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INTRODUCTION

SuperSD (Simulating Undiscovered PEtroleum Spatial Distribution) is an object-based stochastic
simulation program desired for predicting locations of undiscovered petroleum accumulations and associated
uncertainties in a play. This program simultaneously considers the necessary geological conditions and spatial
correlation of petroleum accumulations, as well as the consistency of all relevant geoscience information with
respect to petroleum occurrence. This program can be used to study the spatial distribution characteristics of oil and
gas resources and to evaluate exploratory risk in a play.

FILE LIST

Two types of files are needed to run the SuperSD application: common files used to support Windows application
and SuperSD files. The common files come from Microsoft Windows System and Microsoft Visual Studio System,
and include:

Mfc42.dll,

Msvep60.dll,

Msvert.dll,

Atl.dll,

Regsvr32.exe

The SuperSD files are listed and explained as follows:
PetroObjects.dll,
ModelData.dll,
MCMCODbjects.dll,
PetroReport.dll,
PetroChartCtrl.ocx,
MFCWrapper.dll,
SuperSD.exe,
SuperSD.bat.

PetroObjects.dll contains most of the pool-related COM components, including:
e  Petroleum pools;
e  Petroleum wells;
e Polygons;
e  (Grid data definition;
e  (Grid data;
Grid lines;
e  Gray map partition; and
e Discovered pool statistics

ModelData.dll contains some COM components to hold all of the user interface data.
MCMCODbjects.dll contains three COM components related to Monte Carlo Simulations. The first component is a
wrapper for simulating the undiscovered pool distribution. The second component is a wrapper for calculating the

undiscovered pool probability map. The last component is designed to validate the simulation results.

PetroReport.dll contains two COM components. The first one is for the report option, and the other one is for
generating a SuperSD report and dumping it into Excel.

PetroChartCtrl.ocx contains an ActiveX control for implementing all the graph related functionalities.
MFCWrapper.dll is a static library and contains some MFC derived classes that are used in the SuperSD.exe.

SuperSD.exe is the SuperSD executable file.



SuperSD.bat is a batch file used to register all the required dynamic libraries explained above.

A complete data set, consisting of three required input files, can be found in the example data subdirectory
(\Documents\..). Two papers referred to in this Guide are also listed in ..\Documents\.. of this CD-ROM.

INSTALLATION

Auto Install:
Step 1) Click ‘Install SuperSD’ button on the Autostart screen.
Step 2) Click "Run SuperSD' button on the Autostart screen to run SuperSD.exe.

Manual Install:

Step 1) Create a directory, for example, SuperSD, on your machine.

Step 2) Copy all files from the SuperSD directory on the CD-ROM to the newly created directory.
Step 3) Run SuperSD.bat from windows explorer to register all the required dynamic libraries.
Step 4) Double-click SuperSD.exe to start a SuperSD application.

DATA INPUT REQUIREMENT AND DATA FILE FORMAT
Data Input Requirement

SuperSD needs three input data files. They are play boundary file, favorability map file, and discovery pool file. The
formats of these files are explained in this section.

Play Boundary File

The play boundary file is used to defined the play boundary and has the following format:
strTitle
strDescl numPlayBoundaries
strDesc2 nl flagl

x11 yll xull  yull
x12 yl2 xul2  yul2

x1n, yln, xuln; yuln
strDesc3 n2 flag2
x21 y21 xu2l  yu2l
x22 y22 xu22  yu22
x2n, y2n, xu2n, yu2n,
Table 1 explains the variables for the play boundary file.

Table 1 Variables in play boundary file

Variable Description
strTitle A string for describing the play boundary file.
strDescl A string for describing the parameter, numPlayBoundaries.
numPlayBoundaries | An integer indicating the number of play boundary polygons.
strDesc2 A string for describing the first boundary polygon.
nl Number of points on the first boundary polygon.
flagl An indicator, the inside area of the polygon is the inside of the play if

flagl is 0, otherwise, the inside area of the polygon is the outside of the
play.

x1?, y1? Latitude and longitude coordinates of the first play boundary points. Not
used.




xul?, yul? UTM/Lambert/Polyconic projections of the Lat. and Long. The current
version uses this coordinate system in computation.
strDesc3 A string for describing the second boundary polygon.
n2 Number of points on the second boundary polygon.
flag2 An indicator similar to flagl for the second play boundary.
x27,y2? Latitude and longitude coordinates of the second play boundary points.
Not used.
xu2?, yu2? UTM coordinates of the second play boundary points. Used.

The following is an incomplete play boundary file in the example data sets.
THE BOUNDARY OF RAINBOW PLAY

NO._of Boundaries: 1

Boundary: 7 0

58.13860 119.96330 443278.8 -95507.3
58.12398 119.87330 448557.2 -97207.0
58.12397 119.79045 453437.1 -97267.9
58.24375 120.16562 431569.2 -83613.5
58.22708 120.15312 432271.2 -85481.6
58.18541 120.09063 435866.9 -90181.4
58.13860 119.96331 443278.8 -95507.3

A complete list of the play boundary file can be found in the example data subdirectory.
Discovery Pool File

The discovery pool file contains information about the discovery history and properties of the discovered pools in
the play, which has the following format.

strTitle

strDesc numWells

ID UWI STATS X _lat Y long X UTM Y UTM TIME date AREA NETPAY

ID1 S1 X1 Yl XU1 YUI1 Datel Areal  Netpayl

ID2 S2 X2 Y2 XU2 YU2 Date2 Area2  Netpay2

Table 2 explains the variables in the discovery pool file.

Table 2 Variables in the discovery pool file

Variable Description
strTitle A string for describing the discovery pool file.
strDesc A string for describing the parameter, numWells.
numWells An integer indicating the number of discovery wells.
All strings in the 3™ Variable titles.
record
After the 3rd record Variables for each exploratory well.

