EXODUS

Recervoir Simulator for Microcoft Windowe™
with Automatic Hictory Matching Capability

W ve been delivering This Windows based simulator 10 clien?s since K92.
11 works, and i works welll

Simulator Applicationg

Full field modelling, pattern elements
simulation, or single well
performance.

Black Oil, water flood and gas re-

injection. Gas condensate reservoirs.

Tight gas and shale modeling.

Coupled Surface Dry Gas Gathering
Network (Compressors, Looped
Lines)

Pseudo-miscible hydrocarbon
recovery processes.

B Polymer flood and tracer tracking.

Alkaline Surfactant Polymer
enhanced recovery.

Transient Pressure Analysis.

Multizone Hydraulic Fracture
Modelling (SPE 74361).

Horizontal well appraisal.

Enhanced coal bed methane
appraisal (SPE 75672).

Economic comparison of cases.

CQimulator Featuree

» Radial and Cartesian Coordinates.

Corner Point Geometry. Local Grid
Refinement.

» Fully Implicit K-value Compositional

Formulation.

» Dual Porosity / Dual Permeability for

Naturally Fractured Reservoirs.

» Arbitrary Neighbour Connections.

» Fast, user independent, iterative

sparse matrix solver.

» Optional Nine-Point

Transmissibilities.

» Multiple relative permeability sets.

Areally variable fluid contacts.

» Carter Tracy Analytical Aquifer.
» Vertical, inclined, or horizontal wells.

» Priortization of well locations for

automatic workovers. Simultaneous
well constraints for oil, gas, water,
liquid, and equivalent reservoir
volume rates, flowing bottom hole
pressure, and well head pressure

» Fully coupled multiphase pressure

loss correlations for any well.

Multiple well segments to
well head. Optional VFP
tables for pressure loss.

Gathering Centres for well
grouping. Constraints for
production, injection, and
voidage replacement for
gas and water injection.

Metric or Field Units.
Conversion to user choices.
Optional calendar dates.

Time or stress dependent
permeability and porosity
modification.

Any user defined historical
series for comparison with
simulation output.

Import data from other
selected simulators and
mapping programs.

Surface Gas Gathering
network models one or
more pipeline systems
producing from one or more
reservoirs. Each network
may have looped, parallel
segments, compressors,
chokes, multiple offtake
points and contracts.

» Full Featured P> Affordable P 3-D Graphics

T.T. & Associates Inc.

P User Friendly P Superior Support
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"Exodus is elegant and
exfremely easy 1 use.

The graphics are superb
and execute flawtessly

- Dr. SM. Faroug All

Ucer Friendly featuree

v

MEEEEssEEsEsEEsssEssEsEsEEsEssEssssEsssEEEEEEEEs .
Exodus is competitively priced based on the
number of active grid cells. Purchase only
the version that will fit your reservoir
problems, and upgrade for the difference in
price when necessary. Leases available.

Graphical User Interface. Point and click
with mouse to select options from
command buttons, drop down menus, and
check boxes.

Full On-line Help. Instant hints on each
form or request detailed description of
menu items for each displayed form.
Search Help file for topics or keywords.
Print any selected topic(s).
Spreadsheet-type data entry forms with
in-line data cell editing. Edit functions
such as copy and paste, fill down, fill right,
and undo. Exchange data with other
Windows applications.

Monitor flood fronts and performance of
wells with post processing programs such
as Grid Display, Well Charts and Well
Report while the run is still processing.
Stack up multiple cases for batch
processing.

Lotus ScreenCam" movies for learning
how to use Exodus.

Rapid Hictory Matching with Sub

Modele and Flux Boundary Conditione

Use the Pre-processor to subdivide a full field reservoir
into multiple sub-regions with a few mouse clicks.

Run the full field model to save all necessary boundary
conditions for the sub-regions.

Run each of the sub-region models independently and
history match by changing grid cell values in the sub-
region model. Use Automatic History Matching if desired.

Merge the sub-regions back to the full field model with a
few clicks of Pre-Processor options.

