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Introduction

 GLOBAL is a History Matching software based on a derivative-free
method

* Options for Forward Models — FMM, ECLIPSE and CMG

* It uses algorithms of Latin Hypercube Sampling, Genetic algorithm,
Kriging, etc

« Developed in C++ and C# (for GUI)

« Can be implemented in both Windows and Linux
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Global Algorithm

v' GA based Optimization Software

o _ - NAME BASE LOW HIGH
Sensitivity Analysis - _ MULTZ12__ -5 7 -2
__MULTZ23__ -3 -6 1
_ e e __MULTPV1__ 1 0.9 1.5
Identify Key Parameters ~ MULTPVZ 0.8 05 1
: . i RN _ MULTPV3__ 1 0.9 1.8
Design of Experiments | _ MULTX1__ 15 1.2 25
(Latin Hypercube Sampling) H ' __MULTX2__ 0.7 0.3 1
L] [ ___MULTX3__ 1.5 1.1 2
Forward Model
(ECLIPSE/CMG/FMM)
Proxy Model
Response Surface
(Kriging interpolation)
j: N Max Gen. Reached? —~ STOP
< Genetic Algorithm t
% (Represent, Select, » Calc Obj
= Crossover, Mutation) Forward Model

(ECLIPSE/CMG/EMM)
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ECLIPSE Synthetic Case

Model for synthetic case :

} Region 1
; Region 2
Region 3

« 3D three-phase reservoir
* Grid blocks: 11x11x6

* One injector and four producers

« Three global regions defined by model
layers (1-2, 3-4, 5-6)

* Uncertain Parameters:
pore volumes (regions 1-3)
horizontal permeability (regions 1-3)
vertical transmissibility (x2)




Workflow Steps

 |dentify global unknowns

« Construct Template Files (.TMPL)

« Construct Distribution File (.DISTR)

* Prepare GLOBAL Input file (.INP)

 Run GLOBAL in command prompt window
* View Objective file (*.OBJ)
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STEP 1: Construct Template Files (.TMPL)

.TMPL
MULTIPLY
TRANZ _MULTZI12_ 1 11 1 11 2 2/
TRANZ _MULTZ23__ 1 11 1 11 4 4/
PORV _MULTPVL__ 1 11 1 11 1 2/
PORV _MULTPV2__ 1 11 1 11 3 4/
PORV MULTPV3 1 1 1 11 5 6/
. TRANX MULTX1 1 1 1 11 1 2/
Pl JR— S
Region1 < TRANY O MULTXL |1 11 1 11 1 2/
. TRANX MULTX2 1 1 1 11 3 4/
P _ _
Region 2 < TRANY CoMuLTX2. |1 11 1 11 3 4/
—
] P TRANX CMULTX3_ |1 11 1 11 5 6/
Reglon 3 < TRANY _ MULTX3__ 1 11 1 11 5 6/
/

e Variables _ NAME__ are tokens which are replaced by values to create a
valid Eclipse include file

* Templates can be created for any simulator or for any text based application



* TMPL to *.INC file conversion by GLOBAL

.TMPL INC
MULTIPLY MULTIPLY
TRANZ __MuLTZ12__ 1 11 1 1 2 2/ TRANZ 9.14E-05 1 11 1 11 2 2/
TRANZ __MULTZ23__ 1 11 1 1 4 4/ TRANZ 4.86E-05 1 11 1 11 4 4/
PORV __MULTPV1__ 1 11 1 1 1 2/ PORV 1.18706 1 11 1 11 1 2/
PORV __MULTPV2__ 1 11 1 1 3 4/ PORV  0.754902 1 11 1 11 3 4/
PORV __MULTPV3__ 1 11 1 11 5 6/ PORV 1.44706 1 11 1 11 5 6/
TRANX _ MULTX1__ 1 11 1 11 1 2/ TRANX 1.86784 1 11 1 11 1 2/
TRANY _ MULTX1__ 1 11 1 11 1 2/ TRANY 186784 1 11 1 11 1 2/
TRANX _ MULTX2__ 1 11 1 11 3 4/ TRANX 0.516863 1 11 1 11 3 4/
TRANY __MULTX2__ 1 11 1 11 3 4/ TRANY 0.516863 1 11 1 11 3 4/
TRANX __ MULTX3__ 1 11 1 11 5 6/ TRANX  1.69294 1 11 1 11 5 6/
TRANY _ MULTX3__ 1 11 1 11 5 6/ TRANY  1.69294 1 11 1 11 5 6/
/ /

e GLOBAL substitutes variable names GA evolved values

- If there are mathematical expressions, GLOBAL calculates resultant values

« GLOBAL saves resultant file as .INC file for inclusion to ECLIPSE *.DATA

MCERI
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STEP 2: Construct DISTRIBUTION File (.DISTR)
_Nwer st low  den W Loswr  cowmr

