
act as a reference for the run.

No. Name Description Default

| TITLE A character string that defines the TITLE for the input deck None

Notes:

1) All the characters on the line are processed as a string and therefore there is no need to enclose the TITLE
in quotes.

2) There is no terminator *“/” for the keyword.
Table 5.43:TITLE Keyword Description

Note

It is good practice to include the name of the input file in the tittle (without the extension) for when

cross checking results from multiple cases.

Example

-- DEFINE THE TITLE FOR THE RUN
TITLE
SPEO1-THEMO1-0PM1810-RO1 - OPM THERMAL OPTION RUN

The above example defines the title for the run to be “SPEOI-THEMOI-OPMI1810-R0I - OPM THERMAL
OPTION RUN”.
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5.2.135 TRACERS - AcTivate TRACER OpTiONS AND SET TRACER ARRAY DIMENSIONS
RUNSPEC |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description
The TRACER keyword defines the number of tracers in the model and the various passive tracer tracking
options.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default

| MXOILTR A positive integer defining the maximum number of passive oil tracers 0
defined using the TRACER keyword.

2 MXWATTR A positive integer defining the maximum number of passive water tracers 0
defined using the TRACER keyword.

3 MXGASTR A positive integer defining the maximum number of passive gas tracers 0
defined using the TRACER keyword.

4 MXENVTR A positive integer defining the maximum number of passive environmental 0
tracers defined using the TRACER keyword.

5 DIFFOPT A character string defining the numerical diffusion option for tracer NODIFF
tracking runs that should be set to:

I) DIFF activates the numerical diffusion control options.

2) NODIFF deactivates the numerical diffusion control options.

6 MXITRTR A positive integer defining the maximum number of non-linear iterations 12
to be used when the tracer option is activated.

7 MNITRTR A positive integer defining the minimum number of non-linear iterations
to be used when the tracer option is activated.

8 NONLIN A character string stating if passive tracers as should be linear (NO) or No
non-linear (YES).

9 LNCONFAC A real value defining the initial linear convergence factor. The default value I*
of I* means the parameter will not be utilized.

10 NLCONFAC A real value defining the initial non-linear convergence factor. The default I*
value of |* means the parameter will not be utilized.

I CONFAC A real value defining the LNCONFAC and NLCONFAC convergence 1.0
factors to be used after the initial convergence factor has been applied.
12 NUMCONF A positive integer defining the maximum number of times CONFAC can 0
be used.
Notes:

1)  The keyword is terminated by a “/”.

Table 5.44:TRACERS Keyword Description
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Example

-- NO OIL NO WAT NO GAS NO ENV DIFF MAX MIN TRACER
-- TRACERS TRACERS TRACERS TRACERS CONTL NONLIN NONLIN NONLIN
TRACERS
0 7 1 0 "NODIFF' 1* 1* 1* /

The above example defines seven tracers in the water phase and one tracer in the gas phase.
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5.2.136 TRPLPORO - AcTivate THE TrRiIPLE PorosiTy MopeL OpTiON

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The TRPLPORO keyword activates the Triple Porosity Model option that models matrix, fractures and vuggy
porosity for carbonate reservoirs, and specifies the number of matrix porosity systems

This keyword is ignored by OPM Flow and has no effect on the simulation.

No. Name Description Default

| TRPLPORO A positive integer value that specifies the number of matrix porosity I
systems in the model. TRPLPORO should be set to either:

1)  TRPLPORO set equal to 2, if the vugs are only connected to the
fractures, so that the porosity system is matrix and connected
vugs, or,

2) TRPLPORO set equal to 3, if the vugs are connected to the

fractures and the matrix, so that the porosity system is matrix,
connected vugs, and isolated vugs.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.45:TRPLPORO Keyword Description

Note the keyword cannot be used in conjunction with the NMATRIX keyword, which is also in the
RUNSPEC section.

Example

-- TRPLPORO
-- OPTION

TRPLPORO
3 /

The above example activates the Triple Porosity Model option and specifies the porosity system is matrix,
connected vugs, and isolated vugs.
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5.2.137 UDADIMS - DeriNe THE Dimensions oF THE User DeErFINED ARGUMENTS

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword defines the dimensions of the User Defined Arguments (“UDA”) used by OPM Flow that can
be applied to various connection, group, and well keywords in the SCHEDULE section. UDAs are defined by
the UDQ keyword that is used to specify values to be constants, SUMMARY variables, as defined in
SUMMARY section, or a formula using various mathematical functions together with constants and
SUMMARY variables.

Although this keyword is read by OPM Flow and the ACTION and UDQ computational logic and
calculations have been implemented, one should used caution using this facility as it may result in OPM Flow
aborting.

No. Name Description Default

| NMUDA NMUDA is a positive integer that defines the number of augments in a 0
keyword that are replaced by numeric UDQ values.

2 NULL Not Used I*

3 MXUDA MXUDA is a positive integer that defines the maximum number of unique 100

augments in a keyword that are replaced numeric UDQ values.
Note that MXUDA differs from NMUDA, for example:

1) If only the oil rate argument of, say the WCONPROD keyword is
specified by a UDQ, then both NMUDA and NMUDA equal one.

2) However, if a second WCONPROD uses a different UDQ, then
NMUDA equals two, but MXUDA would can still be one.

3) Finally, if the same UDQ is used separately in two lines of
WCONPROD data, then both NMUDA and MXUDA must be set
to two.

As MXUDA's default value is 100 then this only needs to be increased
where the same UDQ is used as a UDA more than 100 times.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.46: UDADIMS Keyword Description

Note that OPM Flow has a more restricted UDQ feature set than the commercial simulator, so not all
options and functions are currently available.

Example

-- USER DEFINED ARGUMENT DIMENSIONS
-- NO. NOT TOTAL
-- ARGS USED ubQ
UDADIMS
10 1* 10 /

In the above example both NMUDA and MXUDA are set equal to ten.
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5.2.138 UDQDIMS - DeriNe THE Dimensions oF THE User Derinep UDQ FEATURE

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword defines the dimensions associated with the UDQ keyword used in OPM Flow to calculate
various user defined values in the SCHEDULE section. The UDQ keyword defined variables can be
constants, SUMMARY variables, as defined in the SUMMARY section, or a formula using various
mathematical functions together with constants and SUMMARY variables.

Although this keyword is read by OPM Flow and the ACTION and UDQ computational logic and
calculations have been implemented, one should used caution using this facility as it may result in OPM Flow
aborting.

No. Name Description Default

| MXFUNS A positive integer that defines the maximum number of functions that can 16
be included when defining a UDQ definition. This should also include any
brackets that will be used in the UDQ definition.

2 MXITEMS MXITEMS is a positive integer that defines the maximum number of 16
ITEMS allowed in an UDQ definition.

3 MXUDC MXUDC is a positive integer that defines the maximum number of user 0
defined CONNECTION quantities allowed in an UDQ definition.

4 MXUDF MXUDF is a positive integer that defines the maximum number of user 0
defined FIELD quantities allowed in an UDQ definition.

5 MXUDG MXUDG is a positive integer that defines the maximum number of user 0
defined GROUP quantities allowed in an UDQ definition.

6 MXUDR MXUDR is a positive integer that defines the maximum number of user 0
defined REGION quantities allowed in an UDQ definition.

7 MXUDS MXUDS is a positive integer that defines the maximum number of user 0
defined SEGMENT quantities allowed in an UDQ definition.

8 MXUDW MXUDW s a positive integer that defines the maximum number of user 0
defined WELL quantities allowed in an UDQ definition.

9 MXUDA MXUDA is a positive integer that defines the maximum number of user 0
defined AQUIFER quantities allowed in an UDQ definition.

10 MXUDB MXUDB is a positive integer that defines the maximum number of user 0
defined BLOCK quantities allowed in an UDQ definition.

Il RSEED RSEED is a character string that determines if a new random number seed N
should be generated for restart runs for use in the UDQ functions
RANDN, RANDU RRNDN and RRNDU. [f RSEED is set toY than a new
seed will be generated and if set to the default value of N or |* then the
same seed of the “base” simulation will be employed.

See also the RSEED integer variable on the UDQPARAM keyword in the
RUNSPEC section to set the random number seed for the current run.

This feature is not supported by OPM Flow.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.47: UDQDIMS Keyword Description
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Note that OPM Flow has a more restricted UDQ feature set than the commercial simulator, so not all
options and functions are available.

Example

UDQDIMS

USER DEFINED ARGUMENT DIMENSIONS FACILITY
MAX MAX MAX MAX MAX MAX MAX MAX MAX  MAX RAND
FUNCS ITEMS CONNS FIELD GROUP REGS SEGTM WELL AQUF BLCKS OPT

50 25 (0] 50 50 0 0 0 0 (0] N /

In this case the maximum number of functions that can be included when defining a UDQ definition is set to
50, maximum number of items allowed in an UDQ definition is 25, the maximum number of user defined
field quantities allowed in an UDQ definition is 50, and the maximum number of user defined group
quantities allowed in an UDQ definition is also 50. All other parameters are defaulted including the RSEED
variable (the same seed of the “base” simulation will be employed).
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5.2.139 UDQPARAM - DeriNe PARAMETERs FOR THE User DEFINED QUANTITY

FEATURE

!GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword defines the dimensions of the User Defined Arguments (“UDA”) used by OPM Flow that can
be applied to various connection, group, and well keywords in the SCHEDULE section. UDAs are defined by
the UDQ keyword that is used to specify values to be constants, SUMMARY variables, as defined in
SUMMARY section, or a formula using various mathematical functions together with constants and
SUMMARY variables.

Although this keyword is read by OPM Flow and the ACTION and UDQ computational logic and
calculations have been implemented, one should used caution using this facility as it may result in OPM Flow
aborting.

No. Name Description Default
| RSEED RSEED is a positive integer greater than zero that sets a new random I
number seed for use in the UDQ functions RANDN, RANDU RRNDN
and RRNDU.

See also the RSEED character variable on the UDQDIMS keyword in the
RUNSPEC section to default the random number seed for a restart run.

This feature is not supported by OPM Flow.

2 RANGE RANGE is areal positive value greater than or equal to one and less than I x 10®
or equal to 1.0 x 10%, that sets the absolute range for user define
quantities.

The default value of | x 10% sets the range from -1 x 10* to +1 x 10%.

3 DEFAULT DEFAULT is real value that is the default numerical value given to 0.0
undefined UDQ variables and should be in the same range as RANGE.

4 TOLUDQ TOLUDQ a real positive number greater than zero and less than one that I x 10*
defines the tolerance used to determine if two real values are equal.

Floating-point numbers (as implemented in computers) are never exact,
one cannot compare floating point numbers for exact equality. Thus,
TOLUDAQ defines a tolerance. For example, the default value of | x 10+
means that if the difference between two real values is less than | x 10
then the values are considered equal.

Notes:

1) The keyword is terminated by a ““/”.

Table 5.48: UDQPARAM Keyword Description

Note that OPM Flow has a more restricted UDQ feature set than the commercial simulator, so not all
options and functions are available.
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Example

-- USER DEFINED DEFAULT VALUES
-- SEED RANGE UNDEFINED COMPARISON
-- INTG -AND+ VALUE TOLERANCE

UDQPARAM
1 1.0E20 0.0 1.0E-4

The example explicitly sets the default values for all four variables on the UDAPARAM keyword, namely the
random seed to one, the range to | x 10%, the undefined UDQ variables to zero, and the comparison

tolerance to 1.0 x 10™.
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5.2.140 UDTDIMS - DeriNne THE Dimensions oF THE User DeriNeD TABLES

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword defines the dimensions of the User Defined Tables (“UDT”) used by OPM Flow that can be
applied to various connection, group, and well keywords in the SCHEDULE section. UDAs are defined by the
UDQ keyword that is used to specify values to be constants, SUMMARY variables, as defined in SUMMARY
section, or a formula using various mathematical functions together with constants and SUMMARY variables.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default

| MXUDT MXUDA is a positive integer that defines the maximum number of User 0
Defined Tables

2 NUDT NUDT is a positive integer that defines the maximum number of rows in 0

any given User Defined Table.

3 MXINTP MXINTP is a positive integer that defines the maximum number of 0
interpolation points allowed in any given dimension.

4 MXDIMS MXDIMS is a positive integer that defines the maximum number of 0
dimensions in any given User Defined Table.

Notes:

1) The keyword is terminated by a ““/”.
Table 5.49: UDTDIMS Keyword Description

Example

-- USER DEFINED TABLE DIMENSIONS

-- MAX MAX MAX MAX
-- TABLES ROWS INTPOL DIMS
UDTDIMS
3 20 3 2 /

In the above example the maximum number of UDT tables is set to three and the maximum number of rows
for each table is 20, the maximum number of interpolation points in any given dimension is set to three and
the maximum number of dimensions is defined as two.
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5.2.141 UNCODHMD - AcTtivate History MaTcH GRrADIENT UNENCODED OuTPUT
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE
Description

UNCODHMD activates the history match gradient unencoded output for the history match gradient output
file. Unencoded files allows external programs to read this file type.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE HISTORY MATCH GRADIENT UNENCODED OUTPUT

UNCODHMD

The above example switches on the unified output file option.
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5.2.142 UNIFIN - AcTtivate THe UnNiFiep Input FiLe OpTiON

Description

This keyword switches on the Unified Input Files option for all input files. Similar to the commercial
simulator, OPM Flow has various options for reading various input files and writing the resulting OPM Flow
output files as described in Table 5.50.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Process Keyword Description Files
Input FMTIN A character string that defines the input files to be formatted as ASCIl | *.FEGRID
i.e. text files, as oppose to binary files. The input deck file is always of this * FINSPEC
type.
. . . *FINIT
The option relates to the OPM Flow derived files that used as input, for
for example when restarting from another case. *FRSSPEC
If the keyword is omitted then the default is for binary file input. *FUNRST
*.FSMSPEC
* FUNSMRY

MULTIN A character string that defines the input files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is read in per %0001
reporting time step, as opposed to all time steps reports being read from |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.

UNIFIN A character string that defines the input files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file | UNRST
containing output for each reporting time step. For this option a single |
summary file and a single restart file will be read. *SMSPEC
If the keyword is omitted then the default is for one file per reporting | “UNSMRY
time step.

Output FMTOUT A character string that sets all output files to be formatted as ASCII i.e. |*.FEGRID
text files, as opposed to binary files. The *.PRT, *.LOG and *.DEBUG files | i\ ispec
are always of this type. *'

FINIT
The option relates to the OPM Flow output files only. In this case the
files will be portable across operating systems, but will also be very large *.FRSSPEC
in terms of hard disk space. For this reason it is recommend that the |:x
.FUNRST
default option is used so that binary files are outputted.
* FSMSPEC
If the keyword is omitted then the default is for binary file input.
* FUNSMRY
MULTOUT | A character string that defines the output files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is written for each %0001
reporting time step, as opposed to all time steps reports being written in |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.
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Process Keyword Description Files

UNIFOUT | A character string that defines the output files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. Here a single summary
file and a single restart file will be generated, as opposed to one file per *.SMSPEC
report time step. * UNSMRY

If the keyword is omitted then the default is for one file per reporting
time step.

Notes:

I) A binary file is computer-readable but not human-readable. All executable programs are stored in binary
files, as are most numeric data files. In contrast, text files are stored in a form (usually ASCII) that is human-
readable.

2) For unified files if the run terminates unexpectedly, or there is sufficient disk space, then the last report
output is not stored. Their main advantage is that if a number of simulations reside in one directory, their
output is organized. There is no limit on the number of reporting steps that a unified file can store.

Table 5.50: UNIFIN Keyword Description

There is no data required for this keyword and there is no terminating “/” for this keyword.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- SWITCH ON THE UNIFIED INPUT FILES OPTION

UNIFIN

The above example switches on the unified input file option.
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5.2.143 UNIFOUT - AcTtivate THE UniFiep Output FiLe OpTiON

Description

This keyword switches on the Unified Output Files option for all output files. Similar to the commercial
simulator, OPM Flow has various options for reading various input files and writing the resulting OPM Flow
output files as described in Table 5.51.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Process Keyword Description Files
Input FMTIN A character string that defines the input files to be formatted as ASCIl | *.FEGRID
i.e. text files, as oppose to binary files. The input deck file is always of this * FINSPEC
type.
. . . *FINIT
The option relates to the OPM Flow derived files that used as input, for
for example when restarting from another case. *FRSSPEC
If the keyword is omitted then the default is for binary file input. *FUNRST
*.FSMSPEC
* FUNSMRY

MULTIN A character string that defines the input files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is read in per %0001
reporting time step, as opposed to all time steps reports being read from |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.

UNIFIN A character string that defines the input files to be unified files, as | *.RSSPEC
opposed to non-unified multiple files. A unified file is a single file | UNRST
containing output for each reporting time step. For this option a single |
summary file and a single restart file will be read. *SMSPEC
If the keyword is omitted then the default is for one file per reporting | “UNSMRY
time step.