Repeat if necessary with different sub-regions. The sub-
region models run in a fraction of the full field model time.

Automatic Hictory Matching Controller

> Available for matching pressures, GOR and WOR for
black oil reservoirs, and pressures for gas reservoirs

> Non-linear regression analysis to find parameter values
that will result in a reservoir description that will match
field history.

» Use porosity, directional permeability and relative
permeabilities as parameters.

> Define regions where parameters may be modified.
Define parameter value as constant or factor of original
values. Set minimum and maximum values for
parameter changes.

» Monitor progress of regression during run using Well
Charts, Grid Display Utility, Well Report Utility.

Qyctem Requiremente

Microsoft Windows™ XP, Vista or “7”

Network Versions Available

T.T. & Associates Inc.
c/o PetroStudies Consultants Inc.
#204, 4603 Varsity Drive N.W.
Calgary, Alberta, T3A 2V7
Canada

Ph: (403) 265-9722 / Fax: (403) 265-8842 / e-mail:
tant@petrostudies.com
Web site: www.petrostudies.com




Exodue Recervoir Simulator

Quickly and effectively digitize map data, build cimulation gride over mape, infill to get grid
properties, import production and preccure hictory, build complete cimulation data cefe with
comprehengive error checking, all with interactive, ucer friendly, graphical ugcer inferfaces.

PRE PR CEgg R | 4 PRE: EXODUS DATA PRE PROCESSOR C:\ExodusDemaWaterfloadwaterfloodvd 2. dat M=%
= O O File Edit DigtizedData Options Help

» A graphical interface to create, view and edit m m
Data Sets with full Microsoft Windows

features (menus, tabular entry, mouse control, Eodellmennp Qe el

data eXChange) and Compl’ehenSiVe error Enter Constant Yalues for Entire Grid
Template =

checking.
Enter Grid ¥alues by Layer

» Display and modify tabular values in
spreadsheet format.

Displap/Modify Grid Cell ¥alues

= Correlations for PVT and relative
permeabilities. Automatic normalization and
de-normalization for scaling of end points.

» Automatically compute and modify non-neighbour fault

connections and pinch-out transmissibilities.
TableNo [T of1 <[ Gas 56 at surface conditons 0.8 » Locally refine grid cells with a couple of mouse clicks.
= Stock Tank Dl Density ko/m3 gy e et Claely Lt 1010 » Automatically obtain total and partial well perforation
il ravit . . . . .
: = = locations from completion intervals, and well deviation
Must be ane point m table belom 4500 surveys.
P%T Function
Bo vs Pressure » Enter well production/injection data on a well by well basis
A - (displayed all time data for a well or vice-versa).
Pressure BOD RS BG 01 030 ’J/
o I i e T P » Import historical production values from commercial
2| 00 o3 tse oz 1/ production history databases.
|3 | 1000 1.0175 2.32 0.10034
1500 1.0212 3.88 0.06555 1L eps . .
B 200  tozs | S [ coemio OO0 00 - Se0 » Built in aquifier influence functions.
|6 | 2500 1.0275 6.8 0.03772
SIW e e e et el » Request simulator output at rate changes for DST

modeling etc.
» Interactively build grid over digitized maps. Rotate, g

stretch, move grid lines with mouse. Infill digitized layer

- I » Templates to build Dual porosity, Dual Permeability
maps to obtain grid cell values.

Models, Single Well Hydraulic Fracture Models,

» Enter grid cell data directly or from digitized maps. &5 RESERVOIR DESCRIPTION C:\ExodusDemo\Waterfloodwaterfloodva2.dat |- |0/

Import dlgltal mapS from many Other mapplng pI’Ogl’amS. Form  Parameters Data Edit Display X-section Graph ‘Wels Tools
TOPmaost Depth (TIC) LAYER =1 ( LGR layer = 1) metres