_ MULTZ12 5 -7 -2 4 1 1
_ MULTZ23__ -3 -6 -1 4 1 1
__ MULTPVL__ 1 0.9 15 4 0 1
_ MULTPVZ2__ 0.8 0.5 1 4 0 1
__ MULTPV3__ 1 0.9 1.8 4 0 1
_ MULTX1__ 1.5 1.2 2.5 4 0 1
_ MULTX2__ 0.7 0.3 1 4 0 1
_ MULTX3__ 1.5 1.1 2 4 0 1

 BASE - sensitivity analysis as baseline in the Tornado diagram

 LOW/HIGH - lower and higher bounds of variables

* NBIT — number of bits used to represent current variable in a genome binary string
 LOG10 — whether base/low/high values in current row are after log10

 CONT — whether this variable is continuous (1) or discrete (0)
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STEP 3: Prepare input file (.INP)

DIP_STUDYNAME Simulator settings
ECLRFT ECLIPSE
DIP_OBJECTIVE Objective settings
LPT|IMDT

DIP_SMRY_OBS1

Observed data from WCONHIST

SCnIEDLILE (Observed production data prepared in WCONHIST
DIP_MDT_OBS1 and WCONINJH,;
obs_mdt_office.txt Observed MDT data prepared in ECL Office format)

-- use first 19 .S* file for HM, rest for prediction
DIP_KEY_TSTEP 19

1-19 TSTEPS in OBJ.
DIP_INC_TMPL 1 Variable settings
MULTIPLY.TMPL Templates for variable substitution

DIP_INC_DISTR

COARSEDISTR Distribution of variables

DIP_PROXY_NED 50 Proxy settings

DIP PROXY TOL 0.5 NO. of experiment designs
B - Tolerance for proxy check

DIP_GA_REPLACE 0.7 GA settings
. : 0
DIP_GA_POPSIZE 50 Elitism algorithm (Bottom 70% replaced)

Population size (Even NO.)
DIP_GA_NGEN 20 Max. NO. of generation

MCERI
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STEP 4: Run global

« Add ECLIPSE into the system path

« Double-click on the executable file
« Input "ECL" and "ECLRFT.INP" interactively

B CAGLOBAL\Mew folder (ZNCMG_synthetic_caselsft.exe

I
o
A

GLOBAL = General Purpose Genetic Algorithm Optimization
Authors = MCERI. PE. TAMU <D». Akhil Datta—Guptal
Platform: Windows 32 Debug CH86-32> M5 C/C++ 1788
Built D Jun 17 2813 15:32:5@

30303030 303030303030 303030 303030303030 3030303030 3030303030 303030303030 3030303030 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -J0f- 00

Uzage: sft [ECLsCHMG-UTCHEM-FMM1 [RUN.INF]
Meed 2 extra arguments

Simulator (ECL-CHMG-UTCHEM~-FMM>: ECL
Inverszion file ¢=_INF>: ECLRFT.INF
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VIEW OPTIMIZATION RESULTS

* Check results from .OBJ file

* Open .OBJ file by EXCEL and sort by objectives from smallest to largest

« Choose models with smaller objectives.

« Each chosen model is labeled by Run#. You can find the corresponding zip file
backed up by the name * #### Run#.zip