Output FMTOUT A character string that sets all output files to be formatted as ASCII i.e. |*.FEGRID
text files, as opposed to binary files. The *.PRT, *.LOG and *.DEBUG files | i\ ispec
are always of this type. *'

FINIT
The option relates to the OPM Flow output files only. In this case the
files will be portable across operating systems, but will also be very large *.FRSSPEC
in terms of hard disk space. For this reason it is recommend that the |:x
.FUNRST
default option is used so that binary files are outputted.
* FSMSPEC
If the keyword is omitted then the default is for binary file input.
* FUNSMRY
MULTOUT | A character string that defines the output files to be non-unified multiple | *.RSSPEC
files, as opposed to unified files. In this case, one file is written for each %0001
reporting time step, as opposed to all time steps reports being written in |
one file. *SMSPEC
If the keyword is omitted then the default is for one file per reporting *.50001
time step.
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Process Keyword Description Files

UNIFOUT | A character string that defines the output files to be unified files, as | *RSSPEC
opposed to non-unified multiple files. A unified file is a single file * UNRST
containing output for each reporting time step. Here a single summary
file and a single restart file will be generated, as opposed to one file per *SMSPEC
report time step. * UNSMRY

If the keyword is omitted then the default is for one file per reporting
time step.

Notes:

I) A binary file is computer-readable but not human-readable. All executable programs are stored in binary
files, as are most numeric data files. In contrast, text files are stored in a form (usually ASCII) that is human-
readable.

2) For unified files if the run terminates unexpectedly, or there is sufficient disk space, then the last report
output is not stored. Their main advantage is that if a number of simulations reside in one directory, their
output is organized. There is no limit on the number of reporting steps that a unified file can store.

Table 5.51: UNIFOUT Keyword Description

There is no data required for this keyword and there is no terminating “/” for this keyword.

See also OPM FLOW OUTPUT FILE FORMATS for a more detailed description of the various file types (ASCII
or binary) and file structure formats (unified or non-unified formats).

Example

-- SWITCH ON THE UNIFIED OUTPUT FILES OPTION

UNIFOUT

The above example switches on the unified output file option.
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5.2.144 UNIFOUTS - AcTtivate THE UniFiep Outputr Summary FiLe OpTioN
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

The UNIFOUTS keyword causes the SUMMARY file output files to be a unified file, as opposed to non-
unified multiple files. A unified file is a single file containing output for each reporting time step. Here a single
SUMMARY file will be generated, as opposed to one file per report time step. See also the MULTOUT
keyword in the RUNSPEC section that sets both the SUMMARY and RESTART files to be non-unified
multiple files, as opposed to unified files. Note also that UNIFOUTS keyword has precedence over the
MULTOUT keyword for SUMMARY files.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE THE UNIFIED OUTPUT SUMMARY FILE OPTION

UNIFOUTS

The above example switches on the unified SUMMARY output files.
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5.2.145 UNIFSAVE - AcTivate THE UNiFiep Output Save FiLe OpTiON
RUNSPEC  |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

The UNIFSAVE keyword causes the SAVE file output file to be a unified file, as opposed to non-unified
multiple files. A unified file is a single file containing output for each reporting time step. Here a single SAVE
file will be generated, as opposed to one file per report time step. See also the MULTOUT keyword in the
RUNSPEC section that sets both the SUMMARY and RESTART files to be non-unified multiple files, as

opposed to unified files.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE THE UNIFIED OUTPUT SAVE FILE OPTION

UNIFSAVE

The above example switches on the unified SUMMARY output files.
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5.2.146 VAPOIL - AcTivate THE Vaprorize OiL IN WET Gas PHase IN THE MobpEL

40

EDIT

PROPS

REGIONS

SOLUTION

SUMMARY

SCHEDULE

Description

This keyword indicates that vaporized oil (more commonly referred to as condensate) is present in wet40
gas in the model and the keyword should only be used if the there is both oil and gas phases in the model.
The keyword may be used for gas-water and oil-water-gas input decks that contain the oil and gas phases.
The keyword will also invoke data input file checking to ensure that all the required oil and gas phase input

parameters are defined in the input deck.

If the gas has a constant and uniform vaporized oil concentration, Condensate-Gas Ratio (“CGR”), and if the
reservoir pressure never drops below the saturation pressure (dew point pressure), then the model can be
run more efficiently by omitting the OIL and VAPOIL keywords from the RUNSPEC section, treating the gas
as a dry gas4l, and defining a constant Rv (CGR) value with keyword RVCONST or RVCONSTT in the
PROPS section. This results in the model being run with as a dry gas problem with no active oil (condensate)
phase. However, OPM Flow takes into account the constant Rv in the calculations and reporting.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

VAPOIL

The above example declares that the vaporized oil, i.e. condensate, in the gas phase is active in the model.

VAPORIZED OIL IN WET GAS IS PRESENT IN THE RUN

Natural gas that contains significant heavy hydrocarbons such as propane, butane and other liquid hydrocarbons is known as wet gas or
rich gas. The general rule of thumb is if the gas contains less methane (typically less than 85% methane) and more ethane, and other
more complex hydrocarbons, it is labeled as wet gas. Wet gas normally has GOR's less than 100,000 scfistb or 18,000 Sm3/m3, with the

condensate having a gravity greater than 50 °API.

Natural gas that occurs in the absence of condensate or liquid hydrocarbons, or gas that had condensable hydrocarbons removed, is called
dry gas. It is primarily methane with some intermediates. The hydrocarbon mixture is solely gas in the reservoir and there is no liquid
(condensate surface liquid) formed either in the reservoir or at surface. The term dry indicates that the gas does not contain heavier

hydrocarbons to form liquids at the surface conditions. Dry gas typically has GOR's greater than 100,000 scfistb or 18,000 Sm3/m3.
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5.2.147 VAPWAT - Activate Vaprorize WATER IN THE DRy AND WET Gas PHASES

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword indicates that vaporized water is present in the gas phase and the keyword should only be
used if both water and gas phases are present in the model. VAPWAT should also be used in conjunction
with the PRECSALT keyword in the RUNSPEC section in order to activate OPM Flow’s Salt Precipitation
model. VAPWAT may be used for gas-water and oil-water-gas input decks that contain the oil, gas and water
phases.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Note

This is an OPM Flow specific keyword for the simulator’s Water Vaporization Model that is activated by

declaring that vaporized water is present in the run.

Note that if the VAPWAT keyword is in the input deck then either the PYTGW or PYTGWO keywords in
PROPS section should be used to defined the gas and water PVT properties.

Secondly, if both the VAPWAT keyword and the PRECSALT keyword (used to activate the OPM Flow’s Salt
Precipitation model) are present in the input deck, then the RWGSALT keyword in the PROPS section also
needs to be present.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- VAPORIZED WATER IN DRY/WET GAS IS PRESENT IN THE RUN (OPM FLOW KEYWORD)

VAPWAT

The above example declares that the vaporized water is present in the gas phase and is active in the model.
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5.2.148 VE - Acrmivate VEeRrTICAL EqQuiLiBRIUM MobEL (GLOBAL)
REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE

RUNSPEC | GRID EDIT PROPS

Description
This keyword actives the Vertical Equilibrium (“VE”) model for the global grid and optionally specifies the
type of VE model. The VE model type can either be compressed for merging columns of grid blocks into a

single grid block, or uncompressed for the standard VE model.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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5.2.149 VFPIDIMS - InjecTtion VERTICAL FLow PERFORMANCE TABLE DIMENSIONS

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

VFPIDIMS keyword defines the maximum dimensions of the injection well Vertical Lift Performance (“VFP”)
tables defined by VFPIN] keyword. The VFP tables for the producing wells are defined by the VFPPDIMS
keyword.

No. Name Description Default

| MXMFLO A positive integer that defines the maximum number of injection rate 0
entries for the VFPIN] keyword.

2 MXMTHP A positive integer that defines the maximum number of THP entries for 0
the VFPIN] keyword.

3 MXVFPTAB A positive integer that defines the maximum number of VFPIN] tables 0
entered through the VFPINJ keyword.

Notes:

1)  The keyword is terminated by a “/”.

Table 5.52:VFPIDIMS Keyword Description

Example
-- INJECTING VFP TABLES
-- VFP VFP VFP
-- MXMFLO MXMTHP NMMVFT
VFPIDIMS
10 10 12 /

The above example defines that the maximum number of injection rates and THP entries on the VFPIN]J
keyword is 10,and the maximum number of BHP entries is 12.

A

B
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5.2.150 VFPPDIMS - ProbucTioN VErTIcAL FLow PerrorMANCE TABLE DIMENSIONS

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

VFPPDIMS keyword defines the maximum dimensions of the production well Vertical Lift Performance
(“VFP”) tables defined by VFPPROD keyword. The VFP tables for the injection wells are defined by the
VFPIDIMS keyword.

No. Name Description Default

| MXMFLO A positive integer that defines the maximum number of production flow 0
rate entries for the VFPPROD keyword.

2 MXMTHP A positive integer that defines the maximum number of THP entries for 0
the VFPPROD keyword.

3 MXMWFR A positive integer that defines the maximum number of water fraction 0
entries (WOR,WCUT, GWR etc.) entries for the VFPPROD keyword.

4 MXMGFR A positive integer that defines the maximum number of gas fraction 0
entries (GOR, GLR, OGR etc.) entries for the VFPPROD keyword.

5 MXMALQ A positive integer that defines the maximum number of artificial lift 0
quantity entries for the VFPPROD keyword.

6 MXVFPTAB A positive integer that defines the maximum number of VFPPROD tables 0
entered through the VFPPROD keyword.

Notes:

1)  The keyword is terminated by a “/”.
Table 5.53:VFPPDIMS Keyword Description

Example
-- PRODUCING VFP TABLES
.- VFP VFP VFP VFP VFP VFP
-- MXMFLO MXMTHP MXMWFR MXMGFR MXMALQ NMMVFT
VFPPDIMS
20 10 10 10 6 9 /

Here the example shows that there are a maximum of 20 flow rates, 10 THP entries, 10 water and gas
fraction entries, and six artificial lift entries for the nine VFPPROD VFP production tables.

A
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5.2.151 VISAGE - Activate ExTeErRNAL REservoiR GEo-MEecHANIcs VISAGE OrpTion
GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC

Description
The VISAGE keyword activates the External Reservoir Geo-Mechanics VISAGE option. The keyword should

not be used in input decks as the associated data is generated by an external program.

This keyword is ignored by OPM Flow and has no effect on the simulation.

JIK|L|M[IN|JO|P|Q|R|S|T|U|V W |X|Y|Z
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5.2.152 VISCD - AcTivate DuaL PorosiTy Viscous DispLAceMENT OPTION

RUNSPEC | GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

The VISCD keyword activates the Dual Porosity Viscous Displacement option for dual porosity and dual
permeability models, and therefore requires either the DUALPORO or DUALPERM keyword to be entered
in the RUNSPEC section to activate either one of these options. The VISCD option is used to model the
viscous displacement of fluids from the matrix by the fracture pressure gradient, for when the fracture
system has a more moderate permeability, and flow to and from the matrix caused by the fracture pressure
gradient acts as an additional production mechanism42. Normally this mechanism is ignored as the pressure
gradient in the fracture system is small due to the very high permeability of the fracture system. See the LX,
Lyand LZ keywords in the GRID section that define representative matrix grid block sizes.

There is no data required for this keyword and there is no terminating “/” for this keyword.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

Example

-- ACTIVATE DUAL POROSITY VISCOUS DISPLACEMENT OPTION

VISCD

The above example activates the dual porosity viscous displacement option.

“ Gilman, J. R. and Kazemi, H. “Improved Calculation for Viscous and Gravity Displacement in Matrix Blocks in Dual-Porosity Simulators,”
paper SPE 16010 (includes a number of associated papers), Journal of Petroleum Technology (1988) 40, No. I, 60-70.
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5.2.153 WARN - Activate WaARNING MESSAGES

Turns on warning messages to be printed to the print file (*.PRT); note that this keyword is activated by
default and can subsequently be switched off by the NOWARN activation keyword. The warning messages
may be turned on and off using keywords WARN and NOWARN. OPM Flow always prints error messages.

See WARN - Activate Warning Messages in the GLOBAL section for a full description.
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5.2.154 WATER - AcTivate THE WATER PHASE IN THE MoDEL

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

This keyword indicate that the water phase is present in the model and must be used for gas-water, oil-gas,
oil-water, oil-water-gas input decks that contain the water phase.The keyword will also invoke data input file
checking to ensure that all the required water phase input parameters are defined in the input deck.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- WATER PHASE IS PRESENT IN THE RUN

WATER

The above example declares that the oil phase is active in the model.
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5.2.155 WELLDIMS - DeriNe THE WELLs AnD Groupr DIMENSIONS

Description

WELLDIMS defines various well and group dimensions for the run. The commercial simulator combines both
the “black-oil” and compositional simulator variables on this keyword; however, although all the parameters
are explained below only the “black-oil” parameters are used by OPM Flow.

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

No.

Name

Description

Default

MXWELS

A positive integer defining the maximum number of wells for this model.

0

MXCONS

A positive integer defining the maximum number of grid block
connections per well for this model.

0

MXGRPS

A positive integer defining the maximum number of groups for this model.

MXGRPW

A positive integer defining the maximum number of wells that can belong
to a group in the model and the maximum number of child groups in a
group.

Note that MXGRPW sets both the maximum number of wells in a group
and the maximum number of child groups in a group. The former applies
to groups that contain wells and the latter applies to groups that contain
other groups. See also the GRUPTREE keyword in the SCHEDULE
section to define group hierarchy.

MXSTAGE

A positive integer defining the maximum number of stages per separator
for this model.

This option is ignored by OPM Flow.

MXSTRMS

A positive integer defining the maximum number of well streams for this
model.

This option is ignored by OPM Flow.

MXMIXS

A positive integer defining the maximum number of mixtures for this
model.

This option is ignored by OPM Flow.

MXSEPS

A positive integer defining the maximum number of separators for this
model.

This option is ignored by OPM Flow.

MXCOMPS

A positive integer defining the maximum number of mixture components
in a mixture for the model.

This option is ignored by OPM Flow.

MXDOCOMP

A positive integer defining the maximum number of well completions that
can cross a parallel run domain boundary when the PARALLEL option has
been activated.

This option is ignored by OPM Flow.

MXWSLIST

A positive integer defining the maximum number of well lists that a well
may be concurrent belong to at one time for this model.

This option is ignored by OPM Flow.

A
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No. Name Description Default
12 MXWLISTS A positive integer defining the maximum number of dynamic well lists for I
this model.

This option is ignored by OPM Flow.

13 MXWSECD A positive integer defining the maximum number of secondary wells for 10
this model.

This option is ignored by OPM Flow.

14 MXNGPP A positive integer defining the maximum number of entries per 201
completion in the generalized pseudo-pressure tables used for to calculate
the blocking factor associated with condensate drop-out in gas
condensate reservoirs.

If the generalized pseudo-pressure option has not been activated then this
is ignored.

This option is ignored by OPM Flow.

Notes:
1)  Only parameters () to (4) are used by OPM Flow.
2) The keyword is terminated by a “/”.

Table 5.54:WELLDIMS Keyword Description

Example

-- WELL WELL GRUPS GRUPS
-- MXWELS MXCONS MXGRPS MXGRPW
WELLDIMS
60 110 18 40 /

The above example defines the maximum number of wells to be 60 with |10 completions per well, and
maximum number of groups to be |8 with maximum number of wells per group of 40. All other parameters
are defaulted.
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5.2.156 WPOTCALC — WEeLL PotentiaL CaLcuLaTion OpPTIONS
RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE
Description

WPOTCALC defines how shut-in and stopped wells should have their well potentials calculated. Well
potentials for wells under these conditions need to have their potentials calculated if they are in a Priority
Drilling Queue via the WDRILPRI keyword in the SCHEDULE section, or the Prioritization option has been

enabled by the PRIORITY keyword in the SCHEDULE section.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for

completeness.
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5.2.157 WSEGDIMS - Derine MuLTi-SeeMent WELL DiMENSIONS

-GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The WSEGSDIMS keyword defines the multi-segment well dimensions for the multi-segment well model and
the keyword is obligatory if multi-segment wells are being employed in the model.

No. Name Description Default

| MXWELS A positive integer defining the maximum number of multi-segment wells 0
for this model.

2 MXSEGS A positive integer defining the maximum number of segments per well for |
this model.
3 MXBRAN A positive integer defining the maximum number of branches per multi- |

segment well, including the main branh groups for this model.

4 MXLINKS A positive integer defining the maximum number of segment links per 0
multi-segment well.

Notes:

1)  The keyword is terminated by a “/”.

Table 5.55:WESEGDIMS Keyword Description

Example

-- WELL WELL BRANCH SEGMENT
-- MXWELS MXSEGS MXBRAN MXLINKS
WSEGDIMS
5 100 10 10 /

The above example defines the maximum number of multi-segment wells to be five with up to 100 segments
per multi-segment well, a maximum number of 10 branches per multi-segment well, and up to 10 segment
links per multi-segment well.
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CHAPTER 6: GRID SECTION
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6.1

INTRODUCTION

The GRID section defines the basic grid properties, including structure, faults and various static rock
properties (porosity, permeability etc.). The information in this section will be used by the software to
calculate the pore volume (PORV) for each cell, the cell mid-point depths, and the regular transmissiblities
(TRANX, TRANY and TRANX) between all the cells, as well as across faults. The OPM Flow calculated
parameters can then be edited in the EDIT section.