The 1st column, ID UWI | Well ID.
The 2nd column, STATS | Exploratory well status. Possible values include D (dry), G (gas), O
(oil), and B (gas and oil).
The 3rd and 4™ columns, | Latitude and longitude coordinates of wells. Not used.

X latand Y long
The 5th and 6th columns, | UTM/Lambert/Polyconic projections of the Lat. and Long. Current

X UTMand Y UTM version uses this type of coordinates in computation.
The 7th column, Discovery date with format yyyymmdd, that is, the first four digits for
TIME date year, the next two digits for month, and the last two digits for day.

The 8th column, AREA | Discovery pool area with unit hectare. If the area is 0.0, the well will
be treated as dry.
The 9th column, Discovery pool net-pay, unit in meter. If the net-pay is 0.0, the well

NETPAY will be treated as dry.




Descriptions_of the data

No._of Wells

ID_ UWI
100062710709W600
100102710909W600
100111010707W600
100103311009W600
100061211205W600
100062811104W600
100073210908 W600
100073210908 W600

The following is an example of the discovery pool file list.
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STATUS X lat Y long X UTM Y UTM TIME date AREA NETPAY
D 5831 11941 4759163 -76056.8 19400000 0 0

D 5849 11940 4764389 -56232.6 19540310 0 0

D 5827  119.07  495521.5 -80591.8 19560312 0 0

G 58.59 11943  474885.8 -44901.6 19631213 32 10

D 5870 118.69  517801.5 -32395.8 19640121 0 0

D 5866  118.60  522725.6 -37214.5 19640205 0 0

B 58.50 11929  482948.0 -55060.4 19650111 253 142

G 5850 11929  482948.0 -55060.4 19650111 113 25

In this example, there are only three discovery pools. A complete list of the data file can be found in the example

data subdirectory.

Favorability Map File

Favorability map file has the following format.

strTitle
X0 YO
X1 Y1
Nx Ny
Default
z1

z2

Table 3 explains the variables in the favorability map file.

Table 3 Variables in the favorability map file

Variable Description

strTitle A string for describing the favorability map file.

X0, YO The left-bottom location coordinates of the area of the interest with
UTM/Lambert/Polyconic system.

X1,Y1 The right-upper location coordinates of the area of the interest with
UTM/Lambert/Polyconic system.

Nx, Ny The number of grid lines along x axis and y axis, respectively.

Default A user defined value for missing data

z? Grid values. There are Nx * Ny grid values. Stored with y axis index

goes first. In other words, the grid values are saved with orders: z(1,1),
z(1,2), z(1,Ny), z(2,1), z(2,2), z(2,Ny),...... z(Nx,1),
z(Nx,2),...z2(Nx,Ny).

The following is an incomplete list of a favorability map file.

Saved gridded data
434000.0 -90000.0
529000.0 -22000.0
250 200

-1.0

-1.0

-1.0

-1.0

-1.0

-1.0

-1.0




Note that the first —1.0 is the default or invalid value. A complete list of this data file can be found in the data
example subdirectory.

STARTING AN APPLICATION

Double clicking SuperSD.exe will launch the SuperSD application. From the Help menu, you can check the current
version of SuperSD from Chart 1 as below.

== G5C SupersD — Ol x|

File View Help
D=l %

About SupersD

Geological Survey of Canada - Calgary
Saper SupersD Yersion 2002, Edition 1
March 9, 2002

Copyright [C] 2002

Ready I_ ’_ ’_ &
Chart 1. About SuperSD dialog

There are three sub menus under File menu. They are New, Open, and Exit. There may be several previously
opened applications between Open and Exit as in Chart 2 below.

== GSC SupersD 1O x|

File Wiew Help

open... g Cerl+0

1 Rainbow Keg River,ssd

2 Rainbow Keg Riverl.ssd

3 CGSCSamplet SupersDl . ssd
4 Rainbow Keg River,ssd

Exit

Create a new document l_ l_ 4
Chart 2. File Menu

Clicking New will start a new application. Click Open will pop up a new dialog for selecting existing applications.
Clicking Exit will end the application. Directly click one of listed applications will open that application. You can
also use the new application icon and open existing application icon below the main menu to create a new
application or open an existing application.

Main Tabs

Create a new application by clicking File | New. You will see immediately four main tabs appearing in the left
portion of the SuperSD application (Chart 3). They are

Parms: General parameters setup and favorability map display;

Simulation: Setup simulation parameters and do simulations;

Result Stat: Result statistics, including calculating and displaying probability map and validating the simulated
probability map; and

Report: Generate SuperSD report and dump it into Excel.



*+= GSC SuperSD - [SupersD2]

Bl Fl= Edt view Window Help

DEW?
General I/ Favor Map I
Parms |
Simulstion | otf| i
C
Result Stat ompary| File narne I_
Datel Velsionl

Repart | Comments ;I -
!
File name [

Chart 3. SuperSD main tabs

Each of the four main tabs has several sub-tabs. For example, Parms tab has two: General and Favor Map. These
main tabs and related sub tabs will be explained in turn.

PARMS TAB

Once a new or an existing SuperSD application is opened, you will see the first user interface page of the SuperSD,

i.e., the main tab Parms. There are two sub-tabs: General and Favor Map, under Parms. This section explains
these two sub-tabs.

General Tab

Under General tab, you can input some general information of the application (Chart 4). By default, Play boundary
cutoff and Use favorability map two check boxes are unchecked. By checking the two checkboxes, you are able to
select the play boundary file and favorability file from Browse button or directly typing in the filenames in the
filename windows. You will need to input the value for the Reliability index of the favorability map. Usually, this
value should be greater than 0 and smaller than or equal to 1.0 (see Gao et al, 2000b for how to chose a value).