Modify grid cell values with edit functions (add, multiply, constant). |- Lavr F...‘...t... T I
Enter complex formulae to compute grid cell values from other grid | ceita - “*® _ #baa |

cell values with conditional statements. Enter values by layer or as L1359 M7 W B o ow @ w
constant for all cells. Synchronized 2D and 3D displays 2 _——
i . i g 74.387
» Corner Point Geometry Grid. Display shape of cells. n . o 27| |
15 EEEEEEEE 71.16
. . . . 17 1
» Obtain cell values from well point values, then infill non-well cells. | 1 E::I
. . . . . ;g . H - 6632 |
» Group cells into regions for editing operations (e.g. facies) z ! - sart| |
31 f = 63.10
i X 33 1 —
» Colour cells with user selected palette. Obtain shaded contours of | = EE : ;a =
grid cell values. Superimpose digitized maps. Display xy, Xz, yz 2 EEEEARRR R o TR
T713-Thi TTAT4 1670 T/16-16/0

. T
cross-sections. Cell (10,29, 1LGR 0, 0, 0 ) value = 64.5




WIN-DIG

» Digitize paper maps using a variety
of digitizers, or digitize scanned
bitmaps into the format for Exodus

Exodug Pre Processing Modules......cccccveveviienenennnnne.

import.

Pk Transform digitized files from other

mapping applications into the
format for Exodus import.

B Interactively edit line contours or

well points.

#E wiN DIG: X - 470.... |- | OJE3

Setlp  Help

File Digitize “iew Edit  Options

-

(h

Kl

Custom utilities to convert
data files from other
simulation software are

available.

» Import Production History and

production history databases.

L 4

Create User Defined History Data
files for any time and any
observation.

L

Use Historical Data files for
comparison against simulation
results.

¥

Export production history to
Preprocessor data file.

-]

Identify well location
cells from the trajectory

Hictorical Data Input

Pressure History Data from external

Well Number |

Well Name |

I:Iﬂﬂ 00/08-27-087-19W6/0 Enter injection rates as -ve

numbers. Cumulative columns
cannot be edited.

Select wells from dropdown List ‘

E
Honth ME::" Honth | 0 oo | Cum Cum |
Year | Month | Oil Prod Prod Water n3 Gas | Water —|
m3 e3m3 Prod m3 e3md m3
1 1980 | 9 2237 301 0 2231 3 0
2 1980 10 1856 168 0 4093 | 469 0
3 1980 N 1399 138 0 5492 | 607 0
4 1980 12 1616 197 0 7108 804 0
5 1981 1 158.7 194 0 8695 998 0
[ 1981 2 178.2 18 1] 1047.7  117.8 0
7 1981 3 157 15.6 0 12047 | 1334 0
8 1981 4 106.3 a7 0 1311 1421 0
9 1981 5 1537 158 0 1464.7 | 1578 0
n 1941 R 1478 1R 1 n 1R12R | 1722 n hd
] ]

Well Deviation Survey to Well Locatione

EX0DUS Data File Mame ‘Cz\exn\vbﬁ\vﬁ3I]fiIes\WeIIanalanSHHC\Teleata\wLGR Browse.

Depth offset used to define TOE in dataset

cell model and well

of the well given the grid Wl |Well Name

Number | for Exodus

Survey Filename
[Double-click on cell to browse)

FProducing Interval(s] in Measured Depth units.

(Leave blank for open hole. Separate FROM
and TO depths with a minus sign and multiple
pairs with commas, eg. 8500-8751, 8800-8900).

3

C:\exo\vbGiwi30files\WellLocatorys3

IE \exo\vb6\v530files\WellLocatoryh3

]

coordinates or deviation e
survey. R

[ 5|
The perforation fraction A
of the well locations will
be computed using the
open interval of the well Localtions

Cument well .. None

Dutput.LOC File Name: ‘C:\exn\vhﬁ\vﬁ3I]fiIes\WeIILm:alnr\o'ﬁEII]C\Teleata\Surve Browse.

Abort Review
Process Locations

and the length of
wellbore in the cells.

