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Grid Tutorial

GRID

Property-Population Software
for input to the
Eclipse **
Reservoir Simulation Software *
vended by
Schlumberger (GeoQuest)

* This tutorial is based on Grid version 1999a 1.
** Eclipse is Schlumberger (GeoQuest) software.

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Introduction (1 of 2)

This tutorial uses Grid to create contour maps for each desired property.

The maps are then used to populate the simulation grid with properties such
as depth, thickness, porosity, and permeability.

The purpose of this tutorial is to improve the author’s personal productivity.
The author believes other interested parties will also find this useful.

Major topics

Starting Grid

Mesh maps
Defining the map mesh
Creating contours on the maps mesh

Discusses the need for sufficient contour-point density

Add wells
Exporting contour maps
Saving contour maps
Importing contour maps

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.




00/L/LL "Aod

1dd puo\ pUO\ 8sdIfoT\ WIS\ SBPIND N\

"OU| ‘S8)BIDOSSY ¥} BuleT Jo) pajeal)

("SI uMo JnoA Je s "1SIXe Aew sloulg)

8G jo¢ |

000Cc ®

"s)yBu Jasn pajiwi| Jo) Juswealbe asusdl| 88 WO BUIRTOLT MMM @) peojumod

Laine & Associates, Inc.
www.EricLaine.com
© 2000

Introduction (2 of 2)

Major topics, continued
Simulation grids
Creating grids
Vector
NxM
Irregular grids
Populating the grid
Overview
Verification
Review
Required number of grids
Exporting grid properties
Eclipse input (*.GRDECL files)
Example and validation
Quality
Sufficient input
Control-contour and control-point synergy
Automated contouring criteria
Search radius
Empty octants
Supplemental index for GeoQuest’s Grid manual
Sample hydraulic-fracture grid
Summary and conclusions

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Prepare to Create Map of Formation Tops
Name the Map to be Created (or Read)
Define the Outline of the New Map
Establish Contour Value and Contour Increment
Create One (or Many) Contours

Verify the Contour(s)

Contouring Wisdom

Add the Other Contours

Add the Wells

Output the Map as an ASCII (or Binary) File
ASCII Contour-File Examples
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Completed Structural-Tops Map (TOPS)
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Agreement (1 of 2)

Laine & Associates, Inc. LICENSE AND WARRANTY NOTICE

LAINE & ASSOCIATES, INC. (Laine) LICENSES THIS SOFTWARE TO YOU ONLY UPON THE CONDITION THAT YOU ACCEPT
ALL OF THE TERMS AND CONDITIONS CONTAINED IN THIS LICENSE AGREEMENT. PLEASE READ THESE TERMS
CAREFULLY. IF YOU DO NOT AGREE TO THESE TERMS, PLEASE DESTROY THE DOCUMENT(S) YOU HAVE DOWNLOADED
IMMEDIATELY.

The software and documents which accompany this license (Software) are the property of Laine or its licensors and is protected by
copyright law. While Laine continues to own the Software, you will have certain rights to use the Software after your acceptance of this
license.

Except as may be modified by a license addendum which accompanies this license, your rights and obligations with respect to the use
of this Software are as follows:

YOU MAY:

(i) have limited permission to copy and distribute this Software, but only for non-profit, personal use, provided there is no charge, fee,
etc. for said distribution, and further provided that all copyright marks and all references to Laine & Associates, Inc. and to
www.EricLaine.com and to Eric Laine are included in the distribution;

(ii) agree that any decision to use some or all of the contents of this Software rests exclusively on your professional and competent
judgment of the suitability of this Software for your intended purpose. Furthermore you understand and acknowledge that this Software
was originally intended only to be useful to the author, and that you may experience difficulty understanding or using this Software;
and,

(iii) use the Software on a network.
LIMITED WARRANTY:

Laine does not warrant that the Software will meet your requirements or that operation of the Software will be uninterrupted or that the
Software will be error free. THIS SOFTWARE IS PROVIDED AS IS, WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF PERFORMANCE, MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY, OMISSIONS, COMPLETENESS, CURRENTNESS, AND NON-INFRINGEMENT.
THE AUTHOR EXPRESSLY DISCLAIMS ANY REPRESENTATION OR WARRANTY, WHETHER WRITTEN OR ORAL, THAT THIS
SOFTWARE WILL BE ERROR FREE OR UNAMBIGUOUS. YOU ACKNOWLEDGE THAT USE OF THIS SOFTWARE IS AT YOUR
SOLE RISK, AND YOU AGREE THAT ANY INFORMATION, SERVICE OR PRODUCT, WHETHER BASED IN PART OR IN WHOLE
ON THIS SOFTWARE, IS WITHOUT WARRANTY, EITHER EXPRESSED OR IMPLIED.

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Agreement (2 of 2)

Laine & Associates, Inc. LICENSE AND WARRANTY NOTICE, continued
DISCLAIMER OF DAMAGES:

IN NO EVENT WILL LAINE BE LIABLE TO YOU FOR ANY SPECIAL, CONSEQUENTIAL, INDIRECT OR SIMILAR DAMAGES,
INCLUDING ANY LOST PROFITS OR LOST DATA ARISING OUT OF THE USE OR INABILITY TO USE THE SOFTWARE, EVEN IF
LAINE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. SOME STATES DO NOT ALLOW THE LIMITATION OR
EXCLUSION OF LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES SO THE ABOVE LIMITATION OR EXCLUSION
MAY NOT APPLY TO YOU. IN NO CASE SHALL LAINE'S LIABILITY EXCEED THE PURCHASE PRICE FOR THE SOFTWARE.
THE DISCLAIMERS AND LIMITATIONS SET FORTH ABOVE WILL APPLY REGARDLESS OF WHETHER YOU ACCEPT THE
SOFTWARE.

GENERAL:

The author has made a good faith effort to advise all vendors of the software used to develop this Software of his intention to share this
Software with others. Those vendors have neither endorsed nor declined to endorse the contents of this Software.