- GSC SuperSD - [Rainbow_Keg_River.ssd] - |EI|5|
Bl File Edit Wiew Window Help == x|
DSHE?|
General I/ Favar Map I
Parms |
% " Flay boundary
; ; | LN S yper SO User
Syl I P ¥ Play boundary cutaff
Company [55C Cal '
. | [55C Calgary File name [C\GSCC\SAMPLE Rianbow PBoundary Brawse |
esuft Stat .
Dale|1 1/4/2004 Vemonh a
Report | Comments|This is an example of Super5D. ﬂ Favorability map
v Use favorability map
File name |2:\GSCCASAMPLE YLinear2 DAT Browse |

Reliability index of the favorability maplg_g

—— Discovered Pools and E=ploratomy History

File name  |C:\G5CCAS AMPLE R ainbow. Discovery Browse |

From date(y/m./d) |1SDD£D1 01 [ Since first well
To date(y/md) |1 356/06/31 [~ Up to date

_|;| % GazPools " 0l Poals " Gas and O
,

Ready ’_ I_ I— S
Chart 4. General tab



The last portion of the information in this page is related to the discovery pools. You will need to select a file name
that stores the discovered pools, and to specify the discovery time period and petroleum types. The discovery time
period includes From date (y/m/d) and To date (y/m/d). If you check Since first well or Up to date, you would
not be necessary to input the date then. However, if the checkbox Since first well is not checked, a start date needs
to be inputted in From date (y/m/d). Similarly, if Up to date is not checked, a date needs to be inputted in To date
(y/m/d). Note that a forward slash (/) is used to separate the year, month, and day. In addition, the date format shall
be in yyyy/mm/dd format, that is, the year should have four digits, and month and day should have 2 digits.

Favor Map Tab

After setting the General page, you can view the favorability map (Chart 5) by clicking the Favor Map tab.

General |/ Favor Map I
Parms
e
Favorability Map
Simulstion 1330 IR 15T 14710
Re=suft Stat o Z 017
= =
E: "
0.34
Repart
2 0.50
& 3
e I
iy § ; 067
E_ 0.3
: 2 1.00
= =
& 5
ST 3 L
H1350 o5t +30157 SL4TLO [}5
-

Chart 5. Favorability map

At this time, some of the graph setup such as grid lines and gray map are automatically calculated based on the input
data. Mouse right-click inside of the chart area would pop up a menu so that the user can change graph properties
and copy graph/data into clipboard. The picture in Chart 6 shows the right-click menu. If there is no favorability
map loaded, the two sub-menus of the Copy data to clipboard would be disabled.

L
Copy graph bo clipboard

Copy data to clipboard  » [Vl RRE TN

by

. Mode walue and coordinates
Properties, ..,

Chart 6. Chart right-click menus

The first menu item and the two submenu items allow user to copy graph/data into clipboard, and paste it into Excel,
Word, or PowerPoint. Since the data use tabs to separate individual value, so, it is better to view them in Excel.
Whatever a submenu item of the Copy data to clipboard is selected, a related dialog window similar to the one
shown in Chart 7 below will be popped up and will be automatically disappeared when the process is finished.



Chart Status

Copying hode walues into clipr%rd...

Chart 7. Copy data to clipboard waiting message

General Page
If the “Properties...” item is selected in the right-click menu, a property dialog window with four options will be
popped up (Chart 8).

x|
General | Gray F\angesl Grid Linesl Paools I
Mode
% Preserve chart propartions

v
= Fit chart to window ¥ Legend

QK IL\i Cancel | Appli |
Chart 8. General page of the chart property

In the first General page, you may select the display mode Preserve chart proportions or Fit chart to window. If
the Preserve chart proportions mode is selected, the scales on the chart along both x axis and y axis are the same.
If the Fit chart to window mode is selected, the chart would fit the entire chart area. If the Legend check box is
unchecked, there will be no gray partition legend in the chart. If the default set-up is changed, the Apply button
would be enabled. Then, click Apply button to redraw the graph.

Gray Ranges Page

The page Gray Ranges (Chart 9) is used to set-up the gray map partitions. The minimum and the maximum of the
gridded data are displayed on the top of the Gray Ranges page. The Add and Remove buttons are used to add or
remove gray partitions.

zl

General  Gray Ranges | Grid Linesl Paols I

Min: 0170242, Max: 1 Grid... |

Calor

0336194 0502145
0502145 0668097
0.BE3037 0834042
08340428 1

ks

Add Remove |

QK | Cancel | Apply |

Chart 9. Gray ranges page of the chart property

The Grid... button is used to display the grid definition. Clicking the Grid... button will open a message box shown
on Chart 10 below.
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Grid Definition x|

Minimum — Maximurn Cell Size: MNumber of Nodes
®1 4340000000 529000,0000 351.5261 250
i -90000.0000 -22000,0000 341.7085 200

Minimurn of node values: 0,170242
Maximum of node values: 1

:
Chart 10. Grid definition data dialog

Double click any gray partitions listed in the list box on the Gray Ranges page (Chart 9), the low value, high value
and color of the selected partition will be displayed on the right portion of the page (Chart 11), so that user can
change them. The low and high values can be changed directly in the editing box.

F

General Gray Ranges | Grid Lines | Pools |

Min: 0170242, Max: 1 Grid.. I ~ Editor
Color | Lle H‘th

0170242 Lo Jo 170262
0336194 k 0502145 High II] 336194
0502145 0662097
0668097 PPN =N TERYEEY
0834048 1 I” Auto Ranges
Start Eololl
End Colol_
Ma. af ranges |5
Add Femove | ﬂl

ak. | Cancel | Apply |

Index: O

Chart 11. Edit gray range dialog

The three integers shown in the color edit box are the RGB (red, green, and blue) color components. Clicking in the
color edit box, the color wizard dialog (Chart 12) will be popped up, showing the current selected color. After the
new color is selected, click OK button to conform the change. If any parameter is changed, the Apply button will be
enabled so that the user can redraw the graph.