All models can be classified by the
number of dimensions as show in
Figure 6.1 (after Mattax43). The zero
and one dimension models are
employed in analytical modeling, while
the higher dimensions are used in
numerical modeling. The term 4D
modeling refers to a 3D model with the
fourth dimension being the time
domain  derived from time-lapse
seismic, that is the comparison of 3D
seismic surveys at two or more points
in time.

OPM Flow enables the user to define
ID, 2D and 3D models using three
types of grids: Cartesian Regular Grid,
Radial Grid44, and Irregular Corner-
Point Grids. The first two type of grids
are rather limited in their ability to
describe the structural complexity of
oil and gas reservoirs; however, this
simplicity allows the engineer to quickly
build simple models to investigate
reservoir performance. Indeed in the
early days of numerical modeling back
in the late 1970's two-dimensional
cross-section and radial models were
the main models used to predict
reservoir performance due to limited
computer resources at the time. That
is not to say that full field models were

Figure 6.1: Numerical Model Dimensions

not developed, but that these full field models were very coarse in comparison to what is designed and built
today using static earth modeling software.

A brief introduction to the three types of grids and the data requirements to fully defined the structural
element of the grid together with the rock properties necessary to complete the GRID section data
requirements is outlined in the following section. This is then followed by the keyword definitions applicable

to this section.

# Mattax, C.C. and Dalton R.L. 1990. Reservoir Simulation. Society of Petroleum Engineers, Henry L. Doherty Series, Monograph Vol. |3

44

Radial grids are not currently implemented in this version of OPM Flow, but is expected to be incorporated in a future release.
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6.2 Data REQUIREMENTS

6.2.1 CartesiaN RecuLArR GRiDS

This type of grid defines a regular orthogonal grid based on defining the x, y and z dimensions of all the cells
and is normally employed when a complex structural model is not required. Figure 6.2 shows the SPE
Comparative Solution Project Number | (“SPE-CSP01”) as documented by Odeh45.

Time Step: 119/119 29,

—-- SPE1CASEL —-

Cell count. Total: 300 Active: 200

Main Grid I,],K: 10, 10, 3 2-Scale: S

Cell Property: SGAS

Statistics: all Time Steps and Al Active Cells

Min P10 Mean Fo0 Max Sum
0 0.00108487 0.128065 0427679 0.60882 4610.35

ResInsight v2016,11.0

[Ty}

Figure 6.2: SPE Simulation Case #01 Cartesian Regular Grid

The model consists of a simple 10 x 10 x 3 (NX, NY, NZ) grid and is defined using the following GRID
section keywords to define the grid geometry:

-- GRID SECTION

GRID

-- DEFINE GRID BLOCK SIZES IN THE X DIRECTION BASED ON NX x NY x NZ = 300)
-- (There Are In Total 300 Cells With Length 1000ft In X-Direction)

300*1000 /

* Odeh,A.“Comparison of Solutions to a Three Dimensional Black-Oil Reservoir Simulation Problem.” JPT 33 (1981):13-25.
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-- DEFINE GRID BLOCK SIZES IN THE Y DIRECTION (BASED ON NX X NY x NZ = 300)
-- (There Are In Total 300 Cells With Length 1000ft In Y-Direction)

DY

300*1000 /
-- DEFINE GRID BLOCK SIZES IN THE Z DIRECTION (BASED ON NX x NY x NZ = 300)
Dz

100*20.0 100*30.0 100*50.0 /
-- DEFINE GRID BLOCK TOPS FOR THE TOP LAYER (BASED ON NX = 100, NY = 100)
-- (Layer 2 and 3 TOPS Calculated by Simulator)
TOPS

25*3100 25*3105 25*3110 /

The rock property data required to complete the GRID section is as follows:

-- DEFINE POROSITY DATA FOR ALL CELLS (BASED ON NX x NY x NZ = 300)
PORO

300*0.300 /
-- DEFINE PERMY DATA FOR ALL CELLS (BASED ON NX x NY x NZ = 300)
PERMX

100*500.0 100%50.0 100*200.0 /
-- DEFINE PERMY DATA FOR ALL CELLS (BASED ON NX Xx NY x NZ = 300)
PERMY

100*500.0 100%50.0 100*200.0 /
-- DEFINE PERMZ DATA FOR ALL CELLS (BASED ON NX x NY x NZ = 300)
-- (Not Defined in Original Paper So Assume That PERMX = PERMY = PERMZ)
PERMZ

100*500.0 100%50.0 100*200.0 /

The above keywords define all the properties required for the GRID section for this type of grid geometry.
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6.2.2 IrRRecULAR CorNER-PoINT GRIDS

This type of grid is an industry standard grid used to formulate the structure of complex reservoirs46. Here
static modeling software is used to build the model which is then exported and imported into a numerical
model. Figure 6.3 illustrates the skeleton grid for the Norne Field which has dimensions of 46 x 112 x 22 in
the %, y and z dimensions respectively. This results in a total number of cells of 113,344 although not all of
these cells will be active in the model.

Figure 6.3: Norne Field Grid Skeleton

Similar to Cartesian Regular Grid the grid geometry must be defined for each cell and the properties for
each cell defined. The formulation of the grid geometry is based on corner-point geometry, basically coordinate
lines or pillars are given, then top and bottom surfaces for the cell are given by specifying the depth (z-
coordinates) of the cell’s corner points along each of the four adjacent pillars. The cell then forms an
irregular hexahedron as depicted in Figure 6.4. Note that the figure shows a corner-point cell which is more
or less orthogonal, which is ideally is what we want to minimize grid orientation effects.

The data required to define this type of grid consists of the SPECGRID to define the dimensions of the grid,
that is:
-- MAX MAX MAX MAX GRID

-- NDIVIX NDIVIY NDIVIZ NUMRES TYPE

SPECGRID
46 112 22 1 F /

A portion of the coordinate line data defined by the COORD keyword from the Norne model is shown on
the next page.

# K. Ponting, D, Corner Point Geometry in Reservoir Simulation, Conference Proceedings, ECMOR | - Ist European Conference on the
Mathematics of Oil Recovery, Jul 1989, cp-234-00003 dDOI= "https://doi.org/10.3997/2214-4609.2014 1 1305", European Association of

Geoscientists &; Engineers,
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Figure 6.4: Norne Field Corner-Point Geometry Example

-- X1 Y1 Z1 X2 Y2 z2
453114.000 7319921.000 3037.473 453114.000 7319921.000 3132.831
453155.031 7319840.000 2983.933 453142.750 7319864.000 3173.572
453196.094 7319759.000 3005.969 453171.500 7319807.500 3215.836
453237.156 7319678.000 3000.265 453200.250 7319751.000 3217.250
453278.188 7319597.000 2989.348 453229.031 7319694.000 3213.951
453319.250 7319516.500 2995.680 453257.781 7319637.500 3215.323
453356.250 7319443.500 3000.855 453308.750 7319537.000 3220.549
453393.250 7319370.500 3005.252 453359.688 7319436.500 3210.393
453423.969 7319310.000 3030.862 453394.219 7319368.500 3203.438
453454.688 7319249.500 3036.870 453428.719 7319300.500 3190.770
453485.406 7319189.000 3038.017 453463.219 7319232.500 3190.660
453516.125 7319128.000 3045.027 453497.750 7319164.500 3188.813
453546.844 7319067.500 3055.410 453532.250 7319096.500 3185.966
453577.562 7319007.000 3066.541 453566.750 7319028.500 3184.325
453608.281 7318946.500 3076.624 453601.250 7318960.500 3183.584
453639.000 7318886.000 3086.938 453635.781 7318892.500 3184.057
453669.719 7318825.500 3096.153 453670.281 7318824.500 3185.988
453700.438 7318765.000 3104.703 453704.781 7318756.500 3188.598
453731.156 7318704.500 3097.016 453739.281 7318688.500 3180.484
453761.875 7318644.000 3088.539 453773.812 7318620.500 3177.091
453780.000 7318608.000 3098.118 453796.562 7318575.500 3176.401
453798.125 7318572.500 3096.691 453819.344 7318530.500 3172.299
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The final keyword to define an Irregular Corner-Point geometry grid is the ZCORN keyword that defines
the depths of the cell corners. A portion of the ZCORN data from the Norne model is shown below.

ZCORN

3037.473 2983.933 2983.933 3005.969 3005.969 3000.265
3000.265 2989.348 2989.348 2995.680 2995.680 3000.855
3000.855 3005.252 3005.252 3030.862 3030.862 3036.870
3036.870 3038.017 3038.017 3045.027 3045.027 3055.410
3055.410 3066.541 3066.541 3076.624 3076.624 3086.938
3086.938 3096.153 3096.153 3104.703 3104.703 3097.016
3097.016 3088.539 3088.539 3098.118 3098.118 3096.691
3096.691 3093.886 3093.886 3085.393 3085.393 3081.957
3081.957 3080.645 3080.645 3115.021 3115.021 3130.474
3130.474 3204.674 3204.674 3193.187 3193.187 3169.512
3169.512 3101.928 3101.928 3044.277 3044.277 3023.930
3023.930 2964.244 2964.244 2900.178 2900.178 2875.715
2875.715 2864.913 2864.913 2855.256 2855.256 2841.119
2841.119 2826.261 2826.261 2806.556 2806.556 2781.052
2781.052 2791.720 2791.720 2817.940 2817.940 2813.308
2813.308 2788.492

The rock property data required to complete the GRID section is the same as for a Cartesian Regular grid,
as defined in section 6.2.1 Cartesian Regular Grids and the data is defined using the same keywords. The
resulting Norne model showing the ternary solution variable is displayed in Figure 6.5.

Figure 6.5: Norne Grid Ternary Solution Display
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6.2.3 RapiaL Grips

Radial flow exists near the wellbore and linear or Cartesian flow occurs within the reservoir away from the
wellbore. For field-wide studies the growth or decay of reservoir volumes activated by unsteady-state flow is
small and hence linear flow is modeled via a linear grid, using either a Cartesian Regular Grid or an Irregular
Corner-Point Grid, in these type of studies. On the other hand, for converging flow near wells the growth or
decay of reservoir volumes activated by unsteady-state flow is large and radial flow should modeled. Thus,
radial flow is important in only very localized areas around the wells and linear flow is modeled in most
reservoir studies, for example in full field or sector models. Consequently for investigating near well bore
effects, radial models are used to investigate the behavior around the wellbore, for example in gas cusping
and water conning studies, as one can see from Figure 6.6.

In both Cartesian Regular and
Irregular Corner-Point grids the
dimension nomenclature is (X, ¥,
z) for the x, y, and z planes. The
corresponding nomenclature for
Radial Grids is (1, theta and z)
for r or radius plane, theta for
the angular plane measured in
degrees, and z for the z plane.

In Figure 6.6 the radial grid has
been labeled as a 2-D
Cylindrical grid because there is
no flow in the theta direction
only in the r and z planes,
whereas the 3-D Reservoir grid
in the figure has flow in both
the x and y planes as well as the
z plane. Figure 6.7 shows a
typical 3-D radial grid with
dimensions (10, 10, 3) in the (r,
theta, z) dimensions taken from
Odeh47.

Figure 6.6: Cartesian and Radial Grids Comparison

Radial grids normally have a fine
grid near the wellbore which
then expands logarithmically
away from the wellbore. This is illustrated in Figure 6.7
where one can clearly see the four most outer rings, but
not the inner six. This type of grid makes solving the flow
equations more challenging than conventional Cartesian
and lIrregular Corner-Point grids, were the cell pore
volume distribution is relatively similar for neighboring
cells, compared with Radial grids. For comparison, a typical
conventional grid will have grid blocks size of 300, 300, 3
feet (or 100m x 100m x Im) spacing in the (x,y, z) plane;
whereas a radial grid will utilize an inner most radius of
between 0.25 to 1.0 foot in the R direction, and then
logarithmically expand from the inner radius. The Odeh”
example employs 0.25 ft. for the inner radius, and |.75,
2.32,5.01, 10.84, 23.39, 50.55, 109.21, 235.92, 509.68, and
1101.08 ft. for the outer radii.

Figure 6.7: 3D Radial Grid (Odeh Example)

# Comparison of Solutions to a Three-Dimensional Black-Oil Reservoir Simulation Problem by Aziz S. Odeh,~ Journal of Petroleum Technology,
January 1981.
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Figure 6.7 is based on a 10 x 10 x 3 grid, where NX is the R dimensions, NY the THETA dimensions and NZ
the z dimensions on the DIMENS keyword in the RUNSPEC section. Thus, in order to fully define this radial
grid the following GRID section keywords are required:

-- RUNSPEC SECTION

RUNSPEC
-- MAX MAX MAX
-- NDIVIX NDIVIY NDIVIZ
DIMENS
10 10 3 /
-- DEFINE RADIAL GRID GEOMETRY
RADIAL

-- GRID SECTION

GRID
-- INNER RADIUS OF FIRST GRID BLOCK IN THE RADIAL DIRECTION
INRAD

0.25
/
-- DEFINE GRID BLOCK SIZES IN THE R DIRECTION
DRV

1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.08 /
-- DEFINE GRID BLOCK SIZES IN THE THETA DIRECTION (BASED ON NY = 10)
DTHETAV

10*36 /
-- DEFINE GRID BLOCK Z DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 300)
DZ

100%20.0 100*30.0 100%50.0 /
-- DEFINE GRID BLOCK TOPS FOR THE TOP LAYER (NX=10,NY=10,and NzZ=3)
TOPS

100*8325 /

The rock property data required to complete the GRID section is as follows:

-- DEFINE POROSITY DATA FOR ALL CELLS (BASED ON NX x NY x NZ = 300)

300%0.300 /

-- DEFINE GRID BLOCK PERMR DATA FOR ALL CELLS (BASED ON NR x NY x NZ = 300)

100*500.0 100*50.0 100*200.0 /
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-- DEFINE GRID BLOCK PERMTHT DATA FOR ALL CELLS (NX x NY x NZ = 300)

PERMTHT
100*500.0 100*50.0 100*200.0 /

-- DEFINE GRID BLOCK Z DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 300)

Dz
100*500.0 100%50.0 100*200.0 /

The above keywords define all the properties required for the GRID section for this type of grid geometry.

Note

Radial grids are currently not fully implemented in OPM Flow and using the RADIAL keyword in the
RUNSPEC section will cause the simulator to throw an exception as radial grids are not included in the

release. Instead one can use the SPIDER grid keyword for radial flow simulation that converts the radial
entered keywords to Cartesian coordinates using Irregular Corner-Point geometry - see the example in
the section on Spider Grids ( )-
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6.2.4 Sriper GRiDS

OPM Reslnsight is the 3D visualization software that is used to view the grid block property data and OPM
Flow results (grid block pressures, fluid saturations etc.); unfortunately the software does not render radial
grids correctly, and currently there is no plan to implement this feature. Figure 6.8 shows how the Odeh48
radial model is rendered in OPM Reslnsight and this should be compared to Figure 6.7 which displays the
correct rendering of the grid.

25 | Time Step: 0/11 17.1ul 1988 |

-- SPEICASEZ_RADIAL _SINGLEPHASE --

Cell count. Total: 300 Active: 300
Main Grid I,],K: 10, 10, 3 2-Scale: 5
Cell Property: FERMZ

Statistics: Current Time Step and Yisible Cells
Min P20 Mean P10 Max Surm

50 51.35 230 498.65 300 ¥3000
Mobile Yolume Weighted Mean: 215

Cell Results:
PERMZ

1000
10

ResInsight v2020.10.1

Figure 6.8: Odeh Radial Grid in OPM Reslnsight

To overcome this limitation Spider Grids have been implemented that basically take the standard radial
geometry keywords in the grid section and transform the grid specification to an Irregular Corner-Point Grid
which can then be viewed in OPM Reslnsight in a more intuitive form. The only difference is that in the
RUNSPEC section the SPIDER keyword is used instead of the RADIAL keyword.

Figure 6.9 illustrates the spider grid for the Odeh*® example, which is not dissimilar to the radial model
shown in Figure 6.7. Note that Figure 6.7 was not generated by OPM Reslnsight, Figure 6.8 would represent
how OPM Reslnsight would render a radial grid.

Naturally, there will be differences in the results between radial and spider grid formulations, but the user
should use their own judgement if the differences are relevant.

* Comparison of Solutions to a Three-Dimensional Black-Oil Reservoir Simulation Problem by Aziz S. Odeh,~ Journal of Petroleum Technology,

January 1981.

Date: June 17,2021 Table of Contents Page 327 of 2151




IR OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

Tirne Stepe 0711 17.Jul 1988 |

T FiA]
-- SPE1CASEZ_SPIDER._SINGLEPHASE -

Cell count. Total: 300 Active: 300
Main Grid I,1,K: 10, 10, 3 2-Scale: 5
Cell Property: PFERMX

Statistics: Current Time Step and Yisible Cells
Min P20 Mean P10 Max Sum

50 51.35 250 498.65 500 75000
Mobile Yolume Weighted Mean: 215

-1000

Cell Results:

PERNMX
1000 E{x)
10

ResInsight v2020.10.1
TLLA L T

Figure 6.9: 3-D Spider Grid (Odeh Example)

Again, Figure 6.9 is based on a 10 x 10 x 3 grid, where NX is the R dimensions, NY the THETA dimensions
and NZ the z dimensions on the DIMENS keyword in the RUNSPEC section. The only difference between
this example and the previous example for radial grids is that the RADIAL keyword has been replaced by the
SPIDER keyword in the RUNSPEC section, all the other keywords are exactly the same..