Nothing in this Software will give you any right, title or interest in or to any of Laine’s trademarks, trade names, service marks, insignia,
labels or designs, or any of the same, except a mere privilege and license during its term, to display and use the same according to the
foregoing limitations.

Any and all opinions found in this Software are of the author. The author reserves the right to modify any and all opinions as, if, and

when new information is made available. Factual input, whether supportive and dissenting, is welcome. Your input will receive due

consideration and will surely affect the author's future efforts. The author expresses advance appreciation for the time and effort you
devote to your communications.

This is an agreement between you and the author regarding your use of this Software. You agree by your use or possession of any or
all of this Software to the conditions and limitations of this agreement.

This agreement is an integral part of this Software. Failure to include this entire agreement in any and all distributions of this Software
shall be a breach of this license agreement, and shall not sever, void, or nullify the meaning or the intention of this agreement.

This Agreement will be governed by the laws of the State of Texas. This Agreement may only by modified by a license addendum
which accompanies this license or by a written document which has been signed by both you and Laine.

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Starting Grid (1 of 2) B e om:

© 2000
It is assumed you already have Grid installed on your workstation.
Hindow Edit Options ‘ Type @grid ‘
- — — Type I
rell1200@sparci09=1:hones/ g2 /rell2004 | Berid <
Pleaze enter verszion (98a, 99a_lldefault :
Do you want to run a RF in the background {y/n} [default nl ? «1&——{'Type I

Ho local config file exists,
Haster configuration file copied to current directory.

| Unsupported X emulation package vendor ;= 5StarHet Communications Corp,
| A11 program functions may not work correctly
| Please contact Geofluest for advice on supported X Enulators

GRID Yerzion 99A_1. Heek 9920, Build Humber 129,
grid Locked - Expiry Date 1-_jul-2002
Please choose type of run :
Interactive, no graphics
Interactive, with graphics &—
Execute run file only
Show version size and dates
Exit

L Lh g
T T T Y

I o |
P
_|
<
©
D
N

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.




00/L/LL "Aod

"1dd puo)\ puo\ 8sdijo3\ WIS\ seping N\

"OU| ‘S8)BID0SSY %} 8uleT Jo) paleal)

("s1 umo JnoA 1e asn “IsIxe Aew sJoul3)

%406|

000Cc ®

"s)yBu Jasn pajiwi| Jo) Juswealbe asusdl| 88 WO BUIRTOLT MMM @) peojumod

Starting Grid (2 of 2)

Orivers
Device
Device
Device
Device
Device
Device
Device
Device
Device
Device
Device
Device
Device

available fron configuration file are:-

with hardcopy

colour TEKTROHIX

colour TEKTROHIX (H.COPY)

40
q1
42
ol
o
b3
o
o5
o6
o/
o8
95
99

ok bk ko bk ok bk hk ke bk bk kb b

*HULL DRIVER

r

*TEKTREONIA 41X%°
*TEKTRONIX 41XR<*

fi=Hindows
fi=Hindows
fi=Hindous=
fE=Hindows
fE=Hindous
fi=Hindows
fi=Hindows
fi=Hindows
fi=Hindows
fi=Hindows

" " w w w w w w w W

for
for
for
for
for
for
for
for
for
for

Dec Alpha

Sun {SunlS5 4.1.3}
Sun {Solaris 2}
Silicon Graphics
RS/6000

hpF00

HacIntosh Hack
PC/XYIEH 44—
Heltest200

RTY1iew

Pleaze input the required device nunber:
or =1 to repeat the list

| Type 58 |

Laine & Associates, Inc.

www.EricLaine.com
© 2000
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Primary Menu Layout

I P is the current menu I

Laine & Associates, Inc.
www.EricLaine.com

© 2000

GRID 99A_1 \ 4
Hodel Hap Str Grid Size Property Oply Edit 8508500 | P
10:35:36
The menu hierarchy uses a —»| 1 Edt nodel
character-period-character format. 2 Edt nap
Example: P.1 is the edit-model menu. 3 Edt grid
There are several sub-menus below P.1 _
4 3in results
5 Edt survey
b Hap utils
P,R, D, A, & H = hot keys 7 Chg settings
P = return to primary menu 8 Clr wrkspc
R = enter a file-run option 9 Exit
D = go to display controls  }——|[pllellollallu
A = abandon edits made
during this menu entry
H = show help for selected
option
I Follow the advice I
Please zelect an option I Type 1 to create a model
|

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Name & Create the Model. Pick Cartesian Coordinates

Laine & Associates, Inc.
www.EricLaine.com
© 2000

| Type MODEL1 |—

| Type Y |—

Enter the nane of the nodel
or mur nenu options
P :|Hodell
Hode 1 does n 1=t ,
Create new nodel 7 {Tfn}i
L B

I MODEL1.HIS and MODEL1.FFEATURE have been cre

Capital Y indicates

ated I “Yes” is the default.

AVYAILABLE HAP PROJECTIONS

Universal Transverse Hercator
Oblique Hercator {Hotine)
Transversze Hercator

Hercator

Lanbert Conformal Conic
Albers Equal Area

Univerzal Polar Stereographic
Azinuthal Equidistant

* & &

L

* & &

D 00 =] OF) CF La Ol [l e
*

L

Chooze an option { H for HELP 1}
or BETUEN for 9

Hone { normal cartesian coordinates }<P—1(Caﬂeﬁancoommuﬂes I

9
Type RETUEH to continue - <

I Type 9 I

I <cr> |

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Define a 40-ac, 20 x 20 x 2 Map-Mesh (Using Rows & Columns)

Laine & Associates, Inc.
www.EricLaine.com
© 2000

I This page demonstrates map-MESH sizing by specifying the NUMBER OF LINES I

or
:|H
Yalid

[URN for HETRES

| H(elp) provides a
Enter units for mnodel area { H for Help 3} Isekxﬂkn1ofunhs.