Easic colars:

ol el (el
Sl el |
Sielel

..
0 el

Custom colars:

PPEP,’:,’:,’:,’: T
satfl | Green 282
Define Custam Colors > | colseid [ e pa

0K | Cancel | Add o Custom Calars |

Chart 12. Color wizards

You may just set-up the low value such as 0.0 for the first gray partition, and high value such as 1.0 for the last gray
partition. Set-up the Start Color and End Color. Check the Auto Ranges check box. Put a number in the No. of
Ranges edit box, for example 5. Then, click the little Apply button on the page. The ranges and related colors would
be automatically generated (Chart 13).

11



]
General Gray Ranges I Grid Llnesl Poalz |
Mire 0170242, Ma: 1 Grid... | [~ Editor
| i i Index: O
Caolar Low High
0 0z Lot ID
0.z 0.4 High ID 2
0.4 0.e
nE 08 Color  ISERSRER
0.8 1 ¥ Auto Ranges
Start Enlnrl 92, A
End Color [ !
No. of ranges |5
Add Hemowve I ot
Ly
(u] 4 I Cancel I Apply I

Chart 13. Auto range generation

Grid Lines Page

Grid lines page (Chart 14) is used to setup the graph title and the grid lines for the X axis and Y axis. If the radio of
X axis is checked, the parameters are shown for the X axis. Similarly, if the Y axis is checked, the parameters are
shown for the y axis. The parameters on the left portion are for the grid lines, and the parameters on the right portion
are for the labels. Parameters Delta is unchangeable and is determined by the minimum and maximum values, and
the number the lines on the axis.

11

Genera\l Gray Ranges  Girid Lines | Poolz |

Y ads

Description |>< aris 1

Minirum |431 BE3.1875 Label frequency |5
Marimum |529381 5261 First label no. |2
No. of ines |21 Mo of decimal |n
Delta |4890.B1 E330 Scale |1

Line colar _ Label color -

QK I Cancel | Lipply |
Chart 14. Grid lines page of the chart property

Similar to changing the gray partition color, click on the Line color and Label color edit boxes to change the colors
for grid lines and labels.

If the coordinate values are very large, you may use the scale parameter to change the scale of the values. For
example, if the scale parameter is 1000.0, then, the coordinate digit divided by 1000.0 would be displayed on labels.

Pools Page

Pools page (Chart 15) is used to set-up display properties for the selected discovered pools. The Editor group in the
right portion of the Pools page is shown only when one of items in the list box is double-clicked. If the Show is
checked, the related pool type will be displayed on the chart. Otherwise, they will not be displayed. Similarly, user
can click the Color edit box to change the display colors for each pool type.

12



ﬂ

Ganerall Gray Rangesl Grid Lines ~ Fools I

Color | Stalusl NDl oplionl
Gas 5 5 Editar

Inde: 1

¥ Show

0Ok I Cancel | Apply |
Chart 15. Pools page of the chart property

SIMULATION TAB

Pool Stats Tab

There are three tabs under Simulation: Pool Stats, Constraints, and Iteration (Chart 16). If it is the first time of
accessing to this page after setting up the discovery pool file name, all displayed parameters are automatically
calculated from the selected discovery pools.

Pool Stats I/ Conztraints I/ teration |

Parms |
Diefault | Local Statistic Glohai Statistic
Simulation | ——— Pool location statistic in a petrolewn field
Fool property digtribution Iinirum diztance of pools|1 289
Result Stat | . .
Used Mean | Calc Mean | Cov | Cov | Name Randarly distributed interval fr0m|3358
325821 9.25821 0676318 0292728 Pool Radiuz to|8395
Report | 515882 515882 0.292728 267443  Pool Netpay

M aximum distance of pools|9234
Fepulsive factor in short distanceID.S
Attraction factor in large distanceID. 95

Petroleun field statistic

Average distance between fieldslw
Independence distance between fieldslw
% Field major azimuth [degree]lﬂ—
Anizotropy ratiol‘l—

Chart 16. Pool statistics tab

The local statistical data are display on the left side. The statistics include the means and covariance matrixes of the
radius and net pay of existing pools and are calculated from the logarithmically transformed variables of base 2. In
other words, pool radiuses and net-pay measurements are transformed to logarithmic value first. Then mean and
covariance matrixes are calculated.

In the Pool property distribution list box, the first column, Used Mean, is the means that will be used in the
simulation. The second column and third to fourth columns are the means and covariance matrix calculated from
selected discovery pools, respectively. The last column is the pool size property name: Pool Radius (unit: m”) or
Pool Netpay (unit: m). User can change the means which will be used in the simulation, but not the covariance
matrixes. Clicking on the item in the list box, there will be an editor box showing the current used mean with the
pool size property name aside just below the list box (Chart17). In the following example, we change the Used Mean
to 9.0 and 4.8 for Pool Radius and Pool Netpay, respectively.

13



Default I

Poal property distribution

L ocal Statistic

| Used Mean I

Calc Mean I

Cov | Cov | Marme

I =

925821
3

|5.1 5882  Poaol Metpay

925071
ETERGY

3

0292728 Pool Radius

0676318
1 ] 267448 Pool Netpay

Chart 17. Edit means of pool size property

The right portion of chart 16 shows the global statistics. The first six parameters describe the pool location statistics
in an oil/gas field. The last four parameters describe the oil/gas field statistics. Chart 18 shows a step function of the
first 8 parameters. The unit for all distance parameters is meter.

Chart 18. Pool global statistics step function

in which

B is Repulsive factor in short distance; default is 0.9,

B, is Attraction factor in large distance; default is 0.95,

by is Minimum distance of pools; default is 0.7 * MinDist,

b, is Randomly distributed interval from; default is 2.0 * MinDist,

b; is to; default is 5.0 * MinDist,

b, is Maximum distance of pools; default is 5.5 * MinDist,

bs is Average distance between fields; default is the maximum of 0.7 * MaxDist and by,

be is Independence distance between fields; default is the maximum of 0.75 * MaxDist and bs,
MinDist is the minimum distance between selected discovered pools, and

MaxDist is the maximum distance between selected discovered pools.

For this example, let’s set the parameters like in Chart 19 below. Last two parameters in the right portion are Field
major azimuth (degree) and Anisotropy ratio. We leave these two parameters as default.

