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1 CMOSTHIHEE (What' New in CMOST?)

1.1 CMOST 201557 Th&E
CMOST 2015/-5 Z BT Z S IS S50

1.1.1 CMOST J33I# & (Start Page)

FIHCMOSTHY, & HIEshF . &R B A e+ T HProject (WH) « N T
TIERI, HIEFT HProject AN A B E R 2 Hk . W%, HalA 2T
FFHY, 2RI, nr PG H RS . 5 % {5 B 27 Opening and Navigating CMOST .

1.1.2 ZECMMICAGRER TR NS5
Al LASEZS Gy M BR B DB 2 D28, BRI 7275 To Delete Selected
CMOSTParameterso

1.1.3 HOPAATE R HEE

PLERS BT 286 I OPA AT £ Excel BEWindows Fillit, HLEES%
Exporting Data for OPAAT Analysiso

1.1.4 FEExcelH¥T 5 H RO ] 751 4518
A AFEExcel FE 7284 i B R] 2 710 5048, 15 WL Opening Exported Time Series

Data in an Excel Spreadsheeto

1.1.5 F I P BB EExcel FH B R H AR K%L

18] e S AT LAS A\ Excel 7~ KT B H AR AL, 1 I To use time-

series data to calculate an advanced objective functionZf 64

1.1.6 %ﬁProje:ct N - .
AT LA A7 24 1T ) Project — 1> Project,  F HLHRE— 181 44 F-F1 B AR SCHF3-
25 B 2% Saving a CMOST Project as a New Project o
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1.1.7 ¥R EUHER IR
TESEF N T — A SCHERR L, 0T B BOURSEOT LT (8 M) Yo e %
Inc X, 4N, 152 Discrete Text o

1.1.8 ¥ Builder/Results Graph/Results 3D 2

WERAETF BN _ L% T 2 MK Builder Results GraphiiResults 3D , 1] LA
IFCMOSTE .4~ Tools | Builder, Graph and 3D Versions iEFF IR A . FHL (5 R
27 Builder, Graph and 3D Version Preferences.

1.1.9 AR H 2 Excel

AT LA BRI 4 HH 2 Excel, SRR Excel, 52405 HbRRELZ [R] R
#, EIEZ5] , 27 Exporting the Proxy Model to Excelo

1.1.10 Sobol FlMorris}7 ¥

SHEUBE T, CMOSTEHEE T SobolflIMorris J7 ¥, & X R 5 B i HIS (5
B, 1%Z%Sobol Method FMorris Methodo 1 4HX BRI B2 2 R S5 R, AT LAZ%
Sobol Analysis Fll Morris Analysis. < T UM ECEIXPIFI T, 722 Plotting

Preferences.

1.2 CMOST 2014.1037 T RE
CMOST 2014105 Z B A Z B g5

1.2.1 HRFERTHR AL

B2 NH MRS EANE A B bR R EUE—Fr ki A T AR 2R AL, B
FECMOST SRR A R AT RT IR TR . B2 IR (5 E., 2% Pareto Front Particle
Swarm Optimization, lil &5 E. 2% Particle Swarm Optimization (PSO) [Engine-Specific
Settings], H4l{5 /527 Pareto Front.

1.2.2 REUEREDIREME
CMOSTACH LR T RESS 5, Moy S Vi, SE G sl
o M B PR G I N 100£).
o T H A FIRBEA I
FASRBFFA 22 Wi AR AR [ i
o FTITECEHA QO i BE
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T ACPRASRL Y H bR ek B gt R .
£ {5 B 2% Proxy Dashboard FllRadial Basis Function (RBF) Neural Network o

1.2.3 XFfEAPythoniB 5 HEAR

& T IScriptifis , CMOST 201457 F5{ HPythoni& &, ‘B&—F T2 Ml A
HE, RIESE. RFMEMBAREEmS A0 BE, HP A LHECMOSTH (i
FPython X JScriptifi & K45 A3 . 7E General Properties T Advanced Settingsift1¥
fF FHPythonE AdwISIE S , KT APython 2[5 B &%
Using Python in CMOST .

1.2.4 XHEHBIESMT

CMOST 201437 F:538 BHARE T, FIH scatter plots  scatter matrixs histogram#ll
parallel coordinates, SEIFHIAT BEnAEL G, FBI TR EIF HEFEAFCMOSTSS R,
25 B 27 CMOST Interactive Data Visualization Tool o

1.2.5 SFFHE 2%

CMOST 20147 FF R fh e 59, 2 & T Eoni R fi 2. o T s28iZ
IRE, CMGHEA T BB D A S Bon e BB, B—4, 4
AR CMG SR2 12 N . FH e Sk b M At e B S o« 56 =28, WH
e R A MOl S = o

1.2.6 B IEEr0H D

CMOST H LA EARRY/OFB 5 K Al s i SCH AN, (13 CMOSTIZH B
P, WHEIREAE. S HZ A CPUMNZIE TCMOSTIZH N | BT 1/ORERE, CMOST
PATRESI AT RES Z 2IMRE], FAVOE RARE RS AEE , Fr ARGz HRE STl A
SHEI. N T U Z B CMOSTHATRE ST HIsE IR, RATRFA T —ASHiThaE,
CMOSTH LA H WAL /O 5 SR it bl HH 25 5 (SR2, OUT, and Restart) K/,
% e R F sh A IS T I RE T B0 FH A B, FRATR I 7 — Mz e, R
A LMSJHOUTHISR2 SCHE L J Slic s A ST s« B8 2215 B2 Simulator Settingso
oy FR AR5 S8 N S A AT R CMOST - Launcher A 2248 BEAIA] 48
AR A LS 3 R ERE L O 1%
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1.2.7 HHZREH!

P PR ORI BUE RIPTF R IR 2 o 25 —FEX AT ) CMOST Project
RO E 8 AR HE . BE 2215 B 2% Plot Preferences. 45 . Ff, AW T MAIEME, EL
{52275 Plot Settings. IZARHER FLE T SRR 1] H R Bl TARITIE R A1, IR
i B OB gt R R

1.2.8 £Wizip X

I CMOST I IBA T e A I 2 AN R R B SO o X TRz ki, —1>
BRI 1 TAEE MR BT R R SO 0 T fiZad 2, CMGHT
K7W dEr) TR 3 ERR EREIE . TR WP, £—2, 4—F
Project# fR1FHT, CMOSTH a4 sl— XML (PDFXCHF) , & T — RS
Study P SCHE B o ZEIRIERL FoEk. 8520, Y EKACMGTH KikfzE12
W B, AT LATE S 12 Wik e 48 T HORI AR S 8 . Ei%2E, thnl LLER
T B2 W —LEStudy . 1% T HAG I Vi Project/Study H s &5 4 K A 12 W il B S o
w5, % LRGSR 15— D zip SO, AR E 8IS BB FTP 4 45 CMGHUR S
HEN. EL(EE, 155 % Using the CMG Diagnostic Toolo

1.2.9 FEEIThEE
W F1eg TR @ SRERTUIEE, H2(E B 2% Using the Online
Helpo XFac HEGRAT AL TH ) HASBE S AT OB 2 s B B4 15210 .

1.3 CMOST 2013.1257IhEE
CMOST 2013.12/ft 5 Z BTHUAZ 4500 T -

1.3.1 EZ4EN (DE) MBAEE 2013.12)

FET NS FRACAT S5, 518t T Z 0 AL DEY A EIEE NI oK Bl ey
HARREI 5%

DE/&—FhBENULALE AR, H Storn F1 Price (1995)fF %, HEZ2 40751+ L Differential

Evolution o

1.3.2 E#ISEEIED EMSE (2013.12)
ZOIRE SOV P A R IS 1 2808 B 21 HAR [F] AR SR S AR 1Y
28, WA
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M. EHBHE SHEIEE..... S %R

TS ST BUETE R E . BB
SIS
e e SRR R
i i e
e RIHOCR SORHE. BRI R
a3 A IScripthifi

B 425 B 2% Copying Parameter Data o

1.3.3 fRREZALK T EReuse Pending(2013.12)

£ SERTIRRA, WERININ T2 8, f B Eg 1 9ue ) e S BUEK R
Hireuse pending” SIS TT 5o XA ZAT R, Atk SHEUE , Mike 8
Ti%. WZAFE, 2% Experiments Table Columns H'Status | Reuse Pending

1.3.4 WAIBSTR (2013.12)
HE R CEB IR AT 5 FaEdE. SEMEmE R AP
PIFEIXSE T 719 )T R BN S iR . T 2215 825 CMOST User Interfaces

1.3.5 FFBuildergsigE3CHF (2013.12)
Parameters ' [f] Builder | deuicer. | F4A] I THFE XM (cmm) o

1.4 CMOST 2013.1157ThRE
CMOST 2013.1 1 it 5 Z BT AR ZE SR 25 -

1.4.1 EABEE2013.11)

£~ CMOST 2013.11 Project™] EEL S 21> Study, FIU1ATGEA BUBMES T D7 4l
G TR AFEED T P B E L Study, 118> Study&3A H TG [ E
B> Study#PAL S CMOSTHATHRAMEST TR 2R A5 B, JF HIXLE(F EAE4 1 Study
Z AR MM EE B Study St ] DA S . F 1T Study 2R A REAL T 56
HIStudy(F 2o Study FH RV TT A AL, B SE8ET7 A — B S UE
HARREL. SEI6 77 2R 41 N S A7 AE Experiment4% | 1% L Experiments Tableo
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A\ 4

Project S Study 1 S

A\ 4

Experiment 1.1

N> Experiment 1.2

| Experiment 1.n

g Study 2

Experiment 2.1

Y

Y

g Study m Experiment m.1

HR: AP LLR T E Lprojectfllstudy 24K o

1.4.1.1 XPERZERIAFEH G 2013.11)
=205, CMOST Project SR ANF AR :

= [ 5 [ |
@u-v| | <« CMOST Projects » Cased001 » [ 44| [ search Ca o
Organize = Include in library = Share with » Burn Mew folder =+ [ l'@l
4 CMOST Projects m MName : Type Date modified Size
N Re oL | _ )l SAGD_2D UAcmpd  Filefolder  4/3/2013 11:09 AM
g SAGD’ED’UA""‘W/ |7 SAGD 2D _UAcmp  CMPFile  12/6/201212:03 PM 3KB
Project Name: SAGD_2D_UA =

Project Folder: SAGD_2D_UA.cmpd Best
Practice: All files related to the project should
be stored in the project folder.

Project File: SAGD_2D_UA.cmp

Project U H Y SCAE A0 N TR
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=ARCN. X |

Study Folder: BoxBen.cmsd

study folder unless you understand the
ramifications.

Study File: BoxBen.cms

Study File Auto Backup: BoxBen.bak

New CMOST master dataset (CMM), base

" j=| |, ¢« Casel001 » SAGD 2D _UA.cmpd » - |+ S h SAGD 2D _UA.empd L |
O 2 2
Organize + Include in library + Share with + Burn Mew folder =~ [ |Q|
4 | CMOST Projects MName Date modified Type Size
4 | Casel001 i
. BoxBen.cmsd 4/3/201311:09 AM  File folder
. SAGD_2D UA.cmpd L B
B || BoxBen.bak 12/6/201212:00 PM  BAK File 3,859 KB
Study Name: BoxBen 7] BoxB&n.crmm 1/10/201010:38 .. CMM File 22 KB
7| BéxBen.cms 2/6/201212:03 PM  CMSFile 3,859 KB
SAGD_2D_UA_base.dat 1/10/2010 10:38 ... DAT File 22 KB
Warning: Do not modify or delete files in the 4] SAGD_2D_UA_base.irf 1/29/20121:52 PM  IRFFile 51KE
| SAGD_2D_UA_base.log 1/29/20121:51 PM  Text Document 41 KB
2] SAGD_2D_UA_base.mrf <./4/2013 8:34 AM MRF File 1,510 KB
e / ] SAGD_2D_UA_base.out 1/29/20121:51 PM OUT File 609 KB
—

dataset, and base SR2 files are stored in the
project folder.

QB T AR,
R A RO -

Study SCPFRH B SO R BILFTR -

CMOSTEARERAFIE 4N bak I Study S0 1% 304

E)

" j=| | « SAGD_2D_UA.cmpd » BoxBen.cmsd w | ¥4 | | Search BoxBen.cmsd Fel ‘
.
Organize » Include in library = Share with = Burn Mew folder =~ @ '@'
4 |, CMOST Projects “~  Name ° Date modified Type
4 Case0001 -
|7 BoxBen_00000.vdr 3/11/2013 233 PM VDR File
4 | SAGD 2D _UA.cmpd .
| BoxBen_00001 vdr 12/6/201211:53 AM VDR File
. BoxBen.cmsd L
|7 BoxBen_00002.vdr 12/6/201211:54 AM  VDRFile |E
7| BoxBen_00003.vdr 12/6/201211:53 AM VDR File
Vector Data Repository File: *. . .
e 7] BoxBen_00004.vdr 12/6/201211:54 AM VDR File
Note: VDR files store compressed simulation data |7} BoxBen_00005.vdr 12/6/201211:55 AM VDR File —
required for objective function calculations |7 BoxBen_00006.vdr 12/6/201211:55 AM VDR File
BoxBen_00007 vd 12/6/201211:54 AM VDR Fil
Warning: Do not modify or delete VDR files = wer o . e
T |7 BoxBen_00008.vdr 12/6/201211:54 AM VDR File
7 BoxBen_00009.vdr 12/6/2012 11:55 AM VDR File
7| BoxBen_00010.vdr 12/6/201211:55 AM VDR File
') BoxBen_00011.vdr 12/6/201211:56 AM VDR File
|7 BoxBen_00012.vdr 12/6/201211:56 AM VDR File
| BoxBen_00013.vdr 12/6/201211:54 AM  VDRFile =
- 4] n | b
' 32 ftems State: 2% Shared

VDR R0 BRI EE R, MR AR SOPE e Je 2 sk

A5 A FBATI [A]o

1.4.1.2  Study$#FHEZY2013.11)

CMOST&E FIA AR A A mdlak, B A _ ARG B Wi mbikes

FFRUARAE R, T A

CMOST User Guide
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4 Input
{:} General Properties
1914

1 Fundamental Data

Parameterization

X
¥ Objective Functions
3

L5 EEmfrn, R A
o

4 [111] Control Centre
wih Engine Settings
}’ Simulation Settings
@ Experiments Table
] Proxy Dashboard
é Simulation Jobs

“ Results & Analyses
Parameters
,./’ Time Series
N Property Vs Distance

L Objective Functions

B AT DA 4L
i, Bl s 4.

1.42 AFRAE (2013.11)
CMOST 2013 ] F7 BT 2 Bif A RRUAS 22 52 30K

BT LZIRTTRA,
LB T R P A A A
SR

F A EStudy Managerbnd: |, I IZFE AT LAGIEE. W0 g EE. HE
B S ALK E #lStudy. L5 E, ©% Using the Study Manager.

F#Study Manager~ 7}, CMOST Project It &4 T1>Study, fRHIESR AR
B R, BA —DRPRE BN, GfEEIE. WESLDIAER AW,  #IRTAA
RN RTINS B 5> o H 25 JE 27 Getting Started.

W EFTA, WRTAE T Study-setting $H BB, FEFH BT Rt ARic, XL

BRI BRI 2 7E Study FRESJFE S Validation FE (G485, ¥ £2{5 B.2% Validation

tabo
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1.4.3 Study 2EEIFI5 ]2 (2013.11)
StudyZ& A K AT 5 [#ECMOST 2013.1 1001 F s :

SA [~ Response Surface Methodology

One Parameter At A Time

UA Monte Carlo Simulation using Proxy

—  Monte Carlo using Reservoir Simulator

— DE (2013.12)
— DECE

— LHD Plus Proxy
HM & OP —
— PSO

L Random Brute Force

— Manual Engine
User Defined |

— External Engine

1H 1 New Study X} 15 HEE; Engine Settings 7t [ 15 i Study 257 & 5] 24

1.4.3.1 JrE5|/ZAHHHE (2013.11)
i Experiments Management 1% & 1] b/ H 5 Fr A 5] 4
o HEBRIRER T R IE TS RN H
o ARSI T R AVFRIIELSIR A H o IX LS T R4 R BUE Perturbed
experiment[l'] Experiments.

E(M5]% (SA. HM. OP. UALLMFFEEX) , FE[F—Study A LA
)ﬂ@g%ﬁ%ﬂggghfo( MPEEX) , AEF—StudyH A LA

CMOST User Guide What’s New in CMOST ¢ 9



1.4.3.2  FEBEEST (SA) LIERFE (2013.11)
SA TAERAEEAT THE, W FArs:

Response Surface

One Parameter At A AT

Methodology (RSM)
Define Input —»{ Select Engine ~|:: Results and

1 Time (OPAAT)

When redefining SA inputs,
the previous settings will be
used as the starting point.

FISA TAERARML S A FFTR :
o PUTHEBRINT R
o ATLIRINZHN BFRREL, HEPHEH SA Study.
o AHIFBURALIEA PSS, (SRIn{EFIN L
i FRSMB| 8 W LR E :
o ERRIGEE, ARIRCIEA S S S E I,

1.4.3.3  FABEMEFY (UA) LIERFE (2013.11)
UA TAERFEEAT TIEE, W F R

Monte Carlo Using

Proxy
Define Input »{ Select Engine Rf:ﬁgls :insd
Monte Carlo Using J

A o
Reservoir Simulator

When redefining UA inputs,
the previous settings will be
used as the starting point.

BUA TR S PR

PATLERI T RV

ATLAT 24O B bR %, IFEFTHIZHUA Study.
AT RWAL B [ AL S5, 152 A SR 25

FILUENZHR AN R4, RIEHDEENE, ATe S H A2 H0Rc.

Blin, BERMALBEE, AL Se s BEE SRR, e

1H 1 Parameter Correlations 7 [ i Y o

10 « What’s New in CMOST
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CMOSTE IR R, 215 5. 2% Parameter Correlation

L FIMCS-Proxy 51 A TUARS | ATLLE -
o REEHELR, RIS QRIS TR LEL,

24 ff FIMCS-Simulator5 [ HATUA, THEELAF LA
o SIEEHITH PTG E LHI SR RIS T R80T .
o {fif] MCS-Simulator /7 ¥, W15 :
- RIS UEMCS-Proxy 4t A .
- AREQUERAIRARRL ) G, 40EH PR sl T SR LSRR

1.4.3.4 BHHMF OPE¥ (2013.11)
HMFIOPSZ 5 LA 5|2

DE (2013.12)

DECE
LHD Plus Proxy
HM & OP
PSO

T T T 1

Random Brute Force

HMAFIOPH |2 57 K LA A4 B -

~Engine configurations

4 Engine General All HM/OP engines use the same stop

Name CMG DECE criterion
Auto Save Result Interval (minutes) 15
4 Optimization Settings Global Objective Function that the user wants
Total Number of Experiments 2000 to optimize, as defined in the Global
Global Objective Function Name Daily_Production Objective Functions page.

Search Direction Maximize
'\[Maximize or Minimize

DECEMAL T I/ ELL B :

- HMDECEMUA, MBS, F/aTLl A 5 LA ST 2HL,
LU VE R 2 s BRIt T B HEs, rB R BRI

CMOST User Guide What’s New in CMOST » 11



HELICALEHE LA T
o AR EAPESSHN IS
o WRBRIESESE, MR LAE E USSR T SREL, DA E R
{E bR, X TREZSE, TEHERE.

PSOfLALEAELL FIE L
o ARE—RAHELLSHN B S AL
o NFLEBEELLSE, P FTLAEE USRI TT 25, LUV E A HAS
fFIEEHE AR X T RS, TSBESEE.
*  PSOF LAFIFISEHT AT A SLhe 5 ZE RIS LR, T BIPSOPEH 2 F

ﬁ%o
DEfLL#$(2013.12):
o HRENRAHELSENEHSE
o WMFIBREZZE, HPATLAEE SRS S8, DU /E AR
a i IE AR . X T B, TSRS
o DE A LARIHSERT AT A L3677 BRI E AR, # B DEP SR &AL

ED
1.4.3.5 FHFUEXStudy267(2013.11)
CMOST 201337+ H 7 H & L StudyZ<8 4k fy

NG ~
RREEBOIERE T 5 . BT R
PrBIELL TR BN

W E
TR T3 % - R TES
AE . 7
| | TR

[ Ao P (P B S S

ATLAMSE T35 4

o NSAFIUA, i FHHLRIRY L5 T 221 )

o FERAHbIEGIRL T ST S R

s SA/UA/HM/OPIZESEG, IBEAIMNRINII LR T %o
FIFH NSRS 24T B R 5% . 5 2(5 5 2% External Engine.
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1.4.4 GIEMIREMALE 2013.11)
1.4.4.1 B GHFEEPE2013.11)

5 27 I3 5L S (FHR) A& S, A REECMOSTEH o

— BN, BRI, LG R ZE HARR BN AT LA . A
T AR S ST R 2 2

WMFRAE T IR AGFHFEGNH SO, 5% it Reload A% HHT Nz . £ HFTN

B, ST IR A . WORT EERIENE, TEHRRATA AL,
PSRRI

1.4.4.2 BHEHEE2013.11)
MR ZEBNSPECIALSHY , FREE IS4 BN TFELES (SPECIALS)
JEME S HY
1.4.4.3 Z2¥EL(2013.11)
EESH
WA EELZE, FTLAE L
o ZHETIR, WESIEAERIE T R BT .

e & N ) Gl P W E S sS
o ZHCBERMRAT, (UUE SR PR (R AT )

o TR MRS A B E 2 A H 3R, WERIEE N True, 152K
TR E, S HIIRNVEISEHIUETERE, RZIMK. WRIKEN
False, B2 )5, NEHF.

e s
AR AR, PTLUE X
o EESHCTURSELL BEECUR.
o ESHEUEFRME T, AT ENEEEUE S Y.
o NEISEHER AR ((UUA) -
o NEABEBOCRUE, AN AEUE.

HLZ{5 5, ©%Parameterso
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1.4.4.4 HZIRfEHAY (2013.11)
F RSB [a] A S E AR R ECHEA Sy, A G B IR . A =B iy gl
HEE:
o [EEMEHE], 2 hIEAEA F S AR, BB EFZE LN A, o
e HE, 2mHPEE,
o S HWIN A, EESRET AR P E SCRIR RT3 Bilnse o+
Sl HA A 2 R — e AUE

425 527 Characteristic Date Timeso

1.4.4.5  HFHFEXHEFFY (2013.11)

FLUE AT EFPR, ASR2ICHE A HAR AR — EUE LTRSS, AL
e P LA R IE 05 A b SRR EXS H . BE (% 8275 User-Defined Time

Series o

1.4.5 HHESLEFHTR (2013.11)
i#1 Control Centre | Experiments Table s B SL56 77 25, SLIG B FVRASAE
Experiments Table!l. /N . 5 22/ E. &7 Experiments Table.

1.4.5.1 LRI RREMERIAKZE2013.11)
SIE RN, SLI TSRS S TEYT, #0 Experiment Status.

1.4.5.2 FEAESER Tr$2013.11)

ISR SIS T RO, AT LAME A Experiment Filter 2575 5l H B4R ) 5L 56
T Aahnsig i B8R BN, BoA IR E] B S0 TT 20 2 B (e {5 ks
Hh ) B 45 8. 2% Experiment Filter o

1.4.5.3 ZRISER TT$(2013.11)

BRI TR ID=0, RIS AT, R A S 2K
. TR R IDE, e IR CHABEIIREH

1.4.6 HFHAMER32013.11)
SIEETERIT, AL E A A EREL . Sudy 9558 77 & LW EHF
Ho
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WERIIN TFr24 i5@7‘7%%%}5&ﬁﬂ“reuseﬂpeﬂndigg”o R ARG ks A
reuse-pending L5 /7 5, TESERLE, REHIBTTEE . EL(EE S5 Resolve
Reuse Pendingo

A LAFER] A [Rl—ProjectH H & Study H U4 , 215 E 27 To Import Data
from a Study.

B 5ER)S , #EControl Centre 7t i i it i it Start 0%‘2%}1, HFBh5 2,

1.4.7 AREURA(2013.11)
PRI R AL Proxy Dashboard, F P AT LABE B EDUL A FEAN A Bl AR AR
BHUZE R AR R R, 1l AE YRR, Lk
o R BAQEEARIY O R A .
o SRR SHEUEXS S5 RN o
. SRR R
o TEAFAERASRL Y A .

1.4.8 EEHMIER (2013.11)

HEALIBTH SIS ORISR, A6k EExperiments Tableo
SR HAR B Study 2B, BN, GnRisfT 2 2 YL T %, HMATOPH: H
BN BRI T PR RL AT 25 2R

1.4.9 R IHRACMOST X H#H EFTRACMOST A (2013.11)
HCMOSTIES (CMT) FIZEHR (CMR) U, #45#°5CMOST .cmp Project S
HTEEARCMT S, T3

o HELARRRUISR2 S AFAE . AIRBLH , & ESTIFCMT N, defE—4
BLRH SO

o SR EARMS ]S B AR SRR R
o ARFEFIZE, WRFEHZIEHT.
N T FACMRIL T, HHZER LT JLAL:

e CMOST 4 E BT HCMT X FICMR A HH [A] ) S 4 FR U A [8]— S04
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o IRBAHRBICMT L. CMOSTHHRIECMREIECMT I o 4 H L2
Project LK H .

*  CMOSTH#M CMRIFH-SFALE R SRS 5 28 1 TAEMUER A1
AR,

W 1 H A CMOS TAT: 55 SCHE 45 il BT CMOST project Al Study SCEEAE BN 41l Fr
N, FHEFRIPEEE: SAGD 2D HM.cmt 3 CMOST (-

1. HAERTCMOST U NI s :

|7 SAGD_2D_HM.cmm CMM File

@ SAGD_2D_HM_20100720.cmr CMOST Results File
@) SAGD_2D_HM.cmt CMOST Task File
K SAGD_2D_base.dat DAT File

| 7] Anisotropy_monthly.fhf FHF File

| 7| SAGD_2D_base.irf IRF File

| 7] SAGD_2D_base.mrf MREF File

|7 MatchQuality.ses SES File

FIJFCMOSTRZA], f7RCMOSTH I -
%iﬁ%ﬁ 6¥¢File | Convert CMT/CMR File. A Windows Explorer 1771
RHEHE o

4. WYEIIEPECMOSTES (CMT) UM, 245 AidiOpen. fE55FIEER T
PSR EH CMOST SCHRITSC 3, R Bl TR -

SAGD_2D_HM.cmpd File folder
7| Anisotropy_monthly.fhf FHF File New CMOST project folder
2| MatchQuality.ses SES File
K| SAGD_2D_base.dat DAT File
7| SAGD_2D_base.irf IRF File
7| SAGD_2D_base.mrf MRF File
7] SAGD_2D_HM.cmm CMM File
4] SAGD_20_HM.cmp «— — [New CMOST project file

] SAGD_2D_HM.cmt
8] SAGD_2D_HM_20100720.cmr
7] SAGD_2D_HMStudy.cmm « S [Copy of new CMOST master file
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CMOST Project AR AR ALANSRL Y HISCHF , SCHHATT B

WG HHICMOST  Study S-SR 48
| SAGD_2D_HM.cmsd <+ X BEESLITTRIET, &%
[E| SAGD_2D_basedat  DAT File VDRICAARAFAEZ AT o
| 7| SAGD_2D_base.irf IRF File

o Shon b mend VI THCMOST ittt
| 2] SAGD_20_ HM.bak AK File

[] SAGD_2D_HM.cms <—éM;-L;k—[%ﬁCMOST Study 34
5. QCMOSTH TG I Project XA o AEMPAREE AN YT LA A58 93 O £ M ik

* Gerenal Properties: -3 FERITSCH Hifilisession XA Frik
SRS HIFEProject KA IFICSRAEIZ T « ANFREAE L.

e Fundamental Data | Original Time Series: FEFKA 17, 1£ %
AR, RNSPECIALSH A B /5 B EH i 44 737(!%]3/\
ZEER, Ecolumnqﬂ 1#4% Stea-Oil ratio:SOR (Injector)/(PRODUCER)
CUM.

* Parameterization | Parameters: Z4(POR. PERMH-

PERMV. HTSORWHIHTSORG EQXMEJEKW‘EP“T}\ AR AHEE
g8

e Objective Functions | Characteristic Date Times: [ 54l
BaseCaseStart F1BaseCaseStop. /N ZLE M .

* Objective Functions | History Match uallt P AR ZE AR
T S e e e e

* Objective Functions | Global Objective Function Candidates: .

H 5 B £ 2% GlobalHmError T4 MU ALK . AFFEB UL

* Control Centre | Engine Settings: % & A AFEETE
Mo Settings have been imported from the

¢ Control Centre | Simulation Settlngs HA-L . HEHELOCAL
SchedulerFif [T YR IT, THBRE .

* Control Centre | Experiments Table: “&75 RE LS TT 7:%0 FEFRAT
W15, JHEICMOST 51% )5, 24/ CMG DECE=L50 7

6. 71E Control Centre {7 /1, F‘E%Starto ML, P SEG . ATLATE
Experiments Table!i iZfTid e, 5 2 (5 B2 Experiments Table.
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7. IBfT5ERE, (i Results & Analysis 17 i & G HRAULE R, HL(HE

#*Viewing and Analyzing Resultso

FTFCMTERZNEERFR:

IF A CMOSTAE 55 28 SR SCHE B 2

ANREREH :

=H 5

EP e

1. WR E AR R BB S I 8] 7 2 258 A Raw Simulation Result Objective Term,

5 S RE SCHTI [a] Fr 31 H AR o

Raw Simulation Result Objective Tems |

e

Name:

Ongin Type

Orgin Name

Property

term00014 WELLS

4

PRODUCER

- ||Cil Rate SC

—

Simulation Date  Conversion
Time

Time Series

Factor

<

1

] »

2. ﬁn%@ﬁﬁ EZS

RER i, AR B 0 04 F R B

RLJRraR B AR R A0S R eR AL, B4 SRl F AR eR A A EE A

Global objective function MNPV present date
Name: GlobalObj Method: | Weighted Average - 2007-01-01 E~
Local objective functions
Mame Active Weight Category Farmula Digplay Linit Inset &
1 |NPV_newW1 1 Discourted Value Sum of Objective Terms | M§
2 |obibOD4 1 Raw Simulation Result ~ tem 014 ] 3 Delcte
b 3 |objlDO5 1 Histary Match Emor Weighted Average of ... | % " Fepe:
4 |NPV_newW2 1 Discourted Value Sum of Objective Terms | M3
5 |NPV_oldWels 1 Discounted Value Sum of Objective Terms | MS @ @

3. R JEER H AR R AL F Conversion  Factor, /N BAETT 7 H AR EREL AT A
K, BN T IUANGE H shi i

Discounted Value Objective Temms ‘
e Owe Oty Sul Edde Om [ G e
| EVEr WELLS |- ||PROD.. |~ |Qil Rat... | = |2007-01-0... | 200501-0... |01 50 0.0001 9 Delete
2 |OiRevenu.. |\WELLS |~ |PROD.. |~ |Gi Rat.. |~ |2009-01-0... |2011-01-0.. |01 0 0.0001 =
3 |OiRevenu... |weLLs |~ [PRoD... |~ [0 Rat... [+ |2011010.. [2013m0.. [0 40 0.0001 diapees
4 |OiRevenu.. |WELLS |~ |PROD.. |« |Gi Rat.. |« |2013-01-0... | 2018010, |01 50 0.0001
5 | WaterDisp... |WELLS |~ |PROD... |« |Water ... |+ |2007-01-0... |201301-0.. |01 025 0.0001
6 | SteamCost... [WELLS | || INJEC. - | Water > | 2007-M-0... [2009-010.. |0 -10 0.0001
7 |SteamCost... \WELLS |~ |INJEC... | = |Water .. |=|2009-01-0... |2011-01-0.. |01 6 0.0001
8 |SteamCost... |WELLS |~ |INJEC.. | = |Water .. |=|2011-01-0... |2013-1-0.. |01 -8 0.0001
g9 |SteamCost... |WELLS |~ |INJEC.. | = |Water .. |=|2013-01-0... |201%01-0.. |01 -10 0.0001
10 |CapttalBp... [PARA... | [consta... [+ +| 200701 0... |2007m0.. (01 E o R
* 1 hd hd hd
€ T | »
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X% (Welcome )

2.1 fEisr

P F R AL T I f HCMOSTIAHRAE &, HARCMGH A
ATARAL T E.

2.2 HFHCMOSTEEMT 4

2.2.1 @A

T yfﬁﬁ?CMOST i E P S A PR C MG, e HR PR AR 2R
%%%Eﬁ SR LR B X SE SO R SR o K Project KBTI 5, U R/ i%A 1

2.2.2 FEELauncherfICMOST

CMOSTH#i CMG Launcherst CMGE:55 IR 5548 KI5/ 755 . TEMEHCMOSTZ
BT, A2l B LauncherfICMGIE S 5 4. B 45 2% Configuring  Launcher _and
CMOST to Work Together o

2.2.3 HHEPUREFET

CMOSTH] LAFe 50 B FE AT o — B CMOSTEI TS, &% H shik 3@?/‘@%
{ﬁ%%@s%i, IR E AR AS . (BB, CMOSTH [ SANFRF A ol M7 4

2.3 XTFFH;H

CMOSTH P Mt BEFEsR 2 W B, FFRRS BB s > o Xt
CMOSTHY AL e 7 A& b AT S 2k . CMOST AR AE R B B AR S 25 4
I

Important Information for Existing Userﬂ%fﬁi A5 B R H B A CMOSTH
PO T REET A . T P 2% = .
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e CMOST Overview A8 4381 H P #2445 E X BICMOS THEIA -

e Getting Started 4y /1 {RHECMOSTHAUA RIS, JLHE I P
RSN R -

- FIFFCMOSTRH, Ui H . - FIHCAHF
TEMProject, @& HProjects
- fHif CMOST study & e, (. &h. Ewa. B

I sy HERR. S ARIE
- ERH R S R

- RHIM IR

EREH, ETIRRAE T CMOSTIE S5 AL B s MR LN 56 T 58
215 B

o  CMOSTH G- S BOARGE A B R, REIREE #4) P v B I 4%
B BT M EE RS -

- Creating and Editing Input Data -
Running and Controlling CMOST -

Viewing and Analyzing Results

o HHLBMEER ) WA AE General Operations A ik

e Configuring Launcher and CMOST to Work Togetherdiiit T 5T CMOSTHH
Launchert/} A TAER . AI(G

*  Troubleshooting #7#R{1t T AFLRCMOST ¥ BRI U J5 o {8 HICMOSTid 72
T, AN E e AU i RO = R A T B

e Theoretical Background# 2t 7 = E o

o HEEBONUREZAL T PEEEITF IR ARV B2
o HFEFRGIH IR PGREE T EAE S

e olossary of termsT Bl H P HRARCMOSTE M AR TE
# P R R ek B AL, IHER ARCMGH AT R, 115 I Getting Helpo

2.4 FHCMGZHT T A
U [ CMOSTIEATAF 454 A i 2 R ST SOt o SOBHA T B— A B e
I ELERINO T AF, B 5 M A B S0
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AT RGIZER, CMG H MR 17— M2 LER A SR 3. fE)n
§f¢%h/1§OST FEIAE XML (PDICHF) |, SIS T A5 Study FIHSE £
I E:u.\ ]

U EACMGHHR R B, S W 5E 5155 30 hitt:

1. Jii5 Help | Generate Diagnostic/H 32 W2 a8 4 T H.,

1A

2. J#it CMG Diagnostic Tool, ] LUESETFE2 I HIStudy. 1% THAG M
Project/Study SR HF 75 L1 S0

3. CMG Diagnostic Tools 477 Z 03, ARl zip 3o
4. JBELTHEBAEFTP (NSRS RAYIE) |, #zip O RE BCMGHEIR I FF

BA .
25 B 5 §CMG Diagnostic ToolX THHE H HY Help %4 -

2.5 i FHAELAR Bl
CMOSTFH P A B T LAy 25, LA

Wmr:
o iR H A Help, SAJETELIEECMOSTH e R S|, IENA. &
51, AIRE N AT/ TH TR o

AEXFIEHE Y THAH 5 H@O 5% FIRFTFFR B E B -

M EE R TN TH ) HBIE BT LIS SR 1 B S 21

WA LA Help S5 HERE About> K] T About CMOST Studio X IHHE , %5
FAE T CMOST R A A S B, CMGIMIl 55482 LK Bk R CMGHE A S F:5 T BA Y BB FE
otk

2.6 RIS HAHTEY
KTCMOSTI HEL FMA L | an SR aREAIME I E, 5E sk I/l
www.cmgl.calik RCMG Hi AR SZFrATRA o
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3 CMOST BEA(CMOST Overview )

3.1 &
ARERMELIT NG R
e CMOST & XM g
o CMOST ZbFHEFE S — i TAEmAE
e CMOST #ii A\
o CMOST M M4k
o CMOST A/ 5tim
o CMOST #AFMTE I
e CMOST H&4

S }\Z%ﬂj}ﬁ FIN AR BE P B AR PORCMGHEUT, X CMOST A1
I

3.2 CMOSTENX

CMOST Z&CMGHAF— I, B
ST DTERLE A BN PN AT

3.2.1 HUBRKESAT (SA)

BHURRAE i FH A AL 28 SRAEAS R e S ' 2 BB T RS2 AR B, il
TS O S AR BUB R (BT S8 E1R2) o U A R
WS AL G R E SRR A E N 1 FMiRe L FUFIX 25 30— T
WL BRARAL, T AL A B T RE B 2 U R

27 CMGIH ARV 38 RS T U
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3.2.2 BE#E (HM)

PSS SR AR T AU A R AN A 7 [y SRt AT & . CMOSTAI
SLARSRL, GUEAAA TSR T 5. BT F8ToeE,  CMOST A £ K J Wil
R A& RBE SO IBUEE — BT TS5, S 2 MU 121758
e, SRRl ERRTT S, LA L 2R,

3.2.3 AEMM (oP)

JT A RAL B B AT K JT A P22 R 4 T =AM T DAL Bk
{8, AT DM B/ ME . XS HARERECR] YR Flan 22773 SR H AR RN 2
FIHIR LSS . CMOSTH R T B TR E 45 X Se Bt BRI 7 BAULRS AT
DU e BB E A B AR R %8

3.2.4 NS (UA)

ANHENE AT A RE T A AR E M S BN SE R, XA ENE 2
%Egiﬂ%ﬁﬁ%%%ZE%%m,m%@%@%x%%ﬁﬁﬁoﬁﬁﬁﬁﬁﬁ@
L FAARARAUES RO RSB AT H AR R 2L (BIUINPV. CSORFIZR ™
) RTAHERSE (PINFLERL. BiEA . R (AR GG L)

FEI—AMRRLE (RS) ©

2. FURWIRITE, W75 RISHE, kR (T L) MRS, dEs
G R R RIEE A MU s
R

RS RIS SE R LASL AN E IE Study -t AT TS 2 RICR DA I 1 [ 45
R, PUAT LIS ZIGURME T I ZE 3 o PRI A RS2 T SE TR AL 56050 W 17 T A
TR A B AR A A (B R
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3.3 CMOST Study — AT FE
CMOST study — AL B FEUT T

Start or enter
from other study

Define and Select

Parameter Values

Substitute
STUDY Parameter Values

PROCESS into Simulation
Dataset

Analyze Results

/N

Use results as basis for
decisions or as input for
other studies

Run Simulation

- BRI T CMOSTHI R E SR 28, FHRZEAE M T Study 525
ﬁﬁ NS AL S R TIE 5 . WA E ) (RHStudyZS 8L, 74 - AR
o ENHELZHSLE TR
o HJEAIERStudy T A
o FREATI
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3.4 CMOST 2H i FtE4:

3.4.1 ProjectZHCMOST

Projectd ik SF AN T
Project ~» Study 1 ~»{ Experiment 1.1
N Experiment 1.2
» Experiment 1.n
N> Study 2 » Experiment 2.1
N g Study m » Experiment m.1

CMOST Projectfl & — Z&¥Study, A LAMLSHUSNESM T D1 ilE
TFZEAA AHEME AT LA A E L Study
I DL T 188 E L Study :
o StudyZSH R N BRI R -
o T ABIZHICMOST 5/,
o AERCHYHHI BRI A
DL EBCE ] O HE— 1 Study 2§l 2 73 4h— 1 Study.  StudyZRB ] LMEN, 1E
XFHNLT B A Study PAFF S A SE BT Study 25 AU £ (5 B o

Study FH RFVLITH AL, & AR LIS —E SR F 1 R 52408 B bk
3.4.2 ERSCH

£ CMOST Study# A — 1 258 s A LA . CMOST Ry 22 LAl
U S . FOMNETTRES B A SO, By sl E Fh G AR 77 I s
fF, CMOSTHZ B ZE Rl SO0 s
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3.4.2.1 EmHEHE

FERL B CMOSTZ R A B AR SO, SRR FHa B CMOSTERS J7 560 A
BRSO T LU — s i T A pl SR (BHDIEE IR 0. JEREEE
T3 CMOST Master Dataset o

3.4.2.2 EBISR2XMF

SEANRF Cirf, 2512550500 HCMOSTIRAE T 3ERL(E A, Bl s,
A LU RIS . JEAIMRE (mef, S BEH ) e SCPF,
f08 T BELRO P 7 54

CMOSTH LA SR2 1523+ SEon W g8 HARBRAL (Bl HvssR) |,
RETHE LA T R HARREL (P B 2 G/ Nl K RIA R gl) - R
CMOSTZYE, Al /7 M SLIEID A0,

3.4.2.3 E#Ses X1

FeatiSes KT I FCMOST, {HAENTE Y. FEAliSes K 2 HCMG Results™
gkr%lﬂ %ngﬁﬂ FERESR2 LA A= T« CMOST# FH 2 At Ses SO AT DAPLIH /Y 2 7R 75 22 1Y

3.4.2.4 LR IH
AR SRS, BN SR LAY, S B S A T S A S
B T BRSO S B T D LA 2R,

343 XHRS
CMOST 5 5 5 2% Project XA AL F 9 i 7R B U, X T Project
SAGD 2D UA:

EES
@-uv| |« CMOST Projects » CaseD001 » ~ |4 | [ Search Caseoo01 ol
Organize » Include in library « Share with + Burn Mew folder ==« @ .j@.
4 |, CMOST Projects “  Mame . Type Date modified Size
= Case001 ) SAGD_2D UA.cmpd  File folder 4/3/2013 11:09 AM

> i SAGD_2D_UA.cmpd / |7] SAGD_2D_UA.cmp  CMP File 12/6/201212:03 PM 1KB
Project Name: SAGD_2D_UA '/

Project Folder: SAGD_2D_UA.cmpd Best
Practice: All files related to the project should
be stored in the project folder.

Project File: SAGD_2D_UA.cmp
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Project SCHF H B SO R Bl

=REE X
& (=[] « Casen01 » 54GD_2D_UA.cmpd » + [ #2] [ Search sa6D_2D_ua.cmpa 2|
Organize = Include in library = Share with + Burn Mew folder -~ [ '@'
4 CMOST Projects it MName : Date modified Type Size
4 Caze0001 3
. BoxBen.cmsd 4/3/201311:09 AM  File folder
= ) SAGD_2D_UA.cmpd — L - 7

|= 7| BoxBen.bak 13/6/201212:00 PM  BAK File 3,859 KB

Study Name: BoxBen || Boxpén.cmm 1/10/201010:38 ...  CMM File 22 KB

T P — a 7| BlxBen.cms 2/6/201212:03 PM  CMSFile 3859 KB

ly er: .

S SAGD_2D_UA base.dat «{/1/10/201010:38 .. DAT File 2KB
Warning: Do not modify or delete files in the 7 SAGD_2D_UA_base.irf 1/29/20121:52 PM  IRF File 51 KB
studyf folder unless you understand the =] SAGD_2D_UA basedog  [11/29/20121:51 PM  Text Document 41 KB
ramifications. | 7] SAGD_2D_UA_base.mif «2/4/20138:31 AM  MRFFile 1,510 KB
Study File: BoxBen.cms —————— / || SAGD_2D_UA_base.out 1/29/20121:51 PM  OUT File 609 KB
Study File Auto Backup: BoxBen.bak
New CMOST master dataset (CMM), base —

dataset, and base SR2 files are stored in the
project folder.

HE: WRIZITH IR, CMOSTH Study SR AT UG 20 bak 4. .bak
SR A A RO /\Tﬁft%HStudy*@Zo

AT emsd ST A SO s

=) [
@Vv| .« SAGD_2D_UA.cmpd » BoxBen.crsd - |$,‘ | Sea 0 |
Organize « Include in library « Share with + Burn New folder ==« i @l
d CMOST Projects o Mame ° Date modified Type
4 Casel001 r
| 7| BoxBen_00000.vdr 3/11/2013 2:33 PM VDR File
4 || SAGD_2D_UA.cmpd
|| BoxBen_0000L.vdr f201211:53 AM VDR File
BoxBen.crmsd L
| 7| BoxBen_00002.vdr 12/6/201211:54 AM  VDRFile (=
- . || BoxBen_00003.vdr 12/6/201211:53 AM VDR File
pository File: *. - . N
o Dl Baygoien, il i BoxBen_00004.vdr /6/201211:54 AM VDR File
Note: VDR files store compressed simulation data | BoxBen_00005.vdr 12/6/201211:55 AM VDR File —
required for objective function calculations 7| BoxBen_00006.vdr 12/6/201211:55 AM VDR File
Warning: Do not modify or delete VDR files 7| BoxBen_00007.wdr 12/6/201211:54 AM VDR File
manuallgy 7] BoxBen_00008.vdr /201211:54 AM VDR File
| 7| BoxBen_00009.vdr /672012 11:55 AM VDR File
7| BoxBen_00010.vdr 12/6/201211:55 AM VDR File
| 7| BoxBen_00011.vdr 12/6/201211:56 AM VDR File
|| BoxBen_00012.vdr f201211:56 AM VDR File
BoxBen_00013.vdr /201211:54 AM  VDRFile ~
v 4 1 | »

Z]T Iffﬁﬁﬁﬁ BRACHBAER o SCPE A
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3.4.4 Study RAEFF|EE
CMOST StudyZ&RUFI5 | S 40 N AR -

Response Surface Methodology |

SA

One Parameter At A Time (OPAAT) |

Monte Carlo Simulation using Proxy |

UA

Monte Carlo using Reservoir Simulator |

DE

DECE

HM & OP

PSO

|
|
LHD Plus Proxy |
|
Random Brute Force |

Manual Engine |

User Defined

[N

External Engine |

KT 5|2 E, W LAfETheoretical Background &5 , A 4METHIE 5|2
HHEAE B, W LAFE Engine Settings & o
3.4.5 Study T/EFE

Study TAFREEAKHT Study I FIVESF (05 | S A ; P, T2 8uUdt >
A B LR -

Jl

Response Surface
Methodology (RSM) :|+ Run Multiple N Results and

Define Input | Select Engine

Simulations Analysis

One Parameter At A
Time (OPAAT)

A

When redefining SA inputs,
the previous settings will be
used as the starting point.
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fATAL AN E I 93 M AR AR -

Monte Carlo Using
Proxy -
Define Input | Select Engine R1.m M“mple > At apd
- Simulations Analysis
x Monte Carlo Using
Reservoir Simulator

When redefining UA inputs,
the previous settings will be
used as the starting point.

FL R TR IAERENEE, 1§2% CMOST User Interfaceo

3.5 CMOST =34 (.cmm)

CMOSTE SCHFA i (SO, 6 RAESE R SOPF R SR |, it
g%@g{?sﬁﬁﬁ@ﬂﬂﬁﬂé%, FE Tz ISR CMOS THE S A R 25U E 3]
o

ATLAE R LU LR 5 A8 CMOSTE 3
« CMOST CMM XA
e Builder™ (& Z(5HZ%Builder Users Guide '} “Setting Up Datasets
for CMOST” Z7)
o SUARGHHAY, PIACTA

AR RAE T BRI FH CMM U S4B 2545 ACMOSTZH 1 61l 7« CMM
File Editor #24it 7 H 25 BRI R IMCMOSTS 4L
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AT U E S IICMOSTIESR], 27% MK, RIMEZ
NZ#Porositys PERMH_L1. PERMH_L2 FIKvKhRatiofx A | CMOSTH

fil

16 WPRN ITER @

17 OUTSRF GRID PERMI PRES 5G SO SW TEMP VPOROS

18

19 F#  ============== GRID AND RESERVOIR DEFINITION ======s===s========

20

22 *GRID =RADIAL 13 1 4 *RW 9.3

23

24 *#% Radial blocks: small near well; outer block is large

25 *DI *IVAR  9%15 20 4@ 3@ 182

27 DI *CON 360 ** Full circle CMOST

28 parameters added

29 DK *KWAR 25 25 28 1@

38 E+*=% Property: NULL Blocks Max: 1 Min: 1

1 *#*§ @ = null block, 1 = active block

2 NULL CON 1

33

34 *POR *COM [@.3]-Porosity

35 *PERMI *KWAR [3508@]-PERMH_L1 [88@]-PERMH_L2 [348]-1
PERM] EQUALST
PERMK EQUALSI = [0 3] I\JKhRﬁ‘tlo

38 [**$% Property: Pinchout Ar Max: 1 Min: 1

39 #*§ @ = pinched block, 1 = active block

4@ PINCHOUTARRAY COM 1

4 *END-GRID

43 ROCKTYPE 1

CMOST
VR AT LA IR SO T (L

j'Do

/\\\ j

TR ~ME%YZI@J E‘EwﬁF , NiZHi ACMOSTiEf] . CMOST
H P CMOSTIBRJHVEA—ITHNE

HE:
B aRES.

F S H /I ] DG BR E ATE*DATE . WA Ad F*TIME ¢

TEER T CMOSTAA Al Uﬁ%;@ﬂi ES Rl e

?*%EI”J*W‘ R WAL )

Master Dataset (CMM)

\ 4

, IR EMOT AL

CMOST substitutes experiment

CMOST submits the
parameter values from the > experiment dataset to the >
Experiments Table into the CMM to P . 7]
: scheduler/simulator
produce the experiment dataset
Scheduler/
Simulator
Study Experiments Next Experiment CMOST receives and P
Table processes results of <
experiment
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3.5.1.1 FXAEY
F LI T IR

B 1:
JRIAEAR SR, PORE SLUNTH

POR CON 0.20

LT, BATES AL RUE, L 2 ACMOSTIEH], W1

POR CON <cmost>THIS[0.20]=Porosity</cmost>

Simulator CMOST  Original (Default) Variable CMOST
Keywords Start Value in Dataset Name End
il CMOSTHI A FEFZREAAE, SRR K

% 2:
VS W LA 2 I e D1 A RS = SN (1 N

POR CON <cmost>0.20*PorosityMultiplier</cmost>

v
Simulator CMOST Formula CMOST
Keywords Start End

iR BEHUETTZ BIZEL PorosityMultiplier 143[€0.2.

TR BUREREATRERY, 8 ST RO YRR E -

% 3:
RG22 H S EUE P LU S8 MOD SRS, W NI

POR CON 0.20

MOD

1:5 2:8 1:10 * <cmost>this[l]=PorosityMultiplierl</cmost>
6:10 2:8 1:10 * <cmost>this[l]=PorosityMultiplier2</cmost>

Block Ranges
L1 Jd KK
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3.5.1.2 CMOST 4=

PR N2 T30 P A XETT EHR A — R IR R <cmost> FIEE A bR</
cmost>. AJ AL Ui Hthis[Original Value|=K 15— A3 JRIAIESRE R AL TT %
R B8, [FIRE, 2028 Hthis[OriginalValue]= 183, A% htthis 7] A 0kS|
AR B IR E . R ER DA (OUR) |, TGS, f
W, CMOSTH] s T T 1 18 A TEAf Ab 3 -

INCLUDE '<cmost>this["por50.inc"]=PORINC</cmost>' PERMI CON
<cmost>this[ S000]=PERMH</cmost>

WHRCMOSTFIGEA N H T LR AR, R4 B AT i, Al this] =,
Wmr:

INCLUDE '<cmost>PORINC</cmost>'

PERMI CON <cmost>PERMH</cmost>

CMOST/ANREALEE N HTRYIE A, RO IR SOAR SO BT (S 5

INCLUDE '<cmost>this[por50.inc]=PORINC</cmost>' CMOST/A 215
EFIA] I A B PR EGHA , £ Formula Editoro

3.5.1.3 CMOST L =E761
T R R TR R R A A =S
Bl1: S vara WE LRSS 2 3 301

<cmost>this[1.0]=varA</cmost>
<cmost>varA</cmost>

Bl 2: K+ZBvaB 2 5 HIERZS SR 1H

<cmost>this[1]= this + varB</cmost>

BI3: HEAT varA—varB+5HI 45 R -

<cmost>this[26]=varA-varB+5</cmost>
<cmost>varA-varB+5</cmost>

Bl4: 175 179'79><(VarAj0‘248 HH:

varB
<cmost>this[203.9]=179.79*POWER(varA/varB, 0.248)</cmost>
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ﬁJ 5: WRZHvara T\u%i@kﬁl varB I(E R T1200, AR AKX D SEL TR SE
AL, AMIERE12005258
<cmost>this[ 1 800.0]=MAX(varA*varB, 1200)</cmost>

Bl6: TERZSEL vara KT EUET 600, HF 24 OPENEESS & 30F, AIHESS
CLOSED :
<cmost>this["OPEN"]=IF(varA>=600, "OPEN", "CLOSED")</cmost>

B 7: W varB 55— AV FAEARVCHES , A 28 — 2 R 50 AR I AE
me:m%vmﬂﬁﬁls,%Zﬁﬂ%vﬁ&“zfﬂﬂF

<cmost>this[402.57]=LOOKUP(varB, {3.0, 5.0, 7.3}, {524.62, 402.57, 188.75})</
cmost>

B 8: UK vara 5555 — LB AP AGRESCAARICRAC, TSRV 28 — 20 %50 AR R
S B vara A8 SO porMid.ine, A4 T B U permMid.ine FEAC 2 .

<cmost>this["permMid.inc"]=LOOKUP(varA, {"porLow.inc",
"porMid.inc", "porHigh.inc"}, {"permLow.inc", "permMid.inc", "permHigh.inc"})</
cmost>

B19: FvaralF B4 HIE. WIER vara /NT0, OT%X%HZIH% WS vara KT,
U VAR A B e A vara A FORILZ ], TFREST vara (&

<cmost>this[0.68]=MAX(MIN(varA, 1), 0)</cmost>

3.5.1.4 ¥ Include XHEEA XM

IR T EHR SRR, FTRE M Include SCHF 23 FEHTRT L. Bilan, Il iy
N ] */\E‘LF?FE{E ﬁi/\ﬂd‘%E’JE‘LF?}?ﬁU@ PSR ABISER . 7T LM
M2 Mnclude 3CPF, B SCHFE& B S AN TR RO FLBREE (E

Include SCHF AT DA, AT R = SO L & o S0 H i F Include SCHA- A TE
WA

*INCLUDE '<cmost>ArrayIncFile</cmost>"'

ZH0 ArrayIncFile 1l Parameters 518 & X H—1 Text ZEUE NS H.
Include XX HH AL & WS SOAS K HAZ S B30 B, HisEAsed b ) FLER
FERT AR T LA M Inelude 3CHF , HRSF ni =10, nj =3, nk = 2:
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*POR *ALL

.08 .08 .081.09 .12 .15 .09 .097.087 .011 .15 .134 .08 .087 .157 .14
5.12 .135.18 .092

074 .12 .12 .154.167 .187 .121 .122 .08 .08 .095 .13 .12 .157 .17 .1

8 .184.122.084 .09 .11 .12 .134.157 .157 .18 .18 .098 .09 .09 .08 .

09 .144 .143 .123 .16 .165.102 .10 .10

HAtbInclude TR AT LA AR BLATEROROTEE, (U 24m A F .
3.5.1.5 BHFELAHLPEH

CMOSTE H T 12 AR R AL BB AR AN A S A SO, A4
INCLUDE. BINARY DATA#I FILENAMES INDEX-IN R4 :

TR AR 2 X AL
CMOSTAE il AHOE B T2 A B Study SCHFH s CMOSTANEAE I
o, BN, CMOSTHEH#FF R fIiEfR], AU

FILENAMES INDEX-IN "\computer8\d\Test\pung-history.irf'
KA B4R, CMOSTASERHSHE I Cirffl.mrf) o
MR E S (BAEFER) -
CMOSTH# & il A5 5% 1 STA-EAH Y 1 Studu 2K . CMOSTHREAME B
fo; B, CMOSTRRFr FIAYIEA), MBI

INCLUDE 'PorLow.inc'
CMOSTH# MG H s & HI S0 “PorLow.ine’ £ Study SCAF 3k .

IR AR HE A2

CMOSTH A2 il FH SO ZIAR I 1 Study ST o 24 Bl L A
B, CMOSTH LIS 72 Rk 4k, 640, CMOSTH LA T [ A S 72 A e fi -

INCLUDE 'incfiles\PorLow.inc' £/|Study 3
R)E, HEg2Buon:
INCLUDE ".\incfiles\PorLow.inc'

AR B 1R, CMOSTH AN & il HH Y. ) Include file SCH.

R H{#BINARY DATAJS A IR— ML T2 24, CMOSTH AT
VR, TN B BN CMOST I RS il — A —gE il S0P X . cmgbin S
PR H R R T A 2 [ o
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3.6 CMOST i A

CMOST H 7 S B 730 F B

B CMOET - DACMOST ProjecisiCase0002 (OPJIC wjectomg [
file Tools Help
B &4 AL O 2}
| Gtus uy?\ :»msluu-r'. * x| NewStudy2
<L mput

Study: NewStudyl

R B N

P p!lyn.
Series

I'c?-

Hard Constraints

£} General Praperties
‘] Tundamental Data
X Parameterization
T Objective Functions
“ [iif Control Centre
i Engine Settings
A& Simulation Settings
[ Enpesiments Tabite
1 Prosy Dashboad

Original Tiene Series  User-| L?e! :dl

L Simalation labs

# [=] Results & Analyses
[%] Parameters
L4 Time Series
[ Property Vs Distance
£ Objective Functions

rrrrrr
mmmmm

W olx &

Basic Simulation Mistory Match Mt Present Values
Results Quality
Global Objecther
Function Candidates

|
|| Valudstion

Notes
Optimization study using rmndom
brute force.

Fhut MILM lul Depth

g

X

Adva ed Db]e(lm
uuuuuuu

CMOSTH J* AT i3S Dy aE 5ok iﬁl‘ﬂE%H@CMOSTf“aﬁﬁ%, B P
fiko I AERVEAE SE RSN T EASER ] LU (B A4S A CCMOST H - AL T Y 3

fil{F E1E 2% Getting Started.
CMOSTH f7 FL i i Ze i B AR H S 4% i Study TARIRFE 9 ZR R . 18

TR R e T HC LN DT[] 25

S, W TR

< "% Input
{:} General Properties
';H Fundamental Data

Parameterization

IMI =

Objective Functions

5| s, A
T RER 2, AREME L

4 [tf] Control Centre
Wi Engine Settings
/’ Simulation Settings
E Experiments Table
@ Proxy Dashboard
é Simulation Jobs

B E BN, ATLME
PO LA,
n, WIS

“ Results & Analyses
Parameters
L{' Time Series
rﬁ Property Vs Distance

Z Objective Functions

JABNEEENT, AT A
EEE S

36 « CMOST Overview

CMOST User Guide



fEInputif sy, EFEZN LT RIER, BT

[l CMOST -~ DACMOST Projects\Base Files\Project_000Lcmp. =

File Tools Help
B &4 b Aad o Q

Study Manager ‘ Study 0001 x|

“ "y Input

Characteristic Date Times

Specify dates on which you want to calculate the values of the specified abjective functions/
terms. Characteristic date times can be used to define objective functions.

';tﬂﬂﬂmkmﬁa@%éﬁ%

[, Control Centre Basic Simulation Results

Results & Analyses

Define objective functions based on data read directly from original/user-defined time
series. -
AT LA I BT S
History Match Quality iR atici]

Define the error of the fit between simulation results and historical data such as field
history/well log files

Net Present Values

Define local and field net present value objective functions. Field net present value is a
summation of local NPVs.

Advanced Objective Functions

Define advanced objective functions using Excel spreadsheet calculations, user-defined
external source code, and user-defined executable calculations.

Global Objective Function Candidates

View built-in nominal global objective function candidates and, if needed, define additional
nominal global objective function candidates using the built-in nominal global abjective
functions as variables

P
5?

N " Soft Constraints
.y
Y yad _ .
Wt Define soft constraints which, if they are violated, wil result in penalties being applied to the
s selected objective functions.

Validation

I Input 7 5, AILA:
o ESCCHFRIEIA, BIREERRISCHE. FSCME ses SUHFANIT SR EUE S, L
% 27 General Properties.

o JESCEAEE (IR BRESEHOREAGRE) |, XLEEUE R SR ETHA
B2, TR TEUEES T TR A Bt . 2% Fundamental Data.

o ESMMFEEAECMOST Study S50 8 A 240, S I A B 3300 Ry
Z¥fo 2% Parameterizationo

o ESUHEM S/ NIRRT EIREE Flan, WS REE, WEI

P RAAR B ZE R [ B /MR ZE , IR TT R, ARSI e K i
WUE o &7 Refer to Objective Functions.

1 Control Centre 17 )5 il B, A LA:
o ESMFIBCEStudy 5| 4258 . 27% Engine Settings.
o FEEMMCERINE . S7% Simulation Settings.
o TRESETTS, —HBIEFD, lisfritE, mRAWNE, WS TR,
27 Experiments Tableo
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o Az fEIE. FEMENCMOSTS |2, 22 Control Centre.
o IEPAREEARIRPIRES, WA RE ) XIS R T . 2% Proxy

Dashboard.
o MRS B FE . 2% Simulation Jobs. i# T Results & Analyses 7
s, AL

o  HHEMTStudySiR. —HI[ZEFD, Min s SERIBIT4R. RiE
AR StudyZRRL, BIRARIMZEREE. Flan, 5 HOne-Parameter-At-
A-Time5 | FEPATHUBNE ST, H44E 5K OPAATIE]. BHEEZFEES%

Viewing and Analyzing Resultso

3.7 EFCMOSTHI R T B

Bi & & SO0 RIS
Bt & .cmm S/ Input/Output Control 35, (HASHE H A 25 - SCF
(irf, .mrf, rst, .out) JLATRE/N. MG R R KB HEILEEE , FNBLH5] K10
[, SERSUTSEFTRN . N4, 1525 M N F R 4 7
WRST- OUTSRE. WSRF. OUTPRNFIWPRN . i#%, AN EELTDATE/
TIME 8] 555 E 5 5.

ZNERBAES FRHEST

MR FE e B2 MERAES (= 5) , CMGHER &1l Windows 200352 008
SRS kAT CMOST Hi AN/ Hn SO (Cemss ovdrs AU A/ B S0
X2 AT Windows #:1E 248 (Windows XP~ Windows Vista 2 Windows 7) ]
TAESEA | AR BN RSN 00 Z R GG A L A oT I
MU R A, UL T4 DN IERRES EIR RS, CMOST SCHAR 55 a8 X
TWindows TAEuh B9 AT REER 2 AE S . B2 K T Windows XP+ Windows
VistafllWindows 7 AR H E B, 18 & A RACHINEA SCHlQ314882.

K wT R AR A 2[R

AT A Windows T 519 s E A I AT 2B AR CRERT SRS,
B2 C:\ProgramData\CMG\CopyLocalJobs (Windows 2008« Windows Vista 2
Windows 75 C:\Documents and Settings\All Users\Application Data\cmg\CopyLocalJobs
(Windows) 2003F1Windows XP)F AR B 1 S0 o X T Linux &5 5, A8ill/Amp
SCHEIe R AT R S 1] RN ARR B BRI S 1 SO Cirfs omrfs rstMz.out) A/
tmp SCPEIE I ER o
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56 A R R R0 S A B B AR R L

A (PR KRR B AR ) — O EA BT LA F AR e
B, PO EES AR ARSI o BB eR B A DA (A 8] s A G
E (ANED o RXFPEIBEREHIA —E RES 5 P LG IR ZETT R AR HiTE. [
NERFE (R BPKEESE) R _B#EGE RS, SN G B H AR
o WIARBESH AU VR, SUORIIE TR i B LG BT [, X @i T
FAl A RIS AR BIAS7K R BB GORESOR

MRS AT R P AR E

BURME AT, AR B A RV HAR R 2, 18, s, B
W E s RS AR HAR R IR =, BB, P Saa i) H R R BN
%%ﬁ%ﬁ#&ﬁ@ﬁ,%:,Mﬁﬁﬂ%%@%i%@%é%%%@iﬁ%?@@
N

3.8 CMOSTEf 3 /4t

I RSSO RN T CMOST RVRHE . StudyF15 BRI A ZR. FERE
B, SR AL TP zip SO —/2CMOSTIZ TR ProjectMIStudy SXfF, 573 5h—12
BTG RIS

K /Project Study KA FEIHE 5% Bas
FluidContact \ gmsmo014 3D HM o &K Random GEM
gmsmo014 3D o IR Brute

Force
NPV_Excel \ SAGD 2D OP_ OP o Excel28RIFIE 2 PSO STARS
SAGD 2D OP Excel  Excel SEANESE e
o WML
PUNQ infill \ pung_infill oP /NS DECE IMEX
pung_infill e Include 3 ff

o NPV HFREEL

Relative Perm Corey \ RelPermMatch HM o 25 DECE IMEX

1 _Insert To_ Dataset InsertToDataset o AR E

BEINEE

CMOST User Guide CMOST Overview ¢ 39



U /Project Study Pyl FEHHE 5% Ve

Run Builder Silently \ AQU _40ACRES HM e Run Builder Silently DECE IMEX
AQU _ 40ACRES Builder type pre-simulation
Builder command
RunGOCAD \ PUNQS3 HM_SA SA e Run GOCAD type RSM IMEX
PUNQS3 HM SA user-defined study
o BRI 1
SAGD 100 Realizations SAGD 3Pairs_ User- o HFPHENHTF3h Manual STARS
\'SAGD_3Pairs_ 100Realization Define 5| BRSO
100Realization d o IBEFTA B
CWIES
SAGD DynaGrid \ SAGD 2D _ OP o PG BZEHR DECE  STARS
SAGD 2D DynaGrid_ DynaGrid BRI %L
Optimization Optimization o FFE X IRhg T
o ST IS
IHTHT
SAGD Numerical Tuning OP o Mk DECE STARS
Tuning \ SAGD_NT o P HE Nt
il
SAGD_SA HM OP\ SA SA o T8 HIIHT[R] RSM STARS
SAGD_Pairl Brown o HEBSH
o JHFE IR P
4

o JBlvs IEERAR

o JIIIAIRZE HbR
HM HM o HfiERS R H DECE STARS
o ELEBUY
o FIH & LI [H]
sl
o EMvs. BRES KR

o PG IRZEHIR
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UK Project Study

XA

FERFE 5% Biblas

Optimization

SAGD_SA OP UA\
SAGD_Pairl Green

Sensitivity study

Optimization study

Base-case
uncertainty

OP

SA

OP

UA

T I ) H 3 DECE
BhZsHa] H 3

GBS H

JEIE vs BB

NPV HreR%L

STARS

P HZE NSRS RSM STARS
iff 2 5 [R] H A

BIZSI ] H

AN

HELBEL

NPV H i %L

DECE  STARS

F B E S TE] 73
Ty o [R] H 18]

Bl A ) 2

AN

LB
B2 SR 5 A

NPV HFre%L

A EEHE]FS] Monte  STARS

it e 1 1301 Carlo
BhASI A H

N

RS2

NPV H bR iR %L
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SCHFFE/Project Study it FERHE 5% EEeT
Optimal-case UA P EE a5  Monte  STARS
uncertainty st iE 5 Carlo

SRS ] H 4

A

NPV HAREA%L
Shale Gas \ Shale Gas HM_New HM ZAEAY DE IMEX

Run Builder Silently
STARS-ME \ stmef008 Date SA SA STARS-ME RSM STARS
stmef008 Date SA Special dictionary -ME
Well Testing \ HmStudy HM LS DECE  GEM
WellTesting
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4 NI J¥5 4 (Getting Started)

4.1 BN
AREITEA N HCMOSTIHA P2 -

o T EAIECMOST

o FIHCMOST Project

o {IEHCMOST Project

e  JI{FCMOST Project

o fHHStudyiE HEAT

o CHEMAHIERAENAE
1B H{CMOST

4.2 FTHHEIECMOST
AT FTFF CMOST:

$THLauncher, SAJ5XHECMOST Elbr. HILCMOST/H3NE A, [FIEY TR IE
ez, BEE EILCMOST/HZh A . F 4N ZHCMOS T 3 7 -

&g New Proje i
i’i Open Existing Project... L o
1. Jiili New Projectf & —Project, B#
2. 5 Open Existing Project 17 5:Project, B
Recent Projects 3. FTIFaRe i I Project, 7l il H T Project X35, XWifiProject
" L PR, B —ProjectdA 5 £ 4 55 ifi Open Project.
SAGD_2D.cmp
SAGD_2D_UA.cmp
SAGD_2D_UA.cmp ]

[ nspisese s,
TENNEL 5EProject/i, JHBIA NGS5 415 SRT, FESE R4 Tools-|
| Open Start Page AT LA 7 2 L1 »

N\,

Gt v s e ISR, STFFCMOSTH , R RASIA. i
Show page on startup R e iﬁm, W%TF’CMOSTH‘J, I%R%Eﬁ]ﬁﬁo %Fﬁ] 5 '{L%Q;*;
Tools-|Open Start Page 7] LA Hi Nz o 2 71 «
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JRsh At A AL S AR B

SAGD_2D.cmp  da =— it TFR e

Location: D:\CMOST Projects\Case0003 (SA)\Case0003_BeforeRum\SAGD_2D
Date Modified: 2014-11-28 10:35:30

Comments: Project demonstrates general use of CMOST for sensitivity
analysis, history matching, optimization, and uncertainty analysis.

Studies:

OPAAT
Study Type: Sensitivity Analysis

Saved Date: 2015-01-20 13:55:23
Motes: OPAAT analysis to identify parameters

-

for further study.
HM_Study_1
Study Type: History Matching WH EPStudyE"JiiéHﬂ
Saved Date: 2015-01-20 13:55:23 V‘]ﬁ

Notes: First history match with preliminary
field history data.

HM_Study_2
Study Type: History Matching
Saved Date: 2015-01-20 13:55:23

Motes: Second history match with revised
field history data.

X2 Study A LLs S A H AN 45
CMOST H - 51 :
PRI ]N‘- CMOST
%iﬁ j|~-)> Eile Tools Help
TEA ],,Jr & (7]

&
g
T

—_
\4
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CMOSTE S F AT

o CREE:
B SEEARL-File, FLARINILL N84
i & # &

New | Project G5 — 1 HrCMOST Projecto. 2% Creating
a CMOST Projects

New | Study A T — 8 Project, fEIZH T LATR
Ii—#rStudy. 2% To Create a New
Study.

Open | Project HH—1ELGFAENICMOST Projecte 7%
Opening a CMOST Project.

Open | Existing Study AT T — A Project, 1EIZHH P LIFTH—
N EEAAERIStudy o

Save | Current Study PRAT AT CMOST Study.

Save | Save All Save TRA7FT A 1 Studies o

Project As A7 4T I Project 4 — 1~ #TProjecte. 7%
Saving CMOST Projects as New Projects.

Convert CMT/CMR File  4CMT F1 CMR CPF4:4525 CMOST
CMP3 . 2% Converting old CMOST
Files to new CMOST Files.

Exclude Existing Studies U\PrOJectEF‘ﬂHK?*/\ FAEStudy. &7 To

Exclude a Study.

Close Project KU HTHICMOST Projecto 43 H2 7R IR AT
HTHE

Recent Files FTH— I YL /Y Project.

Exit ?EPHCMOSTO AR IRAT S RT R B
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- T Tools>e ML, T LAE B LA T i%Ed :

W

i

Plotting Preferences  R4E 1 A%, 4iECMOSTEIY, GI4HE

Open Start Page

o, B, LN

FTHFCMOST/E BN A

Builder, Graph & WA N 2 2E T 2 hiUA ) Builder, Graph

3D Versions

Update Results
and Analyses

& 3D, CMOSTZ ik H & A .

IR TS, Plandsim T — S8
S EHFREREL R ,ﬁiﬁUpdate Results &
Analyses, A LURIETATARIZER . HEE R
Z:7%Update Results and Analyses. Update
Results and Analyses o

-l HelpsEEL URATLAF B LA NI

4

i

Index

Search
Contents

Generate
Diagnostic
File

About

FIHCMOSTH: B (5 B 251 5 1 .
FIHCMOSTH: B {5 B & .

FIFCMOSTH B BN A 1 -

FIIFCMGIZ I T H. | 4CMG I 46 1ilzip
S, RIELECMGHAR S LR Mg i)

i

BREIZAFZTCMOSTHIE B, A LLERR
CMGE J7 M, B A LIS RICMGH AR S HEHIAE -

o Status bar: I RCMOSTRAMER, MRAEEFEAY TR

o Toolbar T EAFRAL 7 UM HIIETT, T 8ol i Study i, 47284584 2 tH

IRBRBEE o
% 4 7
&New Project FITFIZXAEHE , GIEHT ) Projecto WIIRFTIT

T 71— Project, H44 K Study 3|

éz_ﬁz

, PRAFSCH
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% 4 i: I )

& Open Project T EAAFAE R Project. AIERFTIT T 734
—MProject, S EVUICHStudys |2, A
JEPRAT S o

G+ New Study FT 9 Project/, T LAfishiZdasl, Hok
FrEEStudy

B Save Current Study PRAT Y HTStudy B M E5 R, (HAK 1% Project

A Save All g’gﬁﬁﬁﬁﬁﬁ AHIStudy it B M EER, HA
Ao

© Start Engine JA3ICMOSTH IZ/';’E% , WREABStudy /RIS T
EE% B Isf s, WIANRERE %1%
o

@ Pause Engine HAFCMOSTH| %, iZ &8 A A /EACMOST
IEATIS A T LA o

O Stop Engine {11 Stop | % , A A fECMOSTIEA T
I A AT LA o

@ Help FTHFCMOSTHE Bh 7T

4.3 ¥FTFFCMOST Project

bR, AT LAEE T A FTHFCMOS TProject, —FUEAE/E BT I, A
17Open Project , 73 /M—Flid ek anF

L. /5 ifiFile | Open Project.

R MR I T — " Project, UG HRLT -

2. WYiProject A A5 fidiOpen. 1Z%Projecti4+] 7 Study Manager S
e

HE:

a. WEARATIFMProject P L& — el VA [l Study, & HI— 55 .
RETOK, ProjectxfTIT, (HEA ) Study AL AN -

b. WEREHSTIFAYProject CEMHANITIF, (EAmiRFIIRAFIT SABRAT, 40T prids:
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& CMOST -- DACMOST Projects\Project 0001.cmp

Eile Teools Help

;oS Q
G2 A AT N
JStud)r Manager & [ Study 0001 & | Study_0002 & %g%iﬁé;ﬁdyw@‘ﬁ’ A

Project comments

 Studies

Stucly_0001 Studly_0002
File name: Study type:
HRARE ESESR fE
The project is locked by another application %%ﬁ;ﬁg%[m ”“%msmdyz:ﬁb

R AT LAEIE LR FTFFCMOST S
1) % cmt 5 .cmr CAHERICMOST SR B bRl X Fi s XL REFT HF—1 . dat 30

2) F.cmp A IHICMOSTE bR
3) A .emp XX, AAJFiI%EFEOpen with | CMG.CmostPlus.Studio.View.
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4.4 8% CMOST Project
AT BIE—1CMOST Project:

1. FEJASh5E, S idiNew Projectmi £ 3 Bk 5 it
File | New | Project. ({3l Create New Project XJ i1 :

ﬂ Create New Project l =B &J
Praject name: [
Base dataset: [ i Browse |

A value for Base dataset is required
Copy base case to project folder R e e

 Praject Details
Praject Location: C\Program Files (xB6\CMGNCMOST\Latest W Browse
Project file:

Praject folder:

Comments:

CK l @ Cancel J

HE: W Eg, AEMERRIERRS . B EIR AL, ERRRER.

2. TECreate New Project XJ1GHE, $ A LU 5 R
. Pﬂr Aect name %M‘Fﬁ) T L A\ Project & TR, A LUBAEEFEREHY

P A Y

o BaseDataset (W7%): ST HALATHIE Browse, /XJ”W?@T%%E
Eﬁ’g%ﬁﬁiﬁ:, SR i Opens TEIZIRIE T, SRRSO R

» Copy base case to project folder: WARIEEIZIEDT, %Zﬁiﬂﬁﬂgé\?ﬁﬁ
il 2 Project.cmpd 3L o ANRBAIEFRIZILI, Bt S IR 2 Ao
SRR A2 o

o Project Location: jiiiBrowse, VI ik, SAJF 5idiOpens

* Project file: {HiProject ZFRANE, ¥4 H i A Z].cmp X

* Project folder: {&k#iProject A FINLE , 2 H I AZE] .cmpd X1

* Comments: WIFANLE, 7L AProjectiE R, IXLLIFRES HINAE
JA B 5 IH o
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LB SR, ALATOROK B, R R
- ﬂ Create Mew Project EIEI&J

Project name: Project 0001

Base dataset: DA\CMOST Projects\Base Files\SAGD_2D_UA_base.dat W Browse

Copy base case to project folder

Project Details

Project Location: DACMOST Projects Wl Browse

Project file: DACMOST Projects\Project_0001.cmp

Project folder  DACMOST Projects\Project 0001.cmpd

This project demonstrates basic use of CMOST.
Comments:

L@cn( Jl®CanceI |
it OKGTHETFRAFCMOST SCPE RS, tHELAN T Frzs i 5 I -

B CMOST - DACMOST Prajects\Progect 0001 cmp Lo |
e ook bep .

2 a6 é @
BB Projecti] i
HE A2 T R ) TR A
&

e | e e Stucy |:

| B Add Esisting| |

WGl A Study

Load L
g ? Uinkead

" i ‘,’}l » Exchusde
: ‘ h Impeort
M ] SETEEE

7 )

L _-b

{ : =:: 3

|r-|¢-w= Shudy type: Austo loadt Engine status Last update time: <—[Smdy151%\

n_EFrid, KCreate New Project X TEHE N A HYTEREE 6 2 5 2h 5L 1
FER X35 o
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| IR SO A E TS AE Y .cmpd SCPESR, TR AT 6] 128 6 HECMOST Project/&
O SCPE RS

X SAGD_2D_UA _base.dat

|_| SAGD_2D_UA base.irf Base Dataset Files,
|| SAGD_2D_UA base.log copied in
/ SAGD_2D_UA_base.mrf

CG"‘ﬂ'"S || SAGD_2D_UA_base.out

. Project_0001. cmpd

| 7] Project_0001.cmp \[ijem Folder

Project File

4.5 fREFECMOST Project %1 Project

AT AR CMOST P Z 3P AFE A [ Study s 3 E DA 45
Ry 1t e S SHIOST Project Bl broiect, Ry ST

1. TS 7 Projecto
2. TEEHFE, fitfiFile | Save Project Aso HIL—" 73 fF I XEHE

( ﬂ Save As

A |

| « Case003 ... » Cased003_BeforeRun ~ | 42 |[ Search Caseoc0

Organize » Mew folder

rJ'- Music m MName ° Date modified Type
[ Pictures
E Videos
A Charles Jeffrey
1M Computer
£ Local Disk (C:)
Ty Local Disk (D)
SRECYCLE.BIN
. Backup - USB Stick
. CMOST File Conversions
CMOST Projects - 4 (1] +

. SAGD_2D.cmpd 1/20/2015 1:55 PM File folder
i| 4] SAGD_2D.cmp 11/28/201410:35...  CMP File

File name: -

Save astype: | CMOST Project File{*.cmp) ']

“ Hide Folders [ Save ] i Cancel ]

3. FEFAAFRAEHE, ERRORATEGTR, M AProject&fy, SR mdifR(Fo 1E1%
B2 T 2 A1 Project XK
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4.6 ¥ FStudy Manager

1HiTStudy Manager &, A LL:
o ﬁ'J@Study
o AAStudyFE4lE R
o [BHStudy£TR
o  WINCZAGAENStudyE] A Project
o Ny Stud
o %FStudy
o M Study ¥ A ZdE
o ZiilStudy

E%ﬁ i HLEStudy Manager JIRE, B A6 Study s il 2247 £ I Study#B ] LAH L
gf%ﬁﬁifm o SR, SEIIZEB S DhRE AR Fy 75 28 5 T Study Manager 11 H [
7

4.6.1 AIEF Study
1. f£Study Manager 711, i New Study %4, BiE 3 HE% S diFile | New |
Study. HILXIEHENew Study :

& New Study = S

Required information for new study

Name: MNewStudy

Base dataset: l -L Browse |

| A value for Base dataset is required
Automatically create master dataset (.CMM) using the base dataset

Type: [User Defined - |

Advanced Settings (v

CK l @ Cancel J

HR: W EPNg, FMALORD . RSB IIRIZY bR, &R AR T H
NN S

AL AUTER:
e Name: HNStudyfii A %5, SMiOK/E, Studybrs: HIL{EStudy
Manager .

e Base dataset: | MGIFIEEEIEAICMR

52 « Getting Started CMOST User Guide



* Automatically create master dataset ((CMM) using the base dataset:

WA T ARAE, e B ShEIEECMM I CMOSTEKFF/\
AR S PRATFAEAH I_J BSOS o AR IEZIE T, 75T
General Propertiesit . CMOST 3.

o Type: M TFHsgHrEESwdyRA, 1N E:

ﬂ Mew Study [ = &J

Required information for new study

Mame: MewStudy

Base dataset: ’ 'Tl i Browse J

Automatically create master dataset (CMM) using the base dataset

Type: |User Defined

Sensitivity Analysis
History Matching
Optimization
Uncertainty Assessment

7=.: {EEngine Settings it i] AE Hi & 2L Study 2 .

iR S Advanced Settings ™ v 374, WIPEA LN IRE

a New Study l = éj

~Required information for new study

Name:  Study 0001

Base dataset: D:ACMOST Projects\Project_0001.empd\SAGD_2D_UA_base.dat W Browse

Automat\'cally create master dataset (CMM) using the base dataset

Type: [User Defined ‘]

Advanced Settings |~

 Special dictionary file
[ Special dictionary file required for the study

| Browse | L
———— i {mnn
SR2 processing stack size
[Stack size (ME): 40 \

L@0»( J l@Cancel J

 Special dictionary file: CMOSTZFFFFRRIELUAS A, 140
STARS-ME™. USRI FFFIRATBUNSERAL I SROTUM:, 2]
PRI NFRRAEFRAS SUIE o NG e 30

. rocessmg stack size: ACPHSR2SCAFHER K/ Ne SR2 P 1324 F
ﬂ%iﬁ R/ IMEHLSR2S o BRIAEZ40MB .
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2. MoK, GEHStudy, WF:

Study folder. Initially empty, will contain study
VDR, IRF, MRF and LOG files, as specified

I . > | Study_0001.cmsd File folder
in Simulation Settings node. )
=] SAGD_2D_UA_base.dat DAT File
| SAGD_2D_UA_base.irf IRF File
|| SAGD_2D_UA_base.log Text Document
If there is an error during the run, CMOST will try || SAGD_2D_UA_base.mrf MRF File
to save the study file to a .bak file. || SAGD_2D_UA_base.cut OUT File
Study master dataset, if “Automatically create master ] Study_0001.bak BAK File
dataset (.CMM) using the base dataset” was selected | 4] Study_0001.cnm CMM File
| #] Study_0001.cms CMS File
CMOST study fHe]/

HER: WEpng, EiafrdiEd, WRHBEER, CMOSTSRAF &1 (I bak. %
S SRR BT IR, FiStudy SRR S 3

o [FHMFITH, BEWI I #HStudy, General Propertiesfd [
B R

B CMOST -- DACMOST Projects\Project 0005.cmp. [ESRECT ™
Fle Tools Help

&b Aad o o

Study Manager | Study_0001* X

Study tree £} Genest Propertes Study: Study_0001
view [T # i fundamentalData
f Oniginal Time Series. Motes
~ sy,
Input node
B 1 Original Time Seri U Def dT Pre Fluid Contact Depth
icons riginal Thme Series  User-Defined Time ‘:p;x:l omacDep
| -
LI
Parameters.
A Basic Simulation Results
1@ History Match Quality
Ml v Al
Study notes -
@ Global Objective Function Candidstes Basic Simulation
P Sok Constaints Results Qualiey
« [l Control Centre A%
: L7
i Engine Settings »* kg
A, simulation Settings. b4
BH Experimvents Table Global Objective Soft Constraints

Function Candidates

) Proxy Dashboard

L. Simulation Jobs

+ [2] Results & Analyses
Parameters

L/ Time Series

1% Property Vs Distance

T Objective Functions

Valsdation|

Ready

Study PR ZEFGELHE LA J LA A
Input: J#E 17‘D,m&¥‘ﬂ,m, _IU\ﬁ‘JLﬁVEﬁIStudy AE]

Control Centre: HITiZ T 74 4, AfLARCE . 517
MR 4% 4] CMOST Study -

Results and Analyses: 1% 17 S0 F 0 5, &HIFHT
CMOST StudyZhH -
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N T T Study 9 BUHT, s e REIREEF B APz 1
TR, AEInputfHH, W BTN, SR

EInput i, ZUAE BAAEZ N F2EEN. N EpyH)
T-#7NfECharacteristic Date Times & X T W/ H [A] & :

Characteristic Date
Times

FEStudy BRRE T, EE AT 715 s RS b B e R 2

Bt

X X

€ Error

4 Warning

©® Information

No errors or
warnings

FoRNZ T e AT A R . A U R
Validation & T i 215 B.o

%ﬁ)ﬁ?iﬁﬁ&@ﬂ%ﬁ%%fﬁ%\o 1£Simulation
Settings 17 ju. I, WA %R scheduler, £

P, A U S Validation bR T i £
FE

ZIUHES M E B R H AR A N, A
T EE Validation AR T #2215 B

AT R T B R e

o StudyEFR¥A N2 Study Manager, 41 F 47w, &4
Study, — ML (SA) , WAPIEMEG (HM) , —ME
£ (OP) LIR—AHHENHT (UA) -
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smdy'fﬁTi%

nager (UD-001* | OPAAT-001* [HM-001* [OP001* |LA-001®

Project comments

Eaclude
OP-00L D001 B e
)
' et
Study Icons Bcome |
=
I y
EIM ) Sal
Information about selected
study OPAAT-001
1
F e rome: CRAAT-D0Lems  Study type: Sersitity Anshsa Auto loetk (9] Engine status: New Last update time: 2015-05-07 (81354 |

4.6.2 ZEEStudy
HiliStudy EIFR, £ DUH TG HE A 1% Study H RS B

HR: WREEAuto load, 4¥]FFProjectlf, ANELRTEMT2IRES, Study2 H3)
BN, WRBEAIEF Auto load, Study}k = HLoad/Unload k7

BiliStudyE bR, sl #IF%F Go to Study, 57 Study 1 £ A 25

4.6.3 B StudyBF
T, SRS Study 1447, AHAREAR 5 2 AH R B SO SR R 44

4.6.4 HH— N BEFEERStudyZ| L ETHI Project
At Add Existing$% #1580 76 3% #UR 25 i File | Open | Existing Study$] /T
Windows I, TEProject LY L AAFAE R Study XX, A/FOPEN.
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4.6.5 fnEy/HEStudy
TE 2T ProjectHr, AT LAEIZE B R Study , HIBLLA M E L
o T 2L I8 /D Project AR FIT di N AR/ o
o Projecttl & B 23217 Study H: H AT B UGS, T
* Project & C 4TS T Study B KR Study -
— FLEIE

o  {£Study Manager ' F]Study B4 & A £, KW Study CHEEIZL |
W ERTR .

o Study#MIFR, ANREEE X NAEE .
o StudyNREFEE HHIZEHTHIStudy .
o BRI NEERE S o

N T HHStudy, miiixEbE, A Unlead, BE iiStudyitiF Unload
Fe4ll. StudyEbreids, FnEHEIE:

|
B
- =
OPAAT OPAAT
Study Loaded Study Unloaded

hn#iStudy, FHEStudyEbr, 285 1 idiLoad.

4.6.6 FEEStudy

A LLM Proj ect*@[gff\*/l\ Study, FBRIE EPI‘O_]GC‘Z@ MU E A2 1% Stugiz
EL S AL (5. B, ama RO Study HF5E s Tis i
BESR ) A ER A A S

1. Af#Study, PEFExcludes# il iEStudyIZWT SR i JE B A A T
Excludef% il FCIRWPFHFIL, HRE MM R ZMERER AYIE .

)bﬂiiﬁ»

2. giiiYeso StudyPFR M shF i HMHER, HICHE ROCHE A S, At
AT SRS BR T Study STEFEE T IN2 ml ok o
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AT LA 21> Study MR HERR , 407
1. 51 File | Exclude Existing Studies. Exclude Existing Studies X THHEN T

( B Exclude Existing Studies = | B ]
All studies in the project:

Display Name Study File Name To Exclude
opAAT OPAAT.cms O
HM_1 HM_Lems =
HM_2 HM_2.cms |
Optimization Cptimization.cms ]
uA UA.cms B
OPAAT May_5 OPAAT May_5.cms 0=
OPAAT May 13 | OPAAT May 13.cms I}

oK | ® Cancel |

2. f£To Exclude?], EFAERLLEHIStudy, A5 5T0K. Study M Project
by, (HHESCHRI RSO A #MBR . fEJa s A, iEiTAdd Existing,
Bl AT LUK Study 8 2 Project 416

4.6.7 MStudySAEHE
Al LR EE N —1Study A5 Ah—>Study  (FE[FRI—> S0P nak) -

L f58#Study, WEHFEES ARIStudySdl, A5 Import. Import Study
Data X IHHEANE F7R, AT LA AR M A ) Study S4B Z4F 45

ﬂ Import Study Data =NACN X
Import from study:
—{Buﬁsmy

Fields to import:
Ingorteme Cptimization
ImportFieldData |5
ImportFundamg OPAAT May_5 [ .
ImportParameterization True g%%)\studyﬁlﬁ
ImportObjectiveFunctions  True [ A
ImpertSimulationSettings  True
ImpoertExperimentTakle True h

ImportCmm

(& ox | | @ Cancel |
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2. EFAEET A Study .
3. EFEHE AL, Trues/RFA, FalseRRAFA, WTFHIFFR:
,almportstudyData = | B ﬂh\
Import from study: |OPAAT W i v|

Fields to import:

ImpertCmm False

I FieldD: False P o y

Isz:Fluenda::ntalData F:Ise 5?&{%&%3@%4‘%%{3
F [ 435477 LI OPAAT

ImportParameterization True <«
ImportCbjectiveFunctions  False Smdyrh%)\
ImportSimulationSettings  False L

ImportExperimentTable True

ImportSimulationSettings

| @ oK I (®) Cancel |

4. 4 HOK. fE_LHEME] T SEEE ML RS SR MOPAAT A
FIEPE ) Study -

4.6.8 EHIZ|HStudy
AILAE R (n#R) Study®IHrStudy, WIF:

1. A EEE I Study, A% Copy to New Study. HiFUE 2 710X 1%
HE, BRIAI A FRAE I SEStudy S F BT | U« Copy”, 0 FIEIFR:

ﬂ Change Name = | B |

Current study name: OPAAT

{ WAL

New study name: OPAAT Copy New Studyéz;ffh\

(&ox || ® Cancel |

2. WAWE, WTLMBEKSudy 4T, A ATHOK. XFERLAIE T — P HrHY
Study, FFRHIStudy—FF. FrStudy EIARE 12 fH 3 A 1
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4.7 HIBRIER L€

S AFE R Study 19 A, SR RARBGEE, A EANE S, AL
{5 BEAEH.
4.7.1 ALK B

MRS AR, S N RSRBRIET, R AR
lolnsert' <«

Run CMG Builder Silenthy

Run GOCAD Command Silently

Run User Defined Command

472 ERRERE

275 Tools#lb 77 Plot Preferences{ ., fi#i HUser PlotPreferences*ifilE kK %
B A XS Bt B S DA H AR

413 ERE
fEResults & Analysis 1715, FHCMOSTEE 414k, 1L Propertiest]

FUser Plot Settings XJ 15 1[E :

/ﬂ User Plot Settings =)

Plot |Axis | Coalescence

r Plot title
Title:
e SFEnn ||| AR o R, WA
) - IR, WSRTRE AR
Preview: Font preview sample text.
 Legend

) .| Horizontal . ] Vertical [ v—l [ S
Placement: |Top alignment; Center alignment Center J LLXE@%H@{\/ETDM?U
Fonts:  Arial v 12 ~| B | 1

Preview: Font preview sample text.

} [ﬁ{éiﬁ@fﬁﬂ’%@x

|7,%'§1+1Applyﬁjﬁﬁi’iﬁ, DRTTEREHE, sk it
| [+] Apply —{FreK Il@“‘"“‘“' ] OKKRI HIIZ &, XMURHER ], Bsfd Cancel 4]
. . Lﬁiﬁﬂi, B AT .
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HE:
1. ")ﬁﬁﬁﬁ‘m?ﬁﬂﬁﬂ?ﬁﬁ, Coalescence (&F) HEUUEFTIF. MRIGEITE ALK

EIIZIN B

2. CMOSTASAVFHI AT B B S, Bl T3H—HBUETEE, H/ME
AEER TR W FEFTfrn, CMOSTS HEhbRIETeadmA, KA
gstepjcd\?%mo, A SHUT 42T (KT100) CMOSTIE R Woni2E

Range and scale
[ Auto Min: [0 | Max:[4,500 | Step:[4o ‘_‘]'

[7] Use logarithmic scale.  Base: |10

[FIRE, AR AN TR, A RE T OK Bt AN S R

4.7.3.1 Plot 55

I Ploti i, ATLMIA B IZAFK, s A, 3 Nan] AR E LB B
BN TN

4.7.3.2  Axis BT

W AxisIETL, N E RS, SXENRTY S E E AR TR BUETER
FeB R 2o KRN AR B2 A DG (d Ak bR . TN 7 s FY A2
YA E, XERRE S 2 250
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r
ﬂ User Plot Settings

Plot | Axis [ Coalescence

WA Title
Y-Axis Title: INJECTOR Cumulative Water SC (m3) -
PERRARRT  (XARPRERY-A407), HMARREL, HRAETE 2
Fonts:  Arial MR e BRI R ke TSRAREAL 2 T, Fem
BRI
Preview: INJECTOR Cumulative Water SC (m3) B

Range and scale

[ Aute  Min: |0 Max: | 5,000

[ use logarithmic scale.  Base: |10 ]\

W% Auto, CMOSTE MR/ MIHEAEH
S ARRETEE S L. AR BRI Auto, FT
DA sl A AR S BB AT B

Step: | 500

}___

HAARE, ALK Y s B O R bR

I

 Label fonts =]
Fonts:  Arial v 12 -
Preview: Font preview sample text.

B SCX-HRTY -l

Show grid lines.

e SR XA - R £

| =] Apply < L GAOK

J l @ Cancel J

iApply)a, BAFCARIBE, (HATEHEs R

4.7.3.3 Coalescence 2

B, SEOKJE M AT A RIRE, RADIEHE, 5
ifiCancel 5 Fr AT BLEFRBLAT T, ST HAE

- FERS A R 2 s, BEESIE R, BEAS (T Coalescence (F7F) f. 1ESLED
TEBRZWEN T, 8T IRETEE 2R HEE, CMOSTZ: H i #h 22 AR LY

TG BRAREN TR

Coalesced line settil'igj/
Uze coalescence.
Mumber of coalesced lines to show:

Maximum cozlesced line width: |30 & =

WEPRZEIT, ORI A I 2k i

BIR G I LAY S
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BH LR T8 FOR LR A S E o« AR A LA TR R E.
S, PISHIZ N AR S 2 RSP EE B P RE BB N I & 9F . CMOSTS:
I T Ak K, ﬁﬁﬁﬁiTmA%%%ﬁﬁm LA ZAFF
= CMOSTZ: [ Lk R Bor i —4, M =&k = U B2 57 )E, CMOST
2 H B W AR R R B o p R — ﬁ%%@ﬁﬁ%iTﬁ%

FETH B, FATATIERR &It fhZade il (NI R it emlihde. 3,
ATTAT LAJRI B TROR i £ -

I General Solutions © Field History ™= Cptimal Solution ™= Base Case

2.8E+04

2.6E+04

Coalesced line settings

2ABROAT | s i)

2.2E+04 - Mumber of coalesced lines to shéaw: “
2E+04 - Maximum coalesced line width:

1.8E+04

1.6E+04

1.4E+04

1.2E+04

1E+04

8E+03

PRODUCER Cumulative Qil SC {m3l

6E+03

4E+03

2E+03

0 \
2008 2009 2010 2011 2012

Time
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T R H 2l o -

2.15E+04 - L‘U

2.1E+04 ot

#5
A

2.05E+04{

AN
NS
\ R % ,
WA
A\ \'\:‘.}\ B \
" ) N i

%)
m
&
B

PRODUCER Cumulative Qil 5C (m3)

4 95E+04 4

1.9E+04

1.85E+04

i = A il
2012-02 201210 201212

ke, ATLARIA] AR A —Silin ph 2. _ERAYBIT, BOAEITEIE, B
PSR — A SE IR T 28, 8T s AR ID= 129 5505 )7 S8 I 2

BAE, FAMEMEIFihZade i, I EAE s

Use coalescence.

MNumber of coalesced lines to show:

Maximum coalesced line width: m
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WR BN B AR FE A fh 2o, ATLVE I, SIFER MRS MET. 1 MR
fFEaItREIhZ b, AT AR Rz 4o R Jr A FFImk, Wk

2.16E+04

2.1E+04

2.05E+04

2E+04 -

PRODUCER Cumulative Qil SC (m3)

=

278,375,508,453,458.474,452 387,535... |

1.85E+04 P /

201202  2012-04 201206 2012-08 201210 201212
Time

1.9E+04

474 O0O0O0O
4741 OOO0O0ooooo

gooooooooooon

1. f4#E /-, %4 Copy Image to Clipboard.

2. TEHARNM A (FlinWord) sifi Paste (8 CTRL+V) .
4.7.42 REEHR

N1 e A B R SO

1. H#E R, % Save Image.

2. TEXMEHEILSE R LSO 2RI pE SOk, ARG rifiSave.
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4.7.4.3 KFEESFIHLE

EINAE graphH Y ECHE SR T2 (8 FH Plotting PreferencesH A B 7] LIMR 7R 2L
P Plotting Preferences ISR H o ANACR BUFR S s EE — i, 12l 2 4L
i, FFHS TR AR E. R AT IZECE A, Eila R AR,

4.7.4.4 EEBNABE TR

N mse Rl T &, AR R4, SR)51%45 Highlight the
Experiment. WURAER —iKE P E e R 7RSI Rl de, AR A s,
SNz g, R EZ P EPER RS BRI, AEBUE R R,
4% Bx Highlight the Experiment.

CAEAESELUT, BT R G RRIHTIE e tn) LLaE IS Experiments Table K 5%
RTINS

4.7.4.5 ARG/ 2%
241 FCMOST Result Observers A 45N, AT LURCR th & AR X3k, a0 -

K :
BORATPIRITT 30 88—l i B EHE 2 A XK
1. R AR OR X, A MR s A B, Pl

Generzl Solutions O Field History === Qpntimal Solution

Base Case

6000

4000

2000

INJECTOR Cumulative Water SC (m3)

o et
2007-01-01 2008-01-01 2009-01-01 2010-01-01 2011-01-01 2012-01
Time
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2. BERLEUR, BRI AR

General Solutions © Field History ™= Cptimal Solution

Base Case

3000

2500

INJECTOR Cumulative Water SC (m3)

2,

s U

WA BRI R
friih 2, 1% Un-zoom to 100% .
4.5 K
WIFNZHL BFRREL HAR R B E SLAATR T 2l e LAUT JLAL:
o B NFERFUART R AR R HABFRF T VR AR B MRS

o« HMXGKNE.
o AAVFHINZM . HILFERF IR, FTLMER T RIZE, Bllperm h and perm v

o TRAER KA TR DA SRVE N SRR . X T RGBS I ok, F
25 o i 2 L ICMOSTS 4

o ANEMEHCMOSTHHRH AT this, Status, Dataset, Scheduler,
Computer, Pattern, Source, Average, Maximum, Minimum, and Targeto

o BTFMIUEME . WIRFE B FEENTE NS, AT LR E
SCHbR R AN S AL
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4.7.6 THEHEF X,

XPEAE T, 200 DGR TR e Ry D, il -

ﬂ Create New Project

= | G |

Project name: [

[mm ey <

Base dataset: I

b U

Copy base case to project folder

Location: C\Program Files (x86\CMG\CMOST \Latest

Project file:

Project folder:

Comments:

W Browse

oK | ® cancel

4.7.7 HhEE

Lﬁﬁ ZfafRic

| AR A

FERTRRER

TEGREFeMs, MBURME B ER, SnEda &7, WTFFR:

~Engine configurations
4 Engine General
Mame
Auto Save Result Interval (minutes)
4 QOptimization Settings
Total Murnber of Experiments
Global Objective Function Name
Search Direction
4 Random Seed
Use User-Specified Randarm Seed
User-Specified Random Seed

4 Experiments Management

MNurmber of Failed Jobs to Exclude an Experiment

4 CMG DECE Optimization
Honour Pararmeter Hard Constraints
Continuous Pararmeters Sampling
Discrete Parameters Sampling

Murnber of Initial Effect Screening Experiments

MName

MNumber of Optirnurm Experiments to Keep Sirmulation Files

MNurmber of Perturbation Experirnents for Each &brnormal Expe

ChAG DECE

17 <

500

Minimize

False

1010101

10

True

Continuous Unifarm Sampling within the Data Range

Treat Discrete Yalues Equally Probable

16

XL AT LA
A

pEEIEs: iDL
M {E

68 * Getting Started

CMOST User Guide



4.7.8 HH BN
A4 5 5 Study Manager=iStudyff, W LAM#E AL N4

e Close: INAEX[H] Study Manager, 1H/ZT] LASCHStudy e, 18I 5% [ Studyik
TR 2 BT 2R 1 Study, (HAGEIER ZStudy. N T HFFTIT%Study, 7

Study Manager I, M ifi1ZStudy xR,

° ew Horlzo
%,ﬂ Al Ll

BCE T Z EPRIEREGo to Study .

?:F %ﬁrouﬁbﬁg/ Vert):lc IT%% Group KA Study 14T

Bl CMOST - DACMOST Projects\Case0003 (SA)\Case0003_BeforeRun\SAGD_2D.cmp | . |
Eile Tools Help
R & BAL O (2]

|opaat ‘}—M_Study_l ‘}—M_Study_Z |OP—’_

\ UA-1 | OPAAT_Study 4 \ OPAAT Study 5

HM_Study_4 |OP72 ‘CP'L_UsEr'DEflned % [ HM_Study 6 =

ik
4 I Input | -General i
General Properties
ﬂ Pe! Unit system for reading SR2: A Advanced... |
Vil Fundamento! Data
X Parameterization 1 Master dataset relative path: OP-Lemm i Browse.. | | [ Edit.. |
'S Objective Functions =
- Base dataset relative path:  SAGD_2D_HM_base.dat . Browse..
- Control Centre P |
Wil Engine Settings Base session file relative path: W Browse.. |
¥ simulation Settings B 2o fle el X .
tp fil th th:
@ Eperiments Table ase 3p file relative pa W Browse. |
O Proxy Dashboard Boee €89 imfreeratinn
- Simutation Job: e
e ~umuiation Jobs - || [validation]
HM Study 5 ><| =
4™ Input . = Nam — t e Default Value Source © tnsert
{} General Properties 1 |POR 024 Discrete Real
i Fundamental Data 2 | pERMH 4000 Continuous Real (Opee |
x o
= EERE 2300 Discrete Real
S Objective Functions £ erele e L+
« [ Control Centre 4 |HTSORW 022 Discrete Real I import.
i Engine Settings 5 |HTSORG 0.06 Discrete Real S
t..
A Simulation Settings (it
B experiments Table
O, Prosy Dashboard 1 1 Real Value | Prior Probability !‘L © Ineert ‘H
X Simulation Jobs = o -
—_ ~ || [validation
Ready

] LVA7KP IR AR S I &
T4,

Active Files
NHTA HStudy -

R Study i 1 LR Ar

B,

Study, TR (X

/‘QT%/ ~

, AT DAFEAS R (R R [F 04 . Tt
W) — Iﬁo AR, EPrOJectF'ﬂJJEEEF‘E

, EHATX W bR & —N 25,
%SAGD 2D UA 2 and SAGD 2D UA MY B, MR EARAT
U6 BB ) Study -
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ﬂ CMOST -- DACMOST Projects\Uncertainby\SAGD_20N\SAGD_2D_UA.cmp

File Tools Help
R & O AA O o

| Study Manager |SAGD_2D_UA |SAGD_2D_UA_2* ><| SAGD_2D_UA 3 |SAGD_2D_UA_4" |

-
Q General Properties

Study: SAGD 2D UA 2

';:-E Fundamental Data
; 4
‘0 &
Parameters * 4

ﬁ Parameter Correlations == L

& Hard Constraints

P4] Pre-Simulation Commands

4.7.9 FEk
4.7.9.1 A HBERELELT

4 f Parameterization

Original Time Series  User-Defined Time
Series

HE, SifiInsert, FEIEREIIFT NHIIEA—1T. 15 Delete FRMMBRE—17. sk

Repeat, FKREE1Z T, (B2 0] LAEAAIE B Origin Typeo

4.7.9.2 BASLTERLE
P IUE A | t PAF LR 7 2 A 20k -

o MERLLEIGUUT, WEIUHEH A A AN BEERIE L, PIISCHE T EEW A RIEORZSEL.

o FERLERHOUT, mulEIUER, SHBl—AIhORE,

pris e RS Np iRy

Origin Type Origin Name

Property

SPECIALS SOR (INJECTOR)/[PRODUCER) CUM

4

WELLS
GROUPS
SECTORS
LAVERS

—| LEASES

o (ERECIFNUT, WLAETEH A SLESEL
4.7.9.3 WHEEEEE

PSRRI R T SRR T AE 51 Y 5
4.7.9.4 XIEBITHF

R RS SIM T THE Y, il
Name TR ATIUT & JELAG T AR o
Naie  ENATHTT P HET o
Name LN TR FHET
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4.7.9.5 BHEEBEHTIZ
PGSR I — Y ak 2 ) 725, I

1. 75 —StudylJExperiments Table:

Drag and drop a column header here to group by that column
ID | Generator | Status Result Status Proxy Role | Keep SR2 | Has SR2 | Highlight | ModKH1 | MedKH132 | ModKH18 | ModKH20

1 0||User Reused NermalTermination (Ignore Yes I} 1 1 1 1 e

2 5|BoxB Complete |NeormalTermination |Training Auto = (=] 0.25 0.25 1 0.25

3 6| Boxd Complete |NermalTermination |Training Auto | B 0.25 0.25 1 2 2

4 7|BoxB Complete |NermalTermination |Training Auto = B 0.25 1 0.25 1 i

5 8|BoxB Complete |NormalTermination |Training  |Auto = 0 |oas 1 0.25 1

6 9|BoxB Complete |NormalTermination |Training Auto = 0 0.25 1 1 025

7 10(BoxB Complete |NormalTermination |Training Auto = ] 0.25 1 1 0.25

8 11(BoxB Complete |NormalTermination |Training Auto = = 0.25 1 1 2

9 12(BoxB Complete |NormalTermination |Training Auto = (=] 0.25 1 1 2

10 13|BoxB Complete |NeormalTermination |Training Auto = (=] 0.25 1 2 1

11 14|BoxB Complete |NermalTermination |Training Auto | B 0.25 1 2 1

12 15|BoxB Complete |NermalTermination |Training Auto = B 0.25 2 1 025

13 16|BoxB Complete |NermalTermination |Training Auto = B 0.25 2 1 2

14 17|BoxB Complete |NormalTermination |Training  |Auto = S 0.25 0.25 1

15 18(BoxB Complete |NormalTermination |Training Auto = ] 1 0.25 0.25 1

16 19(BoxB Complete |NormalTermination |Training Auto = = 1 0.25 1 1 .
< mn | 3

2. EIHHERFIRREUR ) A e A, B SIS THER . AE NI A, R
2% (ModKH1- ModCH13%:4%5) B2 7 Al

Drag and drop a column header here to group by that column
ID | Generator | Status ModKH1 | ModKH13 | ModKH18 | ModKH20 | ModKH4 | ModKHS Result Status. Proxy Role | Keep SR

1 0f|User Reused 1 1 1 1 1 1 NermalTermination |Ignere Yes 1~
2 5| BoxB Complete |0.25 0.25 1 0.25 1 1 MNermalTermination |Training Auto

3 6|BoxB Complete |0.25 0.25 1 2 1 1 MNermalTermination |Training Auto 4
4 7|BoxB Complete |0.25 1 0.25 1 1 0.25 MNermalTermination |Training Auto |
5 8|BoxB Complete |0.25 1 025 1 1 2 NormalTermination | Training Auto

] 9| BoxB Complete [0.25 1 1 0.23 0.25 1 NormalTermination |Training Auto

T 10(BoxB Complete [0.25 1 1 0.23 2 1 NormalTermination |Training Auto

8 11(BoxB Complete [0.25 1 1 2 0.25 1 NormalTermination |Training Auto

9 12(BoxB Complete [0.25 1 1 2 2 1 NormalTermination |Training Auto

10 13(BoxB Complete [0.25 1 2 1 1 0.25 NormalTermination |Training Auto

11 14(BoxB Complete [0.25 1 2 1 1 2 NormalTermination |Training Auto

1z 15(BoxB Complete [0.25 2 1 0.25 1 1 NormalTermination |Training Auto

13 16(BoxB Complete [0.25 2 1 2 1 1 NormalTermination |Training Auto

14 17(BoxB Complete |1 0.25 0.25 1 0.25 1 NormalTermination |Training Auto

15 18(BoxB Complete |1 0.25 0.25 1 2 1 MNormalTermination |Training Auto

16 19(BoxB Complete |1 0.25 1 1 0.25 0.25 MNormalTermination |Training Auto .

< | m ] 3

HERE: W4 H Experiments TableZ|Excel, ¥ HIIF 2R
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3. HERLHIBREUE) FAg 1 BT DOk BT R R T . E FHES T, 4
Ak HEZH ModKH1 I ModKH1313E1 74325 :

| ModKH1 ‘ | ModKH13 |
| | D | Generator ‘ Status | ModKH1 | ModKH13 | ModKH18 | ModKH20 | ModKH4 | ModKHG Result Status Proxy Role
B 025 l
|E| 025
3 5| BoxB Complete |0.25 0.25 1 0.25 1 1 NormalTermination | Training =
4 65| BoxB Complete |0.25 0.25 1 2 1 1 NermalTermination | Training
5 56(User Complete |0.25 0.25 1 0.25 0.25 0.25 MormalTermination | Verification (4|
|E| 1
7 7|BoxB Complete |0.25 il 0.25 1 1 0.25 NermalTermination | Training
8 8|BoxB Complete |0.25 1 0.25 1 1 2 NermalTermination | Training
2 5| BoxB Complete |0.25 il 1 0.25 0.25 1 NormalTermination | Training
10 10(BoxB Complete |0.25 1 1 0.25 2 1 NermalTermination | Training
11 11| BoxB Complete [0.25 1 1 2 0.25 1 NormalTermination | Training
12 12(BoxB Complete |0.25 1 1 2 2 1 NermalTermination | Training
13 13(BoxB Complete |0.25 1 2 1 1 0.25 NormalTermination | Training
14 14| BoxB Complete (025 il 2 1 1 2 NormalTermination | Training
|B 2
16 | 15|BD)(E ‘Complete |0.25 |2 |l |0.25 |1 |1 |Norma|Ten‘ninatiun ‘Trainiﬂg -
< m 5

|
4. A AIEAT. fE MBI, FAOTEUOETIT ST AT 0

ModKH1=0.25f 1 ModKH13=0.25:

‘ ModKH1 | ‘ ModKH13 ‘

| | ID | Generator | Status | ModkHI | ModKH13 | ModkH18 | ModKH20 | ModkH4 | ModKHG |  Result Status | Proxy Role | Kes

B 025

|E| 0.25
3 5|BoxB Complete [0.25 0.25 1 0.25 1 1 NermalTermination | Training Auts
4 6|BoxB Complete [0.25 0.25 1 2 1 1 NermalTermination | Training Auts
5 56(User Complete [0.25 0.25 1 0.25 0.25 0.25 NermalTermination |Verification |Auts
1
2
1
2

n *
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4.7.10 Validation 3T
Validation JETHR AL 7 BRI RFIE S AIEAE R, WFR:

SN it i H AR
¥

Walidation =

SRR | S ORI
e A% Pscheduler

Page Data Object Message

€©  Engine Settings CMG.CmastPlus.Engine EngineDece A value for Global Objective Function Name is required

A\ Simulation Settings CMG.CmostPlus.Experiments.SimulationSettings Mo job can be submitted because no scheduler is accepting jobs.

(g, BT Hs
B, HLEEHTT TR

o

o Experiments Table ~ CMOST Experiment Table There are 516 experiments waiting te be reprocessed.

TR fECMOSTSIZIafTHY, MR, Eihn] LI

4.8 TH

4.8.1 BHERIFRE

&7 Tools | Plotting Preferencest] JI- User Plot Preferences XIHHE , 181 A FHHE
W I . B R AT, 8% B ] LR F 2 H T O

Project?:
[ User Piot Preferences =5

Run Progress Histogram Cross Plots Time Series

General Solutions (] | Histogram Bar |:| ()| | Generat solutions [)| | General Solutions [
Base Case [:] Base Case ® [:] Base Case _E]
Optimal Solution * [ Optimal Solution @ (]| | Optimal Solution —_—
User Highlight [:] User Highlight L 2 [:] User Highlight E]

Field History o [
Property vs. Distance Model QC Effective Estimates Monte Carlo Simulation
General Solutions [)| | User Highlight & [ | Max.Num.of Bars View All[] | | Cumulative Probability (]
Base Case _[:] Training Experiments L] E] Positive Orientation No [:] Probability Density l:l E]
Optimal Solution —— (]| | Verification Experiments =

Number of POF Bars s [
User Highlight [:] 45 Degree Line — E]
Field Hict ° [:] 455 Confid c E] Percentile Values: E]

ield Histary % Cenfidence Curve 0 s e

OPAAT Analysis Pareto Front Morris Sobol

Parameter Upside - ()| | General Solutions (2| | Morris oo Bl @ L) | Mainkrecs l:l o
Base Case ® E]

Parameter Downside - = Optimal Solution ¢ [ Interaction Effects - =
¢ L

User Highlight

l@on Jl®CanceI J
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FEAISEBAM IR, e AR i UM ) | I BIHEHER it Options , F1;

Time Series

General Solutions e

Base Case _B

Optimal Solution ——— [[Edit Options x|

User Highlight Color Style |

Field History o Color:
Marker Style

Type: | @ Circle v|
Size: (10 pt @ v|
Line Style
Type: | —————— v|
Weight: (3 pr —— 7]

T”(EH%XXT%%I TRCE, )5 mEOK. FEARTFM A, Fra iy E AT (E

HERE

HEE: EXEHEUser Plot Preferences/c N, fiiiReset to Default Values %41 Kk
Z A REE,

4.8.2 Builder~ Graph F13D iARF

WK P ERLLSE T 24U B Builders  Results Graph flResults 3D, 7] LA
I3 H - Tools | Builder, Graph & 3D Versions, LtF4H /uﬁj’gCMOSTﬁP@Fﬁ FI AR o
IXEVRA I, oA ST Eﬁﬁiﬁﬁ—kﬁ&ﬁ% BRI T fE

ﬂ Select Builder and Results (Graph and 3D) to Use for Study: UA-1 = | E |

4 CMG Builder and Results (Graph and 3D) Applications
4 Available Builders

@ C:\Program Files (x86)\CMG\BR\2014.20\Win_x64\exe\resgb.exe 2014.20 2015-03-19
) ChProgram Files (x86)\CMG\BR\2014.10\Win_x64\EXEiresgb.exe 2014.10 2014-10-29
4 Available Results Graph
) ChProgram Files (xB5)\CMG\BR\2014.200Win_x64\exe\resgb.exe 2014.20 2015-03-19
@ C:\Program Files (x86)\CMG\BR\2014.10\Win_x64\EXE\resgb.exe 2014.10 2014-10-29
4 Available Results 3D
@ C:\Program Files (x86)\CMG\BR\2014.20\Win_x64\exe\resgb.exe 2014.20 2015-03-19
1 C\Program Files (x88)\CMG\BRA\Z014.100Win_x6MEXE\resgb.exe 201410 2014-10-29

(& ok || @ Cancel
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4.8.3 FEHFCMOSTHHTER
LS B AR REULAERS , i) Update Results and Analyses .. A DL x4
B 7 P EICMOST T . b et .

1.

WERKAE T 2845 (Parameters36H%) 5 HARREL, 285 15 diTools |

Update Results & Analysis, CMOST%E?}? JIr A BJCMOST 11 sS40 H b
PRELAFR, fUFEResults & Analyses 19 1 LA AT A RS U H bR R B FR
E/Jj“i@%]@ECMOSTEPETE/J%W@ FRACMM S A —3, X T AR

WA T — D28, B\ AT EMRIATIZ I reuse pendingtRAS (F4I1E
H 2% Resolve Reuse Pending ) - ff#f:5treuse pending/5, it Tools [Update
Results & Analysiso #7H—FF7 5 S S U2 584

WRNEU T — D SEEH R R B YEE, VRTE i ereuse pending, 12
A5 EH FH Tools |[Update Results & Analysis.

4.9 ;EHCMOST

L.

FEART B TRIER AT A S i SaveSRAR{EFCMOST X

2. WISRAGEHCMOST, i TiiE 47 B Close Meesw 40k fF 5 Bk ol

File | Exit - z?ﬁﬁlﬁlﬂz TORAE M RTHISCH:, Al Yeso
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5 SIEMAE I AL
(Creating and Editing Input Data)

5.1 f&j4

A0 T TR FCMOSTR TSR O ARG AU, HCMOSTIZ 7 i
.

5.2 HEHE

1H1t General Properties #t1HT, AJ DA% A Project I 21 1 5 &0 K S0 TEPT
AR Study TS EIHE 1% A
General Properties 7L U1 T

~General information I-
7 Unit system for reading SR2: | Sl 'l ! & Advanced.. | I.‘;\“x\th‘ , EHEEMMLE
W YEHi ACMOST N
At BN Master dataset relative path: OPAAT.cmm | i Browse.. || [ Edit. w| o .
- ) ' N FECMM A HCMME
N o L Base dataset relative path: SAGD_2D_HM_base.dat | il EBrowse... J s
HAJERSCE A
| | 8ase session file relative path: | OPAAT.cmsd\MatchQuality.ses | il Browse.. |
Base 3tp file relative path: | B Browse.. |
S Ases3pHE T =
~Base SR2 information
: Simulator: STARS Last SR2 write time: 2012-11-08 15:03:58
Simulation start time: 2007-01-01 00:00:00 Base SR2 time stamp: 2012-11-08 15:03:58
MEERESR2 S BEARSE > o .
Simulation stap time: 2012-01-01 00:00:00 Click to relaad SR2 file: | &3 Reload SR2 ria‘*JTﬁDﬂSRZIFF
J ‘ L
- Field data information I » .
File Path [ FileType | TimeStamp | Last Write Time | @ mport i< LN €T s
1| OPAAT.cmsd\Anisotre|Fhf |2009-10-05 T134054 | 2009-10-05T134954. — | [t
| mpsrtog - A
7 SRR Reload [
\Qeload S s i o
(@ clrall X | FMStudy BB 52

LIRS

521 HRUSRES
*  Unit system for reading SR2: & . CMOSTHij Hi SR2EUE AL, BASH M
R AR H A R CMOSTERAZ U2 i Study H I H bk
BRI Mobserverso BTG, UNARIEAF B BN BREAALST, AR 2 i s 5K
A& m3/day , JFIHNMAENPY &$/m3. [FIFE, WRPAHEN BB Field, it
TN HEA42 $/bblo
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* Master dataset relative path: 46/ E5H £ Study SEEE A O A AR 33T
T2 BEh G 0. Study T3P AEFEA SO B BOmR AT, %30
5 FCMOSTHI A S EEEIE T U . Master dataset relative path 7] LAF
ShE I Browse M Wit A o AIARIZSCPEAEStudy SCHFRIN, CMOSTS K
A EBE RPN, IR CMOST Y B BB 53
FECMM Editor i JHEditHZ#1F [T E MR 72058 . 2% Master Dataset
o, TEEZ R T IS R

o Base dataset relative path: 40| Studyl, & AR FERSCH
FECMOST A 574> - Base dataset relative pathi] LLT-3l%i A\l 18
I Browsel| Wifii Ao 2% Base Datasetitbs), | fEHE KT E X
=

/BN O

HER: BUCEERISCE A S S B S0, BRI S 4

 Base session file relative path: Ffilises U3 tp AR AE M 0 5), 1X
X AT EE R AR A, R EATA LAME A R 7R Results Graph 1 Results
3DZERAKTE o TEA(E 5 & F Base Session File #5497

5.2.2 EHREISR2{EB#5

AR B B R R, A THETS ik R fAR
e T AT P F PIEMOS Tl e RO

Sty OIS, PN, TSRS IA L, IRk
Wi B I ISR

B, StadySCHFIESER . TEAE SO PRI, AR s
CMOSTHE A A SIZEH A B4 FSR S TBT Nk 5 2 3 5 T BT 277
ISR S5 ik o Reload SR2HEHL. A5SR2 I PF BV

5.2.3 W H5EEEEEES

Ay, T LU A T S RSP A BIStudy SCHEe . e L S48
G, SR, MR, /R ], AT T K
TLEHIE, 5 AN AT LM Study BRI S«
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524 BHEKE
s Advanced %41, 77T Advanced Settings X I ALE -

a Advanced Settings l | 5
4 Misc
Stack Size (MEB) for SR2 Reader 40
Special Dictionary File Full Path
Formula Coding Language CmostExpressicn -

Data Compression Algorithm
5R2 Data Filtering
Validate User-Defined Jscript Formulas

Jscript Extended with CMOST Expressions
T

Mabile Monitoring

Formula Coding Language
This applies to all fomulas used in the study.

(@ ok || ® Cancel J

HRE: 7EAdvanced Settings %A% R T rA I ERNGEE, W _EHEE7FArs,
MAIEGHStudyJ5, e H Ehi A IX I E

* Stack Size (MB) for SR2 Reader: SR2[ist#s F A A/ NEHUSR24E 5S¢
fo BUAMEZ40MB.

« Special Dictionary File Full Path: 1 R75ZREIRA AL PRS2 SR2 SR
T B SOOI, A5 IR B 25 108 T

e Formula Coding Language: 1ZET N H T Study 1 YT A A IScript F
Python/& Y HICMOSTIRA S FFHIMFIE S o« IXLAEFTH THRE A=

. Qﬂata\Comfgression Alﬂgorithm: T EARFIAEESR , CMOSTH &R
AR Bk SOS TR AT P 514K -

e SR2 Data Filtering: JEFHIZEIN | XFSR2EFIEATILNE, I EH T4

e Validate User-Defined JScript Formulas: I IZI% i, 2455 /53]
5, CMOSTHIEUEH F & LI AN . A AEIRHI, 5181
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5.3 ZRLEE

1H1 Fundamental Data FLIH, & ORI 256 H B R 50508

5.3.1 JRIGES[E] 551

Original time series /& EL 1 M\ SR2 U H 7 A4 1 I [B] 25105 . 7EStudyH, HiA
JEUGRSTE] 741, 3 Fundamental Data | Original Time Series 7 &i. Original Time

Series LI W FT7R
Crigin Type Origin Name Property - r N N
1 |weLLs = PRODUCERg Cumulative Oil SC = D tnser J ;hﬂym@m LRI 7
2 [WELLS PRODUCER Cumulative Gas 5C [ﬁREPEBt ||
3 |WELLS INJECTOR Cumulative Water 5C | @ Delete |
& USRAT LAY, st A
& JFE B A A 5 g A
SAGD_2D_HM_base.irf O Anisotropy_manthly.fhf L
1200 [t s s iR S PR
= A F
2 1100 & K
o 1000
2 900 &
6 800 Jdp"//
: o
= 700
= /
e S
g 500 - Lﬁ}u%%@@mewmﬁa (2f5)
x 400 1 55 A7 1 SR SO 2 xT e
4 300 s
o
=
200
§ 100 ’d“pp’
o | J
2007 2008 2009 2010 2011 2012
Time
o JRUIAI R TR

- WIEIRES R AR S Insertf GG A —4T, SRJEAE N HCE
Hi%4% Origin Type, Origin Name fllProperty. WA FEMEHELA T
—f7, s Insert/5 & E FEFRII—1T.

- TINBREGGRE A A 2, e —1T, M Delete MIBRZ1T. WTLA
A SHIFTAICTRLAEMIBR 21T, Mign A MBRES, MidiYes |, £~
ks, SdiNe, FaAMEE.

- N THEERAAT, BioikiZtT, SRR diRepeate FUTLEIAZE
BN A2 FI6 44 I AT DM 0. 8 H SRR R R R 2880 H.
AR RIESE, ARFRE A HIBEIESEL .
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o ERTT RN GEIRHL:
TR RARRS [ PP e, X Hsablai it RO S R ith 2 (BT
SR23UHF) A7 I AR 4. ISR EFOR T S s R
I LR AR 2

A SR RS AS BB A2 I SR AR R AR A, IR RS R
4, HHSEREEDNEAEER T, W NERFR:
00—
[} ﬁDO‘V

| 2008-09-01, 295.601, w=1 [

* Field Data tab: }5il; Field Datafff | {1 ~NAR:

a | | Field Data =

;; Time Value HM Weight

& 2007-01-01 ] -
2007-02-01 422459 1
2007-03-01 137229 HE
2007-04-01 297886 1
2007-05-01 43,5856 |
2007-06-01 58.688 1
2007-07-01 74,6001 1
2007-08-01 89,5367 1
2007-09-01 103816 1
2007-10-01 118,022 1
2007-11-01 133.387 1
2007-12-01 148,861 1
2008-01-01 164,160 1
2008-02-01 179.836 1
2008-03-01 195.03 1

m EprR, EHEEE T, B0OEEE S THM Weight, BRIEHT
#E1. HM Weight H T 118 7 181 4152 % _( History Match Error.) o 4l
JRAEField Data FAE I — 5k, EIH S S se BRIz WEREEL
Z ] HM Weight , A8 B iz S S MR8/ N o 106 T 17 S0 et
AT SR P AR o

BT Field Data %, (i FH LA 5k ml LI Fr A D s A0 05 g i HM
Weight :

- R, EEGUCRCER TR A RERT AT

- e, TR AT, RIEATEAE, SHIRIR BN
Modify weight X iHHE :
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|2007-08-01 | 282.243| 1
20073 Modify weight ta: 1 1
i A\HM Weight to, 78/5 s d7Enter. FRA&HE 1 HTHM

By
D

Weight 142 55T

5.3.2 FF A FF
1H1t User-Defined Time Series 51, 1] LAH & LI EFS, %7 542 MSR2
SCHFEAEARE], MR T SR2EE S
N TR, 225 LN, Bl E LT RAGORSC IR
1. i%+¥ Input | Fundamental Data | User-Defined Time Series.

2. ffUser-Defined Time Series %%*%Iﬁ%ﬁ, il [ ©msen AT

3. R AT, AARESCIEIRT RS, A0 AR

Name Calculation Start Calculation End Calculation Frequency Transformation | Unit Label
CumGORSC  (2001-01-01 T00:00:00  (2020-12-27 T00:00:00  |Ewvery Common Data Point Mone

- Name: SESCHRRFHIAAFR, LI EGE] 58 E] P51 2 Fr

“HCumGORSCo
- Calculation Start, Calculation End: & SHTHY 8] ¢ #1]5E G F1 2%
IISCRREI
- Calculation Frequency: AHZAER][B] 751 g LRI TA], 4
I
Every I ] o 71) Hh AREL B ) B[] T LA
Common Calculation Start fil Calculation End [0}/
Data Point — B[R] 2
Every s ] J 1) H AR BRI ] T A
Minute, Calculation Start 1 Calculation End 2 [F]{E:
Every Hour, — IR o PRI S G IS B] e B AE B A AR s [
and so on JIATREATT ], TH&E I AT REE ki
Transformation /11X & o
- Transformation 15 A 2R A SRR, WIFE 2 LUK
Yapis 2 Iy EIR
None IS H IR & A, IR TR ST
1] 91 8
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Numerical HP B € SCRIB ] P 51 B A B AR v e ok
Integration FE, EXFMEAT, 75208 EUER ) Tl
Numerical Integration Option (Backward
Rectangle+ Forward Rectanglei¥, Trapezoidal Rule

A —Fh) FIES A [E] FE S Time Interval Unito

Numerical P B R SCRYIS ) Fe 2 Bl Al RBUE %, AE
Differentiation | IXFHEIL T, 775 E XEEM 2 £ T INumerical
Integration Option (Backward Difference-
Forward Difference{ Central Difference) #1 Time
Interval Unit.

Moving Average| /11 /' B & S [A] Fp 1 8 A AR 8- 1k 18
EAMFN T, 77%2E X Moving Average
Window.

- HIFRZS (Unit Label) : A8 SCRYIN (AP 21 B2 o JXEEERA
. 7RNfFBase Case and Field Data Plot Previewo fEFAIAIE] T, A
FEft3/bblo
4. IBIEE SR R P IR T A E A SCRIBS TR, i R sk Bk
Origin Type. Origin Namel. X2 Property, fEVarName [ [ & S [H]
FEoHKe ZAMA AR T A s fe filtn, FROTHERA T
¥, Cumulative Gas SC (A2 F:#FR- CumGas) T Cumulative Oil SC (A2 44 F5
CumQil), WIFrR:

5R2 time series variables

VarName Crigin Type Qrigin Name Property | 0 Insert |
1 |CumGas  |WELLS PRODUCER Cumulative Gas SC | !
Delete
2 [Cumil WELLS PRODUCER Cumulative il SC

5. FEAAGIESE, N EE CRESE S A . 2% Formula
Editor , FATHIBI-F 4 FFR

1  //Start_CMOST_Data_Transfer_Code =]
2 //In code editing, variables are initialized with random values.

_Va riables that

//True variable values will be assigned when the code is executed during CMOST run.

var CumGas = @.73583249; are available for
var CumOil = 9.34901532; | the formula to
//End_CMOST_Data_Transfer_Code

use

//Please_Write_Your_Code_Below_This_Line

CumGas /CumOil €— Formula for user-

defined time
series
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6. FIFH TR HE S B 8 SN ] FP 1 AH SR 1 1 S 4 Orrigin
Type, Origin NameflIProperty Name, 1 {7~ :

Field data identification {Cptional):

Field data crigin type: |WELLS -
Field data crigin name: IProducer v]
Field data property name: [Cumulative Gas Qil Ratio 5C v]

7. N TERMHFBE N AT SRR S S8R 2 B HR %, fidiBase
Case Tl Field Data Plot Preview#t, U1 :

User-Defined Time Series Settings | Base Case and Field Data Plot Preview |

mxspe0l0 PLTif Q mxspe010_plt_wells.fhf l

\

N oW
o
X

3

n
(=]
D

\

\

-
el

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Time

ZEFR T B E SR TR 51, SR2SCHFER 5 7 SE AU 2 T AT EE o

=
o

User Defined CumGORSC

(=T ]

8. %E%)ﬁﬁﬁeld Data #, FTITP 8 R=AE, S HE AR R 3 91 BT

Time Value HM Weight
2001-01-26 |0.00145017 1
2001-04-11 | 0.00146581
2001-06-25 | 0.00146768
2001-09-08 | 0.00146959
2001-11-22 0.001471
2002-02-05 | 0.00147269
2002-04-21 | 0.00147371
2002-06-10 | 0.00147436
2002-08-24 0.1515736
2002-10-13 04275312

2002-12-02 0.7397569
2003-03-12 1387368
2003-06-20 2045953
2003-09-28 2695072
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XA, T LI R S BB HM Weight (TEO~1Z MR, AT
TET B E1R 2, H40HAFE History Match Erroro

53.3 EitvsJEEFF)

JE s, BRI R AT TS AR ZE . SR s, BEES R I [E] 7 A1 ]
%@%smwﬁﬁu WSO s R 2o T SR B S 427 D sh 80k 2 [
iR ZE o

I E s, BEES T3
1. fiifiFundamental Data | Property vs. Distance Series.
2. {EProperty vs. Distance Series 51, Sili ©Qme | fHA—DHEZA

JEMEvs.BE B, Insert Property vs. Distance Definitions X IHHE U N 7R :

ﬂ Insert Property vs. Distance Definitions = | B |l

Select Option

Q) Insert new property vs. distance definitions

Number of itermns: _

_) Insert multiple property vs. distance definitions using existing selected well log records
to preset the well name, property name, and log date time

InjectorGas Rate RC_2001-12-17

ProducerQil Rate RC_2002-08-24

Note: Only well log records with standard property names (as defined in CMG
dictionary file) are supported by CMOST.

L @ OK J l @ Cancel

3. WeRRbEAEIT, Hop

- Insert new property vs. distance definitionsi/t1% 1 Z4H A [ number
of items, ZA)5 i OKo FHATHRAIREE. FFEMM AT AP B
28, R T B R A A

IR % Insert multiple property vs. distance definitions using
existing selected well log records..., ‘T RMHEHE. MHEHET =
N, CMOSTIUSCHFFRIERTIIH AU (2 CMGH 3UE LHY
ML) o PR, A5 R OKe.

4. fERMEPRCEWT

- Name Hproperty vs. distanceZUHE I A\ 245k 6140,
GasRateRC 2001 12 17, & HEESEL HIHEH MK
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- Well Name: fEwells i M e 3% —0 .

- Property: JEFEESE AR NhE R R
PRRZ AIHYR R o ARZEHRAAAE, BASRIIER T .

- Log Date Time: 5E HEE Lproperty vs. distance series 1]
Al PR A — 5 B ) 2 i) A

- DataPath: MWell log, Along linear path, Along well path}
Along trajectoryiX 2677 ¥ H1$5 & MSR215 Ellproperty vs. distance i
B 75 WNARIESE Along trajectory, W WMIE SRR, mith
Trajectory$%4ll, & To import a trajectory file < T 41 5 A H-4ib
W5 B ARBCA P RIS 2 R AT Well
path o

- TVDor MD: EXTVD (FEEIE) 5 MD (M) 1E A g 44
*/—T:o
- Use Block Center: 357N/ 15 HAERIAE USRS (0] B (5 B
WA EF Use Block Center, A2 A& FERT HH G & B 23 (6] &
I\%,flil JN O

e Accumulation Flow: 5/ W& HIRBE SR AL 7] LA
’f¢$ E T %*/\VI_‘# o
- Use Normalized Flow: T5EHTE HIRFIE M EIRAL 7] R SRAAR

- Smoothing Methodi%&4% -1 property vs. distance £ J7:, one
of None~ Weighted Moving Average~ Aitken Interpolation, Akima
Interpolation# Cubic Spline.

FAFHI A
1. i M reecoy %5, HILWell Trajectory Files X1 H{E o

2. JiiiInsert, TEXIEHIHEA—1T.

&l Well Trajectory Files

) Auto
File Path (Relative to | 2nd File Path (Relative ta ] © Insert
AT Project Folder) Broject Folder) 237 Unt e
B0l ) peie
1 [Productios AIylerm' [ [ it :
Tat b\ F rmat (] (@ Cancel
okl

ZMAP format
b GOCAD Format
RMS Format

EarthVision Format

LAS Format

ECL Well Conneci tion Format
Qil Field Manager(OFM) Format
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3. WA ESE, MR, A AEOK.
- File Type: fE NHsg s B SO 26
- File Path (Relative to Project Folder): i A U/l % 2A1H:
B SR
- 2nd File Path (Relative to Project Folder): H#Lis S {44 P Fh
ffﬁit, XY A Deviated Ao 52 AR M N4 B A2 B X B

o

- File Type: &I A,

- XY Unit: JEFEEH8 S0 P B B R E Ux Ay AR
- MD/Z Unit: ZEFBIE SO A 6 5ok & XD (T
W) FzAEFR o

- Auto Traj Cleanup: 4 HINOREA T BN, 1EEEMERZ

R R
NTHE/R T 5T Property vs. Distance Series 7 [ H 1, W :

Use Use .
Well LogDate | Dats |TVDor| Use Block Smaathing Q Insert
Name | o= | Property | 9 potr | MD Conter Accumulation | Nomalized | 18 %
Flow Flow
% Repeat
1 | TInjector_|Injector  |Gas Rate RC (2001-12-17 TO| Along v|MD i None 1]
2 |T_Produce|Producer |Oil Rate RC  [2002-08-24 TO| Along v|MD [} None ‘g lﬁ Delete
3 | GasRateR(|Injector  |Gas Rate RC 2001-12-17 TO|Along v[MD None ‘ { st Trajectory I
4 | OilRateRC |Producer |Qil Rate RC |2002-08-24 TO0| Along v|MD None
7
a
g
3
mxspeQl0_PLTirf O Injector_WellLog.wlg
Injector Gas Rate RC (ft3/day)
0 20 40 60 80 100 120 140 160 180 200 220 240 260
10 o)
—
15 &
20
25
£ 30
35 3
c
540
2
o 45
50 f/‘
55
60
&5

65

5.3.4 WAEFHEFS

AR SRV SR EEE G, CMOSTREMGAR i H- L B R 1T gas-
oil. water-oilfllwater-gas Jit/4 AL 1A o

N T EESLRAR S A 18] 47 -
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1.

i%#¥Fundamental Data | Fluid Contact Depth Series 5'1fi. Fluid Contact
Property i G 4T H P I 13 R S 22

Calculate

Fluid Contact Property

Saturation
Property

Porosity
Type

Method

N Smoothing
Points

Threshold

First/Last 4 Data Path

1

I}

Well Gas Qil Contact Depth

Matrix

Max Derivatives over Moving Average 3

0

First Occurrence MD Aleng Perforation | *

2

0

Well Water Qil Contact Depth

Matrix

Max Derivatives over Moving Average 3

0

First Occurrence  |MD Along Perforation 3

3

0

Well Water Gas Contact Depth

Matrix

Max Derivatives over Moving Average 3

0

First Occurrence  (MD Aleng Perforation | ~

2. fE Calculate 51, WEPFFHiA G MIZHERETT R IRIES L

3.

WENRAFHEESE, W
- Calculate: WEFEIZIET, CMOSTWE I8 Al (£ & 1) FLTH o

- Fluid Contact Property: {U{REEATAFE I A, HTHE

TS EE o

- Saturation Property & 1SS

PR, it —
e

o

- Porosity Type: & L FLIEZEM
- Methodi&F5 it 8771k, one of Predefined Threshold, Max

Derivatives over Moving Average={# Max Saturation Difference on
Averageo X T IXLETHE T LITELIIA, 7 LAZTE Results Graph
User Guide™' /) Using Results Graph | Working with Curves | Adding
Curves | To create a fluid contact depth parameteriii’y »
- N Smoothing PointsiX " ZH T % Max Derivatives over Moving
Average Max Saturation Difference on Average

HIFESG SOMSW. 1

E BB E T A A R B A A I

Matrix 54 Fractureo

- Threshold: XPZEH T 115 Predefined Threshold. M AL
12 [AIHEATHUE
- First/Last: W151Z 25 H 4% B NFirst Occurrence, A ALFEFRIENT
Occurrence, A

B DRI . IRiZ e AR E Y Last

LFFEVRER G — D R E R TR L

- MD/TVD: EBEIER (TVD) SlliR (MD).

- Data Path: B WIRE LK R, Hr:
Along Perforation: WIRE I CH-EFEHGTFLE R, ATEAEHZ%E

Wi QR LAYERXYZEE P HH, Al LI ik 5L a2E A% R H A
FeiE LR E . WIRIFLAYERXYZANA I, A7 A2 i it 5 L R

R BRI L R TR AT G
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Along Trajectory: HIRFFHIESCAF R RIS, w] LA HZ e
sl HFT U RHEE, MAIZ . B2E RIS To
import a well trajectory file o

4. ;{Z_-T:Preview Fluid Contact Data For551/1 , & MHEEERIAR T I H:,
n:

- . M oo
Fluid Contact | Saturation | Porosity . First/ | MDy * Trajectory
Calculate Property [ R—— Troe Method i:::}sthlng Thresheld Last o Data Path
3 [} Well Water Gaz Matrix Max Derivat 3 0|First Occ[MD | Along Perfors *
4 | Well Water Gas|SW Fracture Max Derivat 3 0|First Occ|MD | Along Perfor:) |_|

Preview Fluid Contact Data For: | PRODUCER + ‘

=eq plRYy

gmsmo014_3D0urf O WaterGasContact fhf ]

1007
1006.5

1006

1005.5 “/ C
1005
1004.5 €
1004 /
1003.5 .
1003 f

1002.5 €
/

m)

b

o

-
o
o
[ X

1001.5p-e—e—e—e—o—o—"o

1001
2000-01 2000-05 2000-09 2001-01 2001-05 2001-09

Time

bR, SR AR S AR S P B ERAT e An RAR s Ze T
Field Data £, 7] LA 4045 558 77 HM Weight o

PRODUCER Well Water Gas Contact Depth (

54 28

5.4.1 2%

H it Parameters A1, W NE, MWASEOT HE LB ENE. E0BS80
NS s , NE WIAZICMOST (7% To import a parameter from the master
dataset) ; TERFFRIGOLN, FILUEI HRIZECRE LSE, XEHRIZHEASTA
FICMM X (2% To add an intermediate parameter ) o
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{Fﬁ%M*ﬁ

Name Comment Active Default Value . Source 3 T A/l/l:),i Thﬂﬂ'l”ﬁ't*fT
1 | PERMH 4000 Continuous Real / L
2 [lPor 0.24 Discrete Real (@ elet= 7 | pg ol e A i Y 2 2 B K
1
3 |PERMV 2200 Discrete Real + | ¥ [“] L
4 [HTSCRW 0.22 Discrete Real D‘ — q__ B MCMM TR NS 5L
5 [HTSORG 0.0e Dizcrete Real
B Edit... | -
6 |LOGPOR i Formula g TR ST A R B ) A
o Builder... | 2ﬁﬁﬁstudy§§§[
H 5 7EBuilder 14T IFCMMC
¥
Meudv
Real Value PIGFPOBEEMT 1T €% [roort [ | StudyZ

1 0.22 0.25 ! 0.55
E 029 05| @peete | 05 1 R [k

= Z R B 10E
3 0.36 025_ ; 0.45- L

E 04

£ 0354 | 2 s s

2 034

£ 5502 0.25

02 1T—T T T T T T T 1T
0.2 0.24 028 032 036
Values

HE: TR HBuildert T FFAIZiECMM TR 25 2, 152 % Builder H 7 F
i) “Setting up CMOST Master Datasets” =,

54.1.1 FHFSH
MFESHFA— NS5
1.

T HNames HLZ(5 S

RAFCMM L

FIHCMM A w46 4s (CMM File Editor) ¥ A3 HE4 . fECMOST

JiifiImport (Bmeer. 375, 4 SEONT M F A Parameters584% . U1K 3= S04
BTG, CMOSTIZHUFHEE| A IS 80T Re & B Lo BRI fal. B 24F

2 Importing Parameters from the Master Dataseto

fEParameters A% H LR A SACARR e, S ESCHF I —
Hlo (LB FE SR UGX LS

4. FEParametersZi& iS40

WA

Name: M E I ASEAFR. AT ENLSEATR,
Comment{ AN | ZIEIIE5 T T IHE . (RIRNFEAJRHE

Active: YN FEHFASET, BRIAESF Activel£Til, T Active
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PIE | CMOST/2 245 S MR EMRIE(H . WIRIEFE ActivelBIT, CMOST%:
TRERIRE RIS MR RIERE Activelt 1, CMOSTRIRE A HEIZ

Default Value: SE0HRE BN SRS 2I 1. BEE I IZ 25

ANBIBERSCA B IR E . FUAT AT I %I I A (LA SR (L
WERARARAR S E, AHEdit (R ) R, EFICHHAREBETE,

RIF RN SE A . ARCMOSTHEM TR NE A, B
HATREASETIEUR(E, P, ISR ik s A2 3300

<cmost>this[1]=LOG10(Keq)</cmost>H- & {E 1= LOG10(Keq)o

Source: ZAIRCMOSTUMA S48 E1H

Sourcen] LI I Y —Ff

Continuous
Real

AR EIX G, T34 Candidate Values UL /5
T, BBELLTMER:

4 Data Range Settings
e oo [Reer to guidetinesin tep 5.
4 Discrete Sampling Settings -
Mumber of Discrete Levels | 1 Used in Uncertainty
4 Prior Distribution Settings | A to
Prior Distribution Functi Triangle(0.02, 0.04,0.06) | Monte Carlo statistics
Minimum 0.02 -
Most Likely (Peak) 0.04 If True, changes made to Data
Maximum i 0.06 Range Settings will be
Synchronize Distribution and Data Range Settings  True synchronized with the Prior
Distribution Function settings
and vice versa.

USRS T AT, AR S AR BT ER A
PREL L

Discrete Real

UNREXFPIE O, ki A\ UL (R et , IF
HoAR R BUEE R . A T HAEEI

Discrete
Integer

i B N\ R AR A A Fe s T H oM R AU E
JE MR . A T AR

CMOST User Guide

Creating and Editing Input Data « 91



Discrete Text . . .\ .
o B N SURSC RS B SORER & M — Y
HUE, FHH NG SORO e . &/ T
TH R R — N SOAIES AL EIR A B Ve I
Finclude XX
Text Value E;T: el E:;:ability
1 | "HM_Study_Lemseh\ZCORM_Linc” | 1
2 | "HM_Study_1.cmsc\ZCORN_Zinc" |... 2
3 [ "HM_Study_Lemsd\ZCORN Ziinc” [ 3
WG FF % include SCEF ]—f
Formula 4‘1\% A Formula Editor/s 4wy A AT i A A
o

HER: SR FAR A EME AT RORE, PN, 2RI A A7 A A
ENHT AT RIS HE WARAA T oeie (e, WIAE DU AN A AR A o

5 EIF FHRRIESEAY S, HEE5 F8 T T eIt

Continuous Frfs By 28007 LI A /N BB , Bl nfLpR
or Discrete FEBIER, XA R,

Real
Discrete FIrAsE FH B Z 0 v] UG A /NG E(E, i 90
Integer KA PREI A R

Discrete Text | Fr i H I SEUE U S skinclude XX , IXLEHL
HIEFHENG] 52

(“OPEN"E{“ZCORN _1l.inc”) o XL ZEHEH
¥ E Discrete Text 25 | HE A EAE T W
G 5 hR7R o

Formula ﬂuﬁvz‘%éﬁﬁ}\&iﬁ, 2 IR A~ R A ‘
o HAWRESH B S HIAEAR . HEZE
127 Formula Editor o

5. TE(HEAEHG BEFITSCRSCHRITE LT, Parameters DU ZE [ ffi < Hi I Candidate
Values /% . #{1 Candidate ValuesZ&/& 4 AMHZECMOSTAZ 25 = I 25 UE.
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Vel BRI BRI Study 26, BERANTT

Sensitivity | ATEURWERIG, HEZNRAIER N, ROy
Analysis NEAAPIAN BB ] DL R8s B R Ik
A, B2 E TR E=AEE. rf
W IBUEHRNZAE S B A IUEYERIN , I ELIX 2

(EHES AR o
History XTI LA AL K1, Candidate Values T
Matching LI ANTCIRZAMidef, slcBim A — 1 BUAVEH]
and (B MIERE) |, AEXEIERIE, Ok AE T
Optimizatio | 22 M RIS AAR

n

Uncertainty | ARNTEMES TR, Q1R EE &2 HAERFEE
Assessment &N (W) W, AN SR E A
il HARENIZESEEUETER T R
%, EENIZESHIUETEE BRI Z, HE1E
N AZAEZE IR BB ) A TRI B o

WR: WURSECLR BN SR, T AT S AR NS .
NERZ A MICRE, B2 A 2 (.

P EZSH

HER: M CMOST 2013H14h, SEUW/T Active i, AT HIRIZEL

1. fEParameters /% 5t Insert (@mer I —7To
2. HIAHEZENI AT, %P Source HFormula.

3. AP EUE LA

4. NZEEAHH R AR R 2 E0E LA

VARG , ABUEAE T SO E L T Parameter A F11 Parameter Bo 1E3RATMR
KEZH Parameter B 7= [RIAZ iR CRIREL, Q07K

Parameter B = Intermediate Parameter C>
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M Intermediate_Parameter C 7&Parameter AWIREL, WF:
Intermediate Parameter C =4 * log

( Parameter A) _LIAI/A T EParameters FH 41N :

Name Comment Active Default Value Source
1 [Paramster A 0.24 Discrete Real
2 |Intermediate_Parameter_C Formula
3 |Parameter B Formula

H EfjIntermea’iate_Pammeter_C PGip R/ L = L e
17 4*L0Gla{Parameter_A)
Parameter B 10 /A A AR drdniE

18 POWER( Intermediate_Parameter_C,2)

SR IR RBE %, MR SIZAF i3

BRE: YAPRSH0E AKX, FOA EE IR R EA R T AR £ NE
()5, Intermediate Parameter A 7] T /A Intermediate Parameter B, {H
/& Intermediate_Parameter C/NA]H

3
H

Name Comment

Default Value Source o Insert |

1|POR 0.24 Discrete Real
2 | PERMH 4000 Continuous Rel (@pekte |
3 |PERMV 2200 Discrete Real * | ‘ ‘
4 |Intermediate_Parameter_A Farmula
D- Import... |
5 |Intermediate_Parameter B Formula
6 |Intermediate_Parameter_C Formula B Edit... |
7 |HTSORW 0.22 Discrete Real A Builder.. |
8 |HTSORG 0.06 Discrete Real
o & 2 2 QM
Built-in Functions v fer_Code l,_
Path Variables N les are 1|:|1t1.ahzed with randt.}m values. . |
T N — = uted during CMOST run.
Single Value Variables (3 POR Cas5e0003_BeforeRun\\SAGD_2D.cmpd";
= TErSTOOYDIreCTory =1 PERMH |se@883_BeforeRun\\5AGD_2D.cmpd\\OP-1.cmsd";
6  wvar StudyMame = "OP-1";
7 war ExperimentName = "OF PERMV
g war ExperimentDatFilePat HTSORW 5A)\\Case@883_BeforeRun\\SAGD_2D.cmpdi\SAGD_2D_HM_base.da
9 war ExperimentlLogFilePat 54\ Cased@83_BeforeRun\\5AGD_2D.cmpd'\SAGD_20_HM_base.lo|-
12 war ExperimentOutFilePat HTSORG 5A)\\Case@883_BeforeRun\\SAGD_2D.cmpd'\SAGD_2D_HM_base.ou
11  war ExperimentIrfFilePat Intermediate Parameter A 5A)\\Case@883_BeforeRun\\SAGD_2D.cmpdi\SAGD_2D_HM base.ir
12 war ExperimentMrfFilePat - - 5A4)\\Case@883_BeforeRun\\SAGD_2D.cmpd'\SAGD_2D_HM_base.mr
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R 2% Intermediate Parameter C %%/ Intermediate_Parameter B_LTA], B LAH

FZ4Intermediate Parameter B Az, W1 FTR:

13 var POR = @.24;

11 var ExperimentIrfFilePat
12 var ExperimentMrfFllePat

Cimm MENMU — AGG@E.

Intermediate_Parameter_A

Intermediate_Parameter_C

5A)\\Case@@83_BeforeRun\\SAGD_2D.
5A)\\Case@883_BeforeRunl\\SAGD_2D

Name Comment Active Default Value Source 3 Insert |
1 [POR 0.24 Discrete Real
2 |PERMH 4000 Continuous Real © peee |
3 |PERMVY 2200 Discrete Real f ‘ * |
4 |Intermediate_Parameter_A Farmula
D-Import... |
5 |Intermediate_Parameter_C Formula
& (Intermediate_Parameter_B Formula E? Edit.. |
7 |HTSORW 022 Discrete Real d Builder. |
8 |HTSORG 0.06 Discrete Real
O 2 2 2 Qaa &
Built-in Functions v Fer_Code lT
Path Variables N les are 1|:|1‘t.1.alued with random values. . 7
e == = = uted during CMOST run.
Single Value Variables 3 POR (2528083 BeforeRun'\SAGD_2D.cmpd";
= TErSTIOTDITECTOry=""1r PERMH j5£0883_BeforeRun\\5AGD_2D.cmpd\\OP-1.cmsd";
6 var StudyMame = "OP-1";
7  var ExperimentMame = "OF PERMV
8 var ExperimentDatFilePat HTSORW A\ Case@@83_BeforeRun)\\SAGD_2D.cmpd'\SAGD_2D_HM_base.da
9 var ExperimentlLogFilePat 5A)\\Case@883_BeforeRun\\SAGD_2D.cmpd'\SAGD_2D_HM base.lo|=
12  war ExperimentOutFilePat HTSCRG 5A)\\Case@883_BeforeRun\\SAGD_2D.

cmpd 'y \SAGD_20_HM_base.ou
cmpd\ \SAGD_2D_HM_base.ir
~cmpd\\SAGD_2D_HM_ base.mr

54.1.2 SEBRBFFES A IFH

SEIGHERE AT R A E R THESSLE. ERA TIra 280 e IR EUE
Wi . CMOSTHLIH A LA R JLFAS A B A 257

- RIEE

o WErES A

- B
. AN
o IR

o ONEUERSME

HEXL

A ST TS A RS . B2 TR S0
O RS Probability Distribution Functions #5473«
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54.13 WB2%
TEParameters 7eft, IEHIE—1T, SRJG 5T Delete| @oee | 3251, ANIRIMHER A

N2, AR RS R SR R, B # EEF S ERCMMOCHE A Y

A UME MR Z A28, SR afz=aat, SRam e s

Fro T LUEIISHIFTAT CTRL M2 1240, Delete (@pe=e | %15 DELETE f#
AT LA EMMBRAT o

54.14 HEFEFBIHZH
{EParameters A& H , A T IS HPTENIT, (ERFIEFBERL N7,

s iUp 5 Downd% e ZE0n] LUERIRFHES o

HR: AR Ty el b g T HE

5.4.1.5 EHZHHE
SH—DSEEARR R4 — 1S5, W
1. 7EZ%{Parameters £H%, fHERFEE HI 4L,

2. J%&#F Copy Parameter Data to Other Parameters H £+ 7 Copy Data to
Parameters XJIEHE , 40T 1T B 4517 T 7s -
[ ﬂ Copy POR's Data to Parameters l = | = ﬁl\

4 [C] All Parameters
[Z] pERRAV
[] KTsorw
[] HTsoRrG

oK | (®) Cancel J

WE, (UEAHEE R 25T L .

B

3. EFEEEEHINSE, AERToK. BHREHRESLT

M. B EHE S HI%E
EELESTAL LA BEMUEEHE], BRI EIE A S A
BRI BIHEREL SRR e 7 A i
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M..... ZH] ..., S IR

B B LRSI AR

B B SORTOAR BB RSG5 AT e
VaSiy A JScript /Python ZwfidiE =

54.1.6 HHEEXH

il Parameters F 4T & O HA G oidmia240. & T 1ECMM File Editort]
HECH, Edit (Rer. $%HL

5417 MEXHBASEH

CMOSTH] LLE sh & i = 30 i P i 2403 Study X o il Import Bineets |
FEHL (CMOST ] RE 2 755 JURD B 14 I 1) A2 B A = SOy o SR = S0
this[OriginalValue] W%, 18 24 6UEEE RS0 B 25 E 27 Adding New
Parameterso 425N EXHFAR, CMOSTEGESRAES T = 3CHH R R IAME o M
ZIEH S AREEE, FAA—E 2 XA E L

ZHEORPRBM Y iZa0E b SN HIE R 4R AZWEN, X T Discrete Text
S, CMOSTS HBH S Fhrn B E. HALETE NS E0Y E A Continuous  Real
KRS AEGRE, SEERITET B

YR AN—ISEET, Active BIEHESHE H B A11%, SRG T ZX B Prior Probability
Distribution Functions.

5.4.2 ZYHERME
SR RIS AT, CMOSTHHMEUAY LI FEA R FH TN E A, 185

Parameters UL [ 1 & Continuous Real ZH1 & XMEZF AT KA. i IR T 5
HARREL (Flny A AsdEs) |, LT 2802 E R, fECMOSTHY, UAM
FiMonte Carlo Simulation Using Proxy3£5 77 22404650005

1H i Parameter Correlations [, CMOST ] DU it B0k 1 58 SR ARE - R ARHDL AR ik
RN SEE RIS, I BN S EARR N ESHGRE (FF2ARHETER
1982) o IXELESR G EIUHE K RHIRME  IrE A\ B2 508 S5 MEER A

FLZER, 2 Parameter Correlation
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TSR A E L EHAKEE, Parameter Correlation 7 Z3{EL T A :

EZ e
(EHIN)
FUESSE s UL PEPS

PEMTE, AT

[Desired Spearman's rank correlation matr

Realized Spearman's rank correlation matrix

Apply

e _E T BB 5

Parameter POR PERMH PERMY HTSORG Parameter POR PERMH PERMY HTSORG L
POR. 1 0 ] 0 POR 1 -0.0005 -0.0018 0.0007
PERMH 4] 1 02 4] PERMH -0.0005 1 0.101 0.0005
PERMV 0| 0.2 1] 0| PERMV -0.0018| 0191 1 -0.004
HTSORG 0 0 0 1 |[HTSORG 00007| 00005 0.004 HINME L RS- E N N E
TR FA
(Actual Monte Carlo samples Rank Monte Carle samples L
4E+03 P e . [E R FE AR (POR,
. ; .
FTTI7E Bl B W7 T\ TP PERMV)I%AHR? %
3.5E+03 LAY 4 o 3 00 500, T
o o‘ | e T b ‘.o.oo
Bloze B 0 2.8 a0 a’S et S -
SE+04-4e‘R® o op FAG ole- B, S 00" o
3E+03 . x 3L e 0p s ROPT B
= (A e W‘ L
> % S 4E+04 82 % o 05 0 S ® g0
. e ol TRy T -
§2.5E+03 5! L5 P 4‘:. .o‘:. . [ 5 ¥ A AT (POR,
¢ 2 3E+04 R Y L W ;.." PERMV)¥ A %4
. RN R o Nl P 2t I B
2E+03 & r e i3 oo - \.
- 2E+04 .cg-_., S aes L S, L
» P Raus & o’ * Sy a0 0000
1.5E+03 1E4041 4 3% :F"i' Catnglt - TN
] > %0 .
-.. . }. "}'.‘:;. .‘0*.‘..
1E+03 0 S (2 ataomwer G, S |
045 02 0256 03 035 04 2E+04 4E+04 BE+04
POR POR_Rank

e fERealized Rank Correlation #4545 ll %5 (POR, PERMV)ZS 4L »

o HRTERSCE SRS S IR ROV E SE AR W R . I RO SR i
BRI, siiliApply Changes %5l sinZ&Hfa, FbgH AISEHRHIMER

H B 2 BT 5T o

* ERAIMGIR, PORJCIRMER AR T IEAM A, WIER0.28, bRz

#£0.03. PERMVSEIEHER ATt )E T 1E KA, #IE&2400, PRifEZE
FE3870 IXLESEIGHE R 51| Actual Monte Carlo Samples—%{ o

* ESWHRCHAMTTER (POR, PERMV) SFZUH I, X 4R MRank
Monte Carlo Samples & ' 5z ik o
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WA EE L (PORFIPERMV)  HIAHSCHE FTRRUARURE RSS20 £ T
T 1)1~ PR A A -

204 (POR,
PERMV) MR REL
MOTEEH0.9
~Desired Spearman’s rank Realized Spearman's rank correlation matrix — M |
Parameter POR PERMH PERMV vy HTSORG Parameter POR PERMH PERMV HTSORG » .. y
el sz
POR 1] 0] . 0 PCR 1 0.0004 0.8917 0.0002 %gglgﬁp{g%}i Jnﬂj\i‘é
PERMH 0 1 02 0 E PERMH 0.0004 1 01914 of)|| @J\ﬂl@%ﬁ’]{ﬁ%,ﬁ%’:
PERMV 09| 0.2] 1 0 - . PERMV 0.8917] 01914 1 -0.0006 & o
HTSCRG ] 1] 1] 1 HTSORG 0.0002 0 -0.0006 1
Actual Monte Carlo samples ~Rank Monte Carlo samples
4.5E+03 TE+04
. {1}
4E+03 [ sy =
(1 s r kA (POR
3.5E+03 SE+04 Sy
L PERMV) R* fH5HE.
[~
2 3E+03 & 4E+04
n: > L
& 25403 = 3E+04
w Mot bt — s o
a BIRELRINEERAE
2E+03 2E+04 Stk
1.5E+03 1E+04 2 NP o
[ ] L)
. [ ] ]
1E+03 0 L
0 2E+04 4E+04 BE+04
POR_Rank

e _E A
o A BHR SRR G ZER AR

o PEARBLE A ATENE AT A

5.4.3 TEMEAREMH
AT LLUA DT B T 8 SCREPE LR S PR M 2 R S5 R 2R 451 B
HIRE B AN DAL SEEG T 2 0 R T IRMEL R A 1) 5 2215 & 275 Soft Contraintso

WA V2 S T R ey, AR 2R s A iE . InRid
THREPRZR AT, ST RMAS BT, KNSRI T RIB TR, CMOSTS MR AR
PR SRS H A TR T

BN, anH—"1SAGDProjectZF FHCMOSTHEAT T ZALAL , S5 iz A A 7=
F2Z A BE BN BE /N T —HUE

W1 1-W2 I>40

TP, W1 TR W2 103 R H W1 flT W2 £ 15 [ i R s AR . b
) A FFIREW L FIW2AE T T A% 2D F40T . RIES] W1 1 -W2 I <=
407X FPE I, SEEG T A 1FIEFT. W1 I and ‘W2 IPAENCMOSTE B #iHE @1
BSEL, T T R
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JE SRENE LIRS -

1. fIFFParameterization | Hard Constraints 7 [ff .
2. sl Bl e Constraints FH A — MEMELAF A E . AURTEATIE,

AT LAZt 2408 M R B TFiB . 161 Active 14, CMOSTSAERFAN 28T Eis

R SO e L 4 = e

3. B R, 2 FTHFCMOST Formula Editor #8543 AHEPEZ)
RN AT L MEAR A ATRER 2 1L —47. A AT
PME A AR S Eaey  , Fl:

O

o

Built-in Functions ’

Path Variables 3

Single Value Variables ’ POR
PERMH
PERMY
HTSORG

FIFE R SRR S BT 3 SO e LS8 — M ERITTiE T
A LIR AR
il

MName Active Comment 0 Insert

i

HardConstraint001 Minimum production well spacing

| Delete |

Oy X BB 9 20 @Qa [

13 wer newWl STO = 150.8; B
14 var WI_I = 188;"

15 war W2_I = 58; |
16 var newlWl_BHP = 126800.8;
17 wvar newlWl_UBAI = 14;

18 var newkll_UBAJ = 15;

19 wvar newlWl_L3_UBAK = 5;
28 var newll_nlLayers = 2;
21 var newh2z_STO = 158.8;

EE?’HE%#*%H@JE‘@SM

22 var newk2_BHP = 12600.8;

23 wvar newh2_UBAL = 14;

24 var newkl2_UBA] = 28;

25 wvar newh2_L3_UBAK = 5;

26 var newkl2_nlayers = 2;

27 var oldiWells_shutin = "shutinBwell.inc™;

28 var newlWl_L1 UBAK = 3;

29 wvar newlWl_L2_UBAK = 4; =

3@ var newk2_L1 UBAK = 3;

31 wvar newh2_L2_UBAK = 4;

32 wvar newll L1 status = "CLOSED";

33 wvar newh2_L1 status = "CLOSED";

34 //End_CMOST_Data_Transfer_Code

35

36 f/Please_lrite_Your_Code_Below_This_Line |_

7 W2 1r40 |t
b
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i\, HardConstraint001:
W1 1-W2 1>40
RN, ISy S HEIEST

5.4.4 BITRTES

AR, FECMOSTR LSS Ty Ze e s 51 Ablas Z AT, JH 7 BB X LB 5Ly
o B, MPAEMUD AL E R, ATRERT BB A R ARXFMEIL T, AlRERR
TSN H PO B AT 6L, U1 GOCAD “HCMOSTA!EE LI B2 175 48 55 b JoU At
Mo ZJ5, CMOST{E S SO HY R AR S AU E 55 . BAAE AR I T R FR -

CMOST
Pick a combination of Parameter values
Create an original dataset for the combination, for example,MyWork_00008.dat

s

e ™

Pre-Simulation Dataset Processing Commands

Run single or mU|tip|e commands * Command Name: Example_Command 1

sequentially to modify the dataset. ‘ 1 | *Command Type: Run GOCAD silently )

* Command Mame: Example_Command 2
2 * Command Type: User Defined Generic Application

CMG Builder, GOCAD, or k/ + Cornmand Name: Example_Command 3
3

Command executive can be

User Defined Generic Application « Command Type: Run Builder silently

N

Submit a simulation job using the final dataset, MyWork_00008.dat, generated from

-

CMOST

Pre-Simulation Dataset Processing Command(s).

BATHT A2 TS T %
. CMOSTOIEIF BTG, WEHATie.
2. UG R4 28T, CMOSTRS S MEH @4
3. PUTEAIARIMAS, CMOSTH R L T 2505847
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KT IBFTal T IR EEE R
o WSRARDRESAR A TR SCRTIRAT RIS, B I% AT Project U H 55

o HCMOSTHUTIB TR, TAEH ¥ L E NStudy H %o

« A AT H Pre-Simulation Dataset Processing Commands
(Commands) & H& H i & TR E o

5.4.4.1 Adding a New Pre-Simulation Dataset Processing Command

AT Inser{@umseny | fFCommandsZis HFoRIH AN — 4504, vl LAGR N =Ff

#If%4: Run CMG Bitilder Silently, Run GOCAD Silently ! Run User
Defined Command.
7R

TR LT WRAZ DA, L A1 AHAM
AME—H], Jf Han AT X0 RN
FHATHIZRE
A =TT T a2
*  Run CMG Builder Silently
1247 Builder KA TAERERIMSAY b 2 LR A3, BRI 2k

¢ Run User Defined Command
PATHTE L4, EUEERESCHRRIE, 74— jobSFhrds. 1l
LA CMOSTE G M AR Y ZbE Ay 415210 7 A B IS0

*  Run GOCAD Silently
FIFHGOCADIAF TAERAE (AIER) SCHRIATITE . GOCAD #irHi
0] T 2R SO P include SCHR o

Wers
RIS ActiveleTTHE . CMOSTEHUTIZ TR, BEASIIT.

BT [A]

 CMOSTHHAE N an IsfTRT S — B Ao 1T LY RR i & BB AR
7GR W GZn it E) o MR- SR AT RN A Iz F5E

E&z TCEIMOSTEJ'I"“%‘ﬂ%%@i, Jf HAE Control Centre U1 [iiEngine Events 35/ H < H
FHIRTETN o
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5.4.4.2 FEFEEPESGS

TEPre-simulation Dataset Processing Commandsz54t%, 41 1A _Eki ) M 38)—4>
s, IEEANEER SR o IEAT R ZSHE, i (B () 4% o] LU HZAE:
B HEF Y o

@EEJ; A4 A T 42 FH Pre-simulation Dataset Processing CommandsZ&/4# H [ i 7
EH.

54.4.3 WgaES

T MBE— S, A B I EA T AL . i il S A T I A H
Qb % TR ATHI RS, S8J5 Deletef R ATE , 16#F Delete| @pee | TZHIKIN
FriZiT, Wnl LA HIDELETE#

s S AT A AL, R R BN esh, o AR 2 a4 o
SHIFT FICTRL IhfESEM AT LA{# o Delete (@oese | 32415 DELETESEHL AT LA T
B2

5.4.4.4 EIBRun Builder Silently 775

Builder BEBHAT A A B BB i ddds. —HRmzmL)s, N
“ARun Builder Silently 73l 5 22 1 FC B (5 Blo

Run Builder silently settings
Builder executable path:  CA\Program Files (xB6)\CMG\ER\LatestBuild\Win_x84\exe\Resgb.axe | ‘-_' Browse...

Builder command line switches: | -g -s -SilentExec

Command line preview

"CA\Program Files (xB6)\CMG\BR\LatestBuild\Win_xb4\exe\Resgb.exe™ -g -s -SilentExec -f "DANCMOST Projects\Case0003 (S4)
“Case0003_BeforeRun\SAGD_2D.cmpd\OPAAT.cmsd\OPAAT_0000L.tmp" -o "DNCMOST Projects\Case0003 (S4)

“Case0003_BeforeRun\SAGD_2D.cmpd\OPAAT.cmsd\OPAAT_00001.dat"

54.4.5 BHEFEEXEE

RTS8 f‘N‘%ﬂ%’%Zﬁﬁ PP AR B R 'ﬁ%aaf“ (ATHRATHY) 1B
Pl 7 B30 BN AG R, CMOSTT;E@EEH JUHE RE XLHAE4, U Experiment
Name Tagged Parameter File (.par), Experiment Name Tagged Temporary Dataset File
(tmp), Experiment Name Tagged Dataset File (.dat)z User-Specified File. )/ 24 F
O 5 R ok A8 MU A% (Experiment Name Tagged Dataset FileE{Experiment
Name Tagged Temporary Dataset File) &) 2E— ISR 1%, SRR HAE e ga it
Marist.
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Experiment Name Tagged Dataset File /27714 T"Run User Defined i< HY % Hi S0

1. 1EExternal Executable PathZs 4L, #i ATHAT (exe) LA BEAR, Bl M | ameowse.
FEH B PAT AL E

2. {ECommand Line Switches 5 [A4L, i AN EL 1A 24 7B AT 4 7304 o

3. sl \Quett gRiE PRSI, I
e Experiment-Name-Tagged Parameter File (.par): 1Z U645
il Ejob I ZLUUE, #ian
File name: MyWork 00008.par

Porosity 0.09
Kv_kh_ratio 0.25

¢ Experiment-Name-Tagged Temporary Dataset File (.tmp):

A S E A JobName TaggedDatFile A FIFE A 2. B, it
MyWork 00008.tmp A1 MyWork 00008.dat/5 H[=] 1) 4 25

* Experiment-Name-Tagged Dataset File (.dat):
X4, CMOSTHEDUT 58 i LURIAAE i A sl i S
fF, MEMHTRMASCER, EIRAECMOSTS ™ A4 B IR S 5L
BAVERSCRT a4 BB

R R E BRI U T [ E S F % H S0

*  User-Specified File: WI1H /7 [ & LA 475 22— M A B
oo, I AfEE A

4, RHEHE CBYEE TR E/ECommand Line Arguments £ IIT—1T o

5. SWHA W EIHE Argument Switch FI1 Argument File 75 o

5.4.4.6 1B517GOCAD Silently Command F &
FHGOCADIIARTE T, 1 LLEGOCAD #AuilH 11 SGrid £ S A ZEICMG L
o PR K J@ S EGER AT LA H
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Name Executable Type Active Max Execution Time (min)

CaI_Por_Permsf Run GOCAD Silently v 30

| O Insert @ |

[

Delete

~Run GOCAD silently settings

GOCAD executable path: C:\Program Files\PDGM\GOCAD-SKUA-2009.1\Gocad\bin\win64-x64-vs2005.shared\Gocad.exe | B Browse..

GOCAD command line switches:

GOCAD project file:  .A\GOCAD_ProjectPUNGQ3_ch.gprj | W Browse.. |
GOCAD master script file: . A\PUNQ_SGS_master.script | i Browse... |
GOCAD master xml file: | .\Property_study_SGS_master.xm | ﬁ' Extract |

Command line preview

"CA\Program Files\PDGM\VGOCAD-SKUA-2009.1\Gocad \bin\wint4-x64-vs2005.shared\Gocad.exe” ".\GOCAD_Project\PUNQ3_ch.gpy” -script "D:
\CMOST Projects\RunGOCAD\PUNQS3_HM_SA.cmpd\PUNQS3_HM_SA.cmsd\PUNQS3_HM_SA_0000L.script”

CMOSTF ] Run GOCAD Silently 7% 17 GOCAD. CMOST 4 fili %
GOCADRIBATAE L HIIATE 5 1 LAERRE LME ™ £ CMGinclude 3 (Linc) , 74
JGCMOSTH4 ™ 2 [Winclude SCF FH AT 28 30
TN BRI D IR

1. JRun GOCAD Silently 7% 1E#GOCAD 3, fI4FGOCAD Project
(.gprj) CHF, GOCADMIA (.script) L4 #l(optional) GOCAD TAER

(xml) XX KT GOCADHEZA(FE., 1A A Preparing GOCAD Master
Script File for Run GOCAD Silently Command.

2. JRHCMOSTE LA (.emm). FiiAGOCAD™E Hinclude SCHF, il

<cmost>outputPoro</cmost> **Porosity
<cmost>outputKi</cmost> PERMJ **Permeability 1
EQUALSI **Permeability J

3. 737 Run GOCAD Silently 74>
3.1 % iliRun GOCAD Silently 74> -
3.2 W X EGOCAD .gprj, .script, .xml fileso
3.3 33 fiiExtraccB = FEHL, fE script Al xmI3CHEFHREICMOSTS L. #2451

Parameters= 782 UL
o
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5.4.4.6.1 ¥Run GOCAD Silently EEGOCAD A

1. T1EGOCAD X FiAE &Ik ik 4, 4RI, CMOST-GOCAD, Y

“write sgrzd as CMG _ascii file” , % %Jﬂjﬁ“ﬁ/v\ ﬁ%@gfﬁ?ﬂfﬂmyﬁﬂ%ﬁﬁﬁﬂﬂ%ﬁ
JU 5 B8k 2808 P include U (inc) -

2. B/WE—A “write_sgrid as CMG _ascii_file” i iy 2 H T GOCADHIA L
o Z34h, CMOSTIRAEF I F RAE Mk th S0, ilan

Gocad on SGrid GridName write_sgrid as CMG _ascii_file File_name "<cmost>outputPoro</
cmost>" origin 0 switchlJ 0 vertical scaling 1 horizontal scaling 1 save _geometry 0
use_deadcell 0 properties "POR+Porosityl" Igr_scenario "";

3. TR A S UNE *AE PEREAE Rt . WA Z N2 HFE
WrH, stEMHZ M S, Fln:

Gocad on SGrid GridName write_sgrid as CMG ascii_file File_name "<cmost>outputPoro</
cmost>" origin 0 switchlJ 0 vertical_scaling 1 horizontal_scaling 1 save_geometry ()
use_deadcell 0 properties "POR+Porosityl" Igr_scenario "";

gocad on SGrid GridName write_sgrid_as CMG ascii_file File name "<cmost>outputKi</
cmost>" origin 0 switchlJ 0 vertical scaling 1 horizontal scaling 1 save_geometry (
use_deadcell 0 properties "PERMI+PermH1" Igr _scenario "";

IR T ECMOSTRAE TR LAH T-GOCAD I A SCEH 1 HoAl 5 »
— A TAER SRR . InRTFE T N 4 InZE GOCAD T./E
o

gocad load xml_parameters name "Property study loaded" file
“Example GOCAD_Master XML File.xml"

6. FERIARSCIRRIARRE, AT AR HGOCAD:

gocad quit really true
5.4.4.6.2 Extract Parameters from GOCAD Master Files

J5TiExtract Meme FEHIZ S, CMOSTHE HIGOCAD A FIXML SCH- 1 fir
BSEENES S WERAE A this[OriginalValue] VB, SAE M ST E HITNR .

T T MGOCADH HEFICMOSTZ A 5] 1«

Gocad on SGrid GridName write_sgrid_as CMG ascii_file File_name
"<cmost>This[ “poro.inc”’|=outputPoro</cmost>" origin 0 switchlJ 0 vertical_scaling 1
horizontal_scaling 1 save_geometry 0 use_deadcell 0 properties "POR+Porosityl" Igr_scenario

",
>
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U, 280 outputPoro H 51X E NFORMULA , $tEHZE “poro.inc”
INFNEE Y B A JobName + "outputPoro.inc"s FATEVUANBUAR X AR

5.5 EFrEEZL

1H 1T Objective Functions, Al LARE LGRS HORM e/ Nl e K AB . B, 7E
P SEAERIE LT, AR INAE 77 I s B MG 2 [ BiR 22 . AR T AU, AT
AEAELS ?Jﬂiﬁm@f)ﬂﬁ H%2(5 E 27 Objective Functions.

R4 Stud ﬂJ 75 1) H HIEObjective Functions [ AL &1~ 717 1o JC1EStudy 5T H
AIanAeT, HRFEZEM LA PYI Az — I E O H bR ek L

e Basic Simulation Results

e History Match Quality

e Net Present Values

e Advance Objective Functions

an ﬁﬂ%*aﬂ NPVLH@IW eI, A ﬁ'ﬁ%@EEBaﬂc Simulation Result:
[T SRIT, e FiNet Present Values 71 AT FFERY, IS B AR 2%
25l Curn a‘uve 01113/] soln, A B B Basic Simulation Result B, msda, W
%E%Jg(%@?ﬁﬂq?JTExcel FHFTEGE SRS AT AT, R4 TR T B

7N PR

uls 1
s
%

P

mﬁﬁ}‘“

5.5.1 A H 3R E] A

11 Characteristic Date Times E’QE LONNvaR N, AT LAFR E B AR R H bR R AL
T (L B, T A ST B A R R S A e T
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rBuilt-in fixed date times

Name Date Time Value I %%MSRZIFF E %%&ET IEU
1 | BaseCaseStart 1967-01-01 T00:00:00
2 |BaseCaseStop 1685-07-01 T00:00:00
 Fixed date times 1
Name Date Time Value 0 Insert -‘|:}5ﬁFl T YL
1 | PredictionStart 1975-08-01 T00:00:00 o~
2 | OldWellShutinTime 1980-01-01 T00:00:00 @D&J

 Dynamic date times frem original time series 1

Name | Cendition | Critical Value | Occurrence | Search Start ‘ _I(?ngln Sngm Property 0 Inzert ] W%E}Eﬂéﬁﬁ ]Ej)f\ 5 Fﬁ)ﬂiﬁﬁ)\
ype | e EIE R
| Delete | L
~Dynamic date times from user-defined time seriss 1| -
Name | Condition Critical Value Oceurrence Search Start User-Defined Time Series o Insert @{%EFEF' E %XE@ ETJ rﬂjr%‘
T2, #AZZSH
| Delete |

W _EPR, 8T Characteristic Date Times 7 [ & ST VY FFAS R AL 1] 55

*  Built-in fixed date times: [[A] SO SR2SCHE H B, £ _Lri A 4] 5+
BaseCaseStart 11 BaseCaseStop o

* Fixed date times: Specific/t] ' F & LI [A] 51, (EFRAEG M S dinsert, 44
Ja i ANameFDate Time Value, U1 NFrs:

Fixed date times

Name Date Time Value

o Insert
PredictionStart 1975-08-01 T00:00:00
CldWellShutinTime 19&0-01-01 T00:00:00 @ Delete

-

[

1 DL NP 204 A Date Time Value :

1. i Y4A7Date Time Value, 745 HTAB#AER A HIWREIF L),
HWAE. Hy Ho

2. fEATH DRt H,

Fixed date times

Name Date Time Value o Insert
1 | PredictionStart 1975 -08 -01 T 00 :00:00|=
2 | OldWeliShutinTime “ Aug 1975 > | [ Delete |
un Men Tue Wed Thu Fri Sat
27 28 29 30 31 1 2
3 4 5 6 7 8 9

10 11 12 13 14 15 16
17 18 19 20 21 22 23
24 25 26 27T 28 29 30
31 1 2 3 4 5 6

Today
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e Dynamic date times from original time series: 1 ##/ 4G 8] 551 & L34
IR, B, =4 2R Ao e S — I, S SO I A [ A

£ PB4 T, dynamic date Date 1 xEBaseCaseStarton 1) i 2 JE P56
— AN, T U FEPRO-1 B E S 1000 m 33 L B TA) -

Typed in by user

Dynamic date times from original time series

Name Condition Ll Occurrence Search Start Origin | _ Origin Property | o Insert
Value Type Name EE—
1 | Date_1 | Critical Value 1000 |First Oceurrence |BaseCaseStart [WELLS |PRO-1 Cumulative Oil 5C Delete

A A A A A A

Selected from drop-down lists

e Dynamic date times from user-defined time series: f&#ii /7 & AR [H] 7
H 58 LENASEFIA] S, U DynamicDateTime001 2 CumGORK T 5105
—A/\Hj‘[Eﬂl WO

Default Entry. Type in

desired name Typed in by user

Dynamic date times from user-defined time series

Name Condition Saitical Cccurrence Search Start Llse.r-Defmed L3 | o Insert
Value Series e
1 | DynamicDateTime001 |> Critical Value 5|Last Occurrence |BaseCaseStart |CumGOR | Delete

A A A A

Selected from drop-down lists

5.5.2 EHAMEHIER

27 0bjective Functions F=k#43, 1718 EObjective Functions 7 18] Bt B -7 /o
181 Basic Simulation Results A7, 7 LAE 2 MG [E] 7 210 F0 FH P A2 LRI ] 7
ZEKHEX HARREL, IXLEgE AT T H bR R A E s H bR RS 5 E R 2 R 4%

AT LARE SCT T H AR R -
* Basic Simulation Result from Original Time Series: HiIX ™5, A

HISERAR AR T UG I [A] 2 51 SR23CAF o ET@E’WU?, LT HERH
5 ProducerCumOil, ProducerCumWater F1 InjectorCumWater :
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Basic Simulation Result frem Original Time Series

MName Characteristic Time | Origin Type | Origin Name Property 0 Insert |
1 | ProducerCumil YearEnd2011 WELLS PRODUCER Cumulative Qil 5C
2 |ProducerCumWater |YearEnd2011 WELLS PRODUCER Cumulative Water 5C ml
3 |InjectorCumWater  |YearEnd2011 WELLS IMJECTOR Cumulative Water SC || Delete |

e Basic Simulation Result from User-Defined Time Series : 1H X5
e, ALK FH P e SO TE] P I SRR LB AR BREL. A5 N IRTEIBFrh
FE ST CumGORSC _YearEnd2011WE 0 7€ LI [R]FF 9] Cum GORSC™F
characteristic date YearEnd2011 :

Basic Simulation Result from User-Defined Time Series

Name Characteristic Time User-Defined Time Series 0 — |

CumGORSC_YearEnd2011  |YearEnd2011 CUMGORSC

-

| Delete |

e Characteristic Time Durations: =&/} [A]/TF M1
characteristic times 2 [8]o 1 FIHFIHT-H, Duration001 (%Kit
&) A

BaS( Characteristic Time [Surations

MName Duration Start Time Duration End Time Time Unit O —— |

1 | Duration(01 BaselaseStart Yearend2011 Day
Delete

553 DI E

Z:7% Objective Functions3L#43, 11 7EObjective Functions 5t IHi it & T
Wrle MEIGERERBIIER S &R RINRE. HE2EE, &
Z%History Match Error.

RE S RGP R,
1. #J7JFObjective Functions | History Match Quality 7 [ :
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~Global history match errar definition
Global HM error name: Unit label: Calculation method: {Zuﬁﬁj\ﬂ:x p )\ S

GlobalHmError % [Weighted Average ']

i~ Local history match error definitions —
HM Error Calculation
Insert
Method [Omset |

Unit Label

Name Active ‘ Weight

Delate

Repeat
FERA M E T
S L HHREMARER
localilh 1% 72 o
Criginal Time Series Terms | User Defined Time Series Terms | Property Vs. Distance Series Terms | B
| Inzert
Delete -
| Repeat | Z o e U TS
localfL A 1 22 1 5

2. fEGlobal HM Error Definitions%* H4b, & G177
e Global HM Error Name: i AZFR, 1ZAFREENSIEI Y HEIA &
H bR EREL
e Unit Label TR HPRRECANL . ZIRE, BRERALE %", &
AR, ASF SIS IR ZE TR

e Calculation Method: %65 Weighted Average T Get Maximumo W15
lxﬁ Weighted Average, CMOST Y45 FIr A7 i local bl £ 15 2= 44 RE A it
s, DRI RLEILE R Z T

Global HM Error = Zg

Wi
HHLHME; /2 local &R ZEZiIHIME, wi 2T AERT. WH
1E8% Get Maximum , SANEIRZEE T Bk Mlocal il AR ZE o

3. fELocal History Match Error Definitions#4% , & ¥ local #5122,
MTHRESGERE, W
e Name: fUGIRZE AL EME—T.
e Unit Label: A7V 1Z T Rlocalfl ik 2 KA . 120 B A 1Y
2%, Bk, ARSI R GRmETTE.
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e Active: Active iEITHEME T CMOSTZ A Hlocalil &R 22 K 1t
AREMAIRZE . W% F ActivelBIHE, CMOSTH-i FHILA IR ZE,
B local il IR ZEAH T EBIAG IR ZE . A ARBREE ) localfll
BiRZE, MR ERWERE, haBhisfE.

e Weight: U158 7ECalculation Method Hi%L#5 Weighted Average ,
Llocalfll IR ZE S ARPEAE PR 1 0 S A IR ZE I iU i . A (K7
R, A LA R ZE B RS it ok

e HM Error Calculation Method: %E35 7 R ISR ZETHE Tk
( HM Error Calculation Method) NIAF-Y] (Weighted Average) X,
FHorfx KNG IRZE ( Get Maximum) FPIH—Fho W SEFIACER
(Weighted Average) , CMOSTEARIRIIALE AT (Term Weight)
SERIFTA U T 1 Hlocal il G iR, 17
Local HM Error = Z—Zwi b
W,
Hep, 6200, wi 2 HAER T
ML R AW EGIRE ( Get Maximum) , TAEIRZESGTHKH
LA RZE o
4. fFLocal history match error definitions %, L —Mocal SR
Ze, WRHRSLBRE L, Wit Hlocal il & iR 2 it Y Original Time Series
Terms, W NFIFTR:

Original Time Series Terms | User Defined Time Series Terms | Property vs. Distance Series Terms

Qrigin Reset Rtecluic Term
9 Origin Name Property Start Time End Time . Measurement ; MNormalization
Type Cumulative Weight
Ermor
1 |WELLS Injector Cumulative Gas SC |BaseCaseStal| BaseCaseStop ] 0 1|Aute

NEA UG EP I IR A 1721, WT:

e Origin Type: M FHSEHH | EEFEHEEEA. N
WELLS+~ GROUPS. SPECIALS+ SECTORS+ LAYERSE{ LEASES'Y
WeF—"1. B Origin Types #IK H 455 30

e Origin Name: Zi%E0#HS &3 T Origin TypefE N E A LR .
SRAEXS W Origin Type A LML, Origin Name¥ 4225 . WIERH
sk, AB2.Origin Type AREM . FIa0, 215K Origin Type 25512
WELLS, 384 1EOrigin Name 45 645 B 2RO H: 1) 2 F5.

e Property: ZIEIENESE T Origin Name Tt 758 L H LR
n, sl Origin Type 1%4% WELLS, NIProperty JifESAH— RF ik
i AN Cumulative Oil SC 2 Gas Rate SCo
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o Start Time: MEEREFRISCHH ) JEFEFF MG T B RRFERT ] & 1%
I 5] 5 AT AL B A1 45 SIS ) 2 TR0 848 ) B I ) 2 B
BT AR LRI ] 5

* End Time: JEFECMOSTIE 15 & B RFIE I R] S0 IR [A] s a2
%ﬁﬁ@%ﬁ%%ﬁ@ﬁZ@oﬂ%%%%ﬁ@%gﬁﬁﬁ@ﬁ%%

1] 5o

e Reset Cumulative: 7EfJ7SHFUGES, H P ATEES A Ao 2B I 5
OGN, BEAA TR T s A il sk alcE 2 B . nl
FEREIR - SR SRR IR . flln, £ FEF, BAE
DEONATRENEE, AaE SRR EEEdE, HaiEu, RATREE
2L A L EL K

250

200

9
=]

Cumulative Water SC (m®)
=
(=]

50 F

BaseCaseStop
BaseCaseStart FixedDateTime001 FixedDateTime002 \

0 50 100 150 200 250 300 350 400 450 500

Time (days)

N TG EE PR RIS, BT B B PR
[AIE BOE S UG IR EI, 2N N2 r SR AR A L0 AT
Tre N T IEREE AT 28, A A BN & [E] BT
SR S B R 2, O B B BT AR I 18] RO L Y
Ry ®, A E IR R R AR WRE R (]
R TR/ ) RIET AR (Bl KA, AR B %
RAEN N TREGMEIZR AR, P NI LG UL Reset

Cumulative -
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X BT R K, 8 S LA IR 2= Water]

Absolute

Qrigin Type Origin Name Property Start Time End Time EE::LIEWE EN::\::urement TWE:; = Mormalization
1 |GROUPS Default-Field-PRO | Cumulative Water SC |BaseCaseStart |FixedDateTime001 ] 0 1|Auto
Water 3 :
o Reset Absolute Term i
Qrigin Type |  Origin Name Property Start Time End Time Cumulative lg::a:rsurement Weight Normalization
1 |GROUPS Default-Field-PRC|Cumulative Water SC |FixedDateTime002 |BaseCaseStop 0 1|Auto

TEBaseCaseStart 1 FixedDateTime0012 [f1], & X1 il &iRZE
Il Waterl o AJ LAIEEE AZi% I B Reset Cumulative,  BAHETIY S H
B R KT E R o
T RBENH  (MFixedDateTime001 %))
FixedDateTime002) , & IR ML AED Rkl ZH 59
Zji%)ﬁiﬂ%ﬁ%ﬁ , RUAZES TR o BB EAN T R Y, Y%
o YENTNEIRZE: HRERA I EHRARS E . BB &4
IHRZEI 4 BEMAE NSRS RAE (historical value — ME) Fl
(historical value + ME) Z[A], FINGHEWREEOR (BAEGH AR
FORATVEREIZN) « BT Measurement Error H AR T8 LG 1R 2
[ A #%2: 75 History Match Error #5430

o MERETF: Term Weight (FLERE 1) FL/n 4717 LG IR ZETAY
AR . Term Weight (FEF7) R, ZIUN LA 12 2257 ik
Ko HH, BEERTHOK, WHHIZMET ) SRR,

e Normalization: X TXPMZHHIELZFL, 2% History Match
Erroro

5. MRPESEPRTE L, 1EPEUser Defined Time Series Terms H K114
localfl &% 2, W FHI~:

Original Time Series Terms | User Defined Time Series Terms | Property Vs. Distance Series Terms ‘

User-Defined Time Series Start Time End Time Absolute Measurement Error Term Weight Mormalization l 0 Insert |
CumGORSC BaseCaseStart |BaseCaseStop 0 1|Auto ——

-

l € Delete |
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NFAGHAEA I UE LIRS R PRI THR A —4T, B B4, T

 User-Defined Time Series: tf¥ C £l i Fundamental Data |
User-Defined Time Series’fij A 1] 8] 541

e Start Time: #1_E[fifor Original Time Series Terms/r iAo

e End Time: %1 LA Original Time Series TermsfTid o

e Absolute Measurement Error: Y_L[HOriginal Time Series
TermsfTik o

e Term Weight: U_LHOriginal Time Series Terms//Ti

e Normalization:: #1_E[AOriginal Time Series Terms/Ir

6. ifﬁ_]’%%k"rgperty vs. Distance Terms##, R SLPRIFHLESEE H T Flocall &%
ZEZELVS FEESIT, W

Original Time Series Terms | User Defined Time Series Terms | Property Vs. Distance Senies Terms

Property vs. Distance Series Name | Absolute Measurement Error | Term Weight Normalization | @ Insert

|
| @ Delet= |

FERIE P NN SRV IR AT, AREFEZERL, T

-

InjectorGasRateAccum 0 1| Auto

e Property vs. Distance Name: M Fundamental Data | Property vs.
Distance Series i A Y [A] 77 81 e 5 — I [R] P 41

e Absolute Measurement Error: _L[AiOriginal Time

Series TermsfTit .

e Term Weight: %1 _F[AOriginal Time Series TermsfTik .

e Normalizationll_I[fiOriginal Time Series Terms//TiA .
7. NHAM local i H IR EH T 4-620

5.5.4 HILE

27 Objective Functions JT3L#43, 118 7EObjective Functions F[Fi &+ 17
S

iHiINet Present Values /11, XA LUE A NPV HEREREL, WF AR
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~Field NPV definition o N
Field NPV name: Unit label: Calculation method: Fl&ﬁﬂﬁﬂi)ﬁby%
- - - NPV
FieldNPY Sum of Active Local Net Present Valu
~ Local NPV definitions = N
| Name | Unit Label | Active | MNPV Present Date ‘ Property Filter | Calculation Method o Insert |
Delete e o
TEIEAFerE SF B
Repeat | || | T IHSA NPV
Local NPV.
| I J
Continuous Cash Flow Terms | Discrete Cash Flow Terms |
I Insert 1] —
|| R E SO
[ elete ||| T SRR
[ Repear ||| | Local NPV fi
AY Al
AT B & Net Present Values L1, 27 LI N &4
TIMIE 46
FERITT FRATR

ETGWIES SCh

NewWELL1 42 H A

V74
77

b R A A A A A A

Discrete Cash Outlay
newW1 L3 UBAK

newW1 L3 UBAKH
WA H A

FERLTT ZAIE N IS UGB

NPV_newW1

1. METETTIN, A T ERE N EFE TR R (%8
AP H0.1) o

2. PrABLE B RTHEJSE TNPV_newWl,

3. WHNPVREAMNPYZ A
NPV_newW1 + NPV_newW2 + NPV_oldWells
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NS SR B _E T RNPY B AR B E LA
1. fEField NPV Definition 718, W NN, & X ZNPV:

Field NPV definition

Field N

FieldN

PV name: Unit label: Calculation method:

PV Mi Sum of Active Local Net Present Values

* Field NPV Name: i AME—), EAHIAMER SR

* Unit Label: i AEESRIRAT NPV AL, BN, S8 a7
FIL (M$ ) KRR IE . 1B AT IR, KA?"ZHHﬁF‘iZJNPVE‘]
T8

* Calculation Method : %% AL E HSum of Active Net Present
Values, NREFHMUEI . NPV AEFTA WL Local NPV AR
o

oy LA hY N S
2. f{fLocal NPV Definitions 3&4%, i AJFELEH T 58 NPV Local
NPV, W~
Local NPV definitions
Name Unit Label | Active NPV Present Date | Property Filter Calculation Methad | O —
1 |NPV_newW1l WS BaseCaseStart Maonthly Rate  [Sum of Net Present Value Terms
2 | NPV_newW?2 MS BazeCaseStart Maonthly Rate  [Sum of Net Present Value Terms || 22
3 |NPV_oldWells | MS BaseCaseStart Maonthly Rate  [Sum of Net Present Value Terms || Repeat
+ &

3. A — 1 Local NPV AL, HFEZH, W

e Name: Study" HLocal NPV A FRAAEME—HY .

e Unit Label: A7) iZfllLocal NPV—#E BoRo X KB AT
ZINPVitE,

e Active: Active iEIIHRTE T CMOSTAE S # HLocal NPV il E A 1%
NPV. UHEiESEActive, CMOST ##+# FHLocal NPV, 5% Local NPV
Wizf, (EARREM TSNPV IR A RS F Local NPV
E%T\Eﬁ?*ﬁzﬁ%% WEITIHE .

e NPV Present Date: AR IR IR T IR (0] 50, filn, <4k
F) s TR o

e Property Filter: {FAFEGHIEIH X EJE Tlocal NPV HYIL4
o BN,  WRiEFEDaily Rate, I, JEMEF N SeHH
A HIEZR .

CMOST User Guide

Creating and Editing Input Data « 117



* Calculation Method : %% AL E ISum of Net Present
Value Terms, NAEAEM . Local NPV +& 152 B HOL 4 1 B
KA
4. i%+#¥ Continuous Cash Flow Terms t3%, i AFTAESLINER, HRITE
Local NPV, WI NI NPV _newWI 7K :

Continucus Cash Flow Terms | Discrete Cash Flow Terms

- - Yearly . .
Crigin Origin Property Start Time End Time Discount Unit Conversion | o HE ‘
Type Name Value | Factor
= | @ pelete |
1 |WELLS |NewWELLL |Qil Rate SC - Monthly PredictionStart |BaseCaseStop 0.1 60 0.000001| ————
2 |WELLS |NewWELL1 |Water Rate SC - Monthly |PredictionStart |BaseCaseStop 01 -1 0.000001)| Repeat |

e Origin Type: M FREEH | EREFTERZR
W WELLS. GROUPS. SPECIALS. SECTORS- LAYERSE(
LEASES. FITA Origin Types #BRIE T HHIEE RS0

e Origin Name: MHR#EEZE M Origin Type, SAJGFE N R SRR HIERTR
HIET . A0 SRXT B ) Origin Type %A XI5 H , B4 Origin Name
IS WA X P i Origin Type WIASREM . filan, sk
Origin Typelt# & WELLS, W Origin Name 146045 ZE Al H ey H:
24K o

e Property: HHEIEFNOrigin Name, ZRJG7E NS H ST ERN
BT, N, GnROrigin Type 142 WELLS, WProperty &5 A5
FrE 250, Bl H 7= iE £ 0il Rate SC-Monthly 587 777K #5
Water Rate SC-Monthly o

o Start Time: EFIHEIMERA LS H A

* End Time: JERIEIEIRES RN A .

* Yearly Discount Rate: DL/ INESCRY T = AT B 511 400.1 , M
F210%o

e Unit Value: AJEMEEMA BN E. B, WANIEE, £
HoATUE. FE LB T4, Oil Rate SC — Monthly XM M AT
. FEHS60-

 Conversion Factor: (IR TFELGING TS FHHRAL, wiFE2m
NEARN -0 AEFRATEIBI 5, FRA TP IR ER o e 4 oy 11 5%

JCo Oil Rate SC — Monthly AN EZFAS$60, KA 17 Z3k LA
0.000001 FKEALR T I =TT

5. J&¥tDiscrete Cash Flow Terms Jil, SAJ5/EH P A\ 77 231 Local NPV
Fra M 4&it. i ~BIFR:

118 ¢ Creating and Editing Input Data CMOST User Guide



Continuous Cash Flow Terms | Discrete Cash Flow Terms

) Yearly Discount B Conversion
Parameter Cash Flow Time Rate Unit Value Factor | o Insert
1 |newW1_L3_UBAK PredictionStart 0.1 -6000 0.000001 Delete
2 |newW1_nlayers PredictionStart 0.1 -3000 0.000001

e Parameter: NEHUAIILE TG AME—RT HARYER 2R
e Cash Flow Time: &8 &4 BRI s AT [A] 5o

e Yearly Discount Rate: DU/NEUW 7 =0k A FEPTELR | fil40 0. 1A
F10%o

e Unit Value: NEEILEmMARAANE. FLIIEH], BWAH

iE, A, fEEEE T, newWl L3 UBAK A4 H
4-6000 (32 H16000) o

e Conversion Factor: AT EG I Eim it AL, e
BN R T AEFRATHIE T, FRATE IS AN S e E R el 5 7
FIt. FANITFHARALEFETT, FILFRATREE3ELL0.000001 14 H %
SN AEWIE i

6. M HAMLocal NPVEE3-50 . XAEHLAH NPVIE L T HAREEL

55.5 B HInEL

1B 1 Advanced Objective Functions 17 /5, & X2 HARREL:

e Excel spreadsheet calculation: 7] AL ECMOSTE ASHUBEFALLLE R 2]
FENEE R TR T, A5 MIZ RS H bR eR ZEE R

e User-defined source code calculation: F|fHJScript{CAZok H & L HFrK%L.
274 Using JScript Expressions in CMOST -

e User-defined executable calculation: 7] LA# 25 =754 HIUIMATLAB
Kt Bt HATE HbR R EUE

ER: WPTA SRR S EARR AL, 1R (B, SRRSO
Test MIZHOR T = H Rk

5.5.5.1 #“/\Excel HTF#E I E#A

TEHUIZA R AT, S8 LExcel HH 38, CMOSTHE AHERIT Hiz it H
FREFEL ﬁi/\StudyéEJﬂz*/l‘EE¥%%, E%?F/J\%/I\Studyifigﬁﬂ/ﬂa/%%, e vVl
WG R AL, Bl
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Study 1 00062 .xls

=2 H AR R TSR A Eemsd U .

1. 1£ Advanced Objective Functions 17}, fiif; Insert , ZAJF1%#5 Use Excel
Spreadsheet Calculation. — #7152 H 7i‘TLIéxkﬁl/‘i'jt{%xj][lEAdvanced
Objective Functions %, e ERREE A 2T FHIBEEEE L
Excel HL 73R A AT, W NTR:

MName Unit Label Advanced Objective Function Type Max Execution Time (min) | o Insert ¥
ExcelCal001 Excel Spreadsheet Calculation 30/

-

Delete

| @ Test

Objective Function From Excel | Write Parameter Values to Excel | Write Simulation Results to Excel | Write Time Series Data to Excel

Path of Excel workbaok file: | -_' Browse... |
Worksheet name (case sensitive):
Column name:
Row number: | 0

Cell reference:

2. TEAdvanced Objective Functions 4%, i A LL 047

- Name: $A— iR EEERRETAFR. Name STELSRIEIE
RN, ¥ TR H bR R AL

- Unit Label: i A\ &2 HARRET AL, X SEAN AL R IKIE

R,

- Advanced Objective Function Type: ZIETUL MBI, ANREMEK.

- Max. Execution Time (min): i ACMOSTH KA THI B (F53 5t
B o MRAERKPATIEN, BEABHET, CMOSTS K&
1., FEControl Centre %'[fiEngine Events 13515 123 H I — 4517 2

7No
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3. {E Objective Function From Excel #£31, CMOST M E L fJExcel H¥
AREBHE R BAE, 0 Bl

Name Unit Label Advanced Objective Function Type Max Execution Time (min) | 0 Insert ¥
1 |ExcelCal001 bbl Excel Spreadsheet Calculation 30/ )
Delete
|. B Test |

Objective Function From Excel | Write Parameter Values to Excel | Write Simulation Results to Excel | Write Time Series Data to Bxcel

Path of Excel workbook file:  SAGD_2D_DynaGrid_Optimization_d.cmsd\DynaGridCalculation.xlsx | i Browse... |
‘Worksheet name (case sensitive):  Sheetl
Column name: A
Row number: |20 -

Cell reference:  Sheet1!SAS20

LEBFH, FRATTWIYE 1 Excel 738 LLM AR E R TAER, CMOSTH433HL
HFRERECT BTSN AME R AR RS 7 BTN A THE, 52 H
FrEREUE S 2 2 EExperiments Tableo [FIAY, HL -5 A4 Study kit &
ERHAREREL, TP R T Study UK

TEWrite Parameter Values to Excel £, 5 G AT 2 Excel 13 1Y
240, worksheets column~ VAN rowlll FHlf7s

Parameter Name | Worksheet Name | Column Name | Row Number Cell Reference

INTOL Sheet 1 A 1|Sheet 113A%1
£ EH 7, CMOSTH S AINTOIE, FTExcel 738 TAE#
Sheet] HHI$AS1.

1F Write Simulation Results to Excel 1501, #5/EMHEHEZE F Excel H T3
LGSR ) Hfworksheets columns PAKZ row Tl F 17w :

[

Origin Type | Crigin Name Property Simulation Date Time | Workshest Name | Column Name | Row Number Cell Reference

WELLS PRODUCER | Cumulative Qil 5C | 2015-12-01 T00:00:00 | Sheetl A 2|Sheetl!$A52

-

16 B, X FPRODUCER, CMOST #7EAE L=
FIAL KA B 8] 15 5 N Cumulative Oil SC %UH -
TEWrite Time Series Data to Excel 150, & Y AHELE A F|Excel 132 I [H] 7
Fl, Foh, AT LUE LEERE ARITTI OKFEEER) LLAAAZ I [E] 731 5

o
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Crigin .. Calculation | Worksheet SE] S Start Cell Cutput “.’”te
T Qrigin Name Property F N Column | Row Refe Directi Time
ype requency ame Name Number eference irection oy
1 |WELLS PRODUCER Cumulative Oil SC |EveryMonth  |Sheet 1 A 4|Sheet 113434 Vertical

1E_ R, 45HFFFPRODUCER, CMOSTHE A 273 i 1] 2 4114
8, #HIE, JTIAT Sheetl:$AS1, %R E] 751 M [mHES)

(A5 NExcel 12 19 R AR AN A AR, CMOSTHE A
Objective Function from Excel 2261 S FN3ERE 2% H AR B 4L

7. giiliTest (@ | FHDRMNL L FRISTR, 203 — > Test.xlsx H 40
?%@TU\E MOSTE i .2 1T HF s e PR, SR i Excel b BEHA 1

5552 BAMHFEEF-5E

1. fEAdvanced Objective Functions i i, fidiInsert , #8/51%E#5F Use User
Defined Source Code Calculation, fEAdvanced Objective Functions Z<4%H7
W7 — A H SR EH bR kAL, I HAE T ME R 445K fEAdvanced
Objective Functions#45%, i A :

- Name: ¥IAZTR, ZAVIE T &P HIRRL. Name K EIAELS
REAH, TR EWE@ZO

- Unit Label: fiASZ% HIRRECAAL, X LA I RS R E A
His

- Advanced Objective Function Type: 1ZETUHGEM T2, AREE
s Max. Execution Time (min): i ACMOSTH KBTI [A] (#%5071)

WERAEHE B B KPP TI RN, IR 58, CMOSTS | &l 47 1k,
F HAEControl Centre %ﬁEngme Events %%f%tfj/\tﬁ AR IR(E B o
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A RETF S IScript AL, Wi A Iscriptdm Sk gEf Tk, FrARRME T —
D T AT I R P81 . BE 2245 B 225 Using JScript Expressions in
CMOST :

Name Unit Label Advanced Objective Function Type Max Execution Time (min) 0 Insert ¥ |
1 |RunTime second User Source Code Calculation 30
2 | MaterialBalanceError % User Source Code Calculation 30 DEIEitE
3 | SolverFailurePercent % User Source Code Calculation 20 lgTesl |
Fixed-Time Variables Source Code
Qrigin | Origin Simulation
Insert 3
‘ al=ne Type Mame fre=ty Date Time O inse | Oy ¥ B B 2 D qa [
| 1 Delete | 1 //Start_CMOST Data_Transfer_Code =
2 //In code editing, variables are initialized with randol
Repeat | 3 //True variable values will be assigned when the code i

4 var ProjectDirectory = "D:\\CMOST Projects\\DynaGrid\\S
5 var StudyDirectory = "D:\\CMOST Projects\\DynaGrid\\SAGI _
6  wvar StudyName = "SAGD_2D_DynaGrid_Optimization_C32"; 3
7 var ExperimentName = "SAGD_2D _DynaGrid_Optimization_CJ2
8 var ExperimentDatFilePath = "D:\\CMOST Projects\\DynaGr:
9 var ExperimentLogFilePath = "D:\\CMOST Projects\\DynaGr:
18 var ExperimentOutFilePath = " \CMOST Projects\\DynaGr:
11 var ExperimentIrfFilePath = "D:\\CMOST Projects\\DynaGr:
var ExperimentMrfFilePath = "D:\\CMOST Projects\\DynaGr:
var INTOI = 1@;

var INTOK = 5;

var TEMPER = 5@;

war TINT = 5;

//End_CMOST_Data_Transfer_Code

AN,
Do ;i k W

//Please_Write_Your_Code_Below_This_Line

T —

2. WMERAVE IEAIE A EAEIscriptiF 8RR 0 [ A 1R) AR 5.

3. fESource Code 4} T BTERE, 1 AJSeript 44T I TH .-

4. FEJAZICMOSTSI %2R, sidiTest Bi=t | f&HAMiKIScript 4ihIiE
Ho UNSRAETest Calculation Results X IHHEIR [Bl— M 4UE, FnizBIE
fifio

5.5.5.3 BABF AELSITIHE
J7 S8 =TT A R BB SE RAE B, T HAR R BUEFHRZ S AL
ffo CMOST A AM SO Pise Bz, HAGIX Le4UE A2 {EExperiments Table.

AT UEZESY, 7% FIEIE £ CMOST R LA FH Al 404 734
GetMatBalanceError.exe, 1P FEH T H 52 H 5K %L-UserExeCal001 :
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97 Jlog file
.dat file

o~ o)

CMOST

GetMatBalanceError

|

©

Result File

—

CMOSTOIEE I 40ds, i :
SAGD 2D DynaGrid Optimization 4 _00001.dat.
BB TEIUT %, Ak log, .outFISR23CH:.

CMOSTH S H R %L, 15 H AR R 4L UserExeCal001, CMOST HRIEZHT 4
177 GetMatBalanceError.exe (£ T 3L D:/ResearchProjects/
GetMatBalanceError) « CMOSTIHIL NI A TZ4L- log SCHHT S

¥, SAGD 2D DynaGrid Optimization_4._00001.logFl45 5 SO 6%

SAGD 2D DynaGrid Optimization 4 _00001.UserExeCal001 o

M Jog £ GetMatBalanceError.exe ', SEHU) TR ZE
GetMatBalanceError.exel ) TR 22 5 NGRS

CMOSTEEREE RO HIEUE, 14 1% B A UserExeCal001. CMOSTAE
BYEPAEHZAE, RYREPREDNL, %45 AExperiments Table '
UserExeCal0017%1] .
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% LI PTA , L2 Advanced Global Objective #t1HT, W1 NF7R:

MName Unit Label Advanced Objective Function Type | Max Execution Time (min) | o Insert ¥ | B = T
N || =TT
1 |UserExeCal001 | External Executable Calculation o o
- I_JW S TR
elete
| 8 Test \

~Generic post-simulation command settings

External executable path: DA\Research Projects\GetMatBalanceError\GetMatBalanceError.exe - -G - /;“E, Tmﬁ—ty\ﬁ:%

) Fe A LR, A
Command line switches: <\
. ERESEEES
Experiment Name tagged command line arguments: -
Argument Switch Argument File Type J 0 Insert | JOv
1 Experiment Name Tagged LOG file (.log) GRS 7;‘@(
2 Experiment Name Tagged External Executable Result File @ D | L
&

Command line preview

P I N - T ——— N AT

D\Research Projects\GetMatBalanceError\GetMatBalanceError.exe” "DACMOST Projects\Case0002 (OP) AT ATIN
\Case0002_BeforeRun\MewProject.cmpdiNewStudyl.cmsd\NewStudyl 00001.log” "DACMOST Projects\Case0002 [OP)

\Case0002 BeforeRun\NewProject.cmpdiNewStudvl.cmsd\NewStudyvl 00001.UserExeCal001"

NOTE: th ] DA A (& Fi (& f e By A 28O I

TES A T Advanced Objective Functions 4%, 5P FH P Al AT, AAG
hiTest (Bt JFEHREIETTHE S ER G IE, WA Test Calculation Results X} i
MEIR [ — P, FoniaB IR .

5.5.6 B EFRERBUEIEE

@ﬁmwmmmmmemmcMmmmwm,Tuéﬁkimuﬁﬁ@ﬁ
IR, AR EEE ST R B AR R U E S FE A 2,

o PIHIGIRE
o HEUE

o EPHIREREL
o HmBFAILE

244k 11T Global Objective Function Candidates 7 &, {8 Ff & 7% FH 0 E H
PR IR e AR, AT LUE SCAOME HAR R 8. 6 FIHAE 7, 241
LT CIGOF, VF Ayt r 1y JLANH Fi s b RO 1 B

CJGOF = GlobalHmError + 2 x MaterialBalanceError + 0.4 x SolverFailurePercent
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- Built-in nominal global objective function candidates
Name Unit Label Comment
1 ||GlobalHmError %o Global History Match Error
2 | RunTime second Advanced objective function
3 | UserExeCal001 units Advanced objective function
4 | MaterialBalanceError % Advanced objective function
5 | SolverFailurePercent %o Advanced objective function

~ User-defined global objective function candidates

MName Unit Label Comment 0 Insert

1 |ciGor [ | user-Defined
| Delete |

o~ 2 " 2 2 QQ &

17 wvar GlobalHmError = 8.58681957;

18 var MatchingError = @8.88229988;

19 var RunTime = @.854118639;

28 wvar UserExeCal@dl = 8.53200161;

21 var MaterialBalanceError = @8.78819623;

22 var SolverFailurePercent = 8.74204213;

23 f/End_CMOST_Data_Transfer_Code

24

25 //Please Write Your Code Below This Line

26 GlobalHmError+2*MaterialBalanceError+@.4*5clverFailurePercent -

IR S AR ) B AR AU IE(E, BN, 85 Engine Settings T, A LR E
P B E SUE H bR R g Ty ﬁ(ﬁﬁjﬁﬁﬁ) N s

~Engine configurations

I> Engine General
4 QOptimization Settings

Total Mumber of Experiments 2000

Global Objective Function Name CQGOF

Search Directicn Minimize
> Random Seed

> Experiments Management
> CMG DECE Optimization

Experiments Management

5.5.7 HHEARFKL

AT IR 7 SE G AR TT S SUREPE R R LR 2 o M3 i T M2 R 4 4
N, VAP EHPRRE K THEARZHNEZER, ES % Had
Constraints o

1HtSoft Constraints Ftifi, A LUE UL, Wi e 7L 5%
, ¥MESEEHRRE. YHHUER BTG, Baet Sl k TIELRE
-, nRis &Tﬁﬁﬁﬁﬁﬁ,jWﬁEh@ﬁ‘HMPMmﬂWo
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RE SRR

1. j%&+#EConstraint Formula 71 ;

2. 1iiiSoft ConstraintsZi& A HI Y (Qmen | 74, %J)\?FJ\@Q/J% Ao ﬂﬂ%
DS, IR A— D AR . EECMOST  Activefii s, i
T YIREA

3. HEIEE T —MNERMEL R AT, fEConstraint Formulaiflis#T F—1 CMOST

Formula Editor ,

NPMELRZH A — DA, WTEFR:

Name Active Comment 0 Insert
1 |SoftConstraint_1
@ Delete
Constraint Formula | Constraint Penaltie5|
O ¥ B B 29 @ a i
8 var ExperimentDatFilePath = :\\Program Files (x36}\'\CHG\'\CHOST\\ZBlZ.28'\‘\TPL'\‘\0pt)‘T
= var ExperimentlLogFilePath :\\Program Files (xB6)\\CMG\\CMOST\\2812.28\\TPL\\Opti
18  var ExperimentOutFilePath :\\Program Files (x86)\\CMG\\CMOST\\2012.28\\TPL\\Opti
11 var ExperimentIrfFilePath :\\Program Files (x86)\\CMG\\CMOST\\2012.28\\TPL\\Opti
12 var ExperimentMrfFilePath :\\Program Files (xB86)\\CMG\\CMOST\\2812.28\\TPL\\Opti
13 var INJP2Z@@7 = 328d;
14 var INJPZ@la = 328d; [l
15 var INJP2@13 = 3888;
16 var INJP2816 = 3284;
17 var ConstantOne = 1;
18 var (S0RZ81% = @.84852411;
9 var 0ilProduced = @.44716751;
28 var WaterProduced = 8.11319923;
21 var SteamInjected = ©.16858732;
22 var NPV_Field = @.95424128;
23 var NPV = 8.17383245;
24 S/End_CMOST_Data_Transfer_Code
25
26 /{Please_lrite_Your_Code_Below_This_Line
27 CSOR2819<=4 e
< m | »

Wi @0 %, AT Lo A I AT R A, N

[+ 14

Single Value Variables 3

Built-in Functions r

Path Variables 3

INJP20O7
INJP2010
INJP2013
INIP2016
ConstantOne
CSOR2019
QilProduced
WaterProduced
Steamlnjected
NPVField

NPY
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AN A AR T E LS. HARREA M R g S . W LA
KRB T EF s A AR E LI, R CSOR2019 A/

TEET4, WEEK 1 Soft_Constraint 1 »
REM— BT
;. T SV LTI SR 1) 53 A0 A 8 S “AE5T ) 1R T RO 29 2%
1. fEConstraints 34%, s ELI R M. X T 7EConstraints 4% H 1 A1~
ML R A E — P E e “‘E?F”o
2. &£ Constraint Penalties 167 ;

MName Active Comment 0 Insert |
SoftConstraint_1
@ Delete |

-

Constraint Formula | Constraint Penaltie5|

Penalties for the constraints: ..
Active Objective Function l © fnsert | Or X B B 29 QaiB
1 MNPV — 8 var ExperimentDatFilePath = "C:\\Program Files (xSG]\\CH(‘__

@Delete | ] var ExperimentLogFilePath \\Program Files (x86)\\CM(
L— 16 var ExperimentOutFilePath “AWProgram Files (x86)\\CMC
11 var ExperimentIrfFilePath = "C:\\Program Files (x86)%\\CMC
12 var ExperimentMrfFilePath = "C:\\Program Files (x86)%\\CM(
13 var INJP2@87 = 3800;
14 war INJP2@10 = 3088;
15 var INJP2@13 = 3888;
16 var INJP2@16 = 3088;
17 var ConstantOne = 1;
13 wvar C50R2819 = 9.48349865;
19 var DilProduced = ©.39249284;
20 var WaterProduced = @.91732451;
21 var SteamInjected = ©.23474278;
22 var MPV_Field = @.83983465;
23 var NPV = 0.7@859335;
24 //End_CMOST_Data_Transfer_Code
25
26 //Please_Write_Your_Code_Below_This_Line
27 IF(NPV>=@, NPV/SQRT(CSOR2819-3), NPV)
* [ »

IIEI,,

3.  siifiPenalties for the constraints 557 | @inser Whn— g
4. ;}%Tﬁ;ﬁ%qj , 1%¥%O0bjective Function , MRHFELFRIEFN, L ActiveitIi
EgS

5. fEFormula Editor 25 [I4L, i AN“FEST]” ) & fES I REFFE L 7. 1 L
7, s fiTSoft Constraint_1 , 40 F 7777 NPV -
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IR BRERENPY KTEETF0, NPV I F A
NPV
J(CSOR2019 - 3)

WRNPY /NTF0, ERIEAL .,
R B bR RO S T 2 N AEZTER, AR 4 B bR R R e
LIRS T

{EControl Centre 7' [iiEngine Events 1% 5
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6 CMOST izfTFI#E
(Running and Controlling CMOST )

6.1 T

Control Centre 17 5 N H 777 S H IR B PIgS ML TT %R, SREIBlT
CMOST/E55 -

6.2 T8 L

1Hi Control Centre LI, W LAHZNE 2, Folisf ridfe, ErisAiE 1k
CMOST/L55 . ST IRCMOSTIL 55 2 /i, Ea@ﬁf?é DYSL = Lﬂfi’@ﬁ.

¢ Engine Settings
e Simulation

e Experiments Table
— H A BT, ] LAd ik T HE A~ Control Centre 17 5 15 5 Start
Engine Q #%HIKIZITCMOSTIES o AR E W45, XIIEHE
Validation Error Summary < HI UL N E7R

d Validation Summary = | B eS|
The CMOST engine could not be started. Please fix the following errors and try again.
Type Page Data Object Message @
0 Parameters Parameter: Param001 Error : Lower limit can not be NaM for parameter (Param001)
Simulation Settings | Simulation Settings arning : No job can be submitted because no scheduler is accepting jobs.
Experiments Table |CMOST Experiment Table [Warning : There is 1 reuse-pending experiment. Please provide missing parameter values for the experiment.

& oK
e —

IR SEIX BB S A T LA 35 | 2 . IS A3 ] AZIE Y . AT LA
Ak AR %40k E il Validation Error Summary 4% 1Y 25 2 Windows 5
g Y Word 5 Excel 3.
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5% H 32 A,
B

~CMOST engine

Engine name: Random Brute Force

(B =il

Experiments progress

Control Centre

Engine version: 2013.10.4925.32411 (2013-06-26T19:00:23) Status

Engine status: New
Result ‘

Current activity:

Start date time:

Elapsed time:

No. Of Experiments

Status Summary
Estimated finish time:

Expecting W Reuse Pending ]

)

[Rasult Summary

Waiting To Be Reprocessed

Unknown ]

~Engine events

©@ Show all _) Show errors only

7) Show warnings only

2 Show information only

Drag and drap 2 column header here to group by that column

Time Level | Source

Description

B
]

TRBECEIT

Bt )ICHD Engine eventsi sy, TEIZFME AT LARYE TR EL LR 52

A, S Run NS HEEH,

o IR ILRE,
{127~ T B A Show all5 | ZE 5544 -

i ZHCMOST? |2,

ML FFIB T

BORFHI 5 2 2 NG T, 3K

~ CMOST engine
Engine name: Random Brute Force

Engine version: 2013.10.4925.32411 (2013-06-26T19:00:23)
Engine status: Stopped

Current activity:

Start date time: 2013-06-14T13:48:04
Elapsed time: 0 hours 28 minutes 31 seconds

Estimated finish time:

>

- N
~ Experiments progr

Status

Result
0 100 200 300 400 500 600 700 800
No. Of Experiments
Status Summary
Il Complete Il Running Expecting MM Reused l
Result Summary
[ Bl Normal Termination Unknown l

~Engine events

@ Show all ") Show errors anly

~) Show warnings only

7 Show information only

Drag and drop a column header here to group by that column

Time Level Source

Description

2013-06-14T14:16:00 | Information  |Simulation Manager

Job NewStudyl_2_00210 is submitted to Local

Qb

2013-06-14T14:16:00 | Information | Simulation Manager

Job NewStudyl 2 00208 is Complete (CMGJobService)

2013-06-14T1416:12 | Information  |Simulation Manager Job NewStudyl 2 00211 is submitted to Local ‘?‘
HRE: WK RS 2isfrit A, 2 B ARREAY SR %
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R R E L Study R RLEHURIE S T SO EE AT, AR AAE
Experiments progress #7446 % 1 _EERUHICMOSTIE S5 ia  TiE 5% o QAR 2T
SEHEET =L, A8 4 fEExperiments progressiii7rCMOSTIZS T ARSI R &
Fiw, Won 7R EMOCTT S . A AR R E P AR S, W< BoRiEe
73 ZE1D S A N R

l ® Base Case * General Sclutions 4 Optimal Solution

= 124

=)

7/

=y
(=]

GlobalHmError {

0 100 200 300 400 500 600 700 800
Experiment ID

«  ATLAFTITExperiments Table K i i3 s 28 K R0 #9 BE A5 L o

. 1] LAFT FFSimulation Jobs F i >R M MICMOSTIE 5511 TR A

o TR, & LbEi dPause Qs EOMOSTE B, Y
CMOSTH| R, A I CMOSTHE G238 45 Schedulers A A58 Y
CMOST/ES U Ak Saf TR FN45 R, CMOSTS AL H 45 F o

o EAETEL, HT LR Tstop@ I L CMOSTE B, Rat
A HICMOSTHES5HE52 4 Schedulerse A A 5E I CMOSTAE 5544 & 4k 8B T B
FIZEWR SR, CMOSTARFALFEH AR, fiilistop Q) #eflis, WLk
Run© ##45k E I EHCMOSTS | 4.

o FEALAMHS ] A, PR LLE R A i Refresh (@ FEH SR BETCMOS T | 2R 4
WA S HIXNZHL, 5IERSSHREE Ik 3 38 .

o HLUEE A Delete All @ 25k 5 BR Engine Events Z21% H HY Events A 25 o

o T LLi#E 551 Copy All Events to Clipboard @ﬁ%%ﬂ%ﬁ%@ngine Events
FKIEPBINE, SREHHAEIEExcel 30 Word.
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MRz 758, Control Centre FLH /R U1 T :

~CMOST engine ~ Experiments progress

Engine name: Random Brute Force

Engine version: 2013.10.4925.32411 (2013-06-26T18:00:23) Status

) Result
Current activity:

o ﬁi
T T T T
0 50 100 150

Start date time: 2012-12-05T11:25:51 i
No. Of Experiments

Elapsed time: 0 hours 28 minutes 15 seconds

Status Summary
Estimated finish time: Bl Complete WM Reused l

)

[Result Summary l

Bl Normal Termination

~Engine events

@ Show all _) Show errors only _) Show warnings only _! Show information only

Drag and drop a column header here to group by that column

Time Level Source Description

2012-12-05T11:53:4|Information | Simulation Manager | Job NewStudy1_00183 is submitted to Local -

Qb

2012-12-05T11:53:4|Information |Simulation Manager |Job NewStudyl 00181 is Complete (CMGlobService)

2012-12-05T11:53:5|Information |Simulation Manager | Job NewStudyl 00182 is Complete (CMGlobService)

2012-12-05T11:54:0|Information | Simulation Manager  |Job NewStudyl 00183 is Complete (CMGlobService)

2012-12-05T11:54:0|Information | Random Brute Force | Stop criteria satisfied. Start post-processing.

2012-12-05T11:54:0|Information | Random Brute Force | Post-process finished. Stopping engine...

2012-12-05T11:54:0|Information |Random Brute Force | Engine stopped =

TE_ LG, FrA I SEIe Ty 2 E R e o AR A LesL8G T ZRis 7k
Weak B IS, AT LAE S Simulation Jobs AT H Y Experiments Table 152 5 215 E o

EIE Y4 B, AT LLE R Proxy Dashboard #5A FA] AE1S 2125 | 1# i Results &
Analyses 7 A FIBHEM IR HLEERAECMOSTIE T AT LIEE .

6.3 5|ERE
XA R, AT RAUE SUH T Study 5 1 8 5E
6.3.1 RTH|%E
& iiControl Centre | Engine Settings 1~ 717 5, W& StudyKM | A5G| ELHK:

Select an engine

Study type: Engine name: Estimated no. of new experiments:

[Sensitivity Analysis 'l [One Parameter At A Time v] 19

HE: Estimated no. of new experiments [ H T 52, E%%?Study%’éﬂ%ﬂ% |2
VS SAERER T E SR E
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AT LA TR 5 2
User

Engine Defined SA | HM | OP | UA

Manual Engine \/

External Engine \/

Response Surface Methodology V

One Parameter At A Time

CMG DECE

Particle Swarm Optimization

Latin Hypercube Plus Proxy
Optimization

Differential Evolution

< | 2 2 | 2| <
< | 2 2 | 2| <

Random Brute Force

Monte Carlo Simulation N
Using Proxy

Monte Carlo Simulation N
Using Reservoir Simulator

* Manual Engine: 1EH] /& L StudyZSBI A F11-Hr wT LA iz 22680, il
MZGIEEWE AL B0 5, Irf B S250 J5 S0 M P e By
SERGI T BTN T BT 5 e

e External Engine: 77 & LHStudyZS8 T, I Z5 [ # P A
HOMMALE . B2(5 5., 152 % External Engine and User-defined Executable.

* Response Surface Methodology: X7 Sensitivity Analysis 1 Uncertainty
Assessment {5 F #178 [ SLI6 8 T 5 Latin hypercube design, #XJ5 W H response
surface J7 {50 WHZIE (RSM) ERFTEALL (2480 Sy (HiRHE) <
[ H R R e —AH LI R E S, — M GRPUY) o S H AR
RURMER ORI . @ RBEARL S | Tornado plots B/~ — RAIS4L
HURME RS . B 25 B 275 Response Surface Methodology o
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e One Parameter At A Time (OPAAT): HUSM:2B I H AL S 1) 77
%, RESHGE R EUERR R R UL S AR BUETEE . X T i 280k
W, RN ESE . 25 E2% 0ne-Parameter-At-A-Time Sampling o

e CMG DECE: CMGHA& i B, T2 TP s il A fausdt: 45
M, AT LAPRIE R B s A IR U /7 58 . SH 2245 B 2% CMG DECE.

e Particle Swarm Optimization: F T i SEHLGFITT AL, WL BEL
M. T R A [T IR e AR R TT 58, ST St Ry
R 2. W25 E S Particle Swarm Optimization o

 Latin Hypercube Plus Proxy Optimization: ] #3771 H R G it
W75, RGBT O S0 T AR E, SEmAsE — &L LR
PR o R AR R o B R R RS2 T 28 . 25 B &% Latin
Hypercube plus Proxy -

* Differential Evolution (DE): H T I BHLEFITT ZMAL, PR BETL
e —HMERTT 2. DE s VB RER T KT MR T T 5. HE2EES
Z Differential Evolution (DE)

e Random Brute Force: H T EF T B, KK ITHSEIIH
G, BT, G SR AR AR R . 45 Ei¥ IlRandom _ Brute
Force Search o

*  Monte Carlo Simulation Using Proxy: i S4B RISHEAL, # A BZSEL
e AR B A BRI AR A o KX 2 A B 20K 3 Wi B THIASE
AL, T E A AT i

e Monte Carlo Simulation Using Reservoir Simulator: fEiXFHEHL T, M
SR RIS Y A SRR E T RO AN E 1

6.3.2 HAKE
ABIRERF G | SR HEE AT R I AR &
o GIEEMIRE
- Auto Save Result Interval (minutes): 4CMOST5| %=1 7I, &
SCHE BIORAFEE AT 8] 8] B o
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Default Keep SR2 Option for New Experiments: £ E 171

* Experiments Management:

- Default Keep SR2 Option for New Experiments: 7E U RN
FETESHTT, MR E N Yes, CMOST WA A I SL50 7 247 B SR2
S

- Number of Failed Jobs to Exclude an Experiment: 1R —~ {55
TTZIBAT TIRZ R eI, WHZ L T 4 S HERR o

- Number of Optimum Experiments to Keep Simulation Files: 7/ 524l
BT RIS, CMOSTH AR B St 7 22 4 A FH A B SR

%o CMOSTS EEA I B HoAth i A7 75 28 AR ST

- Number of Perturbation Experiments for Each Abnormal
Experiment: — L5778 & 8 & FUE U7 i AR SEEG T 48
FER o X TFRUEE R AR AN, ERUE Rt ARG
P, R REAS S 2 LB Y S8 T SRR S s

¢ Optimization Settings: 75 /7 UL B HH
Global Objective Function Name: /7200 5 H AR KA1 445K

- Search Direction: W% E HMinimize, FOA6HT HbrA2$k 2] 5/ M
HPRKEL. 515 B I Maximize, JULHT B AR R RS AN B AR
- Total Number of Experiments: X &1EH AT/ ZIMALIIZTINE KR
SR TR —HIRR| T EAL, 5lEM e Ibis T, ZIRERT
s T AT LME L.
P E LHIStudy FEH AN 512, fREA ) LI E . HE2(E
8275 External Engine.
e Random Seed: X T 5|2k, Fa— DRk ARYEGE, HPYJuE
REIREZI . MRH P AR ENE, oM HBEIFF. R EER
i, SRR R, RERMFENSEIE RN LR TR, XEWRELSR
AT EEM.

6.3.3 SIERFARE
MRPEERE 5 [ B2 B LU N EB57
6.3.3.1 CMG DECE Optimization (5/Z/51%E)

*  Honour Parameter Hard Constraints: U1 & N True, 46 H 1) SL5
TR, IS L RS . WRIGE AFalse, GIEERSLEE TR HE
S PR AT, SR BN IS HHETT.
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¢ Continuous Parameters Sampling: %A/ 2 %R . DECES| 4
TABUE 1TSS B2 35 5 53 A R0 A B AL

* Discrete Parameters Sampling: ZAbA & H kR 7R RILA BT
AR, DECES [ZEXF B AUE# A —FER EBUERE R

e Number of Initial Effect Screening Experiments: iX/2DECEZ |24 Z
KU IAR S50 7 B8 ERNESHH AR, MR EMEXK .

6.3.3.2  Latin Hypercube plus Proxy Optimization (5/Z/FHRE)
e Continuous Parameters Sampling: 1£J7 B L4587 ZIALIY, i&ELEZ
BRI TTIE TR s -
- Discrete Sampling Using Pre-defined Levels: Q121 H1Z1%
U, ZEEBUEVEBIIUC S 0 O U, 5287 5 A RERUES

(=
- Continuous Uniform Sampling within the Data Range: %4t
BUETE RN S S BUH

- Continuous Sampling Using Prior Distribution: 4HUEN, %
HE S0 U R AT R B T HUE SR
* Discrete Parameters Sampling: TEDT LA T A4 s el

i =R (N
- Treat Discrete Values Equally Probable: Fr A 240155 (E
(EMERH A

- Honour Prior Distribution of Discrete Values: {{4#H /7 &
AR A R A A T R
* Proxy Model Type: 1% & RBF Neural Network 5{Polynomial Regression.
* Maximum time (minutes) allowed for proxy -calculations in each
iteration: o VFACHRASARY P SEATEL I — AR S I TA] o fl:%ﬁ:b‘%‘/ﬁ? ,
NSRBI T B DR A R], 320300 R] LAY B/ DI ] 575
O, PR TR B
e Number of Initial Proxy Training Experiments: F>kE 37 41 1HCHE
RN T 8 ©RARCMOSTIM A H 1, P AREIE K.

6.3.3.3 Monte Carlo Simulation Using Proxy (5|ZfFH1%E)
AR ENE 1 — RPN 5 R AN E ME SRS i m] LAGE ik
Tji,
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*  Proxy Model Type: 7/ LLi#{FPolynomial Regression 5 RBF Neural Networko
WIRAESE(E HPolynomial Regression, 172 FIEIHIZER :
- Effect Estimates (tornado plots)

- Proxy Model Statistics (summary of fit, analysis of variance, effect
screening, and polynomial equations)

- Model Quality Check (Monte Carlo results)
- Sobol Plot
- Morris Plot
A% FHRBF Neural Networks , £x153| NI Z5 R |
Statistics
- Proxy Models (weights, if the number of experiments is less than 200)
- Monte Carlo Results

- Sobol Plot
- Morris Plot
W SRAEE A Polynomial Regression, T EF—TU ] F 151 4845 1L IE 1T

Kt

 Interested Terms [not applicable for RBF NN|: WK% &N Linear, CMOST
GG A S ATIR B T LAY Al 12 B S PR EOhRIE, ARk BZ 5%

-, CMOSTH #2451 WK E N Linear + Quadratic, CMOSTH |E4440 2
TR IAE] T LM+ O AR T 42 1) S R R I, A RAEiZ 4%

-, CMOSTE #2451k MR E N Linear + Quadratic+ Interaction, CMOST
SIS A B ATIR R [ Db+ RO R (R A AR P 452 Y A A BRI
MARIEBNZAA, CMOSTH #1711,

» Acceptable R-Square [not applicable for RBF NN|: R-square (R”) &/~ fUHLAE
A5 S BRI EAEE < AT OCHE . SRR D1, FRon BRI 5 SERiE 2 2 W)
B (RENO) o WRR NOFERE RIS LR EER e A G 2L E L
TR AN REAUE . AR BAIEENE AN EE, FFHAINLE T 2
RSB B o P AR R T B AR D SR )7 58 19 40 FEFR ] (Percentage
Limit of Extra Experiments for Improving Proxy) , CMOST A SEACHE SRR
SINGEL E AN T

e Acceptable R-Square Adjusted [not applicable for RBF NN|: R? fZ1F /& X R?
WHMEIE, AR rh AR A . MR R?, RPARIEALAUIE N 1 35 it
REDUOR S AR . RAIEAT LU SUE, @HE /N TEHT R ZE L TH
B2 IR ERUE . AR TAEIE LHIZAUE, FF BRSNS T7 22 1) B 0K
AT SGE AR BRI T B AN LIS T 26 F 43 LLFR ] (Percentage Limit of
Extra Experiments for Improving Proxy) , CMOST A SE B RRE F4
A2 S T o
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e Acceptable R-Square Prediction [not applicable for RBF NN]: R? Fiill|5&
AN AERASRL T I0 0 J57 FOORS E o BUETEREIO~ 1, 2K, RS .
ZALE LT R? W AT 4252 8B . IR TAENZEUE, JF AN T 5
A B R A AP TR B A A6 T 28 40 LU BRI (Percentage
Limit of Extra Experiments for Improving

Proxy) , CMOST?S |5 NS ACHALRS B4 7 A2 B 22 Y SR T 22

e Acceptable Relative Error of Proxy Verifications (%): %A X 1§ ESL
BT FEWEK AT 2R 2 . MREARENZEE, T HAINLE T RS
A I s R TR R AP S50 T 58 1 43 FU IR (Percentage Limit of
Extra Experiments for Improving Proxy) , CMOST5 |2 A s BRI &
WP Z R TT S

* Percentage Limit of Extra Experiments for Improving Proxy (%): %551
BOPREDE T2 B S A BROR SRS T SR8 B, XA —Study, JHERR]
SEEG T SEON100, AR BGEEACRBIRURG B RR A SN T 2R F 4 LR
25%, AR AHZIRREFF A N2 DN B2 7 28 DR AR AR B, il
JE IR 15 B ) S A B o

WIERIESERBF Neural Networks {CEEFSE | Acceptable Relative Error of Proxy
Verifications (%) 7/l Percentage Limit of Extra Experiments for Improving Proxy (%)

R LARIRAE A 5 | S8 745 1B AR IE

6.3.3.4 Monte Carlo Simulation Using Simulator ( k22 wE)

SO B A RPN (B, M ROR S ) R
I, MOZAEAZABENE T o RGO T, NASEE N (8 AR A
W, BB B IR A BER I S BB FT 2R AE

AARIEREIZ S BT, fRn] LIRS | 5 B 3hig 1k 2 B SRAT S0 RIS 28

%8 (Number of Monte Carlo Simulations )

6.3.3.5 One-Parameter-At-A-Time

e Reference Case Parameter Values: 15155 N Use Parameter Median
Values, BBAZH S5 EM MY RME. WRIZE A Use Parameter Default
Values, HSASEINS25 (0 H A E,

* Continuous Parameter Testing: U1 1% % Test All Discrete Levels, B2
MWD SECA RGO EEE R T 77 4 S50 T7 28 o WARIZE A Test Lower and
Upper Limit Only, A8 25N SHAAUE H B K S/ IMBE R T 4E 77 52880 T %= .

e Discrete Parameter Testing: 15155 Test All Candidate Values, A82.%F
MEEAER T AR SR TT R . WKL E A Test Lower and Upper Bound
Only,
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AR LAFAZEAUUE P e KRN B/ MBI T A 7= 5630 T 56 o

6.3.3.6  Particle Swarm Optimization (PSO) [ 5|2/ % &J
215 E 2% Particle Swarm Optimization »
e Inertia Weight: 1% EV(E0.4 F1 0.9 8] o KB PEACE H 7 H
TR, FNE/NBYEACER & TR R
* Cognition Component (C1), Social Component (C2): Cognition and
social components in the PSO. JX 2815 B4 il Bk i/ K& RE ST AEDT
G, TRHIRINAE PR M SH P A A RERBUELL G, I R
FERTBA N B DA R — PRI LS TT 5o X LES AR SRR
W T2 0], AR XA ISt . SRAMERECT A C2HUEAE 1 Fl 222
I‘Eﬂ o
* Population Size: FREEE N20 o AT R EEELLNT, (BRI
HHARRUEL . 21 PSO A AREL (1407 R BB BR LIRS AN ) K T20.
L Ri%FE Particle Swarm Optimization, fF % M JIGHSA] LAi%&F ¥ Pareto Front
Particle Swarm Optimization , BCE LA FHBS:

¢ Second Global Objective Function (0%) : MAIZEHIERE S HAReREL.

e Second Search Direction: %Ef¥Minimize 5 Maximizeo

e Maximum Number of Pareto Leaders’i] A AHE A $ 11 I RAEHT S F4F 1 5
K&

* Third Global Objective Function (FJ3%) : M AR S H R KL

* Third Search Direction: 1%£4% Minimize S Maximize.
HLZ{5 5, ©%Pareto Particle Swarm Optimization o
6.3.3.7  Differential Evolution (DE) [ 5245 1% &
HLA(5 8., 2% Differential Evolution :
¢ Scaling Factor (F): ZZ4ULHIETF € [0,4], H&{E90.5.

e Crossover Rate (Cr): iZZ40, 2 XWHEZECr € [0,1], EHRHMAR ZHEE.
HAEN 0.8 o
* Population Size (Np): ZZ4(, HAMEA/\Np € [4,200], HHAETE30.
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6.3.3.8 Random Brute Force Search ( FIEHAERE )
L5 5., Z%Random Brute Force Search :

e Continuous Parameters Sampling: 7£ /7 2 {l5 807 ZOLMHIFAL T, &L
ZHER LT 7R T30 -

- Discrete Sampling Using Pre-defined Levels: U15{# fiZi%01, 24
HYBUEVEEI g9 e TG00, 2808 s 1~ 2050 P B AU E AL

LHRTTR
- Continuous Uniform Sampling within the Data Range: Z4({tJUH
FXs N ROk ik oo

- Continuous Sampling Using Prior Distribution: £ =5 &M P &
SRS e AT R AR
e Discrete Parameters Sampling: 707 G B BIUMERS, fR8% EEH2
e, HI7:
- Treat Discrete Variables Equally Probable: i {556 {E % FEAH A 1Y
AU o
- Honour Prior Distribution of Discrete Values: %[ 7 & LW 5G5
WA A PR KA T Tl

6.3.3.9  Response Surface Methodology (5/Z/FH X&)

* Interested Terms: 15155 MNLinear, CMOST5H| 82 % SLLANEAC AR v 422
RGN AR AT, CMOSTHE IRIE 7. WIEREEEN Linear +
Quadratic, BB Linear + Quadratic 25 WAACEEBINDG S Az A & AT 245 115 |2
BT WS E M Linear + Quadratic + Interaction, # Linear + Quadratic
+ Interaction 2 WA BRBALIG 2 AL AT 2 17T /2 A5 11 5 I TR S5

e Acceptable R-Square: R-square (R?)ZZ/MCEA M proxy model FUAE . R? N
1FRRTEEME . R2 N0 KIRTEIAEA Lo 2 E AT IR ER? o« WK
ARENEIVEHEE, I HIs SR 5288 )7 28 SR e oA o 1 s AR
HRSRUE BT AR AUMEIR I 40t , CMOSTS B 27 A 2 IS8 5 5k
P AR B

e Acceptable R-Square Adjusted: R-square (R?)WIFZXR-square (R?) W&
1E, FPRAE R AR, SRR, R? BIEAUUE N 7B e IOR 2UGE
AHBRL. RAEATLLRME, BR/NTEEE TR 1240 E LIEUEREN N2
AT 1o AR A BRI EUE, IF HisF R S08e 7 2 S8 L i A i
N T B AP LT - AR BN LIE B B 2 b, CMOSTS |3 &7 A 2
S0 7 Z8 R M AU RS 37
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* Acceptable R-Square Prediction: R-square (R?) T3 AREAR Fl ik
fEo ZTEEEMNORN, BRIMEZR R PR AR o 1A E SCHIEE R IA N &
A2 . ISRRA AR MNUE, JF HIzE RS Ty 22 0500 L s A
TGRS B A NI I T 0 e, CMOSTS B4 £ 7 AR B 22 1 5K

5 7GR GE ARG

e Acceptable Relative Error of Proxy Verifications (%): 1ZAbE L T 5 iESLE
i R A 52822 . WIARBCHIARIXAME, I HIs B i SL5 )5 2 S A F il
A oy T R SRR [ AR BN S B 4 b, CMOSTH [ E K 47=4:
B2 W SEE T SR PGE B BALRS )

e Percentage Limit of Extra Experiments for Improving Proxy (%): /5 11
BRI ERE T e LIRFrA S8 R 20 AR Y BRS8N, X5
—Study>K Ui, BRI RECE1000 Q1R A AR A RRS BT 7 A A A
SERTHTE 2 O E N25%, AR Ak 2 ] LATRAN25 A SE86 J7 58 A T s AOH s Y
TR IRI2E A RIEH T 125 LR R, TR kiss
M2, CMOSTSIZE K5 155

6.3.3.10 External Engine and User-defined Executable (5/2Z/FH 1% &)

TEH P B E USRI, T80 LCMOSTS b sl gy 2 |20, o
s&Engine Settings 7/ Input/Output Tables. X615 & FH R P g Fems SO A7 AL &,
TR LRGSO A BB T3 SLAMAR S 12

TARRRE -
1. CMOST i ISEs , AR A I SE8e 7 S8 18 H bR e 2 (E
2. UFTAAERISER T EIsESE R, CMOSTLACSV Ik Ui H SEg et
P FH P SCR A s -
user.exe [userargument] iteration_number iteration_number LA 0FF
G, WA E, HFA A LLA E Luserargument.
3. P EE AU E s O I AT B 5
4. WP BE B g e — RIVET S5 T 2o B By 555 )7 28 LA
CSVIEEA, HF HEXLHIITER .
5. CMOSTEHUHA S Jr FFME SCPE, IS 1 500 7 S B e Ht
RHYSEIEL, B dkSir= RSty %, R aE g, 28 0.
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%FEX%%%MU IWmﬁWT

CMOST

[S@Emmoiéﬁﬁ&ﬁw&&

|

[ [

/ T F P
Wil S T 2 St Whfe
(RTAT

* UNINSESE T SR BT, CMOSTHINSEEE 7 2 4L
L | EARE] T BRI A 1R U

B8, PR BRI T RAL, WE AT
BT R

L ASER S

ﬁ%%ﬁ¢m%ﬁj%@ﬁ%@ﬁummﬂﬂﬁﬁﬁ%ﬁﬁmhb%ﬁﬂﬁ PR
Eﬁﬁjiﬁ%;ﬁgv (iB5kE) Uit . FECMOST Experiments Table 5t IH H Fr A

ID,Generator,Status,Result Status,Proxy Role,Keep SR2,Has SR2,Highlight,Paral, Para2, Para3,Para4,0bj1,0bj2...
18,External Engine,5,4,0,0,False,False,0.5,200,1,0.45, 3450.3,54 .4, ...

19,External Engine,5,4,0,0,False,False,1.9,300,1,0.21, 2980.3,125.8, ...

20,External Engine,5,4,0,0,False,False,1.0,200,3,0.45, 1480.3,50.2, ...

R B T

ST SO P B SR . 2 F RTAYSESG )T SR 5E s SR O A . L B
TE SCAT AT S A AT 55 SR A R BR T LA R JLAL:

1. MPrevious Generation Experiments Table U2 U E T SL5G 7 2 AU 45
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2. AATEER, WA EHERE — R T &
3. BHETERYSLEE T %S ANew Experiments Table SCff, FHCMOSTEEH .

TEREEH T H 8 SR AT PRAT 30

1. JHP B E SRR T SO a] LU T 9w i 5 A T omiE o
2. P B E TR RAT SO AU T — B Rl A A 8k Blindefe 4=
S, TR BB AR E L
3. MCMOSTI I H E SR AT AT SR, AR E— A &
AR ACLE AT T30
4. P E SR ATHRAT SO AT AR R, Bifaifb i (5 BB L0 .
5. HPUE SCRTRT AT ST SR e R TB) S 607351
6. (ESERUBSEIE, P E LRI T SO D 0 RE A i B A7 A
BRI AR S
LIRS SO R B B ST AT SO R I CS Y. (2570 FRfE) R C
o HEAZN LIy ZENEE T BEC/ e SIS —AT R HIES IS HEIR, H
AT RHEFE S TT 5 o
%E,Q%K%%ﬁiﬁﬁi%ﬁ%%%ﬁﬁﬁ,EQMM%X%%MQ%ﬁ%%
W S A A 7
1 Paral, Para2, Para3, Para4

1.9, 200, 0.56, 2 1.5, 300,
0.32,10.5,100,0.21, 3

SRR

SRR BT IRIEA TR, CMOST 5 A\ S AR U TP E LAY TR
FTOCHFREAS MIZ U BRI U B P AT LUEHEAAT SCHE A HORE M 2 i A 250
fER, XFERIE, UG SR 2 -

BANZHWE B 2 SR B —17. WMERARMER, FEIETS
R

o TEACESRTE BB SHORU, HAF BRI

ParamterName, Source, candidateValuel, candidateValue2, ..., candidateValueN
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o NEHOCRZSEL, LUNHE AR

ParamterName, DiscreteText, candidateNumericalValuel,
candidateNumericalValue2, candidateNumericalValue3...,
candidateNumerical ValueN

o RRESESTEL, HMEA:

ParamterName, ContinuousDouble, minValue, maxValue
RS EEFME S N A

Paral, DiscreteDouble,0.5,1.0,1.5,1.9 Para2,
Discretelnteger,100,200,300 Para3,
ContinuousDouble,0.1,0.6 Para4, DiscreteText,1,2,3

6.4 HEHILE
TEIBITCMOSTHHUAES 2 7, 7 2LlL E Simulation Settings LA, 11 NN :
e Schedulers
o HEUERIRA
o IBITEMESTHEERICPU
o ERHIAIZTTI[A]
o NEFFICFEICAE

Schedulers: Cannected using schedulers in CMG Job Service. Launcher can be closed when the study is running.
a Refresh |
Max -
. - - Additional
Active Scheduler Name Type Concurrent Max Failed Jobs ‘Work Plan Job Priority Host Computer
Switches
Jobs
1 Local Local g 25| All Time Low
~Simulator settings ~Job record and file management
Simulator:  STARS Delete
Clear Job output files
Simulator version: [2014.10 ,l Job Status Record Delete .dat | Delete .log (irf
- *mrf, ..)
Number of CPUs per job: | 10 =
NormalTerminat
Method to find executable: | Find Exact Version v
[ l AbnormalTermir [} ]
Max run time per job (hours): | 720 Failed [ Bl [&]
Additional simulator switches: Killed
Apply simulator license multiplier:
Write SR2 files on execution host:
. . 1. For normal termination jobs, the user can specify the number of optimum
Write log file on execution host [[] experiments to keep simulation files in Engine Settings page.
Disable restart records writing: 2. Abnormal termination jobs are jobs terminated by the simulator due to
Disable grid records writing in QUT: numerlcalr problems.
. X o N 3. Failed jobs are jobs that couldn't run to completion due to hardware/
Disable grid records writing in SR2: software/license problems,

n EEFr7R, Simulation Settings 711 (02 —F 97
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6.4.1 Schedulers
1Bt Schedulers #43, AT LAZ> BV L AR scheduler FYIE -

Schedulersfit & A& N AT

Active: Active IEIE R E T CMOST & A E 1%Scheduler. @1A%EHF T
Active JETIE, CMOSTH¥ii FHiZScheduler; 757 A& HiZSchedulers

HTER: WRMAT Local LASMSchedulers , FTA 1 Study W AIUA7fif 7E
UNC (Universal Naming Convention# H iy 4 29xE) HxEH.

Scheduler Name: Scheduler4 7 #EScheduler Name #|H .7~ ‘Local’ 387~
TT?F%"IﬁﬁProjectE"]ﬁ%mo A5 BAGEAECMOST E H dka . WL 7%
Mz s E, #E il Launcher >k 22 o
Type: Scheduler ST 7R :

- Local (AHiHHEAIEITCMGIES)

- CMG Drone Scheduler (GEFEITENIZFTCMGIESS)

- MSCC Scheduler (f#XWindowsiT & HHE)

- LSF Scheduler (“F&11HLSF)

- SGE Scheduler (Sun M#55[25)
Max Concurrent Jobs: /A (L5 0] IAEAIR A Scheduler L THIIE
fT7o Max Concurrent Jobs 7] LAZf | Kl CMOSTA4— & Bt (AL 5573 i
254 >scheduler. HRAEAEL, MUMAXMEUER, FFEEFE:

- P SchedulerJ b FRZS AU : N
- FMES T ERGILXE R nj
- 1Z%Scheduler/& 75 #¢ HoAth JH fr 4L=22
Max Concurrent Jobs A~V 1% K TN/mj. WIS Scheduler # HARH

L= WiZFRfMax Concurrent Jobs Z0ie >R H (- H S8 H rA By L #E
o
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HE:

1. BRI THHE S5 ER R £ 2% B E HE R .

2. R RAET EMAEL, #ICMG DECEMUAL 8%:, #firf3 Scheduler (i
[*/Max Concurrent Jobs (H KR IzfTIAESED) ANEEIL101. XEFHIRA K
LSS FRIRNELT, UL ARt AN REAERR 2 S A0 22 10 [R] Al o/ A AU T 55
B, H—JiH, WRBEAMUCE A TSI TE R, iz n] PAZHS .

WARZAEBE N0, WA SIBITAE M CMOSTILSS 5 FRTI MR B —Repk
[f]Scheduler NMAFTCMOSTIEFFI2 5, 1] LA LA AT A 300E L4, 31X
FERL S SR -

e Max Failed Jobs: IR — E4EFICMOSTE5515H L, FB4Schedulers
AT IECMOSTAE S 2SS o FH T REA Bl A, R A45 AN RE
BEirsE, pian:

WA 2R
KA AL
CMG MR S5 #r Vi 1Bt T
WA, 5
- AP HEICMGYER]
H TR E 8 ) 2 Bl 855 BN LRI B TR M55 T
TR SRR, CMOSTHH5 13230 155 2 scheduler, $il48 F K55 KK
MECN25.

*  Work Plan: CMOSTH] LAHSRIZEAEA A [R]42 52 AT 55 A F] 1Y

Schedulers. 1 LAETTRIH A =-%501
All Time
Evenings and Weekends
Weekends

)L ‘\ . K N S, N’ ] oy
- éﬂé%%ygiogﬁfomamxﬁﬁ All Time , BTG BRI, 3%
WK Work Plan 1% & 4 Evenings and Weekends, B HE3AT 551 R
Jo]— 2 LB\ B R 7S s LA R R48 /NI o 3Z00e i FH T LA H 1B L
VERF BT RMLIE R, T TR H g B B ARASE TR A .

R Work Plan 15X B N Weekends, H82AT55 HATERE 7S MR 4 KAR
Lo FIEIUE H T ENE T/EHIEFMA, AR HIHF
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HE: ET/ERY, FF8— B e TBUETE R 2 M . TAET RICU AR E
WER BT RITEE Z N, AlAlScheduler & AT o MR LERYLE, AT LA
Launcher A T FF KT S o — HKIREMTSS, CMOSTH4 il HIH R BUE 24
MAT8 e XRUBME AT RN E T, FrEss iR AR 280U E . X s
GFUTRMAL, BEKiFE LSS 20 20 ) (RIRIAL e, &R — 1855

o Job Priority: A~[F] Hscheduler ] A EASF HILE . WA L2 MEFAE
schedulerHERN , TESCH A S INEIZE . AL ELow.

e Additional Switches: 1R FE % Scheduler o8, Hias Bk A&AMT- 2 FTfE
Hllo B2 KT Scheduler 5% /5 & & A Launcher H 7 Fo

e Host Computer: A% W/ RizfTHISchedulers U1ARLERE ) ZLocal
scheduler, 7% Host Computer. %5 EAFEECMOSTH4ntH. WIRTTE
&%, W iZAELauncher 53 [H 2 o

e Refresh: iHiTLauncher S IIEMEE—1>Sscheduler, #EScheduler %A LA
BFT N IX e o AR TR (A1 HIStudy SCHH Scheduler sy 25
Ho KiiliRefresh (Qifsien | FZ IR B HTSchedulers&s . MRS 1 HTHY
Schedulers , EA T2 HBREETS N2 F M o

6.4.2 EHAHE
TESimulator Settings FCE LA T4 :
o Simulator: ¥§ECMOST{# FHItflas. Hiko
o Simulator Version: W5 A2 MG LLEEARITHENL, HSBRA
[FI A GRS o AT T AL scheduler 2 HE R A AL o
e Number of CPUs per job: & X EFTHRMES (8 F A4

TR X THIEARER T schedulerZb B AL

WRAEAHH BN LIAT, £ Windows (E5512, AAJFIEE
Properties. %:i¥Start Task Manager. ffPerformance %119 .7~ 7] H 11
CPUZL. (EiZAH AR —EUE.

E R, "] HEICPUETA 12,

CMOST User Guide Running and Controlling CMOST ° 149



8 Windows Task Manager = | B |-

File | Options | View Help

CPU Usage CPU Usage History

H IIIIIIIIIIII r

Li%#%:’fJLCPU%J 12

Memory Physical Memory Usage History

Physical Memory (ME) System

Total 49149 Handles 25109

Cached 5399 Threads 1057

Available 44574 Processes &7

Free 39333 Up Time 0:22:17:45
Commit (GB) 47119

Kernel Memory (MB)

Paged 320

MNonpaged 79 Resource Monitor. ..

Processes: 67 CPU Usage: 0% Physical Memory: 9%

Method to Find Executable: %0047 3CH11 77 %XEXT@?HL*E‘LT%
HLAYRIDAR . BRAS A CMOSTE ] Y2 /E Simulator  #R7 HIASLLAR FRUA o
MRAEIERE T ENAEAEZ A, CMOSTE: HoAth 77 4% 21 HoAth n] ik
ARG A o LA = AT A %

- Find Closest Version
- Find Latest Version

- Find Exact Version

Find Closest Version i5IA 5 & 3 A e SRR Bl 1 hig
Ko Find Latest Version ‘%Iﬁiﬁ%ﬁﬁi%ﬁfﬁﬂﬂﬂi%ﬁE/]ﬁﬁzli nSRA%
Find Exact Version 30, AU F @ SCIRSILEE I, W SRz A A A7 AE
fi, T BEIR Schedulerfi 3 VLo

Max Run Time per Job (hours): & MME55 FLIFiafTHIRSE] . QNERFEE LY
BRI, WA SECMOSTIES IS E , %155 2 #CMOST5 | #Killf
B R B T AR 720/N (30K) o

Additional Simulator Switches: AR T ZRATC, 7T LLET Additional
%%I%;ﬂl‘llatol‘ Switches SCAMERI A o« B 25 B A 2 48 FllLauncher /7

Apply Simulator License Multiplier: 215 1%E#(d FCMOSTHE &2 25 14Dl &%
TSR S0RA VT EeR 5. B, XTHH#FT@ZL?E% @ﬁﬁ
CMOSTHE 3 % IMEX 4L 8 SN, A AT ﬁ@m%, $227 %5 GEMAIl
STARSHIUZNT, (L VPRI B s
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e Write SR2 Files on Execution Host: 1 RIESZET, FESTizE N
SR B NG SO, 24450 58 1R 44 SO 2 i 2 Study SCHE
Je o MMFAEIZIEIN, SR2ICAF#E H 425 A Study XK

e  Write Log File on Execution Host: IR ETIZIEI, (RS, 140
PUBFLFR M (logXXfF) B AT BRI ST, 4B 56 iU 43¢
I H 2 Study Sk ARANIBIZIRT, BPUEEICR I (log )

B E A Study UK
* Disable restart records writing: SREME, EFIZEKTREEIRAREA
SR2 Ao

« Disable grid records writing in OUT: #4{H, 1EHFZ A (X L8R AT RERY
/N, WIS SECARHES N.OUT XX

 Disable grid records writing in SR2: ERIAEH, SRR ATHERT /o
Egg%’ﬁ&ﬁ BEE ANSR2ICHE, FEResults 3D H{UALRENS E 21 55—~ (]
2 o

6.4.3 EFITFHEH

i#ifJob Record and File Management , 1| LAl E A% /DCMOSTIES 10 % 4E
Launcherfl.OUTSCH. i1, o] LAfr4 CMOSTX T HE I 2% 11 15542 1 B8 sl B
FAEE RS (irfs mrfUL A out)) , AT FA7s:

~Jeb Record and File Management

Job Status Rleaiol Delete .dat Delete .log PEl S ST
Record mirf, ..
MormalTermination
AbnormalTermination & |
Failed = | ]
Killed

1. For normal terminaticn jobs, the user can specify the number of optimum experiments to keep simulation files in
Engine Settings page.

2, Abnormal termination jobs are jobs terminated by the simulator due to numerical preblems.

3, Failed jobs are jobs that couldn't run to completion due to hardware/software/license problems.

6.5 SLITFHE

IRIEE 18I E, CMOSTB 34— RVILH 1 %, TaheliEmshs | ZEERob. ]
DR B ORI EE T30 g s S28e 7 %8 AEStudyisf il f ] Ll it
Experiments Table®r iz 545 R . ZH 2L TR

¢ Navigating the Experiments Table
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¢ Creating and Importing Experiments, FRILZ 4N, CMOSTHKES |45 E 1T

LAE shl e 77 %o
¢ Configuring the Experiments Table, FJ PABC B Experimentsf)¥ME, JEIH:

FERARBIRIE, 55, 3R] DMRIER—F1 s LARBCEAT MU -

e Checking Experiment Quality, A LAMGE LG 7 R IESS M

e Exporting the Experiment Table to Excel.

¢ Viewing the Simulation Log.

¢ (Clearing the SR2 Files

e Reprocessing Experiments.

6.5.1 SCIFMEHRAE

UGS (Experiments Table) 1 F 7w, BHEL& LA N5
o METIEEIRE B3I A CMOST LR J5 5.

o BENMCMOSTELEIRIT LH (Flandr TSI 7oA 88 7% .
o FEMALEHE (AP HENLERTE) -

Drag and drop a column header here to group by that column h
i) Generator Status Result Status Praxy Role Keep 5R2 U

3 36| Monte Carlo Simu|Complete MNormalTerminatic|Training Auto : D4
38 37| Monte Carlo Simu|Complete MNormalTerminatic|Training Auto /‘
39 38| Monte Carlo Simu|Complete MNormalTerminatic|Training Auto

;5@%*@ 40 39| Monte Carlo Simu|Complete MNormalTerminatic|Training Auto g
41 MNormalTerminatic|Training Auto v
42 Copy to new.. MNormalTerminatic|Training Auto - -
43 . MNormalTerminatic|Training Auto 0 v

H%%?iﬂ;ﬁ _ o Copy to Clipboard - —
aT e S . MNormalTerminatic|Training Auto
45 B N MNormalTerminatic|Training Auto b
46 MNormalTerminatic|Training Auto
47 Set Proxy Role 3 Training raining Auto Ilé(;)
48 [ Verification raining Auto
49 v |Ignore raining Auto d
50 » MNormalTerminatic|Training Auto B A
51 MNormalTerminatic|Training Auto mr |
52 AL MNormalTerminatic|Training Auto -‘
53 pEES ' MNormalTerminatic|Training Auto = -
54 Cieat=iblaiazet NormalTerminatic|Verification Auto M
55 pe=toreieilien NormalTerminatic|Verification Auto -
56 55| Monte Carlo Simu|Complete NormalTerminatic|Verification Auto A
57 56| Monte Carlo Simu|Complete NormalTerminatic|Verification Auto B

ik I | >
Filter info: Empty filter. Engine info: Particle Swarm Optimization
B
152 « Running and Controlling CMOST CMOST User Guide



6.5.1.1 SLEFERS)

TR SRR B & 5 R L S RS E . X TR sige T &=,
Proxy Role. Keep SR2. Highlight!/ 2 Comments 1|2 1] LAZw4E Y. X 258y
SLIG T4, (UL Highlights Proxy Role UL A Comments & 1] LA 1. Proxy
Role f11Keep SR2 71| A] LU 805 J7 58, SRR 03 75 B Ao SRR 3 T 4 o

o ID: MERSKIIDSAY, GIRIASTR)E, HCMOST M L. MARH K
BT EAMIE, TIID 5 A 2 A o

* Generator: ZK A AR AL TS, B LatinHyperCube ($1T
W87 J7) ~ Response Surface Methodology (WIMNTH) ~ B HE Lo

o Status: HiIE T RBITH, HIRE:

Reuse Pending: ZCIRASFINEIEIAE )T G I 240, 55

a.

C.

d.

FAEINRA N -GE RS, T EAEH3ICMOST S |2 2 Hif i DX
SESIRTTR IR HORIII S EUE, N ST R Reuse
Pending IRAS, WIH:

A R — A R T U e, A ] LA
CTRLAISHIFT 4.

4% Resolve Reuse Pending, 74)7Resolve Selected
Experiment(s). Experiment Parameter Values X i HE 4R K]

I SIS
' )
ﬂ Experiment Parameter Values = | B | S
Parameter WValue Lower Limit Upper Limit
TRANSI 075 125

oK [ @ Cancel J

TER: AR Resolve Reuse Pending | Resolve All
Experiments, 18X 58— AEA] LRI E 1 Reuse Pending

fEValue 51|, FEVESF Y SLEG 7 5 T2 00 N EUE.

J OK W H

B, WASETT C 10085, AAEEI—HIZEL, X100
SCE T ZEMARES & Reuse Pending o XSG )y ZEMH 2 4 fi ] it
BEEEBEHE T, MIZ X100 L5 77 2246 NS 20 3UE

New: Frscf FRE4dm, HEHESCIHERETE,
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- Creating dataset: CMOST1FE7E A S5 7 Z2 01 AR B0 S0

- Dataset created: CMOST “h 5L 77 22 01 AR A4 SC

- Running: CMOSTIFAEFEAZ AN A HE 25 Launchero

- Complete: CMOSTM LauncherfZ i SR2 3 4.

- Reused: fE4HFTHIStudy™, HHE LT O 4T Mz H AL T

- Aborted: (ESLI05E a2 HT, AT LRI A 5L, FahIk sk
TR HIRIsRR) LR T E B CMOSTZ M . filn, mhiksess s
O R ok e AR sl B DU TF AT 26

e Result Status: L4577 Z=BHUEE RATIRE
- Unknown: CMOST AT logs .outbh Sz .irf 30

- Incomplete: LA TR
- Exceed max run time: S5 H T Simulator Settings {1 AE S H K

BT ] o
- Abnormal termination: fEZ|iATRE ILIZ1 T EZHT, CMOST
fE55 ML

- Normal termination: Uz H 2 55— MR A, A ROUT L
o CMOST ¥4 3f B LauncherHF HIC5% , MOUT ST H S 210022
P58, SREHRAETESimulation Settings 7t 1fiJob Record and File
ManagementZ % H ) E SR AR FRIXLE(F Bl
- Violate hard constraints: WIS [ HIELIR A, A RiFdE i
iz . ¥ Z(5E 2% Hard Constraints o
- Waiting to be re-processed: AR EoN, HInHELITI%E, €
SRR AR EAERE H R R AL, CMOST# ZE s A
HARRE JH3h5 1244 B shb B £L5206 77 Z2ul vl LB i— ek 21>
SR T REAISE, W
1. RS E e FE R DR TR, WA R L]
CTRLAERIESE 2S5 T 55
2. HEEESRSLIETTS, AJIESE Reprocess | Reprocess
Selected Experiment(s) 5 i

fiReprocess Experiment(o “EHIIRJFIESE Reprocess
Selected Experiment(s).
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3. CMOSTHAA EH A 15 7 2 1 H AR AR

- Re-process failed: X TiZ3L8G, CMOSTHEANE S B0 5T
IEERE B, T — P BARREUE, Ira R sLe T &
T L EHT AT MR SR2SCHAF BN B, VDRICH A S &8 Hin
PR LS, XN T RE A A4 BT B AR

e Proxy Role: WRIXE N Training, %5577 245 R ARG, 40
RIGE N Verification, %5555 77 Z 45 R FR BB RI RS . 0k
B Nlignore, ZEERBEAR TN B AR R A T30 A FRASRORS i
F T CMOSTAHART Y B 225 .22 Proxy Dashboard F1 Proxy Analysis.

e  Keep SR2: WHRIEE NAuto, CMOSTH IRFFEALILE . IR EN
Yes, CMOST/AIEHHUAFE BN, 408 B B a8 15 5 5006 J7 22 AISR23C
ffo WRIRE NNo, CMOSTAIRE G E AT, (50T FRisH ek
JE SR S

* HasSR2: NURBUUZER (SR2) SCUEENUS CMOSTIATMIFREAR L
1, ZIEWHERGE b o ZIEIHE QLU REIR 132, N RESAE -

 Highlight: "] LIfECMOSTHIZE S R 3 —08e Jr 58 A sRikss
Highlight , S50 )7 REHUZE RAE K Th BRSO 2k TR OEHE Se .

o Parameter Value: fij A4 IS EURIEE (FUE. SOREHAD) £
Experiments TableF PR, ZEMFRIEY) L BIR . WRSERIEE LA
Formula, WE/RAKTIEMEER . WMRSEQABRGE, WiZS50l Ak
BlE. MeSERIES R, SEEFRET IR,

* Objective Function Values: T3 HIEE H bR ek SUEAR L2 BLAE TG R4
FAR BB 2 FRAE S K R o

e Execution Node: X507 /1 1HHAM HisfT,

o Dataset Path: JAI ) ZFR M BRI IR . AEREBMEOLT, IEHEEHR
IZ{THICMOSTIESS, H .datv JoglA MOUT X2l . FAIXEAE
Simulation Settings 5 [fiJob Record and File Management'7) 1Y 54 1% B

e Optimal: WEHUA—PMEMITE. fln, WRERFEGEE N NPV |, (il
77 1Al /2 Maximize (1%ALAE Engine Settings ALY E) , #IAHANPV H5l
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AR T R AT RE T, T AR AZLI . Optimal J%
%E%i}%ﬁ@, ARE . SR IRAMTT RAEE T R AR FEE, FrEMR
Fr 19T Pt o

(ERLEOE LT | A ST ST R HII 0 b BRRCAE . 8
o EBRERECE RN, T AR ST SIS

e Comment: ZAbH Iz,

6.5.1.2 [RfEFHE

— H % Experiments Table, FJ LAZEAFE— 5 (&H 9L 25 R A
a0) , AT RN RS, ARG S B IOR AT N IR

* Edit: ﬂﬂ%iﬁ%ﬂ%ag‘ﬁ%B@igﬁﬁ%ﬂumﬁﬁyﬁﬁo TR A B
SEBGTT WA AT HA TIZ I RE o
WAL HE SR TT %, ¥4 /R Experiment Parameter Values
XHEHE, WA P B s T RSB E . i OKJE, FERIEH T
TNHTEE

* Copy to new: il 1SLI0 /7 2 M- BE LRI %, SN 8587
RN ZH, THIRE EME—.

* Copy to Clipboard: & H|5L5G 77483k MR SLI6 T 2178 WindowsBY I
Ui , IR S HAG I 2 Excel 55

e Resolve Reuse Pending: WL TT 2R K I Reuse Pending, F2H, #I40
— AT ZES B Study , AT EME AZOIRASES . e, BEMH P AR
HSEME, FMATLA#ECMOSTH EFHH . ¥ 215 B 27 Status — Reuse
Pending o

*  Delete: WHGERZE—PARKIILE, A ikTiDelete all Experiments in

Generators. UWIRAKZEH T4 AT IEHEChoose Generators to Delete dialog
W T B -

ﬂ Choose Generators to Delete =RNEN X

« [ All Generators
[C] FractionalFactorial
LatinHyperCube
[ user

(& oK | | @ Cancel J

E_LHEPIH T+, Generator Name 1% LatinHyperCube. 115R 510K,
BB i HH LatinHyperCube generator & i 1 5L 3G 77 28 4 ER A M B o
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R P B e RS T %, SRR A iliDelete, (AL BEMHBRIERE
HSEw /758, B EId Choose Generators to Delete Xﬁ%’ﬁi , MIBRATA
ERSEIIE Ry .

LU CTRLAISHIFEE M BR 221> FH 7 H A8 LTSRSG5 42

I
(=

Set Proxy Role: AFSLIG T ZARIEMA A, Flan, iRl y s h
Training, W VIE'E S MCA Verification 5% Ignore. 4V EL N Traininghf, 5E
5677 RS SR TN AR o s & N Verification, HE5HRH
TR RS RE o SRR E N ignore, ZAAZEREEAH TIIZAL
PRSI AN IS TEAC PR RS o T CMOSTARER Y B 215 B &
2% Proxy Dashboard il Proxy Analysis o

Set Keep SR2: MR E HAuto, CMOSTH4HR#E Simulation Settings 57 [A]
1Job Record and File Management 3/ 115 B R PR 8 A2 75 (i B 5L 56 7 2819
BHUZER . WRBE A Yes, LRI T RIsH TG, TREMIRES S,
EOG AR s B aE R . IR E ANo, i T RizH G, TTieHil
WESE, U AREHEELSR.

Clean SR2 Files: MiBESR2CH:, 54 WELE: 23]

Set Highlightt: WIRIKEN False (4) , EIHRSE = RRElln T 6
PR WRILE N True, BT mm BRI 7 #Ea . e Ha]
PARI & 52 s 22 5L 7 R AR S5 SR o 18 Highlightsi B HE | %% E
CINVN=E2 PNEEI Ly

Abort: JTCICSLEAT 4T ZRAS, &R LAE M Aborted . AN SESG T 2500
WHIBE, WASHIEE . MRLETT R ECEWIEChilas, ZE5th
SRl

Reprocess: NS5 T R EHHEE A B ARREL

Create Dataset: F| LIS EAI AR . Q1 SIESE @ P SE56 77 220
2, " LLS 5 Launch Builder?%4ll, FBuilderf]T AR o JXHE#RAVER H 1Y
RN T ERRRL, FHCMOSTAS HITEH I Builder il T WRLEM AL

Restore to New: %1% B4 — 2 22 B 5507 ZHPIRSIKE N New. £
FERIFEINZEUE, SR ArE Y B AR ek S EAR RS Bt

6.5.1.3 #fEfzH
TR A H AL EL A7 T Experiments TableAs [ o

R BiF

%l
G

Rl IR fStudy FA TR E, SR
TR 5% T %
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%A R

BIE

PR

Tl @I 7%, CMOSTH| % 8 34 ik
B4

E SR ES

i HH R AN A B Excel . 275 Exporting

the Experiment Table to Excel.

H:=H v Fic B e

FRE A E Y L yEds , #Ei43E IL Configuring the
Experiments Table

v | FHCHSLE T &

7‘;@?@ Bl Y S 7 ST S H bR i

\D)

$T7F Experiments Quality e [ 57 SE56 /7 2211 1E
3. W25 B 27 Checking Experiment
Qualityo

B | FARIERL s R pim g Riog i, Lt
Simulation Settings 7 155 & /& 75 & B log
o
4 | 7T Builder mRAVNE, H Bullderﬂﬁl_ H LG T 2.
. TU\ESHnulatlon Settings 7 L FE T A& (R B
IS o
~- ¥THF Results Graph mRAWE . HResults Graph¥] FFkH SL56 T

ZESR2TLMF, WA LT LK) Has SR2 JETHHE
¥T49. W LAfESimulation — Settings 17 5 F5 E A&
R B SR2 A

ﬁ ¥THResults 3D

WA E | Results 3D +] ik HSL5G /7 ZESR2
. WA WAEEET LAXT Has SR2 IETHEFT 44

AJ LAFESimulation Settings 17 /5 F A A& 77 O B AR
SR2 3o
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BRR BAE
TIPS B T AL IO AL TR AT Lo s e B
TH B BT T LA T ARAR B B B A n R A

Wz T HE | W PR B ECMOSTSS S, 1
AESE A IR XLzt R, L5 2%
CMOST Interactive Data Visualization Tool o

6.5.2 QIETLRHTR

FRCMOST H 2h A& i 5286 7 S8 LASh, b rl LLE eI 758, Wh:

1 A e ‘Create Experiments[£#5. H I Create New Experiments XA :

ﬂ Create New Experiments

m@ﬂh\

Methods for creating new experiments

) Using classic design

Using all parameter combination design

! Manual (user defined)

Cancel |

2. WEPEEGER T AT, SRR RidiNexto
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3. WRi%EFE Using classic design, XJIHHEChoose classic experiment /R U1

.‘I Create New Experiments =RRSN X

 Experiment design information

Design name: | PlackettBurman

4 Classical Design Sampler

Levels of Experimental Design 2
Sampling Method PlackettBurman
Mumber of Experiments 12

Number of Experiments

Number of experiments to be generated.

[ Cancel H < Back [ Mext = ]

a. fELevels of Experimental DesigniZt% 213
b. EEIEETT . WIERAELevels of Experimental Designifti52 o s

J7 0] LUK B N Plackett-Burman~  Fractional Factorials¥, Full
Factorial ' [)—F . WIRTELevels of Experimental DesigniZc%3. il
FEJT 0T LA & N Box Behnken 8L.CCD Uniform Precision o FT A
TN EZE R, 152 % Classical Experimental Designo

c. &AL _EBLE KX E Number of Experiments o

4, A% Using Latin Hypercube design, 4> IP.7~Create New Experiments X i
ME (PHZ KT Tl )7 L8RS B, 32 % Latin Hypercube Design)o
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ﬂ Create New Experiments

Bl S|

- Experiment design information

Design name:  LatinHyperCube

4 Sampling Options
Continuous Parameters Sampling Discrete Sampling Using Pre-defined Levels *
Discrete Parameters Sampling Treat Discrete Values Equally Probable A
4 Latin Hypercube design configuration
MNumber of Experiments 24 -
Design quality optimization
Design quality optimization iterations 8000
Use user-specified random seed ]
User-specified random seed 1010101
|g | | |
[ cancel | [ <Boek |

a.

“AContinuous Parameters Sampling iZE15 A, Hr .

Discrete Sampling
Using Pre-defined
Levels

USRI, BT A 5 1990 B
AT AFIE R LT A RESE
IR U

Continuous Uniform
Sampling within the Data
Range

ZHNBUEVEE N2 il

Continuous Sampling
Using Prior Distribution

gﬁﬁﬂﬂ JURE SR R A RS T 3

b. AyDiscrete Parameters Sampling EF flifE i, Hrr:

Treat Discrete Values
Equally Probable

P fsise (EAR A AR R B

Honour Prior Distribution
for Discrete Values

(ERRERTRR 50 PP 2 LA SE s
I3 A R

C.

1% Number of Experiments. X & HCMOSTHIIRINE , FHYK

PRSI E RSO E -
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d. ﬂﬂ%l_h Design quality optimization, CMOST WU BRI T HA
FE (/N B AR 6 REOFI A 1 B/ NI EGEE D)

e. X EiDesign quality optlmlzation iterations, LILSEIT LTI SR HY
T NIEAREL U 1t Design quality optimization 7 ] LAfii
Mo

£ ETRE %P Use user-specified random seed K/ il SE56 7%, SR
J5 6 A User-specified random seed. 115 {# FHAH R REALRN T, 77
AR SRS T R B REATUNUY 2 R VRS B . WHR A 14 Use user-
specified random seed, i A HIBELFP T

e i \@Hﬂfﬂ CMOSTHEIE I IS M RCE R QA
T, LB NL I B L mzﬁko

5. WERSHECE WAL BEECORSC:, WA REE ] Using all parameter
combination design JET. L2 \ﬁﬁgﬁiﬁmﬁéﬁﬁm%ﬁﬁﬁm KA X s 2
KRS/, CMOST 3245650001 S50 (HAL £, I AR SL8 7 2545 5k
fﬁ%hﬂiﬁéﬂé\ﬁlﬁ , WIRRESH H Using all parameter combination design %
o

6. WIHI%ETT Manual (user defined), T UAfEExperiments TableiX .

AN C RS )7 %
ﬂ Create Mew Experiments o | B i 1
 Specify parameter values

Parameter Value Lower Limit Upper Limit
POR 036
PERMH  [448L7807 | | | 2000 6000
PERMV 2400
HTSORW |0.21 -
HTSORG [l

0.21

0.26

[ Cancel ] [ < Back I Mext = |

a. W EFR, B PR E (BIATHTSORW) |
{6 R S 5 (fIIIPERMH)
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b. sidiNext, 4SLK VR IN%E Experiments to be added.

[l Create New Experiments

P

Experiments to be added

1D | Generator

POR | PERMH

PERMV

HTSORW

HTSORG | ProducerCurm

139| User

0.36

44517807

2400

0.21

0.06

n

| cancel || <Back |

c. V4PrAEIISLEE T 22N INZE Experiments Table, jiiFinish o
7. WRFTA RIS AR E BHUE, & Using all parameter combination designift

WL, A SRR I — RS

8. JCIefE AT A FERITRINSESR T 207, (el ddiFinish Ji , ARG 5080 77 58

NN % Experiments Table 4%, 641

Drag and drap a column header here ta group by that column
D Generator | Status Result Status :’S:" g;;" g;; Highlight | POR | PERMH | PERMY | HTSORW | HTSORG
1 Ij Reuse Reused |WaitingToBeReprocessed [Ignore  |Ves [] |o24 |4000 |[2200 |022 006 il
2 1| LatinHyperCube |New Incomplete Training |Auto = = 0.22 |5100 2000 0.21 0.04
3 2| LatinHyperCube |New Incomplete Training |Auto = = 0.29 (3300 2000 0.21 0.06
4 3| LatinHyperCube |New Incomplete Training |Auto = = 0.29 (4500 2400 0.16 0.02
5 4| LatinHyperCube |New Incomplete Training |Auto = = 0.29 |3000 2800 0.21 0.04
6 5| LatinHyperCube |New Incomplete Training |Auto = = 0.22 4200 2400 0.21 0.04
7 6| LatinHyperCube |New Incomplete Training |Auto ] ] 0.22 |5700 2400 0.21 0.02
8 7|LatinHyperCube |New Incomplete Training |Auto ] ] 0.22 (4800 2800 0.26 0.04
9 8| LatinHyperCube |New Incomplete Training |Auto ] = 0.22 (4200 2400 0.16 0.06
10 9| LatinHyperCube |New Incomplete Training |Auto ] = 036 |5400 2400 0.21 0.04
11 10| LatinHyperCube |New Incomplete Training |Auto ] = 0.22 |6000 2800 0.16 0.06 £
12 11 LatinHyperCube |New Incomplete Training |Auto @] = 0.36 | 6000 2800 0.26 0.06
13 12| LatinHyperCube |New Incomplete Training |Auto @] = 0.29 |3900 2800 0.16 0.02
14 13| LatinHyperCube |New Incomplete Training |Auto = = 0.36 |3900 2000 0.26 0.04
15 14| LatinHyperCube |New Incomplete Training |Auto = = 0.29 |3000 2800 0.26 0.06
16 15| LatinHyperCube |New Incomplete Training |Auto ] = 0.29 (4500 2000 0.26 0.02
17 16| LatinHyperCube |New Incomplete Training |Auto ] = 0.36 |3600 2800 0.16 0.02
18 17| LatinHyperCube |New Incomplete Training |Auto = = 0.36 |5700 2000 0.16 0.04
19 18| LatinHyperCube |New Incomplete Training |Auto = = 0.29 | 5400 2400 0.21 0.02
20 19| LatinHyperCube |New Incomplete Training |Auto = = 0.22 |5100 2400 0.26 0.02
21 20| LatinHyperCube |New Incomplete Training |Auto = = 0.36 |4800 2000 0.16 0.04
22 21| LatinHyperCube |New Incomplete Training |Auto = = 0.36 | 3600 2400 0.26 0.02
- lon LT T m_;;l ER - .l: R . = =1 lnse lcann nonn  lnna 2es
CMOST User Guide Running and Controlling CMOST - 163




6.5.3 FELKFE®K

6.5.3.1 HRBTRSH
FEIBI L E A LM A XK, SRR T Tl
H, SEE T RS RS HPORA, NS HZ PERMVE 7704 :

| ‘ D | Generator | Status Result Status :’::" 'S(;;P :;; Highlight POR‘ PERMH ! PERMV | HTSDRW| HTSORG
= 022 s
|a 2000
3 1| LatinHyperCube |Mew Incomplete Training |Auto = = 022 | 5100 2000 021 004
4 23|LatinHyperCube |New  [Incomplete Training |Auto ] [ |02z [3200 |2000 |01 0.05
|B 2400
[ 5|LatinHyperCube [New  [Incomplete Training |Auta m] [ |02z [4200 |2400 |021 0.04
7 8| LatinHyperCube |Mew  |Incamplete Training |Auta m] [ |02z [s700 |2400 |02 0.02 =
8 8| LatinHyperCube |Mew  |Incamplete Training |Auta m] [ |02z [4200 |2400 |06 0.06
g 19| LatinHyperCube |New  [Incamplete Training |Auta m] [ |02z [s100 |2400 |026 0.02
= 2800
11 7|LatinHyperCube |Mew Incomplete Training |Auto = ] 0.22 | 4800 2800 0.26 0.04
12 10| LatinHyperCube [Mew Incomplete Training |Auto = ] 0.22 | 6000 2800 0.16 0.05
= 024
|a 2200
15 ‘Eh{euse |Reusrd ‘WaitingToBeRepm:essed |lgnure |v5 ‘ | = ‘024 ‘4000 |2200 |022 |0.06
= 029
|E 2000
18 2| LatinHyperCube |Mew  |Tncamplete Training |Auta m] [ |o2e [3300 |2000 |02 0.06
19 15| LatinHyperCube |Mew  [Incamplete Training |Auta ] [ |o2e [4500 |2000 |026 0.02
|a 2400
7n 3| LatintHypercube [New  [Incomplete Taining [ave | 0 | O |02 4500 [2a0 Joas  |ome
lzz 18| LatintyperCube |New  [Incomplete Tlraminu lato | B | F loze [sa00 [za00 [oz1  [oo2 -
] 0 3

6.5.3.2 [R#GER

L Sl Configure Tabled% 5, 4)5154%Column Configure, T LAFR
LoRSEE AR HTN A . Column Configure XIHHEN T 7R ELLIZXEE, Al
LUARE R SEAN BhReR L

& column Configure lilﬂlﬂ

4[] ANl Columns

I General

4 Parameter
INTOI
INTOK
TEMPER
TINT

I [¥] ObjFunDouble

oK | ® Cancel J
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6.5.3.3 WHHELEHTE

WA K ERLIE T E, ATLUE L — it g ok B AR A G 1) L
SLG, WF

JdiConfigure Table E %4, SRJE 1% Filter Configure. XITEHELN T :

ﬂ Filter Configure =ANCE X
| And/Or Field Operator Value oInsert

Delete |

l@ox J {@Cancel J

2. MR EBCEIZOHEE. £ NEE 7, U RS TrSe, Hip
Generator %5 F4F i “LatinHyperCube POR%HD 0.22, ID j(TS,
HTSORG 45T 0.04:

& Fitter Configure SRICE X"
And/Or Field Operator Value 0 Insert
1 Generator contains LatinHyperCube
2 |anD POR equal to 022 (@oeete |
3 [AND (o) greater than 5
4 [AND HTSORG not equal to 0.04
(& ox || ® cancel J

3. BCESER, Mi0K. Experiments Table IS Filter info #1725 T 7n HAA R 4%
P, AT A

4. %P Filter info f HE. Ex erlments Table (U 7R 2 ik 5%
HISEEG T 58, AT a0 N s

Drag and drop a column header here to group by that column
D Generator | Status Result Status E;“I:Y E;;P :;; Highlight | POR | PERMH | PERMV | HTSORW | HTSORG
1 6| LatinHyperCube |New Incomplete Training |Auto = = 0.22 |5700 2400 021 0.02
2 8|LatinHyperCube |New  |Incomplete Training |Auto o O |022 |[4200 (2400 |06 0.06
3 10| LatinHyperCube |New  |Incomplete Training |Auto =] [ |o22 |eoo0 2800 |06 0.06
4 19|LatinHyperCube |New  |Incomplete Training |Auto m [ |022 |50 |2400 [026 0.02
5 23|LatinHyperCube |New  |Incomplete Training |Auto =] 1 |o22 |3300 |2000 [018 0.08
A m ] [
Generator Has LatinHyperCube
Filter info: [¥] AND POR = 022 ANDID > 5 AND _Engine info: CMG DECE Experiments info:
HTSORG <> 0.04

R AT ERRFTARSER T4, TEBR Filter info &2 IEHE.
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6.5.4 WIELI T RETHRE

'—f'ﬂib Check Quality %411 ¥] 7 Experiments Quality, %% L f2ft [ SLIG 1%
TS 0T L0 B A YR S BC R i 53T 25 (A 18 2% Sampling Methods o
EFHAE] 7, LI RTH EAC RGN 3.1E-17, fE5E41ER (Perfectly
orthogonal) JEFEIN .

& Experiment Design Quality @

~ Details
Orthogoenality Value: 3.059477E-17

Experiment orthogonal value categeries:
Perfectly orthogonal: (0, 1e-8)
Nearly orthogonal:  (1e-8, 0.03)
Almost orthogonal: (0.03, 0.2)
Not orthogonal: (0.2, 1.0}

Minimum sample distance: 05

© oK

FETRHEEIPI T, IESCHEEN0.47, FEARIESSTERIN -
ﬂ Experiment Design Quality @

 Details
Orthegonality Value: 047109398

Experiment orthogonal value categories:
Perfectly orthogonal: (0, 1e-8)
MNearly orthogonal: (le-8, 0.03)

Almost orthogonal: ~ (0.03, 0.2)

Not orthogonal: (0.2, 1.0)

Minimum sample distance: 014285714

© ok

R USRS B AT BEARLL (X A, AR AT LA i S S e 3 el T
ST SRR B RS SR R S
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6.5.5 i SLFAEEIExcel

sty BB Bxport to Bxcel HE6L, 455Hs N 20 1 BlBxcel SCH . %A 4 (LA i
(TR o
6.5.6 EFEMILER HEH

315 B View Simulation Log #2411, 7 SCASRHHEE P T FFRUNLE Rlog XCH . e
HI A BSOS RAR 4T T og XCE, 2 B —ANXHEHERL R ] P el — R et
log 3, Zlog 3L AT REXT M LAZITER A M - i#id Simulations Settings T/ & HH]
Job Record and File Management #B45, HAT LAFE B A 4 45 8 B sl i [@%logiﬁ:o

6.5.7 BHAHESLBHTR

SRR HARREL AL sl T SR SRS T B AR R T EE A E A A
AT DA o Sl €D v DR A (Fln, T ETA N HEREED) A
967 ZE bk B SRR T &

6.6 fRELFES

CMOSTHRIELUFE RS T — AR HER P PN SRUE XS E R A 0, R
BCMOSTHESS AEIBfTIIRE T, W] LI o A S5 BT A 157 AU R, atn]
DBERHR . IR R 5 P I 1 SIS AT AU 5 A A o

FEFITA B SL 50 7 SIS 5E 2 |, A, wTLL:
o (HJHBIAAAIACERACRIAC BT TN o
o WIS AS AR AR .

o JESIfHMtraining B verification S35 /7 22 Study
o AR A ACHEAAY
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6.6.1 FIFFAREALERRE
CMOST3I 4% 5 5h)5 , WAl LUl L Proxy Dashboard, 7% O 5¢ s 815256

JTEMHIEER, T

Broxy model generation:

Polynomial Regression | Built

& REF Neural Network Mot built
& Objective Function Proxy | Mot built

Experiment for proxy QC:

Fundamental Data Series Plots | Objective Function Data

Operations

© select.. | Plots on horizontal: |1 % andvertical |1 % Page 1 - of 1
Plots

[¥] == mxspe010_PLTHM_0001.irf (ID=19) O Field History

——= Polynomial Regression (ID=19)

- Palynomial Regression (what-if scenario)

Generator: [CMG DECE -]
Producer Cumulative Oil SC (bbl)
Prosy Role: [Training -] 50000
Experiment ID: | 19 -
[ ] Parameter Value
ModKHL 075
= 40000
ModKH13 1 3
ModKH18 05 2
o : o
ModKH20 2 @
ModKkHd 15 © 30000
2
=
L3 5
S
E
Whatif scenario: O 20000
Lower | Upper 5 {
Parameter Value o | g
ModKH1 2 b1
2
ModkHI3 |15 o 10000
ModKH18 |1
MedkH20 (125
ModKHd4 125 o
ModKHS 075 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Time
Update Experiment| | ' Add Experiment|
Configuration Area Display Area
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6.6.2 MCEMRIE(EAE

AEXPIEHEZCAN | AT LABC B Proxy Dashboard, 41T :

Proxy model generation:

l;ﬂf Polynomial Regressien | Mot bu't—‘

LIsHEHZNLI /TR (Training) J5, SIKHEER

[‘J RBF Meural Network

| Mot built
l;l? Objective Function Proxy | Not built

Experiment for proxy QC:

Generator: [CI\-‘IG DECE

Proxy Raole: [Training

Experiment ID: | 19

Parameter Value

ModKH1 0.75

ModKH13 1

ModKH18

ModKH20 2

ModKH4

BT R A SRR AR AT B A e B GRS

PEEIE A PR W

TEXAMIFH, FROTERFID=191) LI TT & ZLHKTT R
MBI SHGEHCMG DECER LGN . S A0
| /& Training, F1EADTrainingSL56 75 28—k A T4 gl A G B
it

R BRI T RS HUE.

What-if scenario:

Parameter Value Lower Limit

Upper Limit

ModKH1 2

ModKH13 |15

ModKH1E |1

ModKH20 |1.25

ModkKH4 1.25

ModKHS 0.75

| Update Experiment_l |

Add Experiment|

_gégi%&%ﬂ, P4 5230 77 28 U2 6 I What-if scenario

{ﬁ‘? what-if scenario & L ZHH

1 F What-if scenarioZ £ fE R A I— iR 56 77 22 201
IS RME, BB AR S T B AIB T, (HH
What-if scenarioZ SUER B 3T & B S EUH-

fli:d

KT AR EARA 2K

P

FRMELZ(FE., 2% Proxy Modeling.
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6.6.3 GIEAIEPAELY T
B A FH AR

1 b RS AR, il
|. 599 RBF Meural Network | Mot bLl'tBuild PrOXy MOdelXﬂ‘iﬁfEﬁD‘F .
[ suild Proxy Madel [ESREE

Proxy model: RBF Neural Network

0| =]

oK [@ Cancel J

HE: W EATE |, AU AT 4% 4] Not built 3¢ Out of Date +& A
HE, AR, iR Bl TARBERL FUE 4R InayhsLas 7y %8
Je 7 AT DAEE T s AR

2. N TENIERL ) Rl QU FI ] B 45 B 5E i Training SLH6 7 28 A
LR O IR AL . G ARSI B s 19 52507 58 A A 22
AT ZEN B ride AR A . YABEEI G ST e, B
iskAn R ITOR B A T -

i Build Proxy Model = e e

Proxy model: RBF Neural Metwork

O (=]
The proxy model is ready for prediction

L@OK J[@Cancel
3. MHTOK SRR BRI
6.6.4 EBELHTTR
SRS S K LR 0 B BTN (SR2ICH) BARAR
S (CRRIA T 1 St o Petie PALEETUN (SRZCH) DARAL

=%

1. fE BEE 7, 83k 448 CMG DECE o

2. #&FProxy Role, Training B Validation. {EExperiment ID¥I|ZH 7R [T
SEHG T S 18 B AT

3. ﬁgﬁExperiment ID, Xﬂﬁﬁjigﬁfﬁ %ﬁﬁﬁﬁ&lect‘ed Experimenii%ﬂ‘%qj
WoRo [AIFE, WARERZSERTTR, AR AT AL th 2 RSk
557 Z 2.
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6.6.5 &S 157 FH What-if Scenarios

R R () Fe5, R 1 5288 SRS A 1 3 What-if scenarioZ6 ks, X5 H
1 Bl 25 £ What-if scenario e 1§ W iX LS 40H , W FE T~

~What-if scenario

Parameter Value I[;:fi:r E\E’lp:r
PCR 0.22 B
S—— T Ferer——reo LA AT LA S5, BIAPERMH
PERMV 2800 —
HTSORW |0.26 - B
HTSORG g;ﬁ < T A T LOR Y IS4, IAIHTSORW
L
_ _ TR S0 T RERORINE S b, B RS % 5
Update Experiment] | €3 Add E"pe”""e”t':l W RAAIET, ISR R © 5
B

FEPlots B4y, (I AR N n] DA A B S50 7 S A fi 2o 3ZHoARIIE
g Eﬁﬁﬁ%ﬁiﬁﬁﬁ@ﬁ@ﬁ?ﬂﬂ p Al ﬁﬂ%ﬂ)‘&ﬁ FriRiz%, What-if scenario 1H
AT DU SR 8 SO S8 5 28R 3 B LA I 5256 7T 45

o R idiUpdate Experiment, What-if scenario /i e ih (1 SLIG /7 50K
& H T What-if scenario K SEE, HESLR T RIAAKIE T, Bt
SEME— o
o WHNTH Add  Experiment, — /LI TT S04SSN IIExperiments
Table (HESLIGTTZEME—R) | %L T RIS HUETEWhat-if
scenario #73 & LYo
6.6.6 RIERMILELN
6.6.6.1 BEFHTZHEXFCEEERA T Z 0
22 RE N
1. fEProxy Dashboard/c _F i RS 37 A AR
2. IEBEAESF RIS T . BHZSLI JT 22 )% What-if scenarioo
3. 1Ef A, 1% Fundamental Data Series Plots o

4, pili | Oseleet. | IRFIEFAREAE IR, fEOperations#i) 7] LA

B2 M A tun] AR B — DU O B i Aedic, I8 n] LR 2
AT TR D)4 o
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5. 1EPlots #853, MeFHE R RATMhZ. 72 PG, FROTVER T 5
B TTR (SERID=20) AR MR Z

- SRETT R R

- EHSEES T SR T ZS

- e SR T SR T2,

- FUAReRE A= S, AR TR AR TR

Cumulative Oil SC.
~Plats
HM_5_00020.irf ID=20) O Field Histary
=== Palynomial Regression (ID=20) - Palynomial Regression (what-if scenario)
=====: RBF Meural Network (ID=20)  [&f] =r=eeeeeee REF Meural Metwork (what-if scenario)
PRODUCER Cumulative Oil SC (m3)
1.6E+03

1.4E+03 #
1.2E+03 /,/
1E+03 7 ﬁﬁpodﬁ
800 /-:d
600 A

400 j
200 f
0 =

2007 2008 2009 2010 2011 2012
Time

ﬁuiﬁﬂ’]ﬁJ?FﬁT 1‘%Mﬁ%%ﬂ%1ﬁﬁﬁfﬂ%ﬁ”U\EZRBFFQIE*% i
M B3, R B R TNIZE A 7 1 S M A

PRODUCER Cumulative Oil SC (m3)

fﬁtt%ﬁ
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6. fEWhat-if scenario A& S EE KA F © 2 U0 A7 52 M4 G BASR Fi0M 1
THEH 73, FATEPERMH M 6000 8% % 4500:

Plots
HM_5_00020.irf ID=20) O Field History
===== Paolynomial Regression (ID=20) == Polynomial Regression (what-if scenaria)
=== RBF Neural Network ID=20)  [¥] reeeeeeees REF Neural Network (what-if scenario)
PRODUCER Cumulative Oil SC (m3)
1.6E+03

1.4E+03 /f
1.2E+03 //_./ :
1E+03 LA 'dﬁd
i

800 s

600

400

200

PRODUCER Cumulative Oil SC (m3)

0 | By
2007 2008 2009 2010 2011 2012
Time

W EEpR, R Z, HEAFG A L.

%}Zﬁ%ﬁ%%@%ﬁgjﬁﬁ , e HACERA SR AL (Proxy Dashboard ) KA AN A S
b, S TABRERL ) IR RATAT O 5 S SEEG T SR ok A R PSR T

S5R BIEs E RIS RS A I B R Z AR IR % o 42 Training 5%

Wiz Ese e, AR A R ] DA gl IMEER

TE_ LB 7H, %8 Objective Function Data:

Mame QC Simulation | QC Polynomial QC REF What-if Polynomial ‘What-if REF
1 | ProducerCum(il 1483.086 1463.8676 1483.086 |1285.9958 1287.0887
2 | ProducerCumWater |4487.1601 4445.663 4487.1601 |4030.0081 4016.2624
3 |InjectorCumWater |[4555.1595 45135813 45551595 |4088.131 40745413
4 | GlobalHmError 12.803585 10.64392 12.803585 |5.227943 7.584102
5 |HMError001 12.803585 10.64392 12.803585 |5.227943 7.584102
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YRS BESE P —8, ET R RS TD20 RBFAHZE 25 A CEE AR T
SR G GAUSE R 2R, (RO XL EAGRAEY) - 2T
ﬁ%%%gﬂ%ﬁﬁ—% PR L AR ZE AR e, RS, G
TR ZE YL

6.6.6.2 (CEEZAARERA
FIHEHAAE —FE, 7T LAE R R B R Rl e, &R L2417, ARG
F IR Un-zoom to 100% i Bl IR IR ZS

6.6.6.3 (RAFAE(CEHHE
FRACPRARRIALIE] SR 164 Save Image SRARATAR L L EEAL A -

6.6.6.4 EHIFERFHZWE

LRI, R EIEE Copy Image to Clipboard ¥ Jﬂ\ﬁ“ﬂ@ﬁ Windows5J
b, el ok Word WIRAE DT A% R W12, 6 A 5 AT,
In 2 R HH 2o

6.6.6.5 LI HrRHSHEFE

1£ Objective Function Data, @ Sk B B AR R EEE T B EEE R Windows
o REGH, BIUNExcel B Word.

6.6.6.6 BILCEEQLEALTRINLSR
i Wi Add Experiment T, 8 What-if scenario HELHIZAER IR LK
%%, ISP SEG T R A IEAEIB T, JaiiUpdate Experiment %4, HHrS4L

B0 Ex;eriments Table, FJUAMSCEZ B, Flln, o LMESEUE B SLIETT
ZEACH R R

o R AT S s

6.6.6.7 EFTNET HICEEWN FK B FHH

SHIESEIUR, Proxy Dashboard TURIA: HAEHT. Friksdi G
Refreshf7 2, Z5RSCHFHZA S HBE BT
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WRCMOST 51 AN T SL8 7748 (B0, DECES|ZEWhn 1 5L58 77
%), fE/SdiRefresh)i, VNINHYSELETT 24 0] LME A .

6.6.6.8 FEH(FEME

fEATISTE], #BW] LAFT HFExperiments Table, SH#5CI6 77 QM0 SRS E T
[7] £ Proxy Dashboard. @ﬂﬂ, ‘ﬂﬂﬁﬁfgﬁﬁ\igﬁﬁ%%j@rﬁfﬁ, ‘Kfﬁﬂﬂﬁﬁ/ﬁﬁﬂﬁ”%
ARBAEL ot n] DASE 0% S0 5 AR 0 BB se e 7 AR A 1
I, W BT AR

6.7 BHIES

B B3 it Control Centre | Simulation Jobs 7 55, Al LA ERIULSIRA, LTy
ZinBSEE, TR0 AESimulation Jobs Z6A%, T N HEIB 1A :

Drag and drap a column header here o group by that column
Experiment | LauncherlD | Scheduler | Execution Node | Launcher Status Submitted At Started At Finshed At Dataset Status Result Status Result Status Info
1 810| Local CHARLES) Complete 2013-04-09712:19:54 | 2013-04-09T12:1%:57 |2012-04-09T12:20:37 | OPAAT_4.cmsd\OPAAT_4_00001.dat |Finished |MormalTermination
2 811 Local  |CHARLES) Complate 2013-04-09T12:2049 |2013-04-09T12:20:52 | 2013-04-09T1221:32 | OPAAT 4.cmsc\OPAAT_4.00002dat |Finished | NormalTermination
3 812|local  |CHARLES) Complate 2013-04-09T12:2139 |2013-04-09T12:21:42 | 2012-04-09T12:22:23 | OPAAT 4.cmschOPAAT_4.00003dat | Finished | NormalTermination
4 813| Local CHARLES) Complete 2013-04-09712:22:30 | 2013-04-09T12:22:33 | 2012-04-09712:23:13 | OPAAT_4.cmsd\OPAAT_4_00004.dat |Finished |MormalTermination
5 814|Local  |CHARLES) Complate 2013-04-09T12:2320 |2013-04-09T12:23:23 | 2013-04-09T12:24:03 | OPAAT 4.cmsc\OPAAT_4.00005dat |Finished | NormalTermination
5 815|Local  |CHARLES) WaitingToStart | 2013-04-09T12:24:10 OPAAT_4.cmsd\OPAAT_4_00006.dat |Pending |Unknown

ER: LIRS, R S R SIS R AT . SR, AT AT A2
[ A 437 SRR et A T EH R B

FAEHPHIFNUTT FroR
Experiment: M — 555D 545
* Launcher ID: Study" &> S250 77 R#A ME—HISLIRID. 2 SLintesesn
Schedulerf | S£Z525 B A 153 Bl — T ME— [/ Launcher ID. Launcher ID FISZEGTDAS
[, A hSchedulerm] fEALFE 221 Study H I SE5G 77 5
e Scheduler: i#it Launcher2g 3 /F k2 Scheduler o
 Execution Node: i1 &N TIES T 4o
e Launcher Status: Waiting to Start~ Running®, Complete™ ) 5 —FR LS

e Submitted At: Launcherf&3c/T-55 254 g5 A B ]

o Started At: TRAUBTITIRIZTTINES[E].

* Finished At: 8z 8 5E AT ]

. Dataset: T HAUATEEESCE . WNERXS T 1E 1 28 11 1 S256 7 2805 %
Delete dat, BHRSCHESPMBR. Q0 RXT T IE R AR R SEE0 T BRI
Delete .dat, Ut & ORAFAEStudy SCHF
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o Status: $E(ESNPIRZS, Pending 5% Finished.

* Results Status:

- Abnormal Termination: 7&E|jA$5E RS EI R 7T, E55200.
- Incomplete: FH T AR ([l B A 1B H 58 o

- Normal Termination: lER FH4E

- Killed: fEFHH Kl

- Failed: HITRER. FAFEFA] B S EUL 5518 E LW

- Unknown:: {5

BT, HEARARAE AR

e Results Status Info: X/ 5 —F57% " Results Status /7 [# B{5 B o X THE
—SLIG RIS R AL, MT Rk, 8550 E BT REZ

TS
TSI, WFPrR:
Er/ga) AR BE
(@ R RAUT 5 siili, CMOSTH 2 B H 5 AU TSR
g g%?g i, Eiﬁ%ﬁ%*‘iﬁ%ﬁﬁ*‘i%ﬁ
SRR Rloa ) S Z: Blog L HF. AERTLER SR , log
AR Ogiﬁ: HRATRH, B TRE E (Simulation
Settings) o
_ﬁ! {EBuilder THT T IE H Y LS o AEARRLZ B 58
) FTFFBuilder Ja, datCHREH, B TR E
(Simulation Settings) o
- FIFFEH ISR . fERAIEE e S, SR2
AR E AT, PO TR E (Simulation
¥TJFResults Graph Settings) o
4 {EResults 3SDHFTITILEH ISR o FEARLZ
" FTFFResults 3D FoEUE, SRV, BUuk TR E
(Simulation Settings) o
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7T BEHDER
(Viewing and Analyzing Results)

—

71 BEXRER
___j#idResults & Analyses5[fil, HHCMOSTIZH 4K HECMOSTIT I
IBF7, e WoRB A,
711 ZEER

TE5F P Results & Analyses = DU E#A T 50, XL 5 i AT RIR
&, AR

1. fEOperationsiili7) sitiSelect, w71k Select PlotsXHIHHE, IZXFIHHE (L5 1) LA
A2 2. T A7

i

R

[ @ select Plots [E=E)

Parameters | Time Series | Objective Functions -

Parameters
Run Progress
POR
PERMH
PERMY
HTSORW
HTSCRG
Histograms
Cross Plots
POR
PERMH
PERMV
Parameters
POR.
PERMH
PERMV
HTSORW
HTSORG
Objective Functions
Others
HTSORW
HTSORG

L® 0K J { @ Cancel |

0 VR EEE R . TR e

3. fEOperations #b4, W E LN RELIL NS (KFEE 5
H) o 1E [ Results &Analyses | Objective Functions [ i, P/~ [ IEf7T
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PEEE. BEEL s E L AERIQC A :

~Plots
24
@ Base Case General Solutions  # Optimal Solution 29 22
20 20
410 20
400 ; * 18
390 16 1
380 14 14
380 « 14 m 13
gy i 312 = {1
E 3504 i S 10 w_’_w o]
Z 340 . 8 -
2 330 et 6 L -
3101 3 El
300 27 T{ Llr
290 0 R S IR B T |
““0 20 40 60 80 100120 140 160 180 200 2.7E+07 2.85E+07 3E+07 3.15E+07 3.3E+07
Experiment ID TotalQilProduced (bbl)
General Solutions # Optimal Solution @ Base Case l I = 45 Degree Line "+ 95% Confidence Curve M Traming]
410 ; 410
400 roLe = 400 gl B
390 : = 390 5 3
— 333 . B o ; 3sc e
gm0 . Z 30 Th gt
E ;;; BN - T ] 350 - l‘ bl
Z 340 i : Y 340 nl g 3
T 4l - iy .}
© 330 : : £ 330 . e
Y 320 . S 320 e u
310 E 310 ol
300 @ 300 _. H
290 ; 290 S
5 10 15 20 25 30 35 40 45 50 55 60 65 300 320 340 360 380 400
NPV_newW1 (M$) Proxy Predicted FieldNPV (M$)

R TR T 6 TR PP B BB, 4 22 TR
58N, EPTHCIEA PRI L R 980k, I F .

4, WRAECMOSTIafTI /R T 25-F [, FEERAURTEAT, XL
SRR, AR, AT LS M Refre®y  HEHLBEAT L FIEEHT o

7.1.2 FHEBRE

2% Plots PORTEMERMERIF S, BIAIRA-FIEESCHE, Z 42 WindowsH
IR LA R TBOR B R 7] o

7.1.3 PIRBIHORAEE

TERPIR BRI A, AT ARG A 1m) bl m) N &7k R Py 25, T A
{5 FH ) A2 5 1A 7Sk R AT RIS AR Ao QIR A AT T RIS AT A, AT LA
i F 1) e 5 [l A 7 Sk ok 1a) b mk ) N RS A R SR 1T 1o
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7.2 BEEHIMSHER

it Parameters 17 50, A LU R Study AR S AR 25 RS S

7.21 BTERE (250
iHjI Parameters | Run Progress 7 i, & Study " 2 EUSALLHE R AT O :

l ® Basze Case * General Solutions 4 Optimal Solution

. & » we s L] . * CHE (X} LN S T

4200
4100
4000
3900
3800
3700
3600
3500
3400 (30, 3500) |
3300
3200
3100
3000
2900
0

.. . . . . . *o @ - e L

INJP2007

* LS i sese e & @ “w & e X}

10 20 30 40 50 60 70 80 9 100 110120
Experiment ID

FREEIR T ZEANIP2007 AR SLLE T Zin Tt R E . F e Fos — e
JT5R. BEEIBRAHEAT, MORBZ 1 SR b a5 LG SRR, 5]
BT ERML R RoR. BEEBENET, S Ay 220, a7
=3 WA S Ra

_mgiﬁﬁ,%ﬁﬁ%iﬁﬁﬁﬁﬁ,ﬁ%mﬁﬁﬁ%ﬁ(mpmm)ﬁﬁéi
NI Ko

R StudyZ 04— Run Progress|&l, 7 LAERPIRTT S BH1Z A
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WmRABEE, %EfEData, T LAFTH Run Progress Data Table X iHH(E :

ﬂ Run Progress Data Table l = | B |
Solution Category | Experiment ID PCR l
il X i
1 General 13 0.36 =
2 General 14 0.29
E General 15 0.36 @
4 General 16 0.22
5 General 17 0.22
6 General 18 036| .
& oK
=

o8 FHAS T 4%, AT LA%G H Run Progress Data Table N 25 £ Excelal & il &
FWindows ki A o

722 HITE (%0
i Parameters | Histograms 19 i, A VA &2 AEAEIZ A L0 T 5
s AL, D

12

11 i

10

Counts
~

120 1256 130 135 140 145 150 156 160 165 170 175 180
newW1_STO

AT L, 7T LI L (A% PP e sk el 46 B Windows B
B2, SR SRR B U B o, 8 AT RO
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WARARETI A, A5k Data , ATLAE R AR RIS IE AN A -

& Results Histogram Data Table l = | B ||
INJP2013 Count
1 2750 39 Hg
2 3000 29
3 3230 22 @
4 3500 1
5 3750 12
6 4000 7
& oK

R E A 4L, 7] LA i Results Histogram Data TablelN 253 Excel
B2 1 2 Windows B AR, 9285 AL I 2 AN AT o

7.2.3 TILE (2%
itjd Parameters | Cross Plots 7 i, AILVELZEL HARRAU HANE 2 [H
BHIKXR, W

1. TERPRE, eIl E BRI 24

2. fEOperations#iis, it (@ | FTF Select Plots X iHAE o
3. EFHEASIE T BRI SEL HARER Ak HAbE

4. EBRECP IR R PIEAL sSILE R R
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| © select | Plots on horizontal: |2 = andvertical: |2 2| Page: |1 = of 2 0 I
Plots
c
& select Plots SRECEL X
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B — L  User Highlight # User Highlight
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oK Cancel
Go (@ | ModKH13 ModKH18
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1.3 BRI MR FHIER
7.3.1 MEEREE (K REIFF)
TN RN B A 2 S R il 2 TR A7)
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R P FUBHREISCA ((axt) 3CH:
1. fERRFHIE, s fEEirE, REkEEData, B/RXTEEExport
Series Data — Time Settings :

[ ﬂ Export Series Data @\

 Time settings

~) Export common time for all experiments

Start time: End time:
2007 -01 -01 T12 :00:00 v| |ECJ.2 -01 -01 T12:00:00 ~

Number of points:
50

Coma) (e ]

2. UCEARE AR TR, R R
- Export time for each experiment: % -5 %8> 5050 77 Z8HH O B I (] s 808

- Export common time for all experiments: ZUHE4H 2 A7, JeXt B g T
Fo FERXANEI T BT FFIRFNEE RS 0] A B[R] SR B AT T2 18]

3. AiNext. XfiftEExport Series Datalll X7k :
( ﬂ Export Series Data -

Export user highlighted experiments
_) Export optimal solution experiments
_) Export user selected experiments

v ) User Selections

[ Cancel |[ < Back I Next > I

e LR L

- Export all experiments

- Export user-highlighted experiments
- Export optimal solution experiment

- Export user selected experiments {1 R1E1F %03, A LA User Selections kK4
F¥Select experiments to export 4%, WA WVE | FIHCTRLFSHIFTAE S £ > 5L
K75, SRE mdiChecks 44K, AT LLILE Uncheck SKEUN. /5, BHEZA
Export 11
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5. RiifiNext. XTIHHEExport Series Data — File Information 11 | 7R :
( ﬂ Export Series Data “

 File information

File name:

DACMOST Projects\Case0003 (SA)Case0003_BeforeRun\SAGD_2D.cmpdi\HM, - |

Data column width (in characters):

20

ar

[T Break into multiple lines when it is more than the column width

Write parameter values for each experiment

Open file automatically after exporting data

6. A BSOSO AU B AT L B B
7. sidiFinish i H R T8GR o

AT FTFFAEExcel FE T30 4& Hia H RO B TR] 7 1 -
1. G R R P 50 SORSCHE, an BTk
2. TEExcel FFIFSUARTCAES
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7.4 EEH IR SRR R L

7.4.1 WEBEREH (Bikvs i)
AT B vs. FEE S5 FE WAL L1 1
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7.5 EEH T Hin RS R

7.5.1 BfT#E (HIREE)
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752 BEJTE (HREZ)
FUAR R BT P s SR 7 SR P it 5 E AR R AU 20 A

28

24

|~

Counts
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1 | 171
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AP P, A] LORE AR A7 N 220 1 ok, Bl B £ Windows BY
Wi, R ERE R Al FHRE o AR AT, SRR e Data, FTLL
BRI FLRAT et ps o

( ﬂ Results Histogram Data Table l =|E ﬂ_hj\
ProducerCumQil Min | ProducerCum®il Max | Count
1 85192142 882.005419 1|+ a
2 §82.005419 912.080418 1 Export to Excel
3 012.089418 042.173417 6 =]
4 942.173417 972.257416 72
5 972.257416 1002.341415 5]~
6 1002.341415 1032425414 3
7 1032425414 1062509413 12
8 1062.509413 1092593412 35
9 1082.583412 1122677411 90
10 1122.677411 115276141 196
11 115276141 1182.845409 92
12 1182.845409 1212.929408 32|~
& oK

fEH _EE AT 4L, 7T LA Results Histogram Data TablePt 255 Hi 21|
Excel, &= HIEIWindowsBI Wik, 72 544 Rk G 21 HoAth b7 R o
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7.5.3 ILE (BRE0)
iHiTObjective Function | Cross Plots [y 1, FJ LAE HARREL. S50
HAWBEZ R EHFIR R, AT
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QOFAAT Analysis (Reference Experiment 1D=1)
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TERIEID A IELEE H, PERMHREUE 45000 5SS PERMHFE( 23000, H
MZHUEAZ, B0 2951, KB PERMHENZE 6000, 27101
1209, PERMHAFIE 72 [BIEMIE, L0500 A, oS mtil. Vet
., HTSORG FIZE 2 B2 FUHC. Filln, X 3LID A 1SLE:, BHTSORG
Wnz20.06, HMSELRFAL HIrREUE/ 21063,

BEHOPAATE MRS HEEN , HACE s Sdias. REiEEData.
OPAAT Data TableX T iFHE A N R

& 0PAAT Data Table = | E |
5 cter N ProducerCumOil {m3) (Parameter ProducerCumQil (m3) (Parameter
arameier Rams Upside, Reference Id=1) Downside, Reference Id=1) a

1 PERMH(3000, 6000) 1208.6264 951.01422 EmaciialEes

2 PERMV{2000, 2800) 1185.44 985.92825 =

3 HTSCRG(0.02, 0.08) 1063.2845 1107.9973

4 POR(0.22, 0.36) 1076.1529 11135788

5 HTSCRW({0.16, 0.26) 1076.0338 1090.59
oK

i i HOPAAT AU B Excel , [ 1 A1 E] Windows I A ELOK S5 4]
FFHRE, AN

HER: HOPPATE H /I St il i T2 L, FORS %5 S H 24 BUA
RESHNNE (R EdR/MA) -

7.5.5 THRFERTH

AT UM RFEPSOE R IEESR, FE NN T 2L, HIRERENPY Field
/& fdi[f]Particle Swarm Optimization 5| KBTI B AH. FRATE £ 1k Pareto
particle swarm optimization, [XIHFA TR AL HARBKALCSOR201 95/ IMH :
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Study type: Engine name:

Estimated no. of new experiments:

Optimization - ] [Parﬁcle Swarm Optimization

240

Engine configurations:

4 Engine General

Name
Auto Save Result Interval (minutes) 15
4 QOptimization Settings
Total Mumber of Experiments 500
Global Objective Function Name NPV_Field
Search Direction Maximize
4 Random Seed
Use User-Specified Random Seed False
User-Specified Random Seed 1010101
4 Experiments Management

Number of Optimum Experiments to Keep Simulation F 5
Mumber of Failed Jobs to Exclude an Experiment 10
Number of Perturbation Experiments for Each Abnorm: 0
Particle Swarm Optimization
Continuous Parameters Sampling
Discrete Parameters Sampling

Particle Swarm Optimization

Continuous Uniform Sampling within the Data Range
Treat Discrete Values Equally Probable

| »

Inertia Weiaht 0.7298 h
Name
Pareto particle swarm optimization Maximum number of pareto leaders: | 10 :

Second global cbjective function (required): |CS0R2019 ¥ | Third global objective function (optional): :]

Second search direction:

Third search direction:
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RIS R T RTIEPSOIE AT Frn -

l General Solutions 4 Optimal Solution @ Base Case ]
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7]
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+*
2085
*
=79, 214 2 777)
285 | (ID=79, 21024152, 2.8880777) [_
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M RFERTIT AL S U RTS8, IXLETT AT s B s &g, R R, X
TIAZEFLRTHPSOR RS B, 2% Pareto Front Particle Swarm Optimization, fH<5]
I BE(E K, ©%Pareto Front Engine Settingso

7.5.6 Proxy Analysis
Information is displayed in this node if there are enough experiments to build the proxy model.

Once enough runs are available, proxy models (several variants of polynomial regression, and
RBF neural network) will be created. For sensitivity analysis studies, the proxy models are
then used to determine the main (linear) effects, interaction effects, and quadratic (nonlinear)
effects. For uncertainty assessment studies, proxy models are used to perform Monte Carlo
simulations using the distributions from the Prior Probability Distribution Functions defined
in the Parameters page of the study file.

NOTE: It is important to check the verification plot of each response surface model for obvious
outliers. If there are outliers, the cause of the outliers should be investigated. Sometimes the
jobs that correspond to the outliers may need to be re-run or excluded from the analysis.
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7.5.6.1 Proxy Model Verification Plot

In the Proxy Analysis node, if you select an objective function subnode, information about
the proxy models for that objective function will be displayed, as shown in the following
example, in which the Model QC (Quality Check) tab is selected:

Model QC | Statistics | Effect Estimates | Morris Analysis | Sobol Analysis | Proxy Settings

GlobalHmError

45 Degree Ling  =eooeeeee- 95% Confidence Curve MTraining Experiments Verification Experiments
9 -
.".
8
]

T e
= [ I
= 3 =
£
g o -
IS W
T “'m [
E-] - L
o . . = :
04 Wl |
o [ ] e
I [
5 e nu
=3 s i n
E ] ]
7] . = n

et m
21 -
]
1
0 E
0 1 2 3 4 5 6 7 8 9

Proxy Predicted GlobalHmError (%)

The Model QC plot shows how closely the proxy model predictions match actual values from
the simulations. The 45 degree line represents a perfect match between the proxy model and
actual simulation results. The closer the points are to the 45 degree line, the better the match
between the predicted and actual data. The points that fall on the 45 degree line are those that
are perfectly predicted. The points that are far from the 45 degree line are outliers. If there are
outliers, the cause needs to be investigated before making use of the proxy model.

For polynomial regression models (Linear, Quadratic, Reduced Linear, and Reduced
Quadratic), the lower and upper 95% confidence curves are superimposed on the actual by
predicted plot. These confidence curves are useful for determining whether the regression
model is statistically significant. The lower and upper 95% confidence curves are determined
using the equations given in paper “Leverage Plots for General Linear Hypotheses”, John
Sall, The American Statistician, November 1990, Vol. 44, No. 4.

The dark blue points are the training experiments used by CMOST to create the proxy model.
The green points are verification experiments used by CMOST to check if the proxy model
created is a good proxy to the actual simulation results.
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7.5.6.2 Proxy Model Data Table

The proxy model can be viewed in tabular form by right-clicking the verification plot then
selecting Data to open the Proxy Model Qc Results table:

( ﬂ Proxy Model Qc Results =NRN X )
Type | ExperimentID | Predicted Value | Actual Value | Residual Relative Error(3)
1 Training 5 4.80355079 5.3112398| 0.50768901 0.55876644) © ﬂg
2 Training 6 4.04638252|  2.2065806(-1.83980192 -83.37796152
3 Training 7 409872741 44273811( 0.32863369 7.42278932| = @
4 |Training 8 276095887|  2.7038232|-0.05713567 -2.11314383
5 Training 9 3.63197406| 3.3104527|-0.32152226 -0.71233499(
6 Training 10 3.50102361| 3.2897296|-0.21129401 -6.42283809
7 Training 11 444880978 49008511 045204132 0.22373089
8 Training 12 431785843  4.3112885(-0.00656993 -0.15238909
9 Training 13 5.12802059| 6.3737987| 1.24577811 19.54530057
10 | Training 14 174048742 1.7027677|-0.04671972 -2.74375184
11 |Training 15 2.68728259| 3.7470072| 1.05972461 28.28189402
12 |Training 16 5.60278822 4.491965|-1.11082322 -24.7291156
13 |Training 17 2,8165016| 35196775 07031759 19.07841836
14 | Training 18 2.68555025| 4.1236789| 143812865 34.87489401
15 | Training 19 4.03600906  3.0644814(-0.97152766 -31.7028409
16 | Training 20 546736935 5.4983427| 0.03097335 0.56332149| ~ |
& oK

As with other results tables, you can save the contents of the Proxy Model Qc Results table to
Excel or to the Windows clipboard, from which it can be pasted into another application.

7.5.6.3 Proxy Model Statistics

A detailed report of the response surface statistics is available by selecting the Statistics tab,
shown in the following example (Effect Screening Using Normalized Parameters and
Coefficients in Terms of Actual Parameters tables in the example have been cropped to fit

on the page):
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Objective Function Name: TotalQilProduced

Model Classification: Reduced Quadratic (alpha=0.1)

Summary of Fit
[R-Square 0.815623
[R-Square Adjusted 0.777004
[R-Square Prediction 0.727249
Mean of Response 3.04555E-07
Standard Error 696330
Analysis of Variance
Source | Degrees of Freedom Sum of Squares Mean Square F Ratio Prob>F
Model 31 3.1745E-14 1.02403E+13 21.1195 <0.00001
Error 148 7.17615E+13 4.84875E+11
Total 179 3.85212E~14

Effect Screening Using Normalized Parameters (-1, +1)

Term Coefficient Standard Error t Ratio Prob > |t VIF
Intercept 3.00995E+07 153464 196.134 =0.00001 | 0.00
newW1_STO(125, 175) 179966 90201.2 1.99317 0.04808 1.11
Coefficients in Terms of Actual Parameters /\/
Term Coefficient
Intercept 3.27255E-08
new'W1 STO -201571
newW1 BHP -247.432
newW1_UBAI -3.31505E+06

Equation in Terms of Actual Parameters
TotalOilProduced=3.27255E+08-201571*newlWl STC-247.432*newWl BHP-3.31505E+06*newWl UBRAI+1.EB7937E+06
*newhl_ JBA»+2 E0745E+06*newWl_L3_UBRK-3.7744E+06*newWl nlayers-266B56*newW2 STO-15B7.64*newWZ BHP+139668
*newW2 UBAI-2.66079E+07*newW2 UBAJ-4.54663E+06%newW2 L3 UBAK+2.15759E+06*newWz . nLayers+4. TESAE+DE
*oldWells Shuf1n+1J957.9*ne~W1 STC*newWZ UBAJ+17E870*newWl UBAI*newWl UBAJ+51.938l*newWl UBAT
*newhz_ BHD-26B 289*newll_ JBA»*ne«Wl UBAJ-239843*newWl UBAJT*newWl L3 UERK+B204.87*newWl UEAJ

*ne»Wa STC+1E6304*newWl UBAJ*newWZ UBAJ+343902*newWl L3 UBAK*newWl L3 UBAK-3603098*newWl L3_UBRK
*ne~W1 nLayers— 357005%*newWl L3 UBAE*newWZ nlL cyers+43°453*nE~W1 nL cyers*nE»Wa UBAJ+536939

*newHl _nLayers*newWz_L3 UBAE+355.506*newW2 STO*newWZ STO+2.48563%newWz ST C*DENWA BHP+77.8491
*newWZ BHP*newW2 L3 JBAK+5536°4*DEnW4 JBA»*ne»Wa JBA»+142333*ne~W4 JBA»*ne«Wa _3 UBRK-207316
*newwzijBAC*cldWellsishutln

For polynomial regression models (Linear, Quadratic, Reduced Linear, and Reduced
Quadratic), see Proxy Modeling for an explanation of the statistical terms used in CMOST.
As shown above, the Statistics tab contains the following five sections.

e Summary of Fit

e Analysis of Variance

e Effect Screening Using Normalized Parameters
o Coefficients in Terms of Actual Parameters

e Equation in Terms of Actual Parameters

You can copy the contents of the Statistics tab to Excel by selecting the desired portion of the tab
with your mouse, or press CTRL+A to copy everything. Right-click in the selected area then
select Copy. In Excel, click Paste.
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7.5.6.4 Proxy Model Effect Estimates

For information on interpreting the information in this tab, refer to Linear Model Effect
Estimates, Quadratic Model Effect Estimates, and Reduced Model Effect Estimates as
appropriate.

NOTE: Depending on the number of bars displayed in the Effect Estimates plot, the font
size of the Y-axis labels will change dynamically.

7.5.6.5 Sobol Analysis

For theoretical information about Sobol analysis, refer to Sobol Method.
Interpreting CMOST Results Using Sobol Analysis

The analysis of Sobol method results, based on the calculated main, total and interaction
effects, is summarized as follows (Saltelli, Ratto, et al. 2008):

* Regardless of the strength of the model interactions, S; (contribution to model
output variance due to the variation of X; alone) indicates the amount by which, on
average, the output variance can be reduced with X; fixed; hence, it is a measure of
the main effect.

* By definition, St; (total sensitivity index, the sum of all indices relating to X;) is
greater than S;, or equal to S; in the case where X; has no interaction with other
input factors. The difference Stj —S; is a measure of how much X; interacts with
other input factors.

* St =0 implies that X; is non-influential and can be fixed anywhere in its
distribution without affecting the variance of the output.

* The sum of all S; is equal to 1 for additive models and less than 1 for non-additive
models. The difference:

1-25;
is an indicator of the presence of interactions in the model.

* The sum of all St; is always greater than 1. It is equal to 1 if the model is perfectly
additive.

The Sobol method is powerful in quantifying the relative importance of input factors as well
as their interactions. The main drawback, as with other variance-based methods, is the cost of
the analysis, which in the case of computationally intensive models can become prohibitive
even when using the approach described in Sobol Method for reducing the number of model
executions (Saltelli, Ratto, et al. 2008). In terms of computation time, a large number of runs
can be either trivial or unfeasible, depending on the model. This problem is addressed in
CMOST by the use of advanced proxy models.

Another viable alternative for computationally intensive models is the Morris method,
described in Morris Method. This elementary effect test is a good proxy for determining total
sensitivity indices. If the model is expensive to run and has a large number of factors, the
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elementary effect method can be used to reduce the number of factors and the variance-based
analysis run with a reduced set of factors (Saltelli, Tarantola, et al. 2004).

Sobol Method — Example 1 — Polynomial Function

In this example, we demonstrate the Sobol method using a simple polynomial function with
three parameters, with X, being the most important input parameter, and interactions between
parameters X; and X,, as follows:

Y = X1 + 10X2 + X3 + 50X1X2

All parameters are uniformly distributed between [0,1].
The Sobol analysis for Example 1 is shown in Figure 1 and Table 1:

Sobol Result Analysis: Y1

@ Main Effects @ Interaction Effects

Parameter

Main Effect: 0.049%

\4 Interaction Effect: 0%
y

0 5 10 15 20 25 30 3% 40 45 50 5 60 65 70 75
Effects (%)

X3 0049%

Figure 1 Sobol Chart for Polynomial Objective Function

Table 1 Sobol Values for Polynomial Objective Function

Parameter Name Main Effects Interaction Effects Total Effects
X2 58% 10% 68%
X1 32% 10% 42%
X3 ~0% 0% ~0%

In this example, parameter X, is clearly the major contributor to the variability of the
objective function. Based on the results, 58% of the output variance, on average, can be
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reduced if X, can be fixed. This is followed by parameter X, which contributes 32% of the
objective function variability.

The difference:

1- ZSi =1-(0.584+0.32)
i

indicates a 10% interaction effect. Since the interaction effect for parameter X; is zero, we
can conclude that there is interaction between parameters X; and X, only. This can also be
verified by inspecting the polynomial function.

Sobol Method — Example 2 — Cyclic Steam Pilot

In this example, we study a single-well cyclic-steam pilot over three cycles. The Sobol
method is used to determine the sensitivity of an objective function to the model’s nine
different parameters and their value ranges. In particular, we want to see how much each of
our history matching parameters impacts the production and injection of the well, as well as
the linearity and nonlinearity of their effect on the objective functions. This will be useful for
determining which parameters we should modify when we begin history matching. The most
sensitive parameters will have a large impact on the results so these are the parameters that
we should modify during the history matching process. Less-sensitive parameters can be held
at their original value then modified at the end of the matching process to fine tune the
results.

The Sobol analysis for Example 2 is shown in Figure 2, Figure 3, and Figure 4 (as shown,
we have zoomed into areas with low values to determine the main and interaction effects):

Sobol Result Analysis: Cumulative Oil Production

[ Main Effects  @Interaction Effects

Perm_L1 85% Hu.)r il

PermEXp -{4.4%/ 0.46%

Porosity 14% | 0.59

Perm_L4-2.4%41%
-
]
]
7]
E KthRalloli_l)ﬂmjw
E Parameter Main Effect Interaction Effect
DilOnsetPres Perm_L4 2.4% 0.41%
KvKhRatiO 1.6% 0.23%
DilOnsetPres 0.46% 0.61%
Perm_L2-m3ves Perm_L2 0.57% 0.01%
DilCompres -0.016% 0.086%
DilCompress Jeoumesss Perm_L3 0.058% 0.0067%
Perm_L3 jo.o88785
0 10 20 30 40 50 60 70 80 90 100
Effects (%)

Figure 2 Sobol Chart for Cumulative Oil Production Objective Function
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Perm_L1

DilOnsetPres

Parameter

KvKhRatio

Perm_L2

DilCompress

Perm_L3

Sobol Result Analysis: Cumulative Water Production

@Main Effects @ Interaction Effects

Parameter Main Effect Interaction Effect
KvKhRatio 1.9% 0.0067%
— Perm_L2 0.38% 0.0071%
DilCompres 0.007% -0.01%
Perm_L3 0.007% -0.01%
5 10 15 20 25 30 35 40 45 50 55 60 65

Effects (%)

Figure 3 Sobol Chart for Cumulative Water Production Objective Function

Perm_L1

DilOnsetPres

Parameter

KvKhRatio

Perm L2

DilCompress

Perm_L3

Sobol Result Analysis: Cumulative Steam Injected

@ Main Effects @ Interaction Effects

Parameter Main Effect Interaction Effect
KvkhRatio 1.6% 0.0%
—— Perm_L2 0.27% 0.0%
DilCompres 0.23% 0.0%
Perm_L3 0.051% 0.0%
5 10 15 20 25 30 35 40 45 50
Effects (%)

Figure 4 Sobol Chart for Cumulative Steam Injected Objective Function

Based on the results, it is obvious that parameter 5 (permeability in layer 1) has the greatest
impact on all three objective functions, and is therefore the most influential factor in our
model. While this is the case in general, parameter 2, dilation onset pressure, contributes
much more to the variability of water production and cumulative steam injected when
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compared with cumulative oil production. At the same time, all objective functions seem to
have a low sensitivity to permeability in layers 2 and 3, and dilation compressibility.

Based on the values obtained for the total and main effects of all parameters, by objective
function, it can also be concluded that interaction effects are not strong in the model.

7.5.6.6 Morris Analysis

For theoretical information about Morris analysis, refer to Morris Method.
Interpreting CMOST Results Using Morris Analysis

The two Morris measures, mean and standard deviation, are analyzed together (for example,
on a two-dimensional graph) in order to rank input factors in order of importance and identify
those inputs which do not influence output variability (Campolongo and Saltelli 2007).

Mean g provides an assessment of the overall influence of the factor on the output. Standard
deviation o estimates the ensemble of the factor’s effects, whether nonlinear and/or due to
interactions with other factors.

An intuitive explanation of the meaning of ¢ is as follows (Saltelli, Ratto, et al. 2008).
Assume that for factor X; we obtain a high value of . The elementary effects relative to this
factor thus differ notably from one another, implying that the value of the elementary effect is
strongly affected by the choice of the sample point at which it is computed, i.e. by the choice
of the other factors’ values. In contrast, a low value of ¢ indicates similar values among the
elementary effects, implying that the effect of X;is almost independent of the values of the
other factors.

* Ifall samples of the elementary effect of the i" input factor are zero, then X; does
not affect output Y, and the sample mean and standard deviation will both be zero.

* Ifall elementary effects have the same value, then Y is a linear function of X;. The
standard deviation of the elementary effects will then be zero.

* For more complex situations, due to interactions between factors and nonlinearity,
Morris states that if the mean of the elementary effects is relatively large and the
standard deviation is relatively small, the effect of X; on Y is “mildly nonlinear”. If
the opposite is true, i.e., the mean is relatively small and the standard deviation is
relatively large, then the effect is “strongly nonlinear”.

As a rule of thumb (Ekstrom 2005):

a) a high mean indicates a factor with an important overall influence on the output,
and

b) a high standard deviation indicates that either the factor is interacting with other
factors or the factor has strong nonlinear effects on the output.
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Morris Analysis - Example 1 — Polynomial Function

In this example, as we did for the Sobol method, we demonstrate the Morris method using a
simple polynomial function with three parameters, with X, being the most important input
parameter, and interactions between parameters X; and X,, as follows:

Y S Xl + 10X2 + X3 + 50X1X2

All parameters are uniformly distributed between [0,1]. The Morris analysis for Example 1 is
shown below:

Morris Result Analysis: Y
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"
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O «
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O

Interaction Effects

=
o

-5 0 5 10 15 20 25 30 35 40
Main Effects
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The Morris chart shows that parameter X,, with the highest value of z’, is the most important,
followed by parameters X; and Xs. In terms of interaction, parameter X3 has a value of 0 on
the Y axis, indicating no interaction effects for this parameter, while parameters X; and X,
have similar interaction effects.

Morris Analysis - Example 2 — Cyclic Steam Pilot

In this example, we study a single-well cyclic-steam pilot over three cycles. As with the
Sobol method, the Morris method is used to determine the sensitivity of an objective function
to the model’s nine different parameters and their value ranges. In particular, we want to see
how much each of our history matching parameters impacts the production and injection of
the well, as well as the linearity and nonlinearity of their effect on the objective functions.
This will be useful for determining which parameters we should modify when we begin
history matching. The most sensitive parameters will have a large impact on the results so
these are the parameters that we should modify during the history matching process. Less-
sensitive parameters can be held at their original value then modified at the end of the
matching process to fine tune the results.

The Morris analysis results for Example 2 are shown in Figure 5, Figure 6, and Figure 7.

Morris Result Analysis: Cumulative Oil Production

26000
24000
22000
20000
18000 DilCompress
(™) picnsstPres
« 16000 =
k3] S
8 =) KvKhRatio
= 14000 =
u; 0 PermExp
c 12000
B8 ) Perm_L1
© 10000 .
‘E [ ] Perm_L2
= 8000 .
) Perm_L3
6000
[ Perm_L4
4000
O O | Porosity
2000 U ()_&/ -
of 8o
-2000
-2000 2000 6000 10000 14000 18000 22000 26000
Main Effects

Figure 5 Morris Chart for Cumulative Oil Production Objective Function
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Morris Result Analysis: Cumulative Water Production
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Figure 6 Morris Chart for Cumulative Water Production Objective Function

Morris Result Analysis: Cumulative Steam Injected

45000
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35000

L w DilCompress
30000
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a
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© 20000
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Y C Perm_L3
10000 L 2
O O O Perm_L4
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0 0 ©
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-5000 a 5000 10000 15000 20000 25000 30000 35000 40000 45000

Main Effects
Figure 7 Morris Chart for Cumulative Steam Injected Objective Function
Based on the Morris analysis, consistent with the Sobol analysis, it is obvious that parameter

5 (permeability in layer 1) has the most impact on all three objective functions, and hence is
the most influential factor in our model. While this may generally be the case, parameter 2
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plays a more significant role in water production and injected steam than it does in oil
production. At the same time, the objective functions seem to be least sensitive to parameters
7, 3 and 1 (permeability in layer 3, K, to K, ratio, and dilation compressibility, respectively).

The relatively low values obtained for the Y axis of the Morris chart for all objective
functions, suggests that strong interactions between parameters do not exist in the model and
the parameters have an almost linear effect on the outputs. This changes slightly for
cumulative steam injected, particularly for parameter 2, followed by parameters 4 and 5,
which indicates a higher nonlinear relationship between these parameters for this objective
function, and/or stronger interaction effects between these and other parameters.

7.5.6.7 Monte Carlo Simulations

In the case of uncertainty analyses, the Monte Carlo Simulation tab shows the distribution
of values for each objective function with all uncertain parameters sampled from the prior
probability density functions, as illustrated in the following example:

Probability Density == Cymulative Probability l

1 = = 0.055
I~ =1
0.9 S g/k 0.0495
0.8- = 2 L 0.044
o [V
% 0.7- L 0.0385 E‘
c
g 0.6 - 0.033 @
S 0.5 g -0.0275 2
> =
T 0.4 | - 0.022 &
= 0
£ 0.3- -0.0165 £
© 0.2 L 0.011
0.1- ) L 0.0055
u T T T T 0
2 25 3 35 4 45 5 &5

C30R2007 (m3/m3)

The plot shows a histogram of objective function values, to illustrate the shape of the
probability density function, as well as the cumulative probability. P10, P50, and P90 values
are highlighted.
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Data can be viewed in tabular form by right-clicking the plot and then selecting Data. The
Monte Carlo Unconditional Simulation Results dialog box is displayed, as shown in the
following example:

ﬂMonteCarlo Unconditional Simulation Results =N=N X )
gr“;g:::ﬂ:; [cr:gfnfgf? MCS No POR PERMH PERMV | HTSORG g
1 | 000001538 2.38812342 9129| 041406262 B638.3142| 3370.5684| 0.07321785
2 0.002| 265663182 31041| 03517925 5287.054 34522335 0.05006504|= @
3 0.004] 270064547 40690| 031845489 B673.8582| 3517.8999| 0.06190839
4 0.006| 273238521 39350 0.35148408 8758.2575| 2A11.6785| 0.09047163
5 0008 275507640 54790| 032052783 49465003 32345834| 0.01428519 o
6 0.01| 277231553 7887| 031017283 60831880 3640.0747| 0.04207751
7 0.02| 2.83490305 8104| 032251758 65285567 3680.7685| 0.10663852
8 0.03| 287563331 61375| 030543251 73435421 3837.8303| 0.0991729
] 0.04| 290588737 7187| 032542225 7556.6638| 24715166| 0.06173829
10 0.05| 293178667 17977| 0.20503267 5471.6456) 4048.5859| 0.05283283
1 0.06| 295451487 15084| 033308177 3428.7259| 2791.1727| 0.05401644
12 0.07| 207515222 5715| 032756021 6083.6630| 26622002 0.10042765| .
& ok
L

The table shows the distribution data for selected Monte Carlo simulations, sorted by cumulative
probability values. In this data table, you can find the objective function value and the
corresponding parameter values for typical cumulative probabilities, such as P10, P50, and P90.

Click @ to copy the data to the Windows clipboard, or ﬂg to export it to an Excel
spreadsheet. If you select rows of the table using CTRL and SHIFT keys, then only those
rows will be copied to the clipboard or spreadsheet.

Similarly, select one or more data rows then click O to create new experiments with those
parameter settings.

You can also right-click the plot then select commands to save the image in one of several
formats, or copy the image to the Windows clipboard.

If you right-click the plot and then select All Generated Monte Carlo Simulation Data, you
will open a table that shows the results of all the Monte Carlo simulations. Again, you can
copy the content of the table to the Windows clipboard or to a spreadsheet, as outlined above.

CMOST User Guide

Viewing and Analyzing Results e 205



7.5.6.8 Proxy Settings

Through the Proxy Settings tab, you can build and export (to Excel) a selected proxy model type.
First select the proxy type (Polynomial Regression in the following example) then configure the
available settings:

4 Proxy Type

Proxy Model Type Polynomial Regression
4 Polynomial Regression Settings

Exclude Statistically Insignificant Terms True

Polynomial Model Type Find Max R-5quare Adjusted
Significance Probability Alpha 01

4 RBF Neural Network Settings
Anisotropy Flag True

Anisotropy Flag
If the number of training experiments is greater than 200, anisotropy will be off regardless of this setting.

| & Build Proxy Model || B8 Export Proxy Model... |

After you enter the settings, click the (& BuldPeyMedsl | bytton to build the specified proxy
model.

Exporting the Proxy Model to Excel

Once you have built the proxy model, the Export Proxy Model button will be enabled and
you will be able to export the proxy model to Excel, if desired. The proxy model for the
objective function is entered as an Excel formula, CMG_POL in the case of a polynomial
proxy model and CMG_RBF in the case of an RBF proxy model. Through Excel, you can
then investigate the effect that changes in parameter values have on the particular objective
function:

1. Click the |B&eotfroyiosel. | hytton. An Explorer session will open. The study folder
is selected as the destination, and the File name field is populated with the default
file name, which contains the objective function name and the proxy type.

2. In Explorer, change the destination folder and file name, if desired, then click
Save. The first time you open the spreadsheet, you will need to click the Enable
Content button at the top to enable the spreadsheet macro:

Click to enable spreadsheet

! Security Warning  Macros have been disabled. Enable Content
proxy model formula
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3. CMOST will save the proxy model as an Excel macro, and the simulated and
proxy model objective function predictions for all completed experiments, as
shown below:

Protected (read-only)
area of spreadsheet

You can type and
paste into this
unprotected area.

Simulation outputs for

objective function

( |._T| H [ R |= ProducerCumQil_Reduced Quadraticadsm - Microsoft Excel | = | Gf X
Home Insert Page Layout Formulas Data Review View Acrobat Team & e o =3 2
% Calibri -1 - =] = General - A "l - z - 3 [?a

Ba- CERREE IR - @~

Styles |, Find &

< B %8 4% v | [EiFormat~ | 2+ Select -
Clipboard Jignment Mumber Cells Editing

Maz v F -

A B C D E F G H -
1 DataType POR PERMH PERMY HTSORW HTSORG ProducerCumOil_Proxy ProducerCumOiI_SimEl
2 Training 0.22 4500 2000 0.16 0.04 1006.33303 1003.8767
3 Training 0.29 5100 2400 0.26 0.02 1163.372558 1149.2793
4 Training 0.22 5700 2400 0.21 0.02 1334.294619 1347.7657
5 Training 0.36 5100 2800 0.21 0.06 1186.778357 1181.3072
6 Training 0.22 3300 2400 0.16 0.04 989.6460712 997.10611
7 Training 0.36 3300 2800 0.21 0.06 1040.970834 1030.6862 |—
& Training 0.22 5700 2800 0.26 0.06 1383.556036 1386.0599
9 Training 0.22 4800 2000 0.21 0.06 1001.569885 1000.8525
10 Training 0.36 3600 2000 0.16 0.04 931.7218894 927.32009
11 Training 0.36 3900 2000 0.26 0.04 946.9484258 941.63621
31 Training 0.29 4200 2400 0.16 0.06 1036.688367 1041.7453
32 Training 0.29 4500 2400 0.16 0.06 1067.414 1068.3817
33 Training 0.22 3600 2400 0.16 0.02 1059.377139 1054.9133
34 Verification 0.36 3647.688 2800 0.26 0.02 1096.840751 1099.2512
35 Verification 0.22 5739.252 2000 0.16 0.04 1161.014703 1106.9144
36 Verification 0.36 3212.873 2000 0.26 0.06 916.2168858 859.68094
37 Verification 0.36 5880.458 2200 0.21 0.06 1264.924414 1246.3744 |
38 YourData A A L
29, A L A ] 1
4 4 b W Sheetl [“Shdet3 %] T4 ] y |
Ready [[22 | | 28| [ | 2002 ; &)
Click Description to view information about and
instructions for using spreadsheet macros.
Parameter values used to determine proxy
model and simulation outputs
—[Data/experiment type —|:Proxy outputs for objective function
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4. Once you enable content, you will observe the following:

a. The values of the objective functions (ProducerCumOil_Proxy in our
example) will be displayed as numbered values for all experiments, with
the exception of the last experiment in the spreadsheet, in which the
objective function will be displayed in terms of the proxy model formula,
CMG_POL in the case of a polynomial proxy model, and CMG_RBF in
the case of an RBF proxy model:

Objective function value for last

experiment entered using the
proxy model formula.

G37 - fe | =CMG_POL(B37:F37) <—————————

A B c D E F H
1 DataType POR PERMH PERMV HTSORW HTSORG ProducerCunjQil_Proxy  ProducerCumOil_Sim
32 Training 0.29 4500 2400 0.16 0.06 1067.414 1068.3817
33 |Training 0.22 3600 2400 0.16 0.02 1059.377139 1054.9133
24 Verification  0.36 3647.688 2800 0.26 0.02 1096.840751 1099.2512
35 Verification  0.22 5739.252 2000 0.16 0.04 1161.014703 1106.9144
36 Verification  0.36 3212.873 2000 0.26 0.06 916.2168858 859.68094
37 |Verification  0.36 5880.458 2800 0.21 0.06| 1264.934414] 1246.3744
38 |YourData Description
39

b. The Description button will be available, as shown below:

33 | Training 0.22 3600 2400 0.16 0.02
34 Verification 0.36 3647.688 2800 0.26 0.02
35 Verification 0.22 5739.252 2000 0.16 0.04
36 Verification 0.36 3212.873 2000 0.26 0.06
37 Verification 0.36 5880458 2800 0.21 0.06 [CliCk to view information about

38 YourData

Description <

and instructions for using the
Lproxy formula macro.

Click the Description button for information about, and instructions on
how to use, the proxy formula. As shown in the following example,
CMG _POL calculates values of the objective function using parameter
values, which have been entered in a row in the Your Data area, in a
particular order:

Microsoft Excel

o |

Proxy Type: Polynomial

Objective Function: ProducerCumQil
Number of Parameters: 5

Formula Syntax: CMG_POL{PARAMETER_RANGE)

Calculation Method:

1. Type or copy/paste 5 parameter values as a row into the corresponding
parameter range cells below line 37.
2. type '=CMG_POL(PARAMETER_RAMGE)' or copy/paste (as a function) the cell
(37, T} into the cell corresponding to the objective function (ProducerCumail)

5. You cannot enter data in the rows associated with the shaded areas of the
spreadsheet as these are protected; however, the area below the experiment data,
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labeled Your Data, is available for entering data into the proxy model spreadsheet,
as shown in the following example:

a.

You can enter your data in one of two ways:

Method 1: As noted above, the objective function for the last experiment
in the spreadsheet is entered as the proxy model formula (CMG POL in
the following example). Because of this, you can copy the parameters
and the formula for the objective function for this experiment to the
Your Data area, using Paste | Formulas (If you do not specify
Formulas, the objective function formula will be copied in as a fixed
variable).

G40 Copied in as formula

G40 - Fe | =CMG_POL(BA40:F40)

A B c D E F G H
1 DataType POR PERMH PERMY HTSORW HTSORG PpoducerCumQil_Proxy  ProducerCumoil_Sim
32 Training 029 4500 2400 0.16 0.06 1067.414 1068.3817
33 Training 0.22 3600 2400 0.16 0.02 1059.377139 1054.9133
34 Verification  0.36 3647.688 2800 0.26 0.02 1096.840751 1099.2512
35 Verification ~ 0.22 5739.252 2000 0.16 0.04 1161.014703 1106.9144
36 Verification ~ 0.36 3212.873 2000 0.26 0.06 916.2168858 859.68094
37 Verification ~ 0.36 5880.458 2800 0.21 0.06 1264.924414 1246.3744
38 YourDat Description
= routata I y Copy B37-G37 to row 40
40 | 0.36 s880.458 2800 0.21 0.06~ 1264.924414]

Method 2: You can copy the parameters from any experiment then
manually enter the formula as follows.

Select the parameters for one of the experiments and copy it into the area
below Your Data:

Training 0.22 3600 2400 0.16 0.02] —
Verification ~ 0.36 3647.688 2800 0.26 0.02
Verification ~ 0.22 5739.252 2000 0.16 0.04
Verification ~ 0.36 3212.873 2000 0.26 0.06 Copy parameters
Verification  0.36 5880.458 2300 0.21 0.06 using Paste Values.
YourData Description

| o022 3600 2400 0.16 0.02] <
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In an empty cell, to the right of the parameters for example, manually
enter the proxy formula, specifying the range of the parameter values:

YourData Description

| 022 3600 2400 0.16 0.02| =CMG_POL{B40:F40) |

After you click out of the cell containing the proxy formula, the formula
will be replaced with the value it calculates; however, the underlying
formula will be retained and the result updated if you change one or
more of the parameter values.

YourData Description

0.22 3600 2400 0.16 0.02 1059.377139

In the Your Data area, you can change parameter values to see the effect
of the change on the objective function, as shown below, where we have