<
unit=s are HETRES

| feet |4

FEET CH KH

Enter units for nodel area { H for Help }
or _RETURH for HETRES

KFT

[

1320 | ¢

Eﬁtﬂr_ﬂlﬂiﬂﬂ: # and ¥ coordinates for nodel area
4 L 0

E;fer paxinuy X and Y coordinates for model area
1520

feet
o0 |
{1320 1320 |

Define default nunber of mesh rows & colunns

<cr>

: Ell(

as HROH & HCOL or XIHC & YIHC ? {(R/1i)
1 F |«
Enter default nunber of mesh rows or BETUEH for 50

]

{21 (=20 +1 rows) |

or _BEETURH for 1

112

Enter _default nunber of mesh column=s or BRETURH for 50
=121 |4
Enter maxinum nunber of nodel strata { 1-100 }

[ 21 (=20 +1 cols) |

T;pe RETURH to continue

- <

i

<cr>

I See the next page for another way to size a map-MESH I

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Define a 40-ac, 20 x 20 x 2 Map-Mesh (Using Width & Height Increments) Laine & Associates, Inc.

www.EricLaine.com
© 2000

I This page demonstrates map-MESH sizing with INCREMENTAL LENGTHS and WIDTHS I

or

En

&+
L

as

En
En

-
+*

&+
+

Enter units for model area { H for Help }

for HETRES
feet |«

! feet |

?EE_HHIUJHHLﬁi and Y coordinates for nodel area
00

t Y coordinates for nodel area
1320 1320 <

to o

- »

er i

Define default nunber of nesh rows & colunns

1
[ 1320 1320 |

g NCOL or XINC 8 YINC 2 {(R/i)
i |«

gfault nesh cell width

6E .0

[]

<

66,0

fault mesh cell height
<

 66.00 (=dx) |

Yy |«

Enter naxinun nunber of model strata ¢ 1-100 }

Rezulting number of mesh rouws is 21
and resulting numnber of nesh column is 21. 0Ok to continue ? {Y/n}

[ 66.00 (=dy) |

[ ]

or EH for 1 I
2 |
Type EETUEH to continue _ < I <cr> I

2 (= layers) I

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Laine & Associates, Inc.
www.EricLaine.com
© 2000

Prepare to Create Map of Formation Tops

Hoael Hap Str Grid Size Property Dply Edit 8708700 | P.1 4-| current menu I
HODEL1 1223540

i P.1.1is the returns to P |—>

Return

Del nmodel

Chg nodel

Lst history

Hap utils

Chg settings

Clr wrkspc

Exit

1
2
3
4q
5 Dut mod rpt
b
7
8
9
P

E DR H

I Follow the advice I

Please select an option
[Prease select an option | | Type 1 (orp)toreturn ||

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Name the Map to be Created (or Read)

Laine & Associates, Inc.
www.EricLaine.com
© 2000

Hodel Hap Str Grid Size Property 0Dply Edit 8508500 P2
HODEL1 17:19:21

Edt nmodel

[ Type2 |—»

Edt map

Edt grid

Sin results

Edt =survey

Hap utils

Cheg settings

Clr wrkspc

7= I == I I O = T O - I Y -

Exit

P

E DD A H

I Name the map I

Enter namne of nap { H for Help } | Tops

This map doesn’t exist, yet. !

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Define the Outline of the New Map

Laine & Associates, Inc.
www.EricLaine.com
© 2000

Hap TOPS does not exist. Create new nap 7 {y/N} |y. 4_| Y confirms new map name I

| TOPS is now stored as MODEL1.L0001 |

Enter £ units for TOPS naps ( H for Help ) m‘—

Create areal or cross-zection map ? (A/x)| A_le— I Areal map I

< I <cr> |

Hew nmap TOPS created...®

Enter stratum nunber { H for Help }|_1__<

| Top for layer 1
| Layer 2 set by gross thickness

Stratun 1 does not ewist, Create new stratum ? {(y/N}| y_ 4—' Y confirms I

Enter nin ¥ and Y coords {0,000,0,000} I 0 0 I

Enter max X and Y coords (1320,000,

<cr> gets defaults. 1320, 1320 works too.
1320, 000} . . .
Mesh & grid may have same dimensions.

Stratun 1 of map TOPS created,,.b

< I <cr> |

Draw contours ? {Y/n} | n ﬂ4

I None yet I

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.
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Establish Contour Value and Contour Increment

Please select an option

[ Type 4 (to Edit Contours) P.2.4 |

telect option to edit contours,..

| Type 3 (to Add Contours) P.2.4.3 |

Enter contour value {,increment)

8000

¥

29

Current contour value is

B0, 00

Current contour interval 3| 25,00

Please select an option

I Type 5 (New Contours) P.2.4.3.5 I

Laine & Associates, Inc.
www.EricLaine.com
© 2000

Specify the 8000-ft depth contour.
Also specify 25-ft contour increments.

Enter data point or select an option ...

I Confirmation |

The wise engineer lets contours extend
outside the grid boundary.

This may also mean letting the contours
extend outside the map-mesh boundary.
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Create One (or Many) Contours

I Start the “create one contour” loop I

| Type 1 (Data Point) P.2.4.35.1 |

Menu 1 starts the contour-creation process.

Use the cursor to locate contour points.

Left click to establish contour points.

Move the cursor to locate the next contour point.
Use menu 3 to delete bad points

Continue until the contour is complete.
Use menu 4 to finish the contour.

[Type 4 (End) P24354 |

I Type 5, 6, or 7 to complete the contour I

I Finish the “create-one-contour” loop P.2.4.3 I

I Each loop creates one contour on the current map. I
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© 2000
I The first contour is complete. I
Hodel Hap Str Grid Size Property Dply Edit 9508700 P.2.4.3
HODEL1  TOPS 1 09:41:22
i Return
Abandonint
The 8,000-ft depth contour happens to Continuerev

—

parallel the western edge of the TOPS map.

Cls contour

Hew contour

Inc contour

R -rE RN - R

Dec contour

Please select an option

Now finish TOPS.
Then create THICK, TNET, PORO, KHOR, KVERT.
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How many points are actually needed for each contour?
How closely spaced do the points need to be?

BEWARE: there is a huge difference between the definitions for GRID and map MESH.
MESH shows property data (depth, gross thickness, net thickness, porosity, etc.)
GRID models reservoir rock as discrete volumes connected by flows.