14



Pool Stats I/ Constraints I/ lteration

Default | Local Statistic Glohal Statistic

Pool lacation statistic in a petroleun field

Fool property distribution Mirirmum distance of pools|2DDD

Used Mean | Calc Mean | Cov | Cov | MHame | Fiandamly diztributed interwal fromISDDD
3 9.25821 067638 0292728 PoolRadi.. tol30000
4.8 h15Bg2  0.292728 267443 PoolMNetp..
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Chart 19. Edited parameters for pool statistics

If you click the Default button on the left upper corner, a message box (Chart 20) will pop up. Then, if you click
Yes button, all existing parameters, including some of the parameters in the next tab (Constraints), will be replaced
by default parameters.

superso =]

“Warning, this action will reset the existing parameters by default values,
Click es ko cntinue, Click Mo ko cancal the action,

Yes Mo |

[

Chart 20. Conformation dialog of using default parameters

Constraints Tab

Clicking Constraints tab, displays some constraints parameters. Similarly, if this is the first time of accessing to this
page, the parameters on the right portion are automatically calculated from the selected discovered pools (Chart 21).
In the left portion, the Use pool size constraints is unchecked by default. Some general information about the
selected discovered pools is displayed, including the number of pools discovered, pool size mean and standard
deviation (logarithm with base 2), and the minimum and maximum of pool sizes. Note that, currently, the pool size
means the pool area value with square meter as unit. On the right side, you will see parameters for Exclusion
domain. There are three parameters, long semi-axis, short semi-axis and azimuth (degree), which define an ellipse
with the major axis at the direction determined by the azimuth. Default values for the long and short axes are
minimum pool distance scaled by 0.3, and the azimuth is 0.
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—

Add Delete Buto Claszes I Fetresh I

Chart 21. Parameters in Constraints tab

In the Pool parameter constraints box, the first column is the pool property name. The second and third columns
are minimum and maximum values that will be used in the simulation, respectively. The values inside of the
brackets are the logarithm values with base 2 of the same statistics. The fourth column is approximately the
minimum and maximum values of the selected pools from the exploratory data file. The minimum and maximum
values in the second and third columns equal to the values in the fourth column by default. Clicking items in the
Pool parameter constraints list box, two edit boxes will be shown up for editing the minimum and maximum
values (Chart 22).

Mirimumn distance between pools|1 =]

Excluzion domain

Long semi-axislgﬂ_?
Short semi-axislgﬂ_?
_ Azimuth [degree]lﬂ

Pool parameter constraints

Wariables

Calz MintMax
17102 2 i

5017 45155

24 i}
42) 4180

Pool Radius |245.925 |2n20.63

Chart 22. Edit the minimum and maximum values for pool property parameters

If the Use pool size constraints box is checked, you will be able to setup the desired distribution for pool size
(equals to pool area in this version) classes. For example, let the Number of pool size classes be 7. Click Add
button once. Click the added item in the pool size class list box. Then, there will be three edit boxes below the list
box (Chart 23), in which the first edit box is for maximum pool size, the second one is for minimum pool size, and
the last one is for the number of pools for the pool size class. Let the maximum pool size be 14,500,000 (m?), a little
greater than the maximum pool size (13,600,000) of the selected discovered pools , and the minimum pool size be
150,000 (m?), a little smaller than the minimum pool size (190000) of the selected discovered pools. Click the Auto
Classes button. The specified number (7 here) of pool size classes will be automatically generated based on the
maximum and minimum pool size values (Chart 24), in which the maximum value of a pool size class equals to the
maximum value of the previous pool size class divided by 2. You are also free to edit the values in columns 2, 3, and
4 by clicking the item listed in the list box of pool size classes, or click Add/Delete button to add/delete pool size
class item.
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Murnber of pool size classesl?

Paol size classes with min: 130000, and max: 1.36:+007

Add I Delete I Auto Claszes | Fefresh I

Chart 23 Edit Pool size classes

Mumber of pool size classesl?

Fool size classes with min: 130000, and max: 1.36+007

| Ma:-cl Minl Nol SamplelA

0 14564007 7 25e+006 2 2
1 7254005 36250005 0 0
2 36254006 151254006 B 5|
3 1.81252+008 306250 3 3
4 306250 453125 5 5 o
E AED1IE AICECD a a
iE
Add | Dele Refiesh |

Chart 24 Automatically generated pool size classes
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IED
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Fool Metpay 0 180(7.491... 4,180

Ly

Chart 25. Parameters used in constraints dialog

In the list box of pool size classes, the first column is the class index. The second and third columns are the
maximum and minimum pool size values for the class. The fourth column is the desired number of pools in the
class. The fifth column is the number of selected discovered pools in the class. So, the pool size class definitions in
columns 2 and 3, and the desired number of pools in the column 4 will be used in the simulation as pool size
distribution constraints. The values in the fifth column are numbers of discovered pools in the selected data. For
each pool size class, the number on column 4 should be greater or equal to the number on column 5.

After editing the pool size class definitions in columns 2 and 3, the number of selected discovered pools in each
class can be recalculated by clicking Refresh button. The number displayed in the gray edit box above the Refresh
button is the sum of desired numbers of pools in all pool size classes. This number is supposed to be equal to the
value in the edit box Number of pools in play. So, it is user’s responsibility to edit the numbers in the fourth
column so that the sum of them should equal to the value in the edit box Number of pools in play.
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For this example, we setup the constraints parameters as in Chart 25. Please note that the pool size constrains use
pool area rather than pool volume in the current version.

Iteration Tab

Clicking the Iteration tab, you will get in the iteration setup dialog (Chart 26). If it’s the first time of accessing to
this dialog, the default values may not look like the values displayed in Chart 26. For a new application, a Random
number seed is automatically generated based on the computer clock. New seed button is used to generate a new
seed. Number of iterations and Number of acceptable iterations are 2000 and 1000 by default, respectively.
Number of iterations is the maximum number of pool combinations that will be generated in the simulation.
Number of acceptable iterations is the maximum number of pool combinations that will be accepted in the
simulation. The simulation will stop whichever of the two numbers is reached.