Multiple wells can be
batch processed.

tant

Canada

T.T. & Associates Inc.
c/o PetroStudies Consultants Inc.
#204, 4603 Varsity Drive N.W.
Calgary, Alberta, T3A 2V7

etrostudies.com

Web site: www.petrostudies.com

Ph: (403) 265-9722 / Fax: (403) 265-8842 / e-mail:




Exodue Recervoir Simulator

Post Processing Modules

Crid Dieplay Utility

£ OIL PROD m3 HISTORICAL CUM VOL (Grouped... [ |03
P Simultaneously display a 3D view a5 7 SA::B:; D::S:s:f J:: 13]0 .
with 2D display. Interactively alter, 2 =
rotate, zoom 3D view independently or g , waue 42602.56 [l
synchronize animation with 2D view. nE , e
P> Zoom/ Unzoom/ Pan option. 1 e 8 . 2026137 ]
P> Shaded contours of cell values. 20 FEEREE R 13?00:31I
P> Display locally refined grid cell % i = o, Tanarel]
play y Y 26 MRS =20 S 9139.25
values. Cross-sections of locally 29 SR SsgEsEEss 35872 7]
refined cells. 32 .-::ﬁ?fz_xl;:o':::: e ]
P> Display well locations and well 38 e ri
P> During or after a run, display multiple names as a function of time. 41 P R e
windows of 2D colour maps of any grld ’Superimpose d|g|t|zed maps over Click on cell to display location and value

computed grid cell values.

P> Cell value enquiry, text values
displayed in cells in selected font.
Export all values to spreadsheet.

P> Initial values of Porosity,
Permeability, Depth, Thickness, Pore
volumes.

P> Time dependent values of pressure;
oil, gas and water saturations; ternary
phase saturations; volumes of fluids-in-
place; displaceable volumes of oil.

P> Define arbitrary regions before, or
after, a run and display oil-in-place,
average pressure, production rates and 2
cumulatives, migration and percent
recovery.

P> Bubble maps for historical data or
calculated discrepancies. Animate bubble
maps with time.

P> Graph cross-section values or cell
values with time.

P> Display well charts simultaneously of
selected wells with 2D views.

P> Display detailed migration statistics for
user defined regions built either before or
after the run. Interactively select reporting
regions.

P> Debugging aids to assist in identifying
regions with convergence problems and to
show where changes are needed in
subsequent history matching runs.

defined color palettes and value ranges.
P> Show multiple cases, multiple views
for different times/parameters and/or
cross-sections (layers).

P> Formulae to compute new display
parameters for comparison of cases or
difference in parameter values with time
P> All these views can be manipulated,
interrogated, printed or animated
independently (user selectable time
intervals) or synchronized.

P> Display XY, XZ, YZ cross-sections.
Define and show arbitrary cross-sections.
Group layer values into single zone
values for display.
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ore P> Immediately graph current report. User definable placement of
WQ" RQPOH un“tg series on axes.

P> Summaries for groups of wells, and field.
Print or copy and paste report to a spreadsheet or word processor.

P> Customize well summary reports from simulation

runs.

P> Choose from over 40 report parameters.

P> User defined units for any report parameter. TT. & Associates Inc.
P> Create and save user defined tabular format. c/o PetroStudies Consultants Inc
P> Interactively define groups of wells and well fraction #204, 4603 Varsity Drive N.W '
P> Report by well/group/field for all times and Caigary Alberta. T3A 2V.7 '
parameters. ' '

P> Report at any time for any or all wells and Canada

parameters (by completion cell if desired). Ph: (403) 265-9722 / Fax: (403) 265-8842 / e-mail:
P> Report for selected parameters, all wells/groups and tant@petrostudies.com

all times.

Web site: www.petrostudies.com

P> Report at any time for any or all wells and
parameters (by completion cell if desired).




EXOdUQ Post Processing Modules......................
Well Charte

P Produces graphs of well
performance from simulation cases,
production history data and pressure
history. Automatic update as
simulator executes in background.

P> Quickly generate graphs from
standard default graph types.

P> Select from over 40 series options
such as rates, ratios, cumulatives,
well pressures, % recoveries etc.