GRID may be block centered or corner point.

The MAP contour points must be close enough to allow the GRID-population software to
make reasonable interpolations and extrapolations.

Understanding this is easiest for experienced users. Fortunately, the software provides
queues for the rest of us.

Test your contour map by contouring the contours.
OR
Test your contour map by populating the grid.

An excessive number of null points indicates contour points should be closer together.

Too many contour points is a nuisance.
Too many contours is a nuisance.

How close is close enough?
One point per grid block is too many.
Try one point for every three (inline) to nine (square) grid blocks.
Notice the need to know the grid scale in advance.
Allow for future drilling.
Allow for future injection.
Add points until the populated grid looks reasonable.
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Add the Other Contours

Please select an option

I This example uses 25-ft increments I

Type 6 (Increment Contour) P.2.4.3.6
OR
Type 7 (Decrement Contour) P.2.4.3.7

I Create additional contours until TOPS is done I

I Type 5 (New Contours) P.2.4.3.5 I

Enter data point or select an option ..,

I Finish the last contour

I Verify contours are OK I

[Type 1 (Retun) P24 |

IType1 (Return) P.2 I
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Add the Wells
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[ Type 2 (Edit Wells) P22 |

Select option to edit wells,..

| Type 3 (Add Wel) P.2.2.3 | 4—| |

Enter well nane Pl

) | |

Enter {X,Y) or digitize ? {x,0} =x I <cr> |

Enter Hell Easting,Morthing 660 , 660 4—-| Type N

Allow contours beyond the map edge.

Select option to edit wells,,.

IType1 (Return) P.2

I Prepare to write the TOPS contours to a file. I

4—| Enter format I

< I <cr> |

| Type 4 (Edit Contours) P.4 |
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Output the Map as an ASCII (or Binary) File

Select option to edit contours,,,

| Type8 P.248 |

Qutput in SAYE file fornat ? (y/N) W <—| Type NO g‘é";‘;\fj‘gﬁgrrﬁ;ﬁe‘% ﬁ'i'lz ((léﬁ-Tr))

I Name the contour-output file I

Enter output file root |[TOPS ||«

File TOPS.CHT opened...8} |« I <cr> |

. Type N
Clip output data to nodel area ? {y/H}| N 4—-| A?/Igw contours beyond the map edge.

Enter record formnat e,g, {3E13,5} or RETURN for

Enter record fornat e.g, (3E13.5) or RETURN for + |3G614.6 H Enter format I

Enter contour value on marker card or RETURH for 999999,
11 contours, 113 points output,...2

| P.2.4 TOPS.CNT now exists. |
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ASCII Contour-File Examples

I Formatted output is on the left. I I Namelist (default) output is on the right. I

9999909. is the default separator
for formatted output.

1.00000E+30 is the default separator
for namelist output.

I The three columns are x-coordinate, y-coordinate, and property value (e.g., depth) I

(3G14.6) *
512110  1306.82  8000.00 512110 1306.82 8000.00
512110 120273  8000.00 512110 1202.73 8000.00
512110  1103.60  8000.00 512110 1103.60 8000.00
512110  1029.26  8000.00 512110 1029.26 8000.00
512110  940.039  8000.00 512110 940.039 8000.00
512110  860.736  8000.00 512110 860.736 8000.00
512110  766.564  8000.00 512110 766.564 8000.00
512110  677.347  8000.00 512110 677.347 8000.00
512110  588.131  8000.00 512110 588.131 8000.00
512110  484.046  8000.00 512110 484.046 8000.00
512110  404.743  8000.00 512110 404.743 8000.00
512110  310.570  8000.00 512110 310.570 8000.00
512110  221.355  8000.00 512110 221.355 8000.00
512110  132.139  8000.00 512110 132.139 8000.00
512110  28.0532  8000.00 512110 28.0532 8000.00
999999.  999999.  999999. 1.00000E+30 1.00000E+30 1.00000E+30
175227  1307.95  8025.00 175.227 1307.95 8025.00

I The next contour starts immediately after the separator line. I
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© 2000
I Type1 P.2 |
I Type1 P |
Save map on disk ? (Y/n)}| Y| |€— { Type Y
Enter history file comment{s) :

MODEL1.L001 has been updated, and
MODEL1.HIS now exists.

I This completes the creation of TOPS. I

I It is possible to test the map at this point. I

| prefer to create the grid,
then test the grid for nulls and acceptable values.

I Create the other maps, now that the grid populates reasonably. I
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Contours: Creation versus Importing

This completes the contour creation (digitizing) portion of the tutorial.
The formats for contour files are now known.
The naming convention for contour files is now known.

OK. The “Grid - Internal Model Files” manual may also explain this.

Contours may be created externally (as *.CNT files.)
Contour files may be imported as maps.

The maps will then be tested.
Get rid of the null points
GeoQuest recommends adjusting the contour parameters.
It is much more intuitive to add additional contours.
Make sure the interpolated (cell-block) values are reasonable.
It may be necessary to add more contours.

Contours are typically digitized from subsurface maps.
Geologists, geophysicists, and petrophysicists provide maps.

Simulation engineers then import contours into the simulator.
Structural tops,
Gross and net thickness (or net-to-gross ratio,)
Porosity,
Horizontal and vertical permeability,
Well locations, and
Faults and other boundaries.
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Importing Map Contours (1 of 3)
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Prerequisites:
Model must exist

Importing contours to create maps is just a little different than creating maps.

Type 2 (Edit Map) P.2
Type TOPS  (Name the Map)
Type Y (Create New Map)
Type H (Help with map units)
Type 3 (feet)

Type A (areal map)

Type <cr> (TOPS Created)
Type 1 (for layer 1)

Type Y (Create New Strata)
Type <cr> (use model origin)
Type <cr> (use model extreme)
Type <cr>

Type Y (Draw contours

There aren’t any yet.

Now ready to import details.