Pool Stat= I/ Constraints I/ Heration I

rma
Seed
llation R andom number zeed I'I 1 Mew zeed |
Save az ... |
Mumber of iterationz
It Stat B
Mumber of iterationz |S00000 Cart |
Mumber of acceptable iterations | 100000
port |
Wieights |
For pool zize diztribution IEI.E For entropy IEI.4
Tolerance

For pool zize diztribution I'I For entropy IEI

Simulated pool combinations

File name |C:A\GSCCAWSAMPLE R ainbow_Feg_ River.pocm

3

Chart 26. Dialog under Iteration tab

If the Use pool size constraints under the Constraints tab is unchecked, the two edit boxes with the same name For
pool size distribution in Weights group and the other in Tolerance group would be disabled. The edit box For
entropy in Weights group is always read-only, since the sum of two weights, one for pool size distribution and the
other one for entropy, is 1.0. The next two parameters are the tolerances for pool size distribution and for entropy.

During simulation, the weights and tolerances are used as follows:

e For a generated pool combination, calculate the relative distribution error: DistError and relative entropy:
Entropy.

e If the DistError is less than or equal to the tolerance in edit box For pool size distribution and Entropy is
greater than or equal to the tolerance in edit box For entropy, then the pool combination satisfies the
tolerance conditions and will proceed to the next step. Otherwise, it will discard this pool combination.

e Calculate the objective function value that is a linear combination of DistError and Entropy with weights as
scales. The objective function value is used to calculate the acceptance probability that will be accordingly
used to determine whether or not the pool combination will be accepted.

The following equation is used to calculate the relative distribution error, DistError:

DistError = DistErrorAverage * m / N 1)
DistErrorAverage = X [ y; - y;*(w)]/ (m |C})) (2)
i=1
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where y; is the sum of the desired sizes of discovered and undiscovered pools within the i size class or interval C;,
in which size classes C; = (p2’, p2i+1] is a commonly used example, (i =0, 1, ..., m), m is the specified number of size
classes, and p is a parameter. Value y;*(u) is the sum of the sizes of discovered and simulated pools within the i
size classes for a simulated pool combination numerical model u. |C] is the length of interval C. Parameter N is the
number of discovered and undiscovered pools. For our case, size classes C; are defined by the second and third
columns in the list box of the pool size classes in Chart 24.

The factor in equation (1) is used so that most of the calculated values, DistError, are within interval [0, 1]. See Gao
et al, 2000a for the method of calculating the relative entropy. Usually, the calculated relative entropy varies
between 0 and 1 as well. Notice the differences between the two tolerances. The desired pool combinations would
have both a small relative pool size distribution error and a large relative entropy. In this example, we set 1 and 0 as
the tolerances for relative pool size distribution error and for relative entropy, respectively. This means that almost
all of the generated pool combinations satisfy the tolerance conditions. In addition, those two tolerance values are
recommended.

In Chart 26, the file name in the Simulated pool combinations group is required. All accepted pool combinations
will be saved into this binary file. It is recommended to use pcm (pool combination model) as the extended name.

Before starting the simulation, you may want to click the Save as... button in Chart 26 to save the parameters you
have inputted. Click button Start, the simulation will start, and the Start button will change to Stop button. Two
process bars are activated during the simulation (Chart 27). The first process bar is for the number of generated pool
combinations compared to the value in the edit box of Number of iterations. The second one is for the number of
accepted pool combinations compared to the value in the edit box of Number of accepted iterations. The numbers
displayed by the process bars are the numbers of generated/accepted pool combinations.

Seed
Fandom nurmber seed |111 Mew zeed |

Save az ... I

Mumber of iterations

Mumber of iterations (200000 Stop I

Murnber of acceptable iterations |100000 |i E
Wweights [ ] 6795
For pool zize diztribution IEI.E Far entropy IEI.4

Chart 27. Simulation process dialog

Before finishing the simulation, you can stop the simulation by clicking Stop button, and the already accepted
(simulated) pool combinations will be saved. Once the number of generated pool combinations or the number of
accepted pool combinations reaches the inputted up limitations, the simulation will stop/finish, and the Stop button
will change back to Start button. Make sure that the box of pool combinations file name is filled before starting a
simulation.

RESULT STAT TAB

Calc Prob Tab

Clicking the main Result Stat, four sub tabs: Calc Prob, Overlay, Prob Map, and Validation appear on screen. If
the Calc Prob is highlighted (Chart 28), the dialog under Cale Prob tab is for calculating the probability map from
the simulated or accepted pool combinations.

Once the simulation is finished, the same filename in the edit box Simulated pool combination (Chart 26) appears
in the Simulated pool mode file of Chart 28. The list box beside Apply button is empty, and the Calculation button
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is disabled. If file name in the Simulated pool mode file is correct, clicking Apply button, summary information of
the simulation will be displayed in the list box. This includes the calculation date and time, number of accepted pool
combinations, and mean and variance of the objective function values. The last two lines in the list box are three of
the greatest relative entropy values, and three of the smallest relative pool distribution error values. In addition, the
number of accepted pool combinations after subtracting by 1 will be automatically passed into the edit box to No,
and the Calculation button is then enabled.