-- RUNSPEC SECTION

RUNSPEC
-- MAX MAX MAX
-- NDIVIX NDIVIY NDIVIZ
DIMENS
10 1 3 /
-- DEFINE SPIDER GRID GEOMETRY (OPM FLOW RADIAL GRID KEYWORD)
SPIDER

-- GRID SECTION

GRID
-- INNER RADIUS OF FIRST GRID BLOCK IN THE RADIAL DIRECTION
INRAD
0.25
/
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-- DEFINE GRID BLOCK SIZES IN THE R DIRECTION

o 1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.08 /
:: DEFINE GRID BLOCK SIZES IN THE THETA DIRECTION (BASED ON NY = 10)
6+HETAV

1*45 /
:: DEFINE GRID BLOCK Z DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 30)
0z

10*20.0 10*30.0 10*50.0 /
:: DEFINE GRID BLOCK TOPS FOR THE TOP LAYER (NX=10,NY=1,and NZ=3)
TOPS

10*8325 /

The rock property data required to complete the GRID section is as follows:

-- DEFINE POROSITY DATA FOR ALL CELLS (BASED ON NX x NY x NZ = 30)

PORO

30%0.300 /
-- DEFINE GRID BLOCK PERMR DATA FOR ALL CELLS (BASED ON NR x NY x NZ = 30)
PERMR

10*500.0 10*50.0 10*200.0 /
-- DEFINE GRID BLOCK PERMTHT DATA FOR ALL CELLS (NX x NY x NZ = 30)
PERMTHT

10*500.0 10*50.0 10*200.0 /
-- DEFINE GRID BLOCK Z DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 300)
DZ

10*500.0 10*50.0 10*200.0 /

The above keywords define all the properties required for the GRID section for this type of grid geometry.
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6.2.5 Rock PROPERTIES

Irrespective of the grid type used to define the structural component of the model various static properties
need to be defined in order for the model to have a complete grid definition, these properties include the
identification of active and inactive grid blocks, porosity, permeability, and the reservoir quality via the net-to-
gross fraction (“NTG”).These parameters must be set for each cell in the model

Property

Description

Cartesian And | Radial Grid
Irregular Keywords
Corner-Point
Grids

Keywords

Active and
Inactive cells

Defines if a cell in the model is active by setting the ACTNUM
property for a cell to either one or inactive by setting the
value to zero.

Cells that are inactive in the model are ignored
computationally and can act as barriers to flow. Thus, a shale
in a conventional reservoir is normally treated as non-
reservoir and is made inactive either by setting the ACTNUM,
PORO, or NTG to zero for the cells representing the shale.

ACTNUM

Porosity

Porosity is a measure of the space in a reservoir rock. It is
defined as the fraction of the total bulk volume of the rock
not occupied by solids, that is it is the fraction of the cell that
is porous and contains the reservoir fluids.

PORO

Reservoir
Quality

Reservoir quality of the cell in terms of the gross volume
derived from the structural grid and the net volume available
for fluid flow in the model expressed as a fraction from zero
to one. A zero values means the cell does contribute to flow
and therefore is made inactive. A value of one means the gross
and net volumes are identical for the cell

NTG

Permeability

Permeability is a measure of the ease with which a fluid will
flow through a porous medium. In numerical models
permeability is dependent on the direction of flow, that is x, y
and z directions in Cartesian and Irregular Corner-Point
Grids, and the radial, theta and z directions in radial grids.

There are various formulations for permeability, absolute
permeability, effective permeability, gas permeability, liquid
permeability etc.,and the values are saturation dependent.

Thus, values entered should be consistent with the relative
permeability entered in the PROPS section. Normally Kair
(Sg=1.0) should be entered for the cell permeability and the
values may or not be corrected for overburden or humidity
drying effects. Correcting for liquid flow and saturation end
points etc., is accomplished by the relative permeability
curves.

For example, if Kair (Sg=1.0) has been entered for the cell
permeability when Krg (Sg=1-Swc) should be less than one.

PERMX PERMR
PERMY PERMTHT
PERMZ PERMZ

Table 6.1: Key Static Grid Properties
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Note

Static grid properties are frequently generated from a static earth model using petrophysical evaluation
of the well logs and propagated through the model based on a variety of geostatistical techniques.

Petrophysical evaluations are conducted in either in the “Total” or the “Effective” porosity domain, and is
important that all the rock property data is entered into the model is of the same basis. It is not
important which porosity domain is used, as long as all the data is in the same domain.

Pore volume and transmissibility are common terms in the reservoir simulation vernacular. Pore volume is
self-explanatory, that is, given the grid property data the pore volume for each cell is calculated using:

PV = Cell Gross Volume X PORO X NTG X ACTNUM 6.1)

Where
PV = the pore volume of a cell,
Cell Gross Volume = the gross volume (or bulk volume) calculated from the structural
parameters of the cell,
PORO = cell porosity,
NTG cell net-to-gross ratio, and
ACTNUM active and inactive cell indicator.

Any cell with a pore volume equal to zero is made inactive automatically in the model. However, there may
be some cells that have small pore volumes than may negatively impact computational performance of the
model. If this is the case then the MINPV keyword in the GRID section can be used to make these cells
inactive.

There has been a trend in the industry in recent years to not apply petrophysical cut-offs to determine net
volumes in static models. This results in large models with numerous cells with very low porosity values (less
than 0.01 for example) and corresponding very low permeabilities. The theory behind this approach is that
the numerical model will determine the effective (or net) reservoir. However, the approach is questionable as
by not applying net pay cut-offs, the in-place and recoverable volumes may not satisfy Reserve reporting
requirements and guidelines to various agencies. Secondly, although this may be appropriate in
unconventional reservoirs, as all the cells in the model will have similar values of porosity and permeability,
but in conventional reservoirs this methodology will lead to severe computational issues when attempting to
run the model, due to very tight cells being next to relative high permeability cells. Again, the MINPV
keyword can be used to resolve this issue.

Transmissibility on the other hand is more complex as it relates the flow from one cell face to another cell
face and is a function of the area open to flow, the direction of flow, the permeability, saturation and viscosity
of the phases flowing between the cells. For a single phase flow in a Cartesian grid the x-direction
transmissibility is of the form:

(6.2)

i+, j

As transmissibility is a property of the flow between two cell faces, not a block centered grid cell property
like porosity or permeability, then the nomenclature for transmissibility is different. In OPM Flow, the
transmissible of cell face T(i, j, k) is the transmissibility between cells (i, j, k) and (i+1, j, k). In some simulators
it would be between (i, j, k) and (i-1, j, k). This is important to note if manual modifications to cell
connections are to be made in the model.

Note that modifications to grid property data can only be done in the GRID section, thereafter only the
calculated pore volumes and transmissibilities are available for adjustment.
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6.3 KEeyworbp DEFINITIONS

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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6.3.1 ACTNUM - Set 1HE S1ATUS OF A GRID BLOCK To AcTIVE OR INACTIVE

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Description

ACTNUM specifies which grid blocks are active or inactive. A value of | indicates the block is active and a
value of 0 indicates the block is inactive. A grid block is inactive if its pore volume is less than the value
entered using keyword MINPV. This keyword can be used to make blocks with a pore volume greater than
MINPYV inactive. Note that a value must be entered for each grid block in the model. Grid blocks are ordered
with the | index cycling fastest, followed by the ] and K indices. As for all array data repeat counts may be

used, for example 100*1; however the full array must be specified.

Note that a cells activity can also be set using the EQUALS keyword by selection only those cells that are

required to be made inactive.

No. Name Description

Default

being active or 0 for inactive, for each grid block in the model.

| ACTNUM An array of integers that define the activity of a cell by setting it to | for

|>k

Notes:

specified for the array.

2) The keyword is terminated by a “/”.

1) A total of NX x NY x NZ integer values, as defined by the DIMENS in the RUNSPEC section, must be

Table 6.2:ACTNUM Keyword Description

Examples

The example below sets several cells to be inactive for a 4 x 5 x 2 model.
ACTNUM

0 011# layer 1
0011

1111

1111

1111

1111 # layer 2
1111

1111

1111

0000

/

Alternatively the EQUALS keyword could be employed to accomplish the same task, that is:

-- -- ARRAY CONSTANT -- =======--- BOX ---------

-- I1 I2 J1 J2 Kl K2

EQUALS
"ACTNUM’ 1.0000 1* 1* 1* 1* 1* 1* / SET ACTIVE CELLS
"ACTNUM’ 0.0000 1 2 1 2 1 1 / SET INACTIVE CELLS
"ACTNUM’ 0.0000 1 4 4 4 2 2 / SET INACTIVE CELLS

/

A

B

C|/D|E|F|G|H|I'|J|K|IL|M|N|]O|P|Q|R|S|T|U|V

w

X

Y | Z
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6.3.2 ADD - Abpb A ConsTANT TO A SpPecIFIED ARRAY

RUNSPEC SUMMARY  |SCHEDULE

Description

The ADD keyword adds a constant to a specified array or part of an array. The constant can be real or
integer depending on the array type; however, the arrays that can be operated on is dependent on which
section the ADD keyword is being applied.

No. Name Description Default

| ARRAY The name of the array to be modified. This is the keyword name identifying None
the property and is up to eight characters in length and enclosed in quotes.

2 CONSTANT An integer or real value to be added to the ARRAY in the same units as the 0
ARRAY property.

3 1 A positive integer that defines the lower bound of the array in the I- |
direction to be modified must be greater than or equal | and less than or
equal to 12 and NX.

4 12 A positive integer that defines the upper bound of the array in the I- NX
direction to be modified must be greater than or equal to Il and less than or
equal to NX

5 J1 A positive integer that defines the lower bound of the array in the |- |

direction to be modified must be greater than or equal | and less than or
equal to J2 and NY.

6 J2 A positive integer that defines the upper bound of the array in the J- NY
direction to be modified must be greater than or equal to ]I and less than or
equal to NY.

7 Kl A positive integer that defines the lower bound of the array in the K- |

direction to be modified must be greater than or equal to one and less than
or equal to K2 and NZ.

8 K2 A positive integer that defines the upper bound of the array in the K- NZ
direction to be modified must be greater than or equal to Kl and less than
or equal to NZ.

Notes:

1) Where NX, NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.

2) Each record must be terminated by a “/” and the keyword is terminated by a “/”.

Table 6.3:ADD Keyword Description

The applicable arrays for each section are defined in Table 6.4 on the following page.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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ADD Keyword And Variable Options By Section

GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE
DX DEPTH SWL ENDNUM PRESSURE
DY PORV SWCR EQLNUM SWAT
DZ TRANX Swu FIPNUM SGAS
PERMX TRANY SGL IMBNUM RV
SGCR MISCNUM RS

PVTNUM TBLK
ROCKNUM Gl
SATNUM OILAPI

MULTZ TRANR WH2NUM SALT

DR TRANTHT PCG GASCONC
THETA PCW SOLVCONC
PERMR SOLVFRAC
PERMTHT SFOAM
DZNET SPOLY
PORO

NTG

FLUXNUM

MULTNUM

MPANUM
DIFFX
DIFFY

DIFFZ
DIFFR
DIFFTHT

Table 6.4:ADD Keyword Applicable Arrays by Section

Example
-- ARRAY CONSTANT =~ ------o--- BOX ---------
-- I1 I2 J1 J2 K1 K2
ADD
PERMX 20.000 1* 1* 1* 1* 1* 1* / ADD 20 mD TO PERMX
/

The above example ADDS 20 units to the PERMX array in the GRID section to all grid blocks in the model.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z
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6.3.3 ADDREG - Apbb A ConsTaNT To AN ARRAY BASED ON A RecioNn NuMBER

Description

The ADDREG keyword adds a constant to a specified array or part of an array based on cells with a specific
region number. The region number array can be FLUXNUM, MULTNUM or OPERNUM and these arrays
must be defined and be available before the ADDREG keyword is read by the simulator. The constant can be
real or integer depending on the property array type; however, the property arrays that can be operated on
is dependent on which section the ADDREG keyword is being used.

RUNSPEC SUMMARY

SCHEDULE

No. Name Description Default
| ARRAY The name of the array to be modified. This is the keyword name identifying None
the property and is up to eight characters in length and enclosed in quotes.
2 CONSTANT An integer or real value to be added to the ARRAY in the same units as the 0
ARRAY property for a given REGION
3 REGION REGION NUMBER is a positive integer representing the region for which None
NUMBER the CONSTANT in (2) should be applied
4 REGION The REGION ARRAY to use for applying the CONSTANT in (2) based on M
ARRAY the REGION NUMBER in (3). REGION ARRAY can have the following
values:
1)  Ffor the FLUXNUM array
2) M for the MULTNUM array
3) O for the OPERNUM array
Notes:

I)  Where the REGION NUMBER should be less than or equal to the maximum number of regions as defined
on the REGDIMS keyword for the FIPNUM and OPERNUM arrays or the GRIDOPTS keyword for the
MULTNUM array in the RUNSPEC section.

2) Each record must be terminated by a “/”” and the keyword is terminated by a ““/”.

Table 6.5:ADDREG Keyword Description

The applicable arrays for each section are defined in Table 6.6 on the following page.

ADDREG Keyword And Variable Options By Section
GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE
DX DEPTH SWL ENDNUM PRESSURE
DY PORV SWCR EQLNUM SWAT
Dz TRANX Swu FIPNUM SGAS
PERMX TRANY SGL IMBNUM RV
PERMY TRANZ SGCR MISCNUM RS
PVTNUM TBLK
ROCKNUM (€]
SATNUM OILAPI
TRANR WH2NUM SALT
DR TRANTHT GASCONC
SOLVCONC
SOLVFRAC
A|lB|CI|D|E|F|GI|H|I|J|K|L|M|N]|O QIR|S|T|U|V (W |X]|Y |Z
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ADDREG Keyword And Variable Options By Section
GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE
PERMTHT
DZNET
PORO
NTG
FLUXNUM
MULTNUM
MPANUM
DIFFX
DIFFY
DIFFZ
DIFFR
DIFFTHT
Table 6.6:ADDREG Keyword Applicable Arrays by Section
Example
-- FIRST DEFINE THE PROPERTY ARRAYS AND MULTNUM ARRAYS FOR 10 X 10 X 20 MODEL
-~ ARRAY CONSTANT -- -----mnnn- BOX --------
-- I1 1I2 J1 J2 K1 K2
EQUALS
PORO 0.2000 1*  1* 1* 17 1* 1* / PORO TO 0.20 IN MODEL
PERMX 100.00 1* 1% 1* 1~ 1* 1* / PERMX TO 0.10 IN MODEL
MULTNUM 1 1* 1* 1* 17 1* 1* / MULTNUM IN MODEL
MULTNUM 2 1* 5 1 5 6 6 / MULTNUM IN MODEL
MULTNUM 3 1* 1* 1* 17 10 10 / MULTNUM IN MODEL
/
- NOW RESET PORO AND PERMX BASED ON THE MULTNUM REGION NUMBER
-- ADD A CONSTANT TO AN ARRAY BASED ON A REGION NUMBER
-- ARRAY CONSTANT REGION REGION ARRAY
-- VALUE NUMBER M/ F/O
ADDREG
'PORO 0.050 1 M /
PORO 0.100 2 M /
PORO -0.050 3 M /
PERMX 25.00 1 M /
PERMX 100.0 2 M /
PERMX -50.00 3 M /
/

The example first defines the PORO and PERMX property arrays for the model and then sets the
MULTNUM array to | for all cells in the model, after which selected areas of model are assigned various
MULTNUM integer values. The ADDREG can then be invoked to add or subtract constant values from the
PORO and PERMX arrays for the various MULTNUM regions.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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6.3.4 ADDZCORN - Apbp A ConstanT To THE ZCORN DEepTH ARRAY

RUNSPEC

GRID

EDIT

PROPS

REGIONS

SOLUTION

SUMMARY

SCHEDULE

Description

The ADDZCORN keyword adds a constant to the ZCORN array or part of the array based on cells defined
in the specified input box.The constant can be real or integer and can be negative or positive.

This keyword is ignored by OPM Flow and has no effect on the simulation.

A

B

C|D|E

LM

N

O |P

u|v |w

XY |Z
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6.3.5 AMALGAM - Derine LGR AMALGAMATIONS
RUNSPEC  |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description

The AMALGAM keyword defines a Cartesian Local Grid Refinements (“LGR”) amalgamations, that is
merging several LGRs into one amalgamated LGR.

This keyword is ignored by OPM Flow and has no effect on the simulation.

A|/B|C|IDI|E|F|G|H|I|J|K|LIM|N|O|P|Q|R|S|T|U|V |WI[X|Y|Z
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6.3.6 AQUANCON - DeriNne ANALYTICAL CoNNECTIONS TO THE GRID

RUNSPEC EDIT PROPS REGIONS -SUMMARY

Description

The AQUANCON keyword defines how analytical aquifers are connected to the simulation grid, this
includes the Carter-Tracy and Fetkovich analytical aquifers, both of which are implemented in OPM Flow.
Carter-Tracy analytical aquifers are characterized by the AQUCT keyword in the GRID section and
Fetkovich analytical aquifers are defined by either the AQUFET or AQUFETP keywords in the SOLUTION

section

SCHEDULE

Note that numerical aquifers are connected to the grid using the AQUCON keyword in the GRID section
and that both aquifer types dimensions are declared by the AQUDIMS keyword in the RUNSPEC section.