Import Well Location(s)

Type 2 (Edit Wells) P.2.2
Type <cr>
Type 6 (Import Wells)

Type WELLS.WEL (Well File Name)
Type N (do NOT clip)
Type 2, 3, & 4 (Preview data)

Type 5 (go to line 1)
Type 1 (Return) P.2

Type <cr> (Accept line-1 format)
Type <cr> (Well file read OK)
Type 1 (Return) P.2

Ready to import structural tops.

You may copy this document (including all “© 2000, Laine & Associates, Inc
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Importing Map Contours (2 of 3)
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Import structural top contours.

Type 4 (Edit Contours) P.2.4
Type 7 (Import Contours)
Type N (Import formatted
“ASCII” *.CNT files
Type TOPS.CNT  (Filename)
Type N (do NOT clip)
Type N (do NOT thin)
There can be extra data.
Type 2, 3, &4 (Preview data)
Type 5 (go to line 1)
Type 1 (Return) P.2
Type <cr> (Accept line-1 format)
Type <cr> (Accept contour marker)
Type <cr> (Well file read OK)
Type 1 (Return) P.2
Type 1 (Return) P
Type Y (Save Map on Disk)
Type <cr> (Or enter comments)

Tops is complete.

Test for Null Nodes

Type 2
Type grid
Type <cr>
Type <cr>
Type 4
Type 9

Type 4
Type 6
Type 4

Type <cr>
Type <cr>
Type <cr>

(Edit Map) P.2

(Name the Grid)
(Accept TOPS as map)
(Accept Strata 1)

(Edit Contours) P.2.4

(Sample Contours)
P.24.9

(Test Grid) P.2.4.9.4
(All Blocks) P.2.4.9.4.6

(Avg Center & Corners)
P.2.49.46.4

(Null Values Exist)
(Accept Default Value)

(Interpolation Complete
AND FLAWED)

Wise engineers add extra contours to
eliminate null values.

Type 7

(Edit Sample Values)
P.2.4.9.4.7
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Importing Map Contours (3 of 3)t
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The following manual method substitutes
for adding extra contours.

It works because there are only 25 cells.

Type 2 (Show Block Values)

P.24.9.4.7.2

Manually find the bad values.
Then calculate good values.

Type 3 (Define Block Values)

P.2.4.9.4.7.3
Use cursor to select block
Type “good value”
Repeat until all blocks have good values.

It is tedious AND REQUIRED.
Repeat the “Show Block Values” steps
This is tedious AND REQUIRED too.

Testing TOPS is complete.

Output the Block Values

Type 1
Type 6

(Return) P.2.4.9.4.7

(Output Block Values)
P.2.4.9.4.7.6

Type BlockVal (Root for GRDECL file)
Type Tops_ft (ID the block property)

Type <cr>

Type N (keep blockval.grdecl open)
Type 1 (Return) P.2.4.9.4
Type 1 (Return) P.2.4.9
Type 1 (Return) P.2.4
Type 1 (Return) P.2

Type Y (Save Map)

Type 1 (Return) P

BlockVal.GRDECL now contains the
depth of the top of the formation for the
top layer of all 25 blocks.

Repeat this process to import contours
for the other 5n layer-property combos
& save the values in BlockVal.GRDECL.
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Prerequisites:
Model must exist
Map must exist

This is a good time to present the grid-creation process.

A grid is required before defining structural tops, layer thickness, & other properties.

| Type3 P.3 |

Enter the name of the grid |HODEL1|<

I Type model1 I

Grid HODEL]1 does not exist, Create new grid ? {Y/n) ud—l Type Y I

Enter nane of map { H for Help }

TOPS (|

I Type tops I

Enter stratum nunber € H for Help }| 1 "4

I Type 1 I

Draw contours ? {Y/n) <

I <cr> |
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Grid-Creation Methods P.3.0 (1 of 2)

I Menu P.3.0 appears because there is no grid (yet) I

Hodel Hap Str Grid Size Property Dply P.3.0
HODEL1 TOPS 1

Vector grids are very easy to create when most of the 1 Return
dx and most of the dy values are identical. 2 v :
ector grid
Vector grids have the flexibility to do a kind of local-grid
refinement. For example, a vertical fracture could have 3 H=xHgrid
fine grids at the wellbore and at the fracture tip. As a
side effect, there would be three semi-fine grids; 4 Irregular
along the length of the fracture, 5 Hark axes
perpendicular to the fracture tip, and
perpendicular to the fracture at the wellbore. 6 Input grid
7 Copy grid
N x M grids fill a rectangular area with constant-dx rows :
and constant-dy columns. 8 Merge grids
The uses has some choices about how to create the 9 X-zect grid
(rectangular) box. 5 R oD A M

e e e ———
Irregular grids use control lines to create equal-area
grid cells.

This allows the grid to follow dominant subsurface
features such as faults and other reservoir boundaries.
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Grid-Creation Methods P.3.0 (2 of 2)

Hodel Hap Str Grid Size Property Dply P.3.0
HODEL1  TOPS 1
Mark-axes grids allow the user to create and move a 1 Return
rectangular box. The user then adds rows and columns. -
_ ) 2 Yector grid
This allows the user to locate grid cells such that the
wells are physically near the centers of the cells. 3 HxHgrid
4 Irregular
Input grid reads previously-defined grids from Fill and 5 Hark axes
from Grid.
Look for *.FILLED, *.GRDECL, and *.GRDBIN files in 6 Input grid
the active directory. :
¥ Copy prid
8 Herpe prids
I Copy grid literally duplicates an existing grid. I
9 X-sect grid
. P R D A H
Merge grids creates sloping coordinate lines that model
faults. |
I X-sect grid creates vertical cross sections. I

The next slides show details for creating vector grid.
Subsequent slides detail N x M grid creation.
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Grid-Creation, VECTOR Method P.3.0.2 (1 of 3)

[ Type2  P.3.0.2 |

Enter depth units for grid or RETURH for FEET

Enter origin as HAP coords, or G for grid default or D to digitize,,.d

“MAP” is recommended for new grids.
“GRID” forces grid parallel to map boundaries.
“DIGITIZE” with mouse may lack precision.

WARNING: Enter map-mesh, x-y
coordinates for the grid origin.