Calc Prob I/ Ceerlay I/ Prob ap I/ “Walidation I

Parms
Simulation Simulated pool mode file (ROt e S WSNSET A O WS ey Saved file
Calculation date Mom Moy 04 13:43:00 2002 Apply |
AEEE B Calculation time 00:18:27
Humber of poal combinations 100000
Renort Mean of the objective function 062274
B Yanance of the objective function  0.00356387

Greatest relative entropy values 0204631 0200573 019323,
Greatest relative digtribution erorz 00128919 0141343 014323,

Finimunn relative entropy IEI.1 20
b axirmurmn diztribution error ID.E

Simulated models from Ma |0 ta Ma [33353

Frobahility map A5CH file I Browze |

| Calculation I

Chart 28. Dialog under Calc Prob tab

Set two cutoff values, one as the minimum relative entropy and the other as the maximum relative pool size
distribution error into the related edit boxes, say 0.125 and 0.5 for this example, respectively. The numbers in
Simulated models from No and in to No are the ranges of the pool combination index that will be used to calculate
the probability map. In other words, the pool combinations with indexes beyond the range of these two numbers will
not be used in the probability map calculations. The file name in Probability map ASCII file is optional. If you
want to save the calculated probability map into an ASCII file, you will need to specify the file name. Otherwise,
you shall leave the edit box empty as in Chart 28. The output file name format here is the same as the input
favorability map file.

Clicking the Calculation button will start the calculation of the probability map. Before the calculation is finished,
the Calculation button is disabled. Once the calculation is done, the Calculation button will be enabled again. The
process bar shows the process of the calculation. A number followed by the process bar indicates the number of pool
combinations were used in the calculations. In this example (Chart 29), 13,193 out of 100,000 pool combinations
were used in the probability map calculations.

b imimurn relative entropy IEI.'I 25
b asirnuin distribution errar IEI.E
Simulated models from Mo IEI to Mo IEIEIEIEIEI

Probability map A5CH filel Browse |
I - o]

Chart 29. Number of pool combinations used in the probability map calculation

Calculated probability map is held by the SuperSD application, and will be used to draw the probability graph and to
validate the simulation results in the following sub tabs. Clicking Saved file button (Chart 28) allows user to
calculate a probability map based on a previously saved pool combination file.
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Overlay Tab

The dialog under Overlay tab is used to specify the discovered pools that will be used in the validation of the
probability map. By default, the file name in Discovery Pools and Exploratory History group (Chart 30) is the
same file name for the discovery pools in Chart 4. However, user can change it. The start date and end date are not
set by default. It’s user’s responsibility to setup them in From date(y/m/d) and To date(y/m/d) with format
yyyy/mm/dd. You will also need to select the pool type: Gas pools, or Oil Pools, or Gas and Oil.

Calc Prob I/ Overlay I/ Prob Map I/ “Walidation I

Parmz

Discovered Pools and Exploratony History

Simulation

AREUEN T, 5 5 OO S AMPLE YR ainbow. Discovery Browse |

Result Stat Fram datefv/m/d) (19550701
To datelw/m/d] [1957/06/31

Report

" Gas Pools " Oil Pools % Gas and Oil

Chart 30 Dialog under Overlay tab

The discovered pools selected from this dialog (Chart 30) will be displayed on the probability map, and will be used
to validate the probability map. Therefore, these discovered pools could be called validation pools.

Prob Map Tab

Click Prob Map tab, you may see the probability map. Similar to the favorability map, you may change the
properties for probability map, or copy graph/data into clipboard. Probability map inherits some setups, such as grid
lines, from the favorability map before you manually change them. In addition, favorability and probability maps
share the same play boundary file specified under General sub tab of Parms main tab. Favorability map gets all
information from the General sub tab of Parms main tab. However, for probability map, the gridded probability
data is calculated from the Cale Prob sub tab, and the discovered pools are the validation pools that are specified
under the Overylay sub tab, as mentioned above.

Calc Prob I/ Cwetlay I/ Prob Map I/ “alidation |

Parms
Frobability Map
Simulation 1350 biSE 45T ST
e [ |
Result Stat Y =, 0.00
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-T0E0S

AT

LGS
-FRT0T

[ |
Pl T T ]

H1350 HisEt AT L4710

Huwds

Chart 31 Probability map

You may need to change the probability map properties such as gray ranges (partitions) to analyze how the
validation pools are distributed on the simulated probability map.

21



Validation Tab

The dialog in the Validation sub tab allows user to calculate the statistics of validation pools distributing on both
favorability map and probability map. Note that the node values in both favorability map and probability map vary
between 0 and 1. The value in Number of combined intervals (Chart 32) is the number of divided bins of range [0,
1]. For example, if the number of combined intervals is 5, the divided bins would be [0. 0.2], (0.2, 0.4], (0.4, 0.6],
(0.6, 0.8], and (0.8, 1].

After clicking the Calculate button, the statistics of validation pools distributing on both favorability map and
probability map will be calculated and displayed in the two list boxes (Chart 32). The number of combined intervals
in the boxes is 8, and the divided bins are listed in the first two columns of the two list boxes. The legend of the
bottom explains the meanings of the columns 3 to 9.

Calc Prok I/ Owerlay I/ Prob Map I/ Validation I

Parms
Nurmber of combined intervals Ig 3:
Simulation
Pool distribution statistics for faworability map:
Result Stat [ |1 | &P [ e mnep PP | PPeMPP | MPPiP | PRSP -
= | |0&v% 1 1.6738 g 40540 277284 0512975 321733 1.ERO07
— 0.75 0.875 371461 5 135135 21134 156332 363734 563944
ER 0625 0.75 13.4347 13 351351 450887 128244 260363 3339
0.5 0625 204157 3 243243 16.0143  0.6H8332 116356 0.7B937 _
: i:l_.l‘l: nkE AC 000 2 0 1no11 0 aoaaa 1 7707 N Aa7aFC n E‘“‘:IEI_I

Copy b clipbu:uardl

Fool distribution statistics for probability map:

[ 1] [ &P | nP [wPr | PP | PPsNPP | WPPAP | PRAAP -
0875 1 190952 4 108108 205119 189735 5E6153 107419
075 0875 201954 20 F40541  ESBA05 121897 2676E5 3 2R2P4 —
0625 075 24242 3 210811 319166  0.332404 0334465 0131246
05 0625 147833 6 162162 629221 038802 109883 0425613 _
:f?l—'. (Wl = 14 147C ] F ANFE A4 b Nl = =4 nAnan2 020071 I'l11‘11i—|

AP play Area Percentage. Copy ta clipbuardl

MP: Mumber of Poolz in the interval.
MPF: 100°MPYM. M is tatal number of pools.
PF: 100%[MP pool areas)/[M pool areas].