A B c D E F G H 1 J K L M N 0 P
1 _ MULTZ12 | v|  MULTZ23 ~|  MULTPVI|*|  MULTPVZ |*| _MULTPV3 v| MULTX1 +| MULTX2|*| MULTX ~ | ObjOver:-'| ObjProx v |ProxyEr ~ | DataExact *| objLP|~| objML~ Runfi*| Generation ~
2 -3.22E+00 -2.12E+00 1.19E+00 8.88E-01 1.45E+00 1.60E+00 5.66E-01 1.73E400  3.77E+00  3.77E+00 0.00E+00 0.00E+D0 9.23F+01 2.05E+01 444 20
3 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.A5E+00 1.60E+00 5.88E-01 173400  3.81E+00  3.81E+00 0.00E+00  0.00E+D0  9.79E+01 2.08E+01 401 18
a -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.88E-01 1736400 3.82E+00  3.82E+00 0.00E+00 0.00E+D0 9.86E+01 2.09E+01 388 18
5 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.88E-01 1.73E400  3.82E+00  3.82E+00 0.00E+00 0.00E+D0 9.84F+01 2.10E+01 413 19
6 -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.A5E+00 1.60E+00 5.88E-01 1.73E400  3.82E+00  3.82E+00 0.00E+00  0.00E+D0 9.88E+01 2.10E+01 389 18
7 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 1736400 3.82E+00  3.82E+00 0.00E+00 0.00E+00 1.01E+02 2.06E+01 323 14
8 -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 1.73E400  3.82E+00  3.82E+00 0.00E+00 0.00E+D0 1.01E+02 2.06E+01 370 17
9 -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.A5E+00 1.60E+00 5.66E-01 1.73E400  3.82E400  3.82E+00 0.00E+00 0.00E+D0 1.01E+02 2.07E+01 397 18
10| -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 1736400 3.83E+00  3.83E+00 0.00E+00 0.00E+00 1.02E+02 2.07E+01 315 13
11, -2.90E+00 -2.10E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 1.73E400  3.83E+00  3.83E+00 0.00E+00 0.00E+D0 1.03E+02 2.06E+01 432 20
12| -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 I 1.45E+00 _| 1.60E+00 5.88E-01 173400  3.83E+00  3.83E+00 0.00E+00  0.00E+D0 1.01E+02 2.10E+01 422 19
13 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.66E-01 1736400 3.83E+00  3.83E+00 0.00E+00 0.00E+00 1.03E+02 2.07E+01 349 15
14| -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.88E-01 1.73E400  3.83E+00  3.83E+00 0.00E+00 0.00E+D0 1.00E+02 2.12E+01 404 18
15 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 173400  3.83E+00  3.83E+00 0.00E+00 0.00E+D0 1.04E+02 2.06E+01 415 19
16| -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.45E+00 1.59E+00 5.88E-01 173400 3.83E+00  3.83E+00 0.00E+00 0.00E+00 9.91E+01 2.16E+01 403 18
17| -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.66E-01 1.73E400  3.84E+00  3.B4E+00 0.00E+00 0.00E+D0 1.03E+02 2.08E+01 427 19
18| -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.66E-01 1736400  3.84E+00  3.84E+00 0.00E+00 0.00E+D0 1.04E+02 2.07E+01 406 18
19 -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.88E-01 1736400 3.84E+00  3.84E+00 0.00E+00 0.00E+00 1.02E+02 2.11E+01 433 20
20 -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.66E-01 1.73E400  3.84E+00  3.B4E+00 0.00E+00 0.00E+D0 1.04F+02 2.09E+01 390 18
21 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 1736400  3.84E+00  3.84E+00 0.00E+00 0.00E+D0 1.05E+02 2.07E+01 393 18
22| -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.88E-01 173400  3.84E+00  3.84E+00 0.00E+00 0.00E+D0 1.02E+02 2.13E+01 398 18
23 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.88E-01 1.73E400  3.84E+00  3.B4E+00 0.00E+00 0.00E+D0 1.02E+02 2.12E+01 375 17
24| -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.88E-01 1736400  3.85E+00  3.85E+00 0.00E+00 0.00E+00 1.03E+02 2.12E+01 435 20
25 -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.66E-01 1736400 3.85E+00  3.85E+00 0.00E+00 0.00E+D0 1.06E+02 2.09E+01 428 19
26| -3.22E+00 -2.10E+00 1.19E+00 9.04E-01 1.46E+00 1.60E+00 5.66E-01 1.73E400  3.85E+00  3.85E+00 0.00E+00 0.00E+D0 1.06E+02 2.09E+01 4325 19
27| -3.22E+00 -2.12E+00 1.19E+00 9.04E-01 1.46E+00 1.58E+00 5.88E-01 1736400  3.87E+00  3.876+00 0.00E+00 0.00E+D0 1.02E+02 2.26E+01 442 20
28| -3.22E+00 -2.10E+00 1.20E+00 9.04E-01 1.45E+00 1.60E+00 5.88E-01 1736400 3.88E+00  3.88E+00 0.00E+00 0.00E+D0 1.10E+02 2.13E+01 436 20
29 -3.22E+00 -2.12E+00 1.20E+00 9.04E-01 1.45E+00 1.60E+00 5.66E-01 1736400  3.89E+00 = 3.89E+00 0.00E+00  0.00E+00 1.1SE+02 2.07E+01 429 20
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Global Results in ECLIPSE Office
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FLPT.FLPTH STB
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Liquid production from global updates