Enter HAP coords or option {p/0) 0 1320

: . . : : WARNING: Enter map-mesh,
Enter coordinates of a point in x-direction 1320 1320 x-y coordinates for any point on

the x-axis of the grid.

Do Y coordinates increase down the page 7 {Y/n} ¥

Variable spacing would require
20 separate dX entries.

Enter the next d¥ value { or RETURN to end } 20%66,0

Enter the next d¥ value { or RETURH to end }

Variable spacing would require
20 separate dY entries.

Enter the next dY value { or RETURN to end } 20%66,10)
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Grid-Creation, VECTOR Method P.3.0.2 (2 of 3)

|VeﬁWthegﬂd.|

Hodel Hap Str Grid Size Property
HODEL1 TOPS 1

Enter the next dY wvalue { or RETURH to end 3}
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Grid-Creation, VECTOR Method P.3.0.2 (3 of 3)

Enter nane of map or RETURH for TOPS

Enter stratun nunber or RETURH for 1

Please select an option

I The 20 x 20 vector grid is now complete. I

I The next slides uses the N x M menu to create an identical grid. I

GRID knows a grid already exists.
We must fool GRID before making another.
Rename MODEL1V.FNODE (to fool GRID.)

CAUTION:
MODEL1.FFEATURE still records the existence of a grid named MODEL1V.

MODEL1.FFEATURE still records the number of existing grids.
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Grid-Creation, N x M Method P.3.0.3 (1 of 2)

| Type3 P.3.03 |

Enter depth units for grid or RETURN for FEET

Enter origin as HAP coords, or G for grid default or D to digitize,,.B

“MAP” is recommended for new grids.
“GRID” forces grid parallel to map boundaries.
“‘DIGITIZE” with mouse may lack precision.

Enter HAP coords or option {g/70) 0 1320

Enter coordinates of a point in ®=-direction 1320 1320

Do ¥ coordinates increase down the page ? {Y/n)} ¥

Okay to continue with these axes 7 {Y/n)} Y

Enter HAP coords of any corner or RETURN to digitise 0 0O

Enter HAP coords of opposite corner 1320 1520
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Grid-Creation, N x M Method P.3.0.3 (2 of 2)

Select any corner to be moved

I Type 2 (Box Ready) I

Enter numnber of cells in X direction 20

Enter nunber of cells in Y direction 21

Hodel Hap Str Grid Size
HODEL1 TOPS 1 TEST_DIG 20x20x1

Enter namne of map or RETURH for TOPS
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Grid-Creation, Success

Enter stratun number or RETURH for 1

I Type 2 (Box Ready) I

Please select an option

I The 20 x 20 vector grid is now complete. I

I However, P.3.7.2 shows that depths (from TOPS) are undefined. I

The next slides overview the grid-population process.

Had | been able to use P.3.8.5 to create properties, | could have avoided the
work-around with P.2.4.9.4.7, etc. to save property values in *.GRDECL.

P.3.8.5 did work after | exited and re-started Grid.
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Overview of Grid Population (for Structural Tops) P.3.2 (1 of 2)

I Type 1 (Return) P.3 I

Save the changed grid ? {Y/n} ¥

Writing MODEL1.FNODE to file

Enter history file conment{s} :

Please select an option

Enter nunber of layer or RETURH for 1T

Select option to edit an area of the grid,,.

| Type 2 (Edit Layer Area) P.3.2 |

| Type 2 (Define Layer Depth) P.3.2.2 |

I The details seem intuitive, so details are scarce at this point. I
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Overview of Grid Population (for Structural Tops) P.3.2 (2 of 2)

Enter depth { or 5§ to sample map or I to intersect map } 5

“S” gives an opportunity to specify a
different map name and a different layer
(strata) number.

Enter nane of nap or RETURN for TOPS
Enter stratum nunber or RETURH for 1

Change all layers below current layer ? {¥/n}| ¥ “Yes” only applies when depths (of
layer tops) & layer thickness change.

Layers should not physically overlap.

Change all layers above current layer ? {Y/n}| Y

T

Answer NO when using the property-definition work-around.
Permeability and porosity do NOT change depths.
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Grid-Population-Verification (with Wisdom) (1 of 2)

XY{ positions will be in FEET relative to grid origin,,.%

Select the required node,,,

Check enough points to confirm the cell values are reasonable.

WISDOM: Do this for every property.
Do this for every property.

* O

Harked node is ¢ 660,000, 1254,00, 8101.94 )
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Grid-Population-Verification (with Wisdom) (2 of 2)

I Type 1 (Return) P.3 I

| Type 1 (Return) P |

Save the changed grid ? {(Y/n) ¥

Writing MODEL1.FNODE to file

Enter history file conment{s} :

Please select an option

I That’s all for now. |
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Grid-Population-Steps, A Review

Type 3
Type grid
Type <cr>
Type <cr>
Type 2
Type 2
Type <cr>
Type S
Type <cr>
Type <cr>
Type Y
Type Y

Type <cr>
Type 99.9999
Type Y

Type <cr>
Type 1

Type 1

Summarize the grid-population steps

(Edit Grid) P.3

(Name the Grid)
(Accept TOPS as map)
(Accept Strata 1)

(Edit Layer) P.3.2
(Define Depth) P.3.2.2
(Accept 1T)

(Sample the Map)
(Confirm TOPS as map)
(Confirm Strata 1)
(Change depths below)
(Change depths above)
(Interpolating)

(Are there any nulls?)

(Enter Unique Null Value)
(Continue)

(Interpolation Complete)
(Return) P.3

(Return) P

Laine & Associates, Inc.
www.EricLaine.com

© 2000

Use the process to populate the
other properties for each layer
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This is a good time to discuss the grid-population process.

This is a way to determine whether there is an adequate distribution of contour points.
Are the number and location of null values acceptable?
See menu P.2.4.9.4.6.4
Are the (interpolated and extrapolated) cell values reasonable?
See menu P.2.49.4.7.3

Caution: menu P.2.4.9.4.9 claims it can save block values as properties.
In reality, this canNOT be done until properties have been defined.