No.

Name

Description

Field Metric Laboratory

Default

AQUID

AQUID is a positive integer greater than or equal to one and less than the
maximum number of analytical aquifers as defined by the NANAQ variable
on the AQUDIMS keyword in the RUNSPEC section, that defines the aquifer
to be connected to the grid.

None

A positive integer that defines the lower bound of the cells in the I-direction
to be connected to the aquifer and must be greater than or equal to one
and less than or equal to 12 and NX.

A positive integer that defines the upper bound of the of the cells in the I-
direction to be connected to the aquifer and must be greater than or equal
to Il and less than or equal to NX

NX

JI

A positive integer that defines the lower bound of the cells in the J-direction
to be connected to the aquifer and must be greater than or equal to one
and less than or equal to J2 and NY.

J2

A positive integer that defines the upper bound of the cells in the J-direction
to be connected to the aquifer and must be greater than or equal to ]I and
less than or equal to NY.

NY

Kl

A positive integer that defines the lower bound of the cells in the K-
direction to be to be connected to the aquifer and must be greater than or
equal to one and less than or equal to K2 and NZ.

K2

A positive integer that defines the upper bound of the cells in the K-
direction to be connected to the aquifer and must be greater than or equal
to Kl and less than or equal to NZ.

NZ

AQUFACE

AQUFACE is a character string that sets the connection “face” of the cells
declared by this record and should be set to one of the following:
1)  X+,Y+, or Z+ for the positive direction, or X-, Y- or Z- for the
negative direction transmissibilities.

2) I+,)+, or K+ for the positive direction, or |-, J- or K- for the negative
direction transmissibilities.

None

AQUFLUX

AQUFLUX is a positive real value that sets the fraction of the total influx
between the aquifer and the defined cells declared on this keyword. If
defaulted the cell face for each cell is applied and if a values is declared then
this values is applied to all cells declared by this record.

ft m? cm?

A
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No. Name Description Default
Field Metric Laboratory
10 AQUCOEF AQUCOEF is a real positive values that scales the calculated connection

between the aquifer and the cells declared on this record.

dimensionless dimensionless dimensionless 1.0

| AQUOPT AQUOPT is a character string that sets the cell face connection and should NO
be set to one of the following:

1) YES:Aquifer connections can adjoin to active cells allowing for
connections inside the reservoir grid. It is not recommended to use
this option without thoroughly checking the connections in the
model.

2) NO:Aquifer connections cannot adjoin to active cells preventing
connections inside the reservoir grid.This is the recommended and
the default value.

Notes:

1) Where NX, NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.

2) Each record must be terminated by a *“/” and the keyword is terminated by a “/”.

Table 6.7:AQUANCON Keyword Description

Note

If the AQUANCON keyword has been utilized in the run deck then OPM Flow will write the
AQUIFERA array to the *.INIT file in order to visualize the aquifer connections in OPM Reslnsight.

This is accomplished by setting the AQUIFERA value to 2#?Y"") for cells connected to aquifer AQUID. If
a cell is connected to multiple analytical aquifers then AQUIFERA is summed for all aquifers connected
to a cell. Note that connecting cells to multiple aquifers is best avoided.

Example

The following example defines aquifer number one connected to the I+ face of various cells in the model.

-- ANALYTIC AQUIFER CONNECTION

-- ID - BOX --------- CONNECT AQF AQF ADJOIN
-- NUMBER I1 I2 J1 J2 K1 K2 FACE INFLX MULTI CELLS
AQUANCON
1 57 57 28 36 46 58 "I+ 1* 1* "NO' /
1 111 111 38 41 22 31 "I+ 1* 1* "NO' /
1 96 96 44 49 22 31 "I+ 1* 1* "NO' /
1 43 43 28 35 54 58 "I+ 1* 1* "NO' /
1 98 98 38 42 32 40 "I+ 1* 1* "NO' /
1 79 79 41 67 5 11 "I+ 1* 1* "NO' /
1 61 61 48 72 12 17 "I+ 1* 1* "NO' /
/

See the AQUCT keyword in the GRID section for a complete example on defining and connecting a Carter-
Tracy aquifer to a simulation grid.

A
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6.3.7 AQUCON - DeriNe NumericAL AQuIFER ConNECTIONS TO THE GRID

RUNSPEC EDIT PROPS REGIONS -SUMMARY

Description

AQUCON keyword defines how numerical aquifers are connected to the simulation grid and these type of
aquifers are characterized by the AQUNUM keyword in the GRID section. Analytical aquifers are connected
to the simulation grid by the AQUANCON keyword in the GRID section, this includes the Carter-Tracy and
Fetkovich analytical aquifers, both of which are implemented in OPM Flow. Both aquifer types dimensions are
declared by the AQUDIMS keyword in the RUNSPEC section.

SCHEDULE

No.

Name

Description

Field Metric Laboratory

Default

AQUID

AQUID is a positive integer greater than or equal to one and less than or
equal to the maximum number of numerical aquifers as defined by the
MXNAQN variable on the AQUDIMS keyword in the RUNSPEC section,
that defines the aquifer to be connected to the grid.

None

A positive integer that defines the lower bound of the cells in the I-direction
to be connected to the aquifer and must be greater than or equal to one
and less than or equal to 12 and NX.

A positive integer that defines the upper bound of the of the cells in the I-
direction to be connected to the aquifer and must be greater than or equal
to Il and less than or equal to NX

NX

]I

A positive integer that defines the lower bound of the cells in the J-direction
to be connected to the aquifer and must be greater than or equal to one
and less than or equal to J2 and NY.

2

A positive integer that defines the upper bound of the cells in the J-direction
to be connected to the aquifer and must be greater than or equal to ]I and
less than or equal to NY.

NY

Kl

A positive integer that defines the lower bound of the cells in the K-
direction to be to be connected to the aquifer and must be greater than or
equal to one and less than or equal to K2 and NZ.

K2

A positive integer that defines the upper bound of the cells in the K-
direction to be connected to the aquifer and must be greater than or equal
to Kl and less than or equal to NZ.

NZ

AQUFACE

AQUFACE is a character string that sets the connection “face” of the cells
declared by this record and should be set to one of the following:

1)  X+,Y+, or Z+ for the positive direction, or X-, Y- or Z- for the
negative direction transmissibilities.

2) I+, ]+, or K+ for the positive direction, or |-, J- or K- for the negative
direction transmissibilities.

None

AQUMULT

AQUMULT is a positive real number greater than or equal to zero that
scales the OPM Flow calculated transmissibility between the AQUID aquifer
and the grid cell connections defined by this record.

The default value of one sets the transmissibility between the aquifer and
grid cells to the OPM Flow calculated value.

dimensionless dimensionless dimensionless
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No. Name Description Default
Field Metric Laboratory
10 AQUOPTI AQUOPTI is a defined integer value set to either zero or one, that defines

the area to be used in calculating the connection transmissibility between
the aquifer and the grid cells:

1) A value of zero means the cross-sectional defined on the AQUNUM
keyword will be used, whereas,

2) A value of one means the cross-sectional defined by the grid cell
connections defined by this record will be used.

dimensionless dimensionless dimensionless 0

Il AQUOPT2 AQUOPT2 is a character string that sets the cell face connection and NO
should be set to one of the following:

1) YES:Aquifer connections can adjoin to active cells allowing for
connections inside the reservoir grid. It is not recommended to use
this option without thoroughly checking the connections in the
model.

2) NO:Aquifer connections cannot adjoin to active cells preventing
connections inside the reservoir grid.This is the recommended and
the default value.

VEOPTI Vertical Equilibrium Option Number |- Not Used

VEOPT2 Vertical Equilibrium Option Number 2— Not Used

Notes:

1) Where NX, NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.

2) Each record must be terminated by a *“/” and the keyword is terminated by a “/”.

Table 6.8:AQUCON Keyword Description

Note

If the AQUCON keyword has been utilized in the run deck then OPM Flow will write the AQUIFERN
array to the *.INIT file in order to visualize the aquifer connections in OPM Reslnsight.

This is accomplished by setting the AQUIFERN value to 2%P-) for cells connected to aquifer AQUID. If
a cell is connected to multiple numerical aquifers then AQUIFERN is summed for all aquifers connected
to a cell. Note that connecting cells to multiple aquifers is best avoided.

Finally, for cells representing the numerical aquifers themselves, AQUIFERN is set to minus AQUID.
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Example
The following example defines numerical aquifer number one connected to the I+ face of various cells in the
model.

-- NUMERICAL AQUIFER CONNECTIONS

-- 11> S BOX --------- CONNECT TRANS TRANS ADJOIN

-- NUMBER I1 I2 J1 J2 Kl K2 FACE MULT OPTN  CELLS

AQUCON
1 57 57 28 36 46 58 "I+ 1* 1* "NO' /
1 111 111 38 41 22 31 "I+ 1* 1* "NO' /
1 96 96 44 49 22 31 "I+ 1* 1* "NO' /
1 43 43 28 35 54 58 "I+ 1* 1* "NO' /
1 98 98 38 42 32 40 "I+ 1* 1* "NO' /
1 79 79 41 67 5 11 I+ 1* 1* "NO' /
1 61 61 48 72 12 17 "I+ 1* 1* "NO' /

/

See the AQUNUM keyword in the GRID section for a complete example on defining and connecting a
numerical aquifer to a simulation grid.
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6.3.8 AQUCT - DeriNe CARTER-TRACY ANALYTICAL AQUIFERS

RUNSPEC

Description

The AQUCT keyword defines Carter-Tracy49 analytical aquifers, the properties of the aquifer, including the
Carter-Tracy aquifer influence function associated with the aquifer, defined by the AQUTAB keyword in the
PROPS section.

EDIT REGIONS

Each row entry in the AQUCT keyword defines one Carter-Tracy aquifer.

SUMMARY

No.

Name

Description

Field Metric Laboratory

Default

AQUID

A positive integer greater than or equal to one and less than or equal to
NANAQ on the AQUDIMS keyword in the RUNSPEC section, that
defines the Carter-Tracy aquifer number.

DATUM

DATUM s a single positive value that defines the Carter-Tracy reference
datum depth for PRESS.

feet m cm

None

PRESS

PRESS is a single positive value that defines the aquifer pressure at
DATUM.

If PRESS is defaulted then the simulator will set the aquifer’s initial
reservoir pressure to be in equilibrium with the cells the aquifer is
contacted to.

psia barsa atma

PERM

PERM is a real positive number that assigns the permeability to the aquifer.

mD mD mD

None

PORO

PORO is a real positive number greater than zero and less than or equal
to one that assigns the porosity to the aquifer.

dimensionless dimensionless dimensionless

None

RCOMP

RCOMP is a real number defining the total
compressibility (Ct) at the DATUM pressure.

(rock and water)

| /psia I/barsa I/atma

None

RE

RE is a real positive number that defines the Carter-Tracy aquifer external
radius.

feet m cm

None

DZ

DZ is a real positive number that defines the Carter-Tracy aquifer average
net thickness.

feet m cm

None

ANGLE

ANGLE is a real positive number that defines the angle of influence, that is
the angular connection between the aquifer and the hydrocarbon
reservoir.A value of 360° degrees, the default value, indicates that the
aquifer complete surrounds the hydrocarbon reservoir.

360.0

“ Carter, R. D. and Tracy, G.W.“An Improved Method for Calculating Water Influx,” Transactions of AIME (1960) 219,215-417.
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No. Name Description Default
Field Metric Laboratory
degrees degrees degrees
10 PVTNUM PVTNUM is positive integer greater than zero and less than the NTPVT |

variable on the TABDIMS keyword in the RUNSPEC section, that defines
the PVTW table allocated to the Carter-Tracy aquifer.

11 AQUTAB AQUTAB is positive integer greater than zero and less than the NIFTBL |
variable as declared on the AQUDIMS keyword in the RUNSPEC section,
that defines the AQUTARB table allocated to this Carter-Tracy aquifer.

The default value of one sets the internal infinite acting Carter-Tracy
aquifer influence table not the first table in the AQUTAB keyword in the
PROPS section The first table in the AQUTAB keyword is considered to
be table number two.

SALTCON SALTCON is a real positive number that defines the initial salt
concentration in the aquifer.

This variable is ignored by OPM Flow.

Ib/stb kg/sm’ gm/scc 0.0

TEMP TEMP is a real positive number that defines the initial temperature of the
aquifer at DATUM.

This variable is ignored by OPM Flow.

°F °C °C %

Notes:

1)  The keyword is followed by up to NANAQ records as defined on the AQUDIMS keyword in the RUNSPEC
section

2) Each record is terminated by a “/” and the keyword should be terminated by a “/”.
Table 6.9:AQUCT Keyword Description

Note

OPM Flow includes the infinite acting Carter-Tracy aquifer influence table as a default for table number

one; thus data entered on AQUTAB keyword starts from table number two.

In order to full define a Carter-Tracy aquifer one has to define the aquifer properties via the AQUCT
keyword, the Carter-Tracy influence functions via the AQUTAB keyword in the PROPS section, if the default
infinite acting table is not being employed, and how the aquifer is connected to the reservoir using the
AQUANCON keyword in the GRID or SOLUTION sections.
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Example
Given the following grid and aquifer dimensions in the RUNSPEC section:

- MAX MAX MAX
-- NDIVIX NDIVIY NDIVIZ
DIMENS

20 1 5 /
-- AQF AQF AQF AQF AQF AQF AQF AQF
- MXAQN  MXNAQC NIFTBL NRIFTB NANAQ  NCAMAX MXNALI MXAAQL
AQUDIMS

1* 1* 5 100 1 1* 1* 1* /

And AQUTAB in the PROPS section

-- CARTER-TRACY AQUIFER INFLUENCE TABLES
-- (STARTS FROM TABLE NO. 2, AS DEFAULT IS TABLE NO. 1)

AQUTAB
. DIMLESS DIMLESS
-- TIME PRESSURE
0.01 0.112
0.05 0.229
0.10 0.315
0.15 0.376
0.20 0.424
0.22 0.443
0.24 0.459
0.26 0.476
0.28 0.492
0.30 0.507
0.32 0.522
0.34 0.536
0.36 0.551
0.38 0.565
0.40 0.579
0.42 0.593
0.44 0.607
0.46 0.621
0.48 0.634
0.50 0.648
0.60 0.715
0.70 0.782
0.80 0.849
0.90 0.915
1.00 0.982
2.00 1.649
3.00 2.316
5.00 3.649
10.00 6.982
20.00 13.649
30.00 20.316
50.00 33.649
100.00 66.982
200.00 133.649
300.00 200.316
500.00 333.649
1000.00 666.982 /
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The Carter-Tracy aquifer is defined in the GRID or SOLUTION sections as:

-- SOLUTION SECTION

SOLUTION --
-- CARTER-TRACY AQUIFER DESCRIPTION
-- ID DATUM  AQF AQF AQF AQF AQF AQF INFL PVT AQU
-- NUM DEPTH PRESS PERM PORO RCOMP  RE DZ ANGLE NUM TAB
AQUCT

1  2000.0 269 100.0 0.30 3.0e-5 330 10.0 360.0 1 2/
/

And the connection of the aquifer is set in the GRID or SOLUTION sections as:

-- ANALYTIC AQUIFER CONNECTION

-- ID  —eeeeee- BOX --------- CONNECT AQF  AQF ADJOIN
-- NUMBER I1 1I2 Ji1 J2 K1 K2 FACE INFLX MULTI CELLS
AQUANCON

1 1 1 1 1 1 1 J- 1.0 1.0 "NO' /
/
Here one Carter-Tracy aquifer is connected to a single cell (I, I, 1) at the J- face (or X- face) of the cell.
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6.3.9 AQUNNC - Derine NumericaL AQuiFer NoN-NEicHBoR CoNNECTIONS

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
The AQUNNC keyword defines Numerical Aquifer Non-Neighbor Connections.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.10 AQUNUM - DeriNe NumericAL AQUIFER PROPERTIES

Description

The AQUNUM keyword defines the properties of numerical aquifers, including which grid blocks in the
model should be utilized as part of the numerical aquifer. Each row entry in the AQUNUM keyword defines
one numerical aquifer. Note that a numerical aquifer may consists of more than one grid cell, in order to
better describe the water influx from the aquifer to the grid.

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

No.

Name

Description

Field Metric Laboratory

Default

AQUID

AQUID is a positive integer greater than or equal to one and less than or
equal to the maximum number of numerical aquifers as defined by the
MXNAQN variable on the AQUDIMS keyword in the RUNSPEC section,
that defines the aquifer to be connected to the grid.

None

A positive integer that defines the cell in the I-direction that represents
the AQUID aquifer, and which must be greater than or equal to one and
less than or equal to NX.

None

A positive integer that defines the cell in the J-direction that represents
the AQUID aquifer; and which must be greater than or equal to one and
less than or equal to NY.

None

A positive integer that defines the cell in the K-direction that represents
the AQUID aquifer, and which must be greater than or equal to one and
less than or equal to NZ.