Chart 32. Pool distribution statistics dialog

Two Copy to clipboard buttons allow user to copy the statistical data into clipboard and then into Word or Excel
accordingly.

REPORT TAB

There is only one sub tab, Option, under Report main tab. Several check boxes are in the dialog under the Option
sub tab (Chart 33). After checking the report options and clicking button Dump to Excel, SuperSD will generate a
report, launch Excel application, and dump the report into an Excel workbook. Depending on the report options
selected, the whole process may take a minute or two.
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Parms
Simulgtion
v Discovery pools used in the simulation
Riesu Stat W alidation pools
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¥ Probability map
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Chart 33. Report options

Chart 34 displays an example of the dumped SuperSD report if all check boxes in Chart 33 are checked. The
maximum Excel work-sheets include General, Simu Parm, Result Statis, Disc Pools, Favor Map, Favor Grid,
Prob Map, and Prob Grid. The first three work-sheets are the minimum. The first work-sheet, General, contains
the parameters under the General sub tab of the Parms main tab. The second work-sheet, Simu Parm, contains the
parameters under the sub tabs (Pool Stats, Constraints, and Iteration) of the Simulation main tab. The third work-
sheet, Result Statis, contains the parameters under the sub tabs Calc Prob, Overlay, and Validation of the Result
Stat main tab.

J@ File Edit %iew Insert Format Tools Data indow Help ;Iilll
DEESSRY s -|&= &4 lE 2w -n - BZIUuE=E=A-2
R23 d| =|
A B | c | o | E [ F [ &
| 1 | SuperSD Data Export
2
| 3 |General Information
4
| 5 | Authar SuperSD User
| 6 | Company GSC Calgary
7 Date 11/4/2002
|G | “ersion 1
1 9 | Comments This is an example of SuperSD.
10
11| Use Play Boundary or Not? Used
|12 | Play Boundary File Mame CAGSCCSAMPLE'Rianhow PBoundary
13
|14 | Use Favarability Data or Mat? Used
| 15 | Favarahility Map File Name CAGSCCSAMPLE \Linear2. DAT
|16 | Reliability Index 0.2
17
|18 | Exploratory History File Name CAGSCCSAMPLE'\Rainbow.Discovery
| 19 | Start Date 1/1/1900
| 20 | End Date 1966./06/31
| 21 | Petraleurn Type Gas
(2]
1 -
I:ri [¥ [W]General & SimuParm £ Result Statis 4 Disc Pools # Favor Map / Favor Grid # Prob Map / Prob Grid / |4| LIJ_‘
(] (— i T I

Formm | A mmim =i L e,

I I
Chart 34 Dumped SuperSD report in Excel
Disc Pools work-sheet contains the discovered pools used in the simulation and the validation pools. Other

worksheets contain data corresponding to respective SuperSD options. Chart 35 shows the dumped probability data
format. The data format in Favor Grid and Prob Grid worksheets is the same.
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ﬁ -2 -2 -2 -2 -2 -2 -2 00024694 00119472 | 00214249 00658135 | 0116202 @ 0229935
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i -2 -2 -2 -2 -2 -2 00143166 00237943 | 0.0711529 0137527 | 0244131 | 0421859 0521375
ﬂ -2 -2 -2 -2 -2 00045389 00190555 | 00495551 0106724 | 0187285 0329451 | 0511897 0639546
A -2 -2 -2 -2 -2 00143166 0033272 | 00782912 0151744 | 0263107 0407642 | 0557718  0EB35103
2 -2 -2 -2 -2 0.0045339  0.0190555 | 00431152 00945773 0213345 | 033419 | 0504739  0.634063 0694343
ﬁ -2 -2 -2 -2 00095777 00214249 | 00759218 0156482 0296279 | 0435445 | 0573502 0673018 @ 0732254
A -2 -2 -2 00045389 00119472 | 0.0309026 0111463 020561 0360254 | 0559286 0635108 0696713 | 0727515
ﬁ -2 -2 -2 00095777 00119472 | 0.04958581 0151744 | 0272585 0450292 0594527 0675355 0718035 | 0744101
ﬁ -2 -2 -2 000720583 00143166 | 0.0735524 0477807 | 0343668 @ 0521375  0B27999 0663341 | 07035 | 0715038
i -2 -2 0.0024534 | 00093777 | Q0261637 0406724 0215718 0431336 | 053295 0657235 0634866 0741732 | 0.70336
ﬁ -2 -2 000433539 0016636 00403805 0128043 0233413 0407642 0601936 0630127 | 0691974 | 0722777  O72X2777
ﬁ -2 -2 000720585 00190555 00522275 0144635 | 0293309 @ 0436075 | 0613733  0BS4063 0.70356 06918974 | 0722777
ﬂ -2 -2 000720583 00309026 00735524 0477807 0.33182 0462139 0.55295 0651694 | 0673018 @ 0710929 0732254
i -2 00045359 00166836 00356415 01135833 | 0229935 037201 | 0450292 | 055900553 @ 0BE3541 | 0654866 0718035 | 0B95713
i -2 0.0085777 00261637 | 00617052 0149374 029154 | 0402303 | 0509525  0.550611 @ 0646955 05644353 | 0694343 0696713
ﬁ -2 0.0119472 00237943 | 00901354 0206241 @ 0362623 050005 | 0564025 0592458  0E27993 0654063 | 0GET235  0E56432 -
4[4 p [ General £ SimuParm 4 Result Statis £ Disc Pools £ Favor Map # Favor Grid £ Prob Map ' Prob Grid J 1 LI

Chart 35 Dumped probability data format

Note that the maximum number of columns in current Excel is 256.
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