The work-around is to create 1 + 5n separate grids
1 grid for structural tops.
n grids (1 /layer) for: porosity,
horizontal permeability,
vertical permeability,
gross thickness, and
net thickness.

The good news is that you can copy the 5n grids from the TOPS grid.
There is no need to copy the well locations.
The scope of this tutorial does NOT address the need to copy faults.
It is likely that faults will need to be copied because faults affect contouring.

Then save the block (cell) values to *.GRDECL using menu P.2.4.9.4.7.6.
Keep *.GRDECL open until all the properties for all layers have been saved.

Return to the primary menu.
Save the changed grid.
Edit another grid (for the next property layer.)

Menu P.3.8.5 should have allowed me to create properties.
It didn’t (at least not until after | exited Grid and re-started Grid.)
This was probably a novice’s error.
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Grid Reality (Number of Grids & Maps)

Grid output defaults to corner-point geometry.
It may be possible to average the corner points into a cell-center value.

It appears necessary to have a separate grid for each property layer.
Thus, a 2 layer model appears to need 11 populated grids:

top

gross thickness (2)

net thickness (2)

porosity (2)

horizontal permeability (2)

vertical permeability (2)

Number of grids = 1 + 5 * number of layers

It appears adequate to have one map for each property.
Thus, a 2 layer model appears to need 6 maps:

Number of maps = 6
Maps may have multiple layers.
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Creating Other Maps

Other maps may be created in the same way.
Gross thickness
Net-to-gross thickness ratio
Porosity
Horizontal permeability
Vertical permeability

You may copy this document (including all “© 2000, Laine & Associates, Inc.” copyright marks) as is, but only for non-profit, personal use. See license agreement for details.




00/L/LL "Aod

1dd puo\ pUO\ 8sdIfoT\ WIS\ SBPIND N\

"OU| ‘S8)BID0SSY %} 8uleT Jo) paleal)

("SI uMo JnoA Je s "1SIXe Aew sloulg)

8G 40 8y

000Cc ®

"s)yBu Jasn pajiwi| Jo) Juswealbe asusdl| 88 WO BUIRTOLT MMM @) peojumod

Sample *.GRDECL file. (input for *.DATA)

Laine & Associates, Inc.
www.EricLaine.com
© 2000

Here is a typical block of data from a *.grdecl file (fora 5 x 5 x 1 grid.)
MANUALLY COPY this GRID output to the *.DATA (Eclipse input) file.

The first entry is for [=1, j=1. The second entry is for 1=2, j=1, etc.

The structural tops are for the center of each cell. (Corner-point geometry is also an option.)

--- Current sampling parameters are
--- Search rad frac No. octants Null wvalue
--- 2.0500 7 0.10000E+07

--- IX1 IX2 Jyl JY2 KZ1 KZ2

BOX
1 5 1 5 1 1 /

--- Block wvalues

TOPS_FT
8021.0 8012.4 8005.4 8012.4
8021.0 8012.6 8006.1 8012.6
8021.0 8012.6 8006.2 8012.6
8021.0 8012.6 8006.1 8012.6
8021.0 8012.4 8005.4 0.13201E+06

-- GRID Version 99A 1 Date: 16/08/00 Time: 16:24:47
-- Model: MODEL Grid: GRID

--- Grid dimensions are 5 x 5 x 1

--- Sampled values from TOPS contour map of model stratum

8021.
8021.
8021.

8021

0.13202E+06

O O O

0
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Validating GRID Output

Congratulations.

You remembered to review every single GRID output for reasonableness.
Your review revealed the bad data in cells i=4,j=5 & i=5,j=5.

There are several ways to deal with this.

One way is to review and modify the control contours and control points.
Another way is to adjust the search radius and adjust the octant criterion.
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Control Contours and Control Points

The best input for contouring comes from a coordinated study of all available data.
Typical data includes outcrops, cores, electric logs, buildup, and seismic analyses.

The best information comes from directly from the pay zone (e.g., cores and logs.)
This provides sparse data along the wellbore trajectories.

Sparse data challenges contouring packages. It is possible to get spurious
(extreme and unacceptable) property values when extrapolating sparse data.

Buildup, seismic, and geostatistic analyses provide guidance between wellbores.
This helps add control contours and control points.

Wise use of control contours and control points compensates for sparse data.

Wise simulation teams create coordinated control data. The interpreted controls
must consistently fit the data from all the disciplines.

The next slide provides a simplified, yet practical example.
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Control Contours and Control Points (for Sparse Data)

Spare-Data Contour Maps

It takes cooperation between the geologist, the geophysicist, and the
petroleum engineer to identify the correct contours. The following example
may have more than the three interpretations shown.

10 20 30 ;

30 20 10

@ 20 \\Q\ 0
30 20
® 30
® 20 \
20
10

® 20

\Laine \Abdus_Sammi \ooip_e.ppt
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Search Radius and Empty Octants

The interpolation routine uses the property values (data points) surrounding the point
in question.

Each data point is located some finite distance (and direction) from the center of the
interpolation.

The search radius defines the size of the search circle.

Interpolation works best when the available data is evenly distributed within the circle.
The empty-octant criterion is a good measure of how evenly the data is distributed.
The empty-octant criterion subdivides the search circle into eight equal wedges.

Allowing more empty octants increases the probability that the data points are
unevenly distributed about the center of the search circle.