None

AREA

AREA is a real positive value that defines the cross-sectional area of the
aquifer used in calculating the aquifer connection transmissibility.

The actual transmissibility between the numerical aquifer and the
connected grid cell is the harmonic average of the aquifer connection
transmissibility and the calculated connected cell transmissibility.

The value entered for AREA does not effect the visualization of the cell in
OPM Reslnsight, as it is only used in calculating the transmissibility.

Note that the AQUOPTI variable on the AQUCON keyword in the
GRID section allows one to use the value entered for AREA or to use the
grid cell cross-sectional area instead for the transmissibility calculation.

fe m? cm?

None

LENGTH

LENGTH is a real positive value that defines the length of the numerical
aquifer. Similar to the AREA variable, LENGTH is not constrained by the
original host cell size and the value entered does not effect the
visualization of the cell in OPM Reslnsight.

feet m cm

None

PORO

PORO is a real positive number greater than zero and less than or equal
to one that assigns the porosity to the numerical aquifer.

dimensionless dimensionless dimensionless

None

PERM

PERM is a real positive number that assigns the permeability to the
numerical aquifer.

mD mD mD

None
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No. Name Description Default
Field Metric Laboratory
9 DATUM DATUM is a real positive number that sets the reference datum depth of

the numerical aquifer. Similar to the AREA variable, DEPTH is not
constrained by the original host cell depth and the value entered does not
effect the visualization of the cell in OPM Reslnsight.

If defaulted then the depth of cell (1, ), K) will be used Cell
feet m cm Depth
10 PRESS PRESS is a single positive value that defines the numerical aquifer pressure
at DATUM.

If PRESS is defaulted then the simulator will set the aquifer’s initial
reservoir pressure to be in equilibrium with the cells the aquifer is
contacted to. This is the preferred manner to initialize the numerical
aquifer.

psia barsa atma I*

Il PVTNUM PVTNUM is positive integer greater than zero and less than the NTPVT Cell
variable on the TABDIMS keyword in the RUNSPEC section, that defines PVTNUM
the PVTW table allocated to the numerical aquifer.

If defaulted then the PVT tables allocated to cell (1, ], K) will be used.

12 |SATNUM SATNUM is positive integer greater than zero and less than the NTSFUN Cell
variable on the TABDIMS keyword in the RUNSPEC section, that defines SATNUM
the saturation tables allocated to the numerical aquifer.

If defaulted then the saturation tables allocated to cell (1, ], K) will be used.

Notes:

1) Where NX, NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.

2) The keyword is followed by up to MXNAQN records as defined on the AQUDIMS keyword in the
RUNSPEC section

3) Each record is terminated by a “/” and the keyword should be terminated by a “/”.

Table 6.10:AQUNUM Keyword Description

The values entered on the AQUNUM keyword are used to calculate the aquifers pore volume and the
transmissibility between the aquifer and the connected cell faces defined on the AQUCON keyword. Note
that:

I) The aquifer’s pore volume is always calculated from the data entered on the AQUNUM keyword
using Pore Volume=AREAXLENGTHXPORO and any modifications to the host cell values
performed in either the GRID or EDIT sections are always ignored for cells declared as numerical
aquifers.

2) For the transmissibility calculation either the cross-sectional area (AREA) defined on the AQUNUM
keyword may be used or the connecting cell cross-sectional area by setting the AQUOPT variable
on the AQUCON keyword.

In order to full define a numerical aquifer one has to define the aquifer properties via the AQUNUM
keyword, and how the aquifer is connected to the reservoir using the AQUCON keyword in the GRID or
SOLUTION sections.
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Note

If the AQUCON keyword has been utilized in the run deck then OPM Flow will write the AQUIFERN
array to the *.INIT file in order to visualize the aquifer connections in OPM Reslnsight.

This is accomplished by setting the AQUIFERN value to 2“%P-) for cells connected to aquifer AQUID. If

a cell is connected to multiple numerical aquifers then AQUIFERN is summed for all aquifers connected
to a cell. Note that connecting cells to multiple aquifers is best avoided.

Finally for cells representing the numerical aquifers themselves, AQUIFERN is set to minus AQUID.

See also the AQUDIMS keyword in the RUNSPEC section that defines the numerical aquifer dimensions.

Example
Given the following grid and aquifer dimensions in the RUNSPEC section:

-- MAX MAX MAX
-- NDIVIX NDIVIY NDIVIZ
DIMENS
96 58 28 /
-- AQF AQF AQF AQF AQF AQF AQF AQF
-- MXAQN  MXNAQC NIFTBL NRIFTB NANAQ  NCAMAX MXNALI MXAAQL
AQUDIMS

3 3 1* 1* 1* 1* 1* 1* /

The following numerical aquifer definition:

-- NUMERICAL AQUIFER DESCRIPTION

-- D - LOCATION - AQF AQF AQF  AQF AQF AQF PVT SATNUM
-- NUMBER I1 J1 K1 AREA LENGTH PORO PERM DEPTH PRES TAB TAB
AQUNUM
1 1 3 28 5.20E10 200.0 0.05 0.3 1* 1* 1* 1* /
1 1 2 28 5.20E10 200.0 0.05 0.3 1~ 1* 1* 1% /
1 1 1 28 5.20E10 200.0 0.05 0.3 1* 1* 1* 1* /
/
defines one numerical aquifer consisting of three cells. The connection to the grid cells would take the form
of:
-- NUMERICAL AQUIFER CONNECTIONS
-- ID ---------- BOX --------- CONNECT TRANS TRANS ADJOIN
-- NUMBER I1 1I2 Ji1 J2 K1 K2 FACE MULT OPTN CELLS
AQUCON
1 1 96 4 58 28 28 'K+' 1.3 1* 1* /
1 2 96 1 58 28 28 'K+' 1.3 1* 1* /
/

that creates a basal aquifer50.

%% Basal Aquifer:An aquifer located at the bottom of a geologic unit.
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6.3.11 AUTOCOAR - Derine Auto RerFINEMENT GRID CoARSEN AREA
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The AUTOCOAR keyword defines an area in the global grid that should be coarsen for when the AUTOREF

keyword has been declared in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.

Wilx|Y|Z
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6.3.12 BOUNDARY - DeriNne A Bounbary Box For PRINTING

RUNSPEC PROPS SUMMARY

Description
The BOUNDARY keyword defines a rectangular grid for printing various arrays to the output print file
(*.PRT); thus, avoiding printing all the elements in the selected array.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.
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6.3.13 BOX - DeriNe A RanNGE oF GRriD BLocks To ENTER PrRoPERTY DATA

RUNSPEC

Description

BOX defines a range of grid blocks for which subsequent data is assigned for all the cells in the defined BOX.
Note that the BOX grid is reset by the keyword ENDBOX by resetting the current defined BOX to be the
whole grid. The keyword can be used for any array and for all grid types.

SUMMARY

No. Name Description Default

| I A positive integer that defines the lower bound of the array in the I- |
direction to be modified must be greater than or equal | and less than or
equal to 12 and NX.

2 12 A positive integer that defines the upper bound of the array in the I- NX
direction to be modified must be greater than or equal to Il and less than or
equal to NX

3 ]I A positive integer that defines the lower bound of the array in the J- |
direction to be modified must be greater than or equal | and less than or
equal to J2 and NY.

4 J2 A positive integer that defines the upper bound of the array in the J- NY
direction to be modified must be greater than or equal to ]I and less than or
equal to NY.

5 Kl A positive integer that defines the lower bound of the array in the K- |
direction to be modified must be greater than or equal to one and less than
or equal to K2 and NZ.

6 K2 A positive integer that defines the upper bound of the array in the K- NZ
direction to be modified must be greater than or equal to Kl and less than
or equal to NZ.

Notes:
1) Where NX, NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.
2) The keyword is terminated by a “/”.

Table 6.1 1:BOX Keyword Description

See also the ADD, COPY, ENDBOX, EQUALS, and MULTIPLY keywords can also be used to enter data in a
subset of the model.
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Examples

-- DEFINE A BOX GRID FOR THE BOTTOM LAYER OF A 100 X 100 X 20 MODEL

S e BOX ---------
-- I1 12 J1 J2 KiI K2
BOX
1* 1* 1* 1* 20 20 / SELECT THE BOTTOM LAYER
-- DEFINE THE POROSITY AND OTHER PROPERTIES ON THE BOX GRID
PORO
10000*0.300
/
PERMX
5000*100.0 5000*75.0
/
NTG
10000*0.500
/
-- RESET THE INPUT BOX TO BE THE FULL MODEL
ENDBOX

The above example set the BOX grid to be the last layer in the model which means that 100 x 100, that is
10,000 values need to entered for each property.

Alternatively, one could use the EQUALS keyword to accomplish the same thing.

-~ -- ARRAY CONSTANT -- ------nnu- BOX ---------
-- I1 I2 J1 J2 K1 K2
EQUALS
"PORO’ 0.3000 1* 1* 1* 1* 20 20 / PORO TO 0.30 IN LAYER 20
'PERMX 0.1000 1 50 1* 1* 20 20 / PERMX TO 100. IN LAYER 20
'PERMX' 0.1000 50 160 1* 1* 20 20 / PERMX TO 75.0 IN LAYER 20
'NTG’ 0.0500 1* 1* 1* 1* 20 20 / NRT TO 0.50 IN LAYER 20
/

Note

It is good practice to always use the ENDBOX keyword to reset the input back to the full grid when all

the modifications for a sub-grid have been completed.
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6.3.14 BTOBALFA - DuaL Porosity MaTrix To FRACTURE MuLTIPLIER (ALL CELLS)
REGIONS ~ |SOLUTION  |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The BTOBALFA keyword defines a dual porosity matrix to fracture multiplier that is applied to all cells, for
when the Dual Porosity model has been activated by either the DUALPORO or the DUALPERM keywords

in the RUNSPEC section.
See also the BTOBALFVV keyword in the GRID section that applies a multipliers to individual cells.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.15 BTOBALFV - DuaL Porosity Matrix To FRACTURE MuLTiPLIER (INDIVIDUAL

CELLS)
RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY  |SCHEDULE
Description

The BTOBALFV keyword defines a dual porosity matrix to fracture multiplier that is applied to individual
cells, for when the Dual Porosity model has been invoked by either the DUALPORO or the DUALPERM

keywords in the RUNSPEC section.
See also the BTOBALFAY keyword in the GRID section that applies a constant multiplier to all cells.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.16 CARFIN — DeriNe A CarTESIAN LocaL GRiID REFINEMENT

RUNSPEC

GRID

EDIT PROPS REGIONS  |SOLUTION  |SUMMARY

SCHEDULE

Description

CARFIN defines a Cartesian Local Grid Refinement (“LGR”) in a cell or a group of cells in the host grid, for
when LGRs have been activated for the input deck using the LGR keyword in the RUNSPEC section. The
keyword marks the start of an LGR description section and all subsequent keywords between the CARFIN
and ENDFIN keywords are deemed to be associated with the current LGR and not the host grid.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No.

Name

Description

Default

LGRNAME

A character string of up to eight characters in length that defines the LGR
name for which the LGR is being being defined.

None

A positive integer that defines the lower index of the global or host grid in
the I-direction to be refined; must be greater than or equal | and less than
or equal to 12 and NX on the DIMENS keyword in the RUNSPEC section.

None

A positive integer that defines the upper index of the global or host grid in
the I-direction to be refined; must be greater than or equal | and Il, and less
than or equal to NX on the DIMENS keyword in the RUNSPEC section.

None

J1

A positive integer that defines the lower index of the global or host grid in
the J-direction to be refined; must be greater than or equal | and less than
or equal to J2 and NY on the DIMENS keyword in the RUNSPEC section.

None

2

A positive integer that defines the upper index of the global or host grid in
the J-direction to be refined; must be greater than or equal | and JI, and less
than or equal to NY on the DIMENS keyword in the RUNSPEC section.

None

Kl

A positive integer that defines the lower index of the global or host grid in
the K-direction to be refined; must be greater than or equal | and less than
or equal to K2 and NZ on the DIMENS keyword in the RUNSPEC section.

None

K2

A positive integer that defines the upper index of the global or host grid in
the K-direction to be refined; must be greater than or equal | and KI, and
less than or equal to NZ on the DIMENS keyword in the RUNSPEC section.

None

NX

A positive integer value that defines the number of LGR grid blocks in the x
direction for Cartesian grids or the number of grid blocks in the r direction
for radial grids

None

NY

A positive integer value that defines the number of LGR grid blocks in the y
direction for Cartesian grids or the number of grid blocks in the theta
direction for radial grids.

None

NZ

A positive integer value that defines the number of LGR grid blocks in the z
direction for both Cartesian and radial grids.

None

MXWELS

A positive integer defining the maximum number of wells contained in this
LGR.

None
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No. Name Description Default

12 HOSTNAME A character string of up to eight characters in length that defines the host | GLOBAL
grid name for nested refinements. The default value of “GLOBAL” sets the
host name to the global grid, that is for a conventional LGR.

A nested refinement is when the HOSTNAME is a previously declared LGR
for which the current LGR is specifying a further LGR refinement.

Notes:

I)  The keyword is terminated by a “/”.
Table 6.12: CARFIN Keyword Description

Note that if the Dual Porosity option has be activated by either the DUALPORO or DUALPERM keywords
in the RUNSPEC section, then the host grid definition (11-12, JI1-)2, K1-K2) applies only to the matrix cells;
however, the LGR NZ parameter in this case must include the fracture blocks, similar to the NZ parameter
on the DIMENS keyword. This means that all property data should be entered for both the matrix and
fracture cells in the LGR description.

Example

The example below defines an LGR in the global grid, named LGR-OPOI with a maximum of one well
allowed in the LGR.

-- CARFIN LGR GRID COMMANDS

-- LGR ----- HOST GRID ------ -- CARFIN GRID -- MAX HOST
-- NAME I1 I2 J1 J2 K1 K2 NX NY NZ WELLS NAME
CARFIN

LGR-0PO1 24 24 87 87 1 50 3 3 50 1 GLOBAL /
ENDFIN

Here the one global cell in the areal plane (24, 87) is divided into three LGR cells in the x-direction and three
cells in the y-direction. Since no other property data is given, then the LGR cells take their properties from
the host grid, that is the global grid.
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6.3.17 COALNUM - Derine THE CoaL Recion NuMBERs
RUNSPEC |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

The COALNUM keyword defines the coal region numbers for each grid block used with the Coal Bed
Methane option (“CBM”). OPM Flow does not have a CBM option; however, the keyword is documented
here for completeness.

This keyword is ignored by OPM Flow and has no effect on the simulation.

No. Name Description Default

| COALNUM COALNUM defines an array of positive integers assigning a grid cell to a I
particular coal region.

The maximum number of COALNUM regions is set by the NTCREG
variable on REGDIMS keywords in the RUNSPEC section.

Notes:

1) A total of NX x NY x NZ integer values, as defined by the DIMENS in the RUNSPEC section, must be
specified for the array.

2) Ifa cell is not assigned a COALNUM region then the default value of | will be used.
3) COALNUM value of 0 sets the cell be a non-coal region.

4)  The keyword is terminated by a “/”.
Table 6.13: COALNUM Keyword Description

Example

The example below sets three COALNUM regions for a 4 x 5 x 2 model.

-- DEFINE COALNUM REGIONS FOR ALL CELLS

COALNUM

w N
w N
R
[
w N
w N
R
[
R
[
R
[
R
[
R
[
R
[
R
[

The above will no effect in an OPM Flow input deck.
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6.3.18 COARSEN - Derine GriD CoARrseNING CELLS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The COARSEN keyword defines how a set of cells should be coarsened for when the Local Grid Refinement

(“LGR”) option has been activated by LGR keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.

IMfJ|{K|L|M[IN|JO|PI|Q|R|S|T|U|V W |X|Y|Z
Page 362 of 2151

A|/B|C|D|E|F|G|H

Date: June 17,2021 Table of Contents




M OPEN POROUS MEDIA
OPM Frow Rererence ManuaL (202 1-04)

Revision: Rev-0

6.3.19 COLLAPSE - Derine Compressep VERTICAL EquiLiBrRiuM CELLS
REGIONS ~ |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The COLLAPSE keyword defines the which cells can be collapsed in a collapsed Vertical Equilibrium (“VE”)

run when the VE option has been invoked via the VE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.20 COLUMNS - DerinNe INPuT FiLE CoLumn MARGINS

The COLUMNS keyword defines the input file column margins; characters outside the margins are ignored
by the input parser.

See COLUMNS - Define Input File Column Margins in the GLOBAL section for a full description.
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6.3.21 COORD - DeriNE A SET oF CooRrbINATES LINES FOR A RESERVOIR GRID

RUNSPEC EDIT

PROPS

REGIONS

SOLUTION

SUMMARY

SCHEDULE

Description

COORD defines a set of coordinate lines or pillars for a reservoir grid via an array. A total of 6 x (NX+1) x
(NY+1) lines must be specified for each coordinate data set (or reservoir). For multiple reservoirs, where
NUMRES is greater than one, there must be 6 x (NX+1) x (NY+I) x NUMRES values. In OPM Flow

NUMRES can only be set to one.