P> User defined units for any series.

P> Compare simulated with historical
values. Compare many wells on the
same graph. Compare several runs
on one graph. Group wells to create
a graph series.

P> Plot any series on X, left Y and
right Y axes with appropriate scaling.
Plot as many as 30 series on a
graph.

Network Report Utility

» At each output, report on selected offtake

points, nodes and segments.

» Report on selected offtakes at selected
times, the offtake pressure, rate and
cumulative.

» Report on selected nodes at selected
times, the node pressure and node flux.

» Report on selected segments at selected
times, the segment pressures and rates,

compressor horsepower.

» Display a graphical view of the network
system, coloured by node pressures or
segment rate at any time and animate.

Pre Tax Economice

Compare DCF of several production
scenarios with different capital, price and
operating costs.

P> Annotate, change fonts, log or
linear scales, automatic or custom

3 MDI Well Charts -okd

Form Chart LUtiities Annotate  Window Help

| |
| |
| |
| |
. . | |
linestyles and colours, tick marks, = b aptewaTEReL. - )|
grid lines. . Field Rates 18211
. . n E+03 11000.0 || 1E+13 D000
P Use the template facility to build = e : P f{ ;mm
graphs for all wells from one well = e z 0000 I
. | 1E401 ﬁ L 10000.0
graph. = e d H 1T ey . | eno0.o
n 1E-01 i 5000.0 }A [ oo
}Multlple child windows of chart 5 e I (s " om0
displays. m e 2000 | 1E02 4 ! 20000
= WED T 00 B0 e 00
B | |
ut WELFL_ C”g"t_“ —— =2 . 1962.0 1967.0 19920 19870 19820 19670 1992.0 1997.0
ile  Define ptions | Standard Graphs | |
Graphs Graphs for Gil Pool i : The Exocius Simulstor is & software product of TTEAF
o Graphs for Gas Pool |
Main Title |[EXAMP Graphs For Steam Recovery :l : b o]
Lo el e — = MA3160 1116160
11712170 Nen) n |lEm 1000.0 1E+03 10000.0
11712170 Delete . - 3 s " L 90000
/22170 Insert . 1B402 1 r,fg, ggggg 1E+02 1 H6000.0
N Edit s |[1E+01 *@ [ e 1 7000.0
31732170 — n | eonon el | E000.0
12/4-2170 Sheets m ||TE+0 1 SDDD.D 1E+00 AT 5000.0
31/4-21/0 Reti - . [ o r4000.0
1175-2170 = | m || B0 [ 1E01 4 ; 30000
e _ Display | . T e : L 20000
11/6-2140 (+ as new graph s | TE024 F2000.0 | 1E40Z
31462140 " as same graph ] H r r1000.0
13::;?:5::?’[? _P u 1E03 T T TTTTrTrT oo 1E03 IR 0o
H it
1/7-21i/0 L = : 1982.0 1987.0 1932.0 1997.0 19820 1957.0 1992.0 1997.0
|~ Convert Fractional Well Rates to Full Well [ ]
[~ Update Graph as Simulator Runs. Update : The Exadus Simulator iz & software product of TIAR | The Exadus Simulstor is & software nroduct of TTZAF
[ |

9 Dimencional Vieualization

P> Display 3-D views of the reservoir for
parameters (e.g. porosity, permeability)
and time dependent values of pressure,
fluid saturations, fluid volumes in place.

P> Pan, rotate, zoom the 3-D views. Show multiple cross-sections and
isosurfaces. Interrogate cell values.

P Clip layers, rows and columns.

P> "See” your reservoir produce. Start, stop and resume animation of all
the views. Show well locations as they are drilled. Make cells visible only
if they are in a specified data range and animate with time. Useful for
water coning, front tracking, tracer animation etc.

P> Alter the 3-D view by cutouts, shifting, spreading out or separating
layers or cross-sections. Apply clipping or change the visible range of
layers or cross-sections.

P> Print or export image to bitmap files for import to other graphical
programs.

T.T. & Associates