See GeoQuest’'s GRID manual for details on menus:
P.2.4.9.5 Search Radius
P.2.4.9.7.5 Search Radius
P.2.4.9.3 Empty Octants
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5 o
§_§_§ PAGE TOPIC DESCRIPTION
§_§C> 13-60 Arbitrary cross section D.7.8.4
°3 G-1 arithmetic formula
‘ﬁg 6-147 average properties for multiple layers P.3.9.5
g § 6-124 calculate FIP, OOIP, etc. P.3.8.6
£ 6-2 B cell face, bottom or back
- 6-2 F cell face, front
6-2 L cell face, left
6-2 R cell face, right
6-2 T cell face, top
6-2 Y-dir cell numbers increase down
6-2 Z-dir cell numbers increase down
6-2 X-dir cell numbers increase right
13-29 Change captions D.6.3.7
13-26 Change contours D.6.3.4
13-25 Change faults D.6.3.3
13-28 Change features D.6.3.6
13-33 Change grid box D.6.4.3
13-32 Change grid D.6.4
13-32 Change grid display D.6.4.2
13-34 Change grid plane D.6.4.4
10-4 Change I/0 format (unformat) P.7.3
10-4 change I/0 settings (binaryor ascii) P.7.2
13-39 Change menu D.6.6
13-27 Change mesh D.6.3.5
— 10-4 Change settings P.7
ﬁ 13-37 Change survey D.6.5
(@) 13-46 Change view D.7
= 13-24 Change wells D.6.3.2
13-30 Change zones D.6.3.8
© 11-2 Clear workspace (free memory) P.8
g M-1 configuration files
) L-1 contouring
= L-1 contouring
%g J-3 convert map units after imported into grid
Q) 6-111 define properties for layers P.3.8.5.2
- 6-2 Z-dir depth is positive down for GRID
L 13-65 Display well trajectory D.7.8.7
é L-4 Distribution of non-null (search) points
© (contouring)
£ 13-67 Edit local grid refinement (LGR) D.7.9
E§ 6-110 edit properties P.3.8.5
(e 6-110 Edit property P.3.8.5
@ 13-52 Edit shot line section D.7.7
= .
) 13- Edit survey
a 13-47 Edit XY plane D.7.2
=3 13-48 Edit XZ plane D.7.3
0p)] 13-49 Edit YZ plane D.7.4
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58
¢ o | PAGE TOPIC DESCRIPTION
:gg B-1 filename suffixes
Qo | 3-7 A hot key - Abandon edits made during this menu entry
5 | 3-7 + hot key - Add 1 to the current plane #
231 3-7 C hot key - chg settings P.7
3 ] 3-7 L hot key - Edt LGR D.7.9
3-7 K hot key - Edt XY-plane D.7.2
3-7 J hot key - Edt XZ-plane D.7.3
3-7 I hot key - Edt YZ-plane D.7.4
3-7 D hot key - Enter display options (chap 13)
3-7 R hot key - Enter run file option
3-7 M hot key - Map view opts D.7.8
13-1 = hot key - Return to primary menu
3-7 = hot key - Return to primary menu
3-7 S hot key - Sho Values P.7.8
3-7 H hot key - Show HELP on selected option
3-7 - hot key - Subtract 1 from the current plane #
13-5 U hot key - Unzoom D.3
3-7 U hot key - Unzoom D.3
13-6 Z hot key - Zoom D.4
3-7 Z hot key - Zoom D.4
3-5 mesh map blocks
6-2 Y-dir map dimensions increase up
13-62 Map gradient (streamlines, high low,
. gradient arrow) D.7.8.6
AN | 13-53 Map view options (overlay) D.7.8
?5 6-1407 move, rotate, scale grid P.3.9.3
N 6-135 output grid (forlEclipse) P.3.9.2
13-69 Plot (current) display D.9
o 13-1,4 refresh (redraw) screen D.2
- (from any data-editing menu)
% 13-51 Rotate (areal) view D.7.6
= | L-4 Search circle (radius) checks (contouring)
o | L-2 Search radius (contouring)
25 13-68 Setup digitizing table D.8
o 13-50 Show 3-D grid D.7.5
O | 12-10 Show cursor position in map units R.7
X | 13-36 Show grid contours D.6.4.6 (uses grid data)
ég 3-5 grid simulation blocks
| 7- simulation results (grid plots, restart files)
© 6-1 FNODE stores simulation grid data, formatted (ascii)
?E 6-1 NODE stores simulation grid data, UNformatted (binary)
O | 3-6 convert translates binary (Unformatted)
g to ascii (formatted)
o | I-2 transmissibility units and conversion factors
Q | 9-47 well trajectory P.6.4.2
(/:) 10-2 workspace (memory) usage P.7.2.6
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Thank you for visiting www.EricLaine.com.

The primary purpose of this document is to serve as a memory aid for the author. Thus, the
author is also the target audience. (In other words, the quality of the composition is 100%
sufficient for me to understand what | wrote.)

The secondary purpose is to share this tutorial with the public. | appreciate the possibility that
the general public may have some difficulty understanding the my personal abbreviations and
my intuitive logic.

Please send your questions and your suggestions to EricLaine@compuserve.com.

Part of this tutorial is about PSEUDO. PSEUDO is Schlumberger - GeoQuest software for
calculating rate-dependent pseudo relative permeabilities (Kr) and rate-dependent pseudo
capillary pressures (Pc.)

Part of this tutorial is about the cost effective use of pseudo curves.
This tutorial improves the author’s personal productivity by serving as a memory aid that
demonstrates how to use GeoQuest’s Grid software to either create or import contour lines.

Well data and contour points are a special case of contour lines. (It takes two points to define a
line.)

It is important to understand the differences between mesh maps and simulation grids. These
are fundamental GeoQuest definitions.
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Maps are converted into populated property grids. The minimum required number of grids is:
1 + (the number of properties -1) * (the number of layers)
where
Structural tops (which is included in the number of properties)
requires the single grid, and the other properties each need one grid
per layer.

Several grid-creation options are covered (Vector, N x M, and Irregular) Grid-property population
is covered in detail.

An essential step is validating Grid’s output. The user must “prove” that Grid’s output is valid.
This means it is necessary to review each and every property for each and every grid block (or
corner point) for reasonableness.

Goofy Grid output is more likely during the early stages of property population. The competent
professional uses control contours and control points that support the team’s geological,
geophysical, and petrophysical interpretations. Judicious adjustment of the search radius and the
number of empty octants can improve the quality of the grid-property populations (provided there
are a sufficient number of mesh-map contour lines and points.

Grid’s output is stored in *.GRDECL files. These data must be copied into Eclipse’s *.DATA files.

GeoQuest’s Grid manual is an essential, and it is well written. The author finds it helpful to use
his supplemental index when using the manual.

Finally, the author included an example of a grid intended specifically for modeling a hydraulic
fracture.
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