FLPT vs. TIME (ECLRFT)
®® FLPTH vs. TIME (ECLRFT)

RESULTING MATCHES

200

TIME  DAYS

300

500

FEET

WTVD:P1,DEPTH:P1:1

*® WTVD:P1vs. WRFT:P1 (MDT{1-03-2000}) OBS

1010

1020

1030

1040

1050

1060

1070

1080

DEPTH vs. PRESSURE:P1:1 (Model 54)
DEPTH vs. PRESSURE:P1:1 (Model 444)

DEPTH vs. PRESSURE:P1:1 (Model 267)
DEPTH vs. PRESSURE:P1:1 (Model 401)
DEPTH vs. PRESSURE:P1:1 (Model 370)

— DEPTH vs. PRESSURE:P1:1 (Model 273)
——DEPTH vs. PRESSURE:P1:1 (Model 213)

1940

1960

MDT pressure matches: P1

WRFT:P1

2000

PsiA

z020

2040

|
2080

2080
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FEET

WTVD:P2,DEPTH:P2:1

FEET

WTVD:P 4, DEPTH:P4:1

RESULTING MATCHES (Cont.)

* WIVD:P2vs. WRFT.P2 (MDT{1-03-2000}_1) 0/ DEPTH vs. PRESSURE.P2:1 (Model 267) DEPTH vs. PRESSURE P21 (Model 273)
—DEPTH vs. PRESSURE P2:1 (Model 54) ——DEPTH vs. PRESSURE P21 (Model 401) ——DEPTH vs. PRESSURE P21 (Model 213)
DEPTH vs. PRESSURE PZ.1 (Model 370)

DEPTH vs. PRESSURE P2:1 (Model 444)

10en —

1050

T T T
2000 2100 2200 2300 2400

MDT pressure matches: P2

®* WIVD'P4ws WRFT'P4 (MDT(1-03-2000} 3)0  DEPTH ws PRESSURE'P4'1 (Model 267)  — DEPTH vs PRESSURE P4:1 (Model 273)
——DEPTH v PRESSUREP4'1(Model54) ~ — —DEPTH ws PRESSURE'P41(Model401)  ——DEPTH vs PRESSURE P4:1 (Model 213)
——DEPTH vs PRESSURE P4'1 (Model 444) DEPTH ws PRESSURE P4 1 (Model 370)

1010

1020 —|
1030 —
1030 —|
1050 —|

1080 —

1080

2100 2200 2300 2400

WRFT:P4 PSIA

MDT pressure matches: P4

FEET

-
S
T
5
&
a

*% WTVD.P3vs. WRFT-P3 (MDT{1-03-2000}_2) O DEPTH vs. PRESSUREP3.1 (Model 267)  —— DEPTH vs. PRESSURE P31 (Model 273)
——DEPTH vs. PRESSURE P3:1 (Model 54) ——DEPTH vs. PRESSURE P31 (Madel 401) ~ ——DEPTH vs. PRESSURE P3:1 (Model 213)
DEPTH vs. PRESSURE P3:1 (Modal 444) DEPTH vs. PRESSUREP3 1 (Model 370)
10— b
1020 —
1030 —
14—
1050 —
1080 —|
1070 —
roan LA s A S A B L Sy B A B B S B B
1400 1560 1600 1700 1850 1900 2060 2100 2200
WRFT:P3 PSlA
= WIVD 11 vs WRFT.1 (MDT{1-03-2000}_4) 0B:  DEFTH w5 PRESSURE |11 (Model 267) ~ ——DEPTH vs. PRESSURE 111 (Model 273)
——DEPTH vs. PRESSURE:11:1 (Model 54) ——DEPTH w5 PRESSURE 111 (Model 401)  ——DEPTH vs. PRESSURE 111 (Model 213)
DEPTH vs. PRESSURE:I1.1 (Madel 444) DEPTH vs. PRESSURE:11:1 (Model 370}

1 1
2700 2800 7900 3000 3100

MDT pressure matches: 11



Global GUI
(Standalone Application in C#)
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Home Page

* GLOBAL (= EoR =)

Home | Input | Parameters | Parameter Distnbution | GA | History Data | Results

Hare of
ENGINEERING
EXAS AEM UNIVERSITY

BRIEF DESCRIPTION:

1. Global is a Genetic Algorithm based History Matching Software.
2_ It can also be used for Sensitivity Analysis and Parameter optimization.
3. It may work with any one of the following forward models:

- CMG

- Eclipse

- FMM

- UTCHEM
-S3D

‘ Reference Manual ‘

CANCEL ‘ START == ‘




Global Inputs

o GLOBAL fo o

Home | Input | Parameters | Parameter Disinbution | GA | History Data | Results|

Working Directory C\AGLOBAL\Eclipse_synthetic_case\ [ Browse I

) Create New Create

Input File (*.INP)

@ Exsting File ECLRFT.INP Browse
Forward Simulator -
Path for Forward Simulator $eclipse l Browse I
Data File ECLRFT [ Browse |

Sensitivity Analysis Only? [}

<< BACK NEXT ==
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Global Parameters

ol GLOBAL
Home | Input | Parametiers | Parameter Distribution | GA | History Data | Results|
Select the Template Files to be used :
MULTIPLY_TMPL
Template Files (*. TMPL)
Create New Create
Distribution File (*.DISTR)
@ Basting File |[COARSEDISTR Browse
<< BACK NEXT ==
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Parameter Distribution

s GLOBA E=8 Eol=x=

| Home | Input | Parameters | Parameter Distribution |GA | History Datal F!esnllsl

NAME BASE MIN MAX NBIT LOGIO  CONTINY
_MULTZ12__|-5 70 |20 |8 1 1
_ MULTZ23 -3 60 -10 8 1 1

S vuievi [ 09 15 |8 0 1
__MULTPVZ__ 0.8 05 10 8 0 1
_MULTPV3__ 1.0 08 18 8 0 1
__MULTX1__ 15 12 25 |8 0 1
_MULTX2__ 07 03 10 8 0 1
__MULTX3__ 15 11 20 |8 0 1

*

Name _ MULTPVI__
Base Value 1.0 Min. Value 09 Max. Value 15 Delete
No_of Bits 8 . Log10? 0(No) - Conlinuous? 1(Yes) -

<< BACK ‘ NEXT >> ‘
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Global GA

+ cLoBAL o) e )

| Home | Input | Parameters | Parameter Dishihlﬂiun| GA |Histury Dalal Resulls|

Objective Functions LPT E
I

NED for Proxy Model 50 Use existing Proxy BIN file ? [

Tolerance for Proxy Model 05

No. of Generations 20

Population per Generation 50

Elitism Replacement Probability 0.7

GA Crossover Probability Select -

Mutation Select -

<< BACK NEXT ==
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History Data

s GLOBAL

| Home | Input | Parameters | Parameter Disllihuiinnl GA | History Data |Resu|ts|

Summary file

MDT Obs. file

Drainage Vol. Obs. file

Time Interval/Time Steps

Wells for HM

<< BACK

[E=E(E=E ===
@ Schedule O * ixtr~.fhf
Browse
obs_mdit_office txit Browse
Browse
@ Time Interval © Time Steps
0-19
Select All
SUBMIT =>




ol GLOBA

Results

| Home | Input | Parameters | Parameter Distribution | GA

| History Data| Results |

Generation No.

= Generation No. _
.% l . ' l Run No. 489

E N . . $ 03 ! ' . l Min. Objective |3.4653848e+00
IC A s . . L] _ MULTZ12__ |-5.000000e+00
@ ° . . _ MULTZ23  |-5.666667e+00
'% _ MULTPV1__ |1.220000e+00
2 _ MULTPVZ2__ |7.000000e-01
8 _ MULTPV3__ |1.560000e+00
= _ MULTX1__ |1.806667e+00
e _ MULTX2__ |4 .866667e-01
g _ MULTX3__ |1.640000e+00

0 10 15 20

STATUS: FINISHED!

CLOSE
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