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3.1 Introduction to CMG

Computer modeling group abbreviated as CMG, is a software company that produces
reservoir simulation programs for the oil and gas industry. It is based in Calgary,
Alberta, Canada with branch offices in Houston, Dubai, Caracas and London. The
company is traded on the Toronto Stock Exchange under the symbol CMG. The
company offers three simulators, a black oil simulator, called IMEX, a compositional
simulator called GEM and a thermal compositional simulator called STARS.

The company began in 1978 as an effort to develop a simulator by Khalid Aziz of
the University of Calgary's Chemical Engineering department, with a research grant
from the government of Alberta.

Builder is a MS-Windows based software tool that you can use to create simulation
input files (datasets) for CMG simulators. All three CMG simulators, IMEX, GEM and
STARS, are supported by Builder. Builder covers all areas of data input, including
creating and importing grids and grid properties, locating wells, importing well
production data, importing or creating fluid models, rock-fluid properties, and initial
conditions. Builder contains a number of tools for data manipulation, creating tables
from correlations, and data checking. It allows you to visualize and check your data

before running a simulation.

3.2 CMG component

3.2.1 Builder

Builder is CMG's Windows™ User Interface for preparing reservoir simulation
models. With the latest technology and a very efficient model preparation workflow,
Builder assists engineers in easily navigating the often complex process of preparing
reservoir Simulation models.

Figure 3.1 explains the six major components in builder’s tree view.
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3.2.2 Generalized Equation-of-State Model Reservoir Simulator
(GEM)

GEM is a full equation-of-state compositional reservoir simulator with advanced
features for modelling recovery processes where the fluid composition affects recovery.

GEM also models asphaltenes, coal bed methane and the geochemistry of the
sequestration of various gases including acid Gases and CO2.

3.2.3 IMplicit-EXplicit Black Oil Simulator (IMEX)

IMEX is a full -featured three-phase, four-component black oil reservoir simulator
for modelling primary depletion and secondary recovery processes in conventional oil
and gas reservoirs. IMEX also models pseudo-miscible and polymer injection in
conventional oil reservoirs, and primary depletion of gas condensate reservoirs, as well

as the behavior of naturally or hydraulically fractured reservoirs.

3.2.4 Steam, Thermal and Advanced processes Reservoir
Simulator (STARS)

STARS is a thermal, K-value compositional, chemical reaction and geomechanics
reservoir simulator ideally suited for advanced modelling of recovery processes

involving the injection of steam, solvents, air and chemicals.

Fig. 3.1: Builder’s Model Tree View
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Grids can be easily created
and manipulated in variety of
types. Including Cartesian,

fracture and nonfracture

reservoir.

Define fluid model or
import more complex
fluid model generated
in Winprop.

User can easily
define how
simulator will run in
term of times step.

\

User can easily define
different geomechanics
regions.

output.

Allow easily customization of
post processing variable to be

Relative
permeability can be
easily generated
with builder’s
wizard by defining
endpoint and

—| exponent in Corey-

type equation or by
copy and paste your
own tables directly.

Allows the user to
initialize the model
base on contact
depth, saturation and
capillary pressure.

Well trajectories and history
can be imported and well
constrains can be defined for
proper modeling of is seen in the
field.
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3.3 Steps to Get Results

Results Graph is typically used to plot curves of well properties that vary over time
(“Timeseries properties”). Examples of Timeseries property are Cumulative- Oil, Gas
and Water; Oil-, Gas- and Water Rates, etc. These Timeseries properties are read from
a simulation output file. The plot can contain as many wells, groups, sectors, leases, or
layers that vary with time as you wish data from several different files More than one
parameter versus time curves More than one parameter versus parameter curves.
Parameters from all those available in the selected simulation results files (SR2), field
history files (FHF) or PA Load Format files In addition, you can Plot spatial property
(e.g. oil saturation) versus distance curves. Currently you can specify three types of
distances: Along a well trajectory Along a well “path” (perforation-to-perforation as
defined in the simulation input file) and Between two blocks specified by their UBAS
(Universal Block Address, e.g. 5,3,2) Create “Special History” by reading spatial
property data at the available time records in the SR2 file. These parameters can then
be used just like any other Special History parameter that is output in the SR2 file.
Create “difference property” parameters. A difference property is created from two files
with identical property and well names. These parameters can be used just like any

other parameters to create curves.

o Stepl

Click Components in the menu bar then select Process Wizard (figure 3.2).
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Fig. 3.2: Selection of Process Wizard

-31-



Chapter Three Methodology

o Step?2

In process wizard window, click on Alkaline, surfactant, foam, and/or polymer model
(figure 3.3).

-~

| Process Wizard Step 1 - Choose Process ﬂ

This wizard will use the existing fluid model section for STARS and add the necessary data for the
process desired to be simulated. The user must begin this wizard with a minimum of two or three
components that describe the black oil behavior of the system.

Choose a process from the combo box below and a description will be displayed.

( v
Foamy oil model

Combustion model

Fines migration model

Asphaltene Precipitation model

Fig. 3.3: Choosing of process

e Step3

Click Next on the Process screen (figure 3.4).

|EAlkaline. surfactant, foam, andjor polymer model (B4 ]

This incremental oil recovery from this process occurs when natural surfactants are created when the
oil reacts with the alkali and results in ultra low interfacial tension. This capacity of forming natural
surfactants is limited depending on how much natural acid the crude contains. Ifthe crude contains
small amounts of natural acids, a low concentration of injected alkali is required and the injected
surfactant needs to be presentto form the ultra low interfacial tension. Ifthe crude contains high
amounts of natural acids. a higher concentration of alkali needs to be present in the injected fluid. and
the concentration of surfactant required is lower.

Injected polymer helps to improve the mobility ratio by ir ing the vi ity ofthe injected water.
Potential for good oil recovery in conventional alkaline flooding is higher in crudes that are viscous,
napthenic, and low APl The oil must be heavy enough to contain the desired organic acids, but light
enough to permit some degree of mobility control during flooding. The upper viscosity limit for alkaline
flooding is < 200 cp. The minimum average permeability should be > 20 md. Sandstone is preferred
because carbonates may contain anhydrites or gypsum which reacts to consume the alkaline
chemicals. Alkaline also reacts with clays, and the reactions are higher at elevated temperatures.
Therefore. maximum temperature should be about 200 F. Alkaline puts a negative charge on
reservoir rock, which reduces polymer adsorption. Ifthe surfactant partitions mostly in the water phase.
then the presence of alkali should reduce the surfactant adsorption. The presence of salt changes the
behavior of the surfactants in the presence of alkali in a complicated manner: Therefore, laboratory
studies must be done!

Alkaline undergoes unwanted reactions with reservoir brine and rock that waste the alkaline additive.
Surfactants (soaps) can induce mixing of water and oil phase by lowering interfacial tensions.
Residual oil saturations are reduced based on local values of capillary number. Surfactants can be
primarily water soluble, primarily oil soluble or approximately equally soluble. Optimal performance is
normally associated with equal solubility between water/oil phases.

[o1]

ack Next > ] [ Cancel

Fig. 3.4: Process screen
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e Step 4- Flood Models

In Flood models screen select Surfactant flood (add 1 component) (figure 3.5).

| Step 2 - Input Specific Data For A.S.P. Models M

Choose model

L |
Polymer flood (add 1 components)

Alkaline, surfactantflood (add 2 components)
Alkaline, surfactant, polymer flood (add 3 components |
Surfactant, polymer flood (add 2 components)

Foam flood with gas foam model (add 4 components)
Foam flood with liquid foam model (add 4 components)

[ < Back ][ Next > ][ Cancel

Fig. 3.5: Flood model selection

e Step 5- flood Models

In flood model screen, select options for the selected model (figure 3.6).

-

# | Step 2 - Input Specific Data For AS.P. Models u

Choose model

|Surfactant flood (add 1 component) i v]

Select Options

Use reversible partitioning of surfactant into oil D

Use irreversible partitioning of surfactant into oil J

Number of relative perm. sets for interpolation 3

Use adsorption for surfactant [v]

Rock type for conversion of adsorption values (gm rock ... | Sandstone 3
Rock Density. gm/cm3 265

[ < Back ] [ Next > ] [ Cancel

Fig. 3.6: Select Options for flood model
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e Step 6 - Component Selection:

In Component Selection window, add a new surfactant component if one has not been

defined, or just select the component that has already been defined (figure 3.7).

-

"
# | Step 3 - Component Selection m

Select Options

( l ) Add new component for Surfactant

-

B ' Step 3 - Component Selection ﬂ
Select Options
Add new component for Surfactant D
(2 ) Select existing component for Surfactant Surfact 2
< Back ] [ Next > i { Cancel

Fig. 3.7: Component Selection

e Step 7- Set Rock Fluid Regions:

This option allows the selection of which relative permeability curves will be used
for the interpolation option (figure 3.8).

-

N
# | Step 4 - Set Rock Fluid Regions ﬂ

Select rock fluid regions to use for capillary number relative permeability interpolation. If any of the
selected regions already contain more than one set. then these sets will be deleted and replaced with a
copy of the first setwith the Sorw changed. plus a third set with straight line miscible curves. Any
instances of KRTEMTAB will also be deleted.

RockFluidRegionNumbert. |

< Back ] E Next > 3 [ Cancel

Fig. 3.8: Set Rock Fluid Regions
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e Step 8 - Set Interfacial Tension Values

This is where the weight % vs. Interfacial Tension table from the lab is entered (figure

3.9).

B ' Step 5 - Set Interfacial Tension Values ﬁ
Weight % Surfactant Interfacial Tension, (dynejcm) |
1 (0 182
2 |005 05
3 |01 0.028
4 |02 0.028
5 |04 0.0057
6 |06 0.00121
7 |08 0.00037
8 |1 05
<Back l E Next > g l Cancel
L )

Fig. 3.9: Set Interfacial Tension Values

e Step 9 - Set Adsorption Values

This is where the weight % vs. Surfactant adsorption table from the lab is entered

(figure3.10).

e Porosity used in the
urfactant adsorption lab

concentration in i) Step 6 - Set Adsorption Values C.\'])Cl'/lﬂc‘”f.
weight %
Enter porosity of lab y surf: dsorp ple{ 0.24%4
Weight % Surfactant Surfactant Adsorption, mg/(100gm rock) \
\ 1|0 0 Surtfac i / -
ra L75 ]s Surfactant adsorption

reported in lab
(mg / 100 g rock)

| <Back ] [ “Finish | ‘ Cancel ‘

Fig. 3.10: Set Adsorption Values
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3.4 Result and Finishing

This is the final step where a report is delivered to make the best decision. CMG
generates various informative graphs, prepare 2D and 3D plots, and prepare tables of

required information to be included in a study report (figure 3.11).

" GmRuosc(midm)

Fig. 3.11: Various Report Types

-36 -