For Cartesian geometry, each line is defined by the (X, y, z) coordinates of two distinct points on the line.The
lines are entered with | cycling fastest then ). For radial geometry, each line is defined by the (r, theta)
coordinates of two distinct points on the line.The lines are entered with R cycling fastest then THETA.

The keyword can only be used with Irregular Corner-Point Grids.

No. Name Description Default
Metric Laboratory

| X1-Column Top X coordinate

2 Y1-Column TopY coordinate

3 Z|-Column Top Z coordinate

4 X2-Column Base X coordinate

5 Y2-Column BaseY coordinate

6 Z2-Column Base Z coordinate
metres cm None

Notes:

1)  THETA values are in degrees for all units.

2) Regular Cartesian and Radial grid keywords cannot be used with this keyword, that is: DR, DRV,
DTHETA, DTHETAV, DX, DXV, DY, DYV, DZ, INRAD, and TOPS.

3) The keyword is terminated by a “/”.

Table 6.14: COORD Keyword Description

See also the SPECGRID, COORDSYS and ZCORN keywords to fully define an Irregular Corner-Point Grid.
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Example

-- SPECIFY VERTICAL COORDINATE LINES FOR A REGULAR 3 Xx 2 GRID
-- (DX = 100 and DY = 200)

-- X1 Y1 Z1 X2 Y2 z2
COORD
(0] 0 1000 0 (0] 5000
100 0 1000 100 0 5000
200 0 1000 200 (0] 5000
300 0 1000 300 (0] 5000
(0] 200 1000 0 200 5000
100 200 1000 100 200 5000
200 200 1000 200 200 5000
300 200 1000 300 200 5000
(0] 400 1000 0 400 5000
100 400 1000 100 400 5000
200 400 1000 200 400 5000
300 400 1000 300 400 5000
/

The above example defines vertical coordinate lines for a regular 3 by 2 grid with DX equal to 100 and DY
equal to 200.
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6.3.22 COORDSYS - Derine CoorpINATE GRiD OPTIONS
EDIT PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID

Description
This keyword sets various options for when multiple grid systems are being used.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.23 COPY - Cory ArRrRAY DATA TO ANOTHER ARRAY

RUNSPEC SUMMARY  |SCHEDULE

Description

The COPY keyword copies an array (or part of an array) to another array or part of an array.The arrays can
be real or integer depending on the array type; however, the arrays that can be operated on is dependent on
which section the COPY keyword is being used.

No. Name Description Default

| ARRAY-| The name of the array to be copied from. None

This is the keyword name identifying the property and is up to eight
characters in length and enclosed in quotes.

2 ARRAY-2 The name of the array to be copied to. None

This is the keyword name identifying the property and is up to eight
characters in length and enclosed in quotes.

3 1 A positive integer that defines the lower bound of the array in the I- |
direction to be modified must be greater than or equal | and less than or
equal to 12 and NX.

4 12 A positive integer that defines the upper bound of the array in the I- NX
direction to be modified must be greater than or equal to Il and less than or
equal to NX

5 ]I A positive integer that defines the lower bound of the array in the J- |

direction to be modified must be greater than or equal | and less than or
equal to J2 and NY.

6 J2 A positive integer that defines the upper bound of the array in the J- NY
direction to be modified must be greater than or equal to ]I and less than or
equal to NY.

7 Kl A positive integer that defines the lower bound of the array in the K- |

direction to be modified must be greater than or equal to one and less than
or equal to K2 and NZ.

8 K2 A positive integer that defines the upper bound of the array in the K- NZ
direction to be modified must be greater than or equal to Kl and less than
or equal to NZ.

Notes:

1) Where NX,NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.

2) Each record must be terminated by a *“/” and the keyword is terminated by a “/”.

Table 6.15: COPY Keyword Description

The applicable arrays for each section are defined in Table 6.16 on the following page.
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COPY Keyword And Variable Options By Section

MULTZ

TRANR

PVTNUM

ROCKNUM

SATNUM
WH2NUM

DR

THETA
PERMR
PERMTHT

TRANTHT

PCG

PCW

SOLVCONC

DZNET

PORO

GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE
DX DEPTH SWL ENDNUM PRESSURE
DY PORV SWCR EQLNUM SWAT
DZ TRANX Swu FIPNUM SGAS
PERMX TRANY SGL IMBNUM RV
SGCR MISCNUM RS

TBLK

Gl

OILAPI

SALT

GASCONC

SOLVFRAC

SFOAM

SPOLY

NTG

FLUXNUM

MULTNUM
MPANUM
DIFFX
DIFFY

DIFFZ
DIFFR
DIFFTHT

Example
-- SOURCE
COPY
PERMX
PERMX
/
-- ARRAY
MULTIPLY
PERMZ
/

Table 6.16: COPY Keyword Applicable Arrays by Section

DESTIN.

PERMY
PERMZ

CONSTANT

0.50000

I1 1I2 Ji
1* 1* 1*
1* 1% 1*
I1 1I2 Ji
1* 1* 1*

J2 K1 K2
1* 1* 1*
1* 1* 1%
J2 K1 K2
1* 1* 1*

/ CREATE PERMY
/ CREATE PERMZ

/ PERMZ *

0.5

The above example copies PERMX array to the PERMY and PERMZ arrays in the GRID section for all grid
blocks in the model. The PERMZ array is then multiplied by 0.5 for all grid blocks in the model.
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6.3.24 COPYBOX — Copy ARrRAY DATA DEFINED BY A Box

RUNSPEC

GRID

EDIT PROPS REGIONS  |SOLUTION |SUMMARY

SCHEDULE

Description

The COPYBOX keyword copies an array (or part of an array) to another part of the same array. The array
can be real or integer depending on the array type; however, the array that can be operated on is dependent
on which section the COPYBOX keyword is being used.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No.

Name

Description

Default

ARRAY-|

The name of the array to be copied

This is the keyword name identifying the property and is up to eight
characters in length and enclosed in quotes.

None

A positive integer that defines the SOURCE lower bound of the array in the
I-direction to be modified must be greater than or equal | and less than or
equal to 12 and NX.

A positive integer that defines the SOURCE upper bound of the array in the
I-direction to be modified must be greater than or equal to Il and less than
or equal to NX

NX

A positive integer that defines the SOURCE lower bound of the array in the
J-direction to be modified must be greater than or equal | and less than or
equal to J2 and NY.

J2

A positive integer that defines the SOURCE upper bound of the array in the
J-direction to be modified must be greater than or equal to ]I and less than
or equal to NY.

NY

Kl

A positive integer that defines the SOURCE lower bound of the array in the
K-direction to be modified must be greater than or equal to one and less
than or equal to K2 and NZ.

K2

A positive integer that defines the SOURCE upper bound of the array in the
K-direction to be modified must be greater than or equal to Kl and less
than or equal to NZ.

NZ

A positive integer that defines the DESTINATION lower bound of the array
in the I-direction to be modified must be greater than or equal | and less
than or equal to 12 and NX.

A positive integer that defines the DESTINATION upper bound of the array
in the |-direction to be modified must be greater than or equal to Il and less
than or equal to NX

NX

J3

A positive integer that defines the DESTINATION lower bound of the array
in the J-direction to be modified must be greater than or equal | and less
than or equal to J2 and NY.

J4

A positive integer that defines the DESTINATION upper bound of the array
in the J-direction to be modified must be greater than or equal to ]I and less
than or equal to NY.

NY

K3

A positive integer that defines the DESTINATION lower bound of the array
in the K-direction to be modified must be greater than or equal to one and
less than or equal to K2 and NZ.
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No. Name Description Default
13 K4 A positive integer that defines the DESTINATION upper bound of the array NZ
in the K-direction to be modified must be greater than or equal to Kl and
less than or equal to NZ.
Notes:
1) Where NX, NY and NZ are the dimensions of the model as defined on the DIMENS keyword in the
RUNSPEC section.
2) Each record must be terminated by a *“/” and the keyword is terminated by a “/”.

Table 6.17: COPYBOX Keyword Description

Note that he SOURCE and DESTINATION arrays must be of the same size in all dimensions and the
applicable arrays for each section are defined in Table 6.18.

COPYBOX Keyword And Variable Options By Section
GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE
DX SWL ENDNUM
DY SWCR EQLNUM
Dz SWuU FIPNUM
PERMX SGL IMBNUM
PERMY SGCR
PERMZ SGU PVTNUM
MULTX KRW ROCKNUM
MULTY KRO SATNUM
MULTZ KRG
DR PCG
THETA PCW
PERMR
PERMTHT
DZNET
PORO
NTG
FLUXNUM
MULTNUM
MPANUM
DIFFX
DIFFY
DIFFZ
DIFFR
DIFFTHT
Table 6.18: COPYBOX Keyword Applicable Arrays by Section
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Example
-- SOURCE
-- ARRAY  I1
COPYBOX
PORO  1*
PERMX 1%
/

SOURCE BOX ------
Ji1 J2 K1 K2
1* 1* 12 14
1* 1* 12 14

---- DESTINATION BOX ----
I1 1I2 Ji1 J2 K1 K2

15 17 / PORO
15 17 / PERMX

1* 1* 1* 1*
1* 1* 1* 1*

The above example copies all the PORO and PERMX values in layers 12 to 14 to layers |5 and 17.
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6.3.25 COPYREG - Copry AN ARrRAY To ANOTHER ARRAY BASED ON A ReEGcioN NUMBER

Description

The COPYREG keyword copies a specified array or part of an array based on cells with a specific region
number to another array. The region number array can be FLUXNUM, MULTNUM or OPERNUM and these
arrays must be defined and be available before the COPYREG keyword is read by the simulator.The property
arrays can be real or integer depending on the property array type; however, the property arrays that can be
operated on is dependent on which section the COPYREG keyword is being used.

RUNSPEC SUMMARY

SCHEDULE

No. Name Description Default
| ARRAY-| The name of the array to be copied from. None
This is the keyword name identifying the property and is up to eight
characters in length and enclosed in quotes.
2 ARRAY-2 The name of the array to be copied to. None
This is the keyword name identifying the property and is up to eight
characters in length and enclosed in quotes.
3 REGION Integer REGION NUMBER is the region for which the array data in (I) None
NUMBER should be copied to array data in (2).
4 REGION The REGION ARRAY to use for selecting the REGION NUMBER in (3) for M
ARRAY selecting the data to be copied. REGION ARRAY can have the following
values:
1)  Ffor the FLUXNUM array
2) M for the MULTNUM array
3) O for the OPERNUM array
Notes:

I)  Where the REGION NUMBER should be less than or equal to the maximum number of regions as defined
on the REGDIMS keyword for the FIPNUM and OPERNUM arrays or the GRIDOPTS keyword for the
MULTNUM array in the RUNSPEC section.

2) Each record must be terminated by a “/” and the keyword is terminated by a “/”.

Table 6.19: COPYREG Keyword Description

The applicable arrays for each section are defined in Table 6.20 on the following page.
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COPYREG Keyword And Variable Options By Section

MULTZ

PVTNUM

ROCKNUM

TRANR

SATNUM
WH2NUM

GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE
DX DEPTH SWL ENDNUM PRESSURE
DY PORV SWCR EQLNUM SWAT
DZ TRANX Swu FIPNUM SGAS
PERMX TRANY SGL IMBNUM RV
SGCR MISCNUM RS

TBLK

Gl

OILAPI

SALT

MPANUM
DIFFX
DIFFY

DIFFZ
DIFFR
DIFFTHT

Example

COPYREG

MULTIREG

/

ARRAY
FROM T0

PERMX
PERMX

ARRAY

DR TRANTHT PCG GASCONC
THETA PCW SOLVCONC
PERMR SOLVFRAC
PERMTHT SFOAM
DZNET SPOLY
PORO

NTG

FLUXNUM

MULTNUM

Table 6.20: COPYREG Keyword Applicable Arrays by Section

ARRAY

PERMY
PERMZ

REGION REGION ARRAY
NUMBER M/ F/O0
1 M

1 M

CONSTANT REGION REGION ARRAY
VALUE NUMBER M/ F/O0
PERMX 0.95 1 M

COPY AN ARRAY TO ANOTHER ARRAY BASED ON A REGION NUMBER

/ COPY PERMX TO PERMY
/ COPY PERMX TO PERMZ

NOwW RESET PERMZ BASED ON THE MULTNUM REGION NUMBER

MULTIPLY AN ARRAY BY A CONSTANT BASED ON A REGION NUMBER

The above example first copies the PERMX property array for region number one to the PERMY and
PERMZ property arrays for region one using the MULTNUM array to define the region numbers. After which
PERMZ property array for region one is multiplied by 0.5 using the MULTIREG keyword.
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6.3.26 CRITPERM - Derine Minimum PerMEABILITY FOR VERTICAL EqQuiLiBRIUM GRID

CeLL CoMPRESSION

RUNSPEC  |GRID EDIT PROPS REGIONS  [SOLUTION  |SUMMARY |SCHEDULE

Description

The CRITPERM keyword is used to define the minimum permeability for Vertical Equilibrium(“VE”) grid cell
compression, for when the Vertical Equilibrium formulation has been activated by the VE keyword in the
RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.27 DEBUG - DeriNe THE Desuc DAaTA 1O BE PRINTED TO FILE

This keyword defines the debug data to be written to the debug file (*.DBG), it is ignored by OPM Flow and
has no effect on the simulation but is documented here for completeness.

See DEBUG - Define the Debug Data to be Printed to File in the GLOBAL section for a full description.
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6.3.28 DIFFMR - Derine GriD BLock RapiaL DirecTioN DirrusiviTy MULTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMR keyword defines the radial direction diffusivity multipliers for cells in the current input box for

when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.29 DIFFMR- - DeriNe GriD BrLock NEecative RapiaL Direction DiFrusiviTy
MuLTIPLIERS
RUNSPEC  |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE
Description

The DIFFMR- keyword defines the negative radial direction diffusivity multipliers for cells in the current input
box for when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.30 DIFFMTHT - Derine Grip BLock THETA DIRecTioN DirrusiviTy MULTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMTHT keyword defines the theta direction diffusivity multipliers for cells in the current input box
for when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.31 DIFFMTH- - Derine GriD BrLock NEecative THeTA DirectioNn DiFrusiviTY
MuLTIPLIERS
RUNSPEC  |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE
Description

The DIFFMR- keyword defines the negative theta direction diffusivity multipliers for cells in the current input
box for when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.32 DIFFMX — Derine GriD BLock X-DirecTion DirrusiviTy MuLTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMX keyword defines the x-direction diffusivity multipliers for cells in the current input box for

when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.33 DIFFMX- — DeriNe GriD BLock NecaTive X-DirecTion DirrusiviTy MuLTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMX- keyword defines the negative x-direction diffusivity multipliers for cells in the current input

box for when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.34 DIFFMY - Derine GriD BLock Y-DirecTioN DirrusiviTy MULTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMY keyword defines the y-direction diffusivity multipliers for cells in the current input box for

when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.35 DIFFMY- — Derine GriD BLock NecaTive Y-DirecTion Dirrusivity MuLTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMY- keyword defines the negative y-direction diffusivity multipliers for cells in the current input box

for when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.36 DIFFMZ - DeriNne GriD BLock Z-DirecTioN DirrusiviTy MULTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMZ keyword defines the z-direction diffusivity multipliers for cells in the current input box for

when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.37 DIFFMZ- — Derine GriD BLock NecaTive Z-DirecTioN DirrusiviTy MULTIPLIERS
REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT PROPS

Description
The DIFFMZ- keyword defines the negative z-direction diffusivity multipliers for cells in the current input

box for when the Diffusivity option has been activated by the DIFFUSE keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.38 DOMAINS - Derine THE PARALLEL DomaIN PROPERTIES
RUNSPEC  |GRID EDIT PROPS REGIONS |SOLUTION |SUMMARY |SCHEDULE

Description
The DOMAINS keyword defines the parallel domain properties for when parallel processing has been

invoked by the PARALLEL keyword in the RUNSPEC section.
This keyword is ignored by OPM Flow and has no effect on the simulation.

See section 2.2 Running OPM Flow 2021-04 From The Command Line on how to run OPM Flow in parallel mode.
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6.3.39 DPGRID - AcTtivate THE MATRIX CELL To FRACTURE CELL OPTION
SOLUTION  |SUMMARY  |SCHEDULE

RUNSPEC  |GRID EDIT PROPS REGIONS

Description
The DPGRID keyword activates the matrix cell to fracture cell option for dual porosity runs for when a
Dual Porosity model has been activated by either the DUALPORO or DUALPERM keywords in the

RUNSPEC section. The keyword allows for only the matrix grid data to be entered and the missing fracture
cells are set to the inputted matrix cells.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.40 DPNUM - DeriNe DuaL AND SINGLE PorosiTy GriD BLock ARRAY
PROPS REGIONS  |SOLUTION |SUMMARY |SCHEDULE

RUNSPEC  |GRID EDIT

Description
In dual porosity runs only, that is not dual permeability runs, the DPNUM keyword defines which wells

should be treated as single porosity cells and which cells should be treated as dual porosity cells, for when
the Dual Porosity model has been activated by the DUALPORO keyword in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.41 DR - DerinNe THE Size oF GriD BLocks IN THE R DirecTion FoOrR ALL CELLs
RUNSPEC |GRID EDIT PROPS REGIONS SOLUTION  |SUMMARY |SCHEDULE
Description

DR defines the size of all grid blocks in the R direction via an array for each cell in the model. The RADIAL
or SPIDER keyword in the RUNSPEC section should be activated to indicate that radial or spider geometry
is being used.

Currently this keyword is ignored by OPM Flow and has no effect on the simulation; however one can us the
vector form of the keyword, DRY, to enter the data instead.

No. Name Description Default
Field Metric Laboratory
| DR DR is an array of real numbers describing the cell size in the R direction

for each cell in the model in a radial grid.

Repeat counts may be used, for example 10%100.0.

feet m cm None

Notes:

1) The number of entries should correspond to the NX x NY x NZ parameters on the DIMENS keyword in
the RUNSPEC section, unless the BOX keyword defines a sub area of the grid, in which case the total
number of entries should correspond to the number of cells defined by the BOX statement.

2) The keyword is terminated by a “/”.
Table 6.21: DR Keyword Description

Note that the SPIDER keyword activates OPM Flow’s radial grid geometry option for the model. This
keyword will create a spiderweb-shaped grid based on a corner-point grid using the standard radial grid
keywords: INRAD, DRV, DTHETAYV, DZ/DZV etc. in the GRID the section.A spider grid can be viewed in 3D
in OPM Reslnsight unlike radial grids that cannot be viewed in OPM ReslInsight.

See also the DRV, DTHETAV, DZ and TOPS keywords in the GRID section to fully define a radial or spider
grid model.

Example
Given the dimensions of the grid in the RUNSPEC section to be 10, I, 8 for NX, NY and NZ respectively, we
first define the inner radius of the radial model,

-- INNER RADIUS OF FIRST GRID BLOCK IN THE RADIAL DIRECTION

INRAD
/

and then DR should be defined as:
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-- DEFINE GRID BLOCK R DIRECTION CELL SIZE

DR
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0
1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.0

/

The above example defines the size of the cells in the R direction based on 80 cells in the model as defined
by the DIMENS keyword in the RUNSPEC section.
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6.3.42 DRV - DeriNe THE Size oF Grip BLocks IN THE R DirRecTioN via A VECTOR

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

DRYV defines the size of grid blocks in the R direction via a vector as opposed to defining the property for
each cell for a Radial or Spider Grid. The RADIAL or SPIDER keyword in the RUNSPEC section should be
activated to indicate that radial or spider geometry is being used.

This keyword is ignored by OPM Flow and has no effect on the simulation but is documented here for
completeness.

No. Name Description Default
Field Metric Laboratory
| DRV DRV is a vector of real numbers describing the cell size for the grid blocks

in the R direction in a radial grid.

Repeat counts may be used, for example 10%100.0.

feet m cm None

Notes:

1) The number of entries should correspond to the NX parameter on the DIMENS keyword in the RUNSPEC
section

2) The keyword is terminated by a “/”’.

Table 6.22: DRV Keyword Description

Note that the SPIDER keyword activates OPM Flow’s radial grid geometry option for the model. This
keyword will create a spiderweb-shaped grid based on a corner-point grid using the standard radial grid
keywords: INRAD, DRY, DTHETAV, DZ/DZV etc. in the GRID the section. A spider grid can be viewed in 3D
in OPM Reslinsight unlike radial grids that cannot be viewed in OPM Reslnsight.

See also the DR, DTHETAV, DZ and TOPS keywords in the GRID section to fully define a radial or spider
grid model.

Example

-- INNER RADIUS OF FIRST GRID BLOCK IN THE RADIAL DIRECTION

INRAD
0.25
/
-- DEFINE GRID BLOCK SIZES IN THE R DIRECTION
DRV

1.75 2.32 5.01 10.84 23.39 50.55 109.21 235.92 509.68 1101.08 /

The above example defines the size of the cells in the R direction based on NX equals 10 on the DIMENS
keyword in the RUNSPEC section. Note the INRAD keyword to define the inner radius of the radial grid.
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6.3.43 DTHETA - Derine THE Size oF Grip BLocks IN THE THETA DIRecTION FOR

ALL CELLs
RUNSPEC |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

DTHETA defines the size of all grid blocks in the Theta direction via an array for each cell in model. The
RADIAL or SPIDER keyword in the RUNSPEC section should be activated to indicate that radial or spider
geometry is being used.

Currently this keyword is ignored by OPM Flow and has no effect on the simulation; however one can us the
vector form of the keyword, DTHETAV, to enter the data instead.

No. Name Description Default
Field Metric Laboratory
| DTHETA DTHETA is an array of real numbers describing the cell size in the THETA

direction in radial grids for each cell in the model.

Repeat counts may be used, for example 10%25.0

degrees degrees degrees None

Notes:

1) The number of entries should correspond to the NX x NY x NZ parameters on the DIMENS keyword in
the RUNSPEC section, unless the BOX keyword defines a sub area of the grid, in which case the total
number of entries should correspond to the number of cells defined by the BOX statement.

2) The keyword is terminated by a “/”.
Table 6.23: DTHETA Keyword Description

Note that the SPIDER keyword activates OPM Flow’s radial grid geometry option for the model. This
keyword will create a spiderweb-shaped grid based on a corner-point grid using the standard radial grid
keywords: INRAD, DRV, DTHETAYV, DZ/DZV etc. in the GRID the section.A spider grid can be viewed in 3D
in OPM Reslnsight unlike radial grids that cannot be viewed in OPM ReslInsight.

See also the DRV, DTHETAYV, DZ and TOPS keywords in the GRID section to fully define a radial or spider
grid model.

Example

Given the dimensions of the grid in the RUNSPEC section to be 10, 6, | for NX, NY and NZ respectively,
then DTHETA should be defined as:

-- DEFINE GRID BLOCK SIZES IN THE THETA DIRECTION

DTHETA
10%60.
10%60.
10%60.
10%60.
10%60.
10*60.

[oNoNoNoNoNo]

/
The above example defines the size of the cells in the R direction based on 60 cells in the model as defined
by the DIMENS keyword in the RUNSPEC section.
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6.3.44 DTHETAV - Sets THE Size oF GriD BLocks IN THETA DirectioN viA A
VECTOR

RUNSPEC EDIT PROPS REGIONS  [SOLUTION  |SUMMARY |SCHEDULE

Description

DTHETAV defines the size of grid blocks in the THETA direction via a vector as opposed to defining the
property for each cell for a Radial Grid. The RADIAL or SPIDER keyword in the RUNSPEC should be
activated to indicate that radial geometry is being used.

No. Name Description Default
Field Metric Laboratory
| DTHETAV DTHETAV is a vector of real numbers describing the cell size for the grid

blocks in the THETA direction in a radial grid.

Repeat counts may be used, for example 10%100.0.

degrees degrees degrees None

Notes:

1) The number of entries should correspond to the NY parameter of the DIMENS keyword in the RUNSPEC
section.

2) The keyword is terminated by a “/”.
Table 6.24: DTHETA Keyword Description

Note that the SPIDER keyword activates OPM Flow’s radial grid geometry option for the model. This
keyword will create a spiderweb-shaped grid based on a corner-point grid using the standard radial grid
keywords: INRAD, DRV, DTHETAY, DZ/DZV etc. in the GRID the section.A spider grid can be viewed in 3D
in OPM Reslnsight unlike radial grids that cannot be viewed in OPM Reslnsight.

See also the DRV, DZV and TOPS keywords to fully define a radial or spider grid model.

Example

-- DEFINE GRID BLOCK SIZES IN THE THETA DIRECTION (BASED ON NY = 6)

DTHETAV
60.0 60.0 60.0 60.0 60.0 60.0 /

The above example defines the size of the cells in the THETA direction based on NY equals six in the
DIMENS keyword in the RUNSPEC section.
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6.3.45 DUMPFLUX - Activate WRITING Out ofF A FrLux FiLE

RUNSPEC  |GRID EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

This keyword activates the writing out of a full field (the full grid) FLUX file for later processing in a Flux
Boundary run. The Flux Boundary feature allows for the segmentation of the full grid into flux boundary
areas which allow for a sub-area of the grid to be run and at the same time model the flux across the
boundary derived from the main grid. The object of this feature is to be able to investigate the performance
of various areas of the model without having to run the full field, thus improving computational efficiency and
run times, but still obtain “reasonable” results due to the incorporation of the fluxes across the boundary.

This feature is not available in OPM Flow; however it is documented here for completeness.

There is no data required for this keyword and there is no terminating “/” for this keyword.

Example

-- ACTIVATE WRITING OUT OF A FLUX FILE

DUMPFLUX /

The above example switches on the writing of the FLUX output file; the keyword has no effect and is ignored
by the simulator.
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6.3.46 DX - DeriNe THE Size oF Gripb BrLocks IN THE X DirecTioN FOR ALL CELLS

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

DX defines the size of all grid blocks in the X direction via an array for each cell in a Cartesian Regular Grid
model.

No. Name Description Default
Field Metric Laboratory
| DX DX is an array of real numbers describing the cell size in the X direction

for each cell in the model.

Repeat counts may be used, for example 10%100.0.

feet m cm None

Notes:

1) The number of entries should correspond to the NX x NY x NZ parameters on the DIMENS keyword in
the RUNSPEC section, unless the BOX keyword defines a sub area of the grid, in which case the total
number of entries should correspond to the number of cells defined by the BOX statement.

2) The keyword is terminated by a “/”.

Table 6.25: DX Keyword Description

See also the DY, DZ and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK X DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 300)

DX
300*1000 /

The above example defines the size of the cells in the X direction based on 300 cells in the model as defined
by the DIMENS keyword in the RUNSPEC section.
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6.3.47 DXV - DeriNe THE Size oF GRiD BLocks IN THE X DirRecTioN viA A VECTOR

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

DXV defines the size of grid blocks in the X direction via a vector as opposed to defining the X direction cell
size for each cell for a Cartesian Regular Grid.

No. Name Description Default
Field Metric Laboratory
| DXV DXV is a vector of real numbers describing the cell size for the grid

blocks in the X direction.

Repeat counts may be used, for example 10%100.0.

feet m cm None

Notes:

1) The number of entries should correspond to the NX parameter on the DIMENS keyword in the RUNSPEC
section.

2) The keyword is terminated by a “/”’.

Table 6.26: DXV Keyword Description

See also the DYV, DZV and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK X DIRECTION CELL SIZE (BASED ON NX = 5)

DXV
5*100 /

The above example defines the size of the cells in the X direction based on NX equals 5 on the DIMENS
keyword in the RUNSPEC section.
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6.3.48 DY - DeriNe THE Size oF Grip BLocks IN THE Y DirecTion FOrR ALL CELLS

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

DY defines the size of all grid blocks in the Y direction via an array for each cell in a Cartesian Regular Grid
model.

No. Name Description Default
Field Metric Laboratory
| DY DY is an array of real numbers describing the cell size in the Y direction

for each cell in the model.

Repeat counts may be used, for example 10%100.0.

feet m cm None

Notes:

1) The number of entries should correspond to the NX x NY x NZ parameters on the DIMENS keyword in
the RUNSPEC section, unless the BOX keyword defines a sub area of the grid, in which case the total
number of entries should correspond to the number of cells defined by the BOX statement.

2) The keyword is terminated by a “/”.

Table 6.27: DY Keyword Description

See also the DX, DZ and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK Y DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 300)

DY
300*1000 /

The above example defines the size of the cells in the Y direction based on 300 cells in the model as defined
by the DIMENS keyword in the RUNSPEC section.
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6.3.49 DYV - DerINE THE Size oF GRriD BLocks IN THE Y DIRecTION viA A VECTOR

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

DYV defines the size of grid blocks in the Y direction via a vector as opposed to defining the Y direction cell
size for each cell for a Cartesian Regular Grid.

No. Name Description Default
Field Metric Laboratory
| DYV DYV is a vector of real numbers describing the cell size for the grid blocks

in the Y direction.

Repeat counts may be used, for example 10%100.0.

feet m cm None

Notes:

1) The number of entries should correspond to the NY parameter on the DIMENS keyword in the RUNSPEC
section.

2) The keyword is terminated by a “/”’.

Table 6.28: DYV Keyword Description

See also the DXV, DZV and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK Y DIRECTION CELL SIZE (BASED ON NY = 5)

DYV
5*100 /

The above example defines the size of the cells in the Y direction based on NY equals 5 on the DIMENS
keyword in the RUNSPEC section.

A

B

C|\D|E|F|G|H|I'|JI|KI|ILIM|N|O|P|Q|R|S|T|U|V [W|X]|Y|Z

Date: June 17,2021 Table of Contents Page 399 of 2151




M OPEN POROUS MEDIA

OPM Frow Rererence ManuaL (202 1-04) Revision: Rev-0

6.3.50 DZ - Derine THE Size oF GriD BLocks IN THE Z DirecTioN FOR ALL CELLS

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description
DZ defines the size of all grid blocks in the Z direction via an array for each cell in a Cartesian Regular Grid
model.
No. Name Description Default
Field Metric Laboratory
| DZ DZ is an array of real numbers describing the cell size in the Z direction
for each cell in the model.
Repeat counts may be used, for example 10%100.0.
feet m cm None
Notes:

1)  The number of entries should correspond to the NX x NY x NZ parameters on the DIMENS keyword in
the RUNSPEC section, unless the BOX keyword defines a sub area of the grid, in which case the total
number of entries should correspond to the number of cells defined by the BOX statement.

2) The keyword is terminated by a “/”.

Table 6.29: DZ Keyword Description

See also the DX, DY and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK Z DIRECTION CELL SIZE (BASED ON NX x NY x NZ = 300)

Dz
100%20.0 100%30.0 100*50.0

/

The above example defines the size of the cells in the Z direction based on 300 cells in the model as defined

by the DIMENS keyword in the RUNSPEC section.
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6.3.51 DZMATRIX - Matrix BrLock HeicHT For GRraviTYy DrRAINAGE MoDEL FoOr ALL

CEeLLs
RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY  |SCHEDULE
Description

The DZMATRIX keyword defines the matrix block height for the gravity drainage model by grid block for
when the Dual Permeability or Dual Porosity models are activated by the DUALPERM and DUALPORO
keywords and the Gravity Drainage option is invoked via the GRAVDR and GRAVDRM keywords. All

keywords are in the RUNSPEC section.
The keyword is identical to the DZMTRXYV keyword in the GRID section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.52 DZMTRX - Matrix BLock HEeiGHT For GRrAvITY DRAINAGE MODEL FOR THE GRID
SOLUTION  |SUMMARY  |SCHEDULE

RUNSPEC  |GRID EDIT PROPS REGIONS

Description

The DZMTRX keyword defines a constant matrix block height for the gravity drainage model for the entire
grid for when the Dual Permeability or Dual Porosity models are activated by the DUALPERM and
DUALPORO keywords and the Gravity Drainage option is invoked via the GRAVDR and GRAVDRM

keywords. All keywords are in the RUNSPEC section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.53 DZMTRXV - Matrix BLock HEeiGHT For GraviTy DraINAGE MopeEL For ALL

CEeLLs
RUNSPEC  |GRID EDIT PROPS REGIONS ~ |SOLUTION  |SUMMARY  |SCHEDULE
Description

The DZMATRIX keyword defines the matrix block height for the gravity drainage model by grid block for
when the Dual Permeability or Dual Porosity models are activated by the DUALPERM and DUALPORO
keywords and the Gravity Drainage option is invoked via the GRAVDR and GRAVDRM keywords. All

keywords are in the RUNSPEC section.
The keyword is identical to the DZMATRIX keyword in the GRID section.

This keyword is ignored by OPM Flow and has no effect on the simulation.
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6.3.54 DZNET - Derine GriD BLock NET THickness FOR ALL CELLS
RUNSPEC |GRID EDIT PROPS REGIONS SOLUTION |SUMMARY |SCHEDULE

Description

DZNET defines the net thickness of all grid blocks in the Z direction via an array for each cell in a Cartesian
Regular Grid model.

No. Name Description Default
Field Metric Laboratory
| DZNET DZNET is an array of real numbers describing the net thickness in the Z

direction for each cell in the model.
Repeat counts may be used, for example 10%100.0.

If the value for a grid block is not defined then the grid block size (DZ) is
assigned to the missing values.

feet m cm DZ

Notes:

1) The number of entries should correspond to the NX x NY x NZ parameters on the DIMENS keyword in
the RUNSPEC section, unless the BOX keyword defines a sub area of the grid, in which case the total
number of entries should correspond to the number of cells defined by the BOX statement.

2) The keyword is terminated by a “/”.

Table 6.30: DZNET Keyword Description

See also the DX, DY, DZ, NTG and TOPS keywords to fully define a Cartesian Regular Grid.

Example

-- DEFINE GRID BLOCK Z DIRECTION NET THICKNESS(BASED ON NX X NY X NZ = 300)

DZNET
100%15.0 100%25.0 00*45.0 /

The above example defines the net thickness of the cells in the Z direction based on 300 cells in the model
as defined by the DIMENS keyword in the RUNSPEC section.
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6.3.55 DZV - DeriNe THE Size oF GRriD BLocks IN THE Z DIRecTION vIA A VECTOR

RUNSPEC EDIT PROPS REGIONS  |SOLUTION  |SUMMARY |SCHEDULE

Description

DZV defines the size of grid blocks in the Z direction via a vector as opposed to defining the thickness
property for each cell. The keyword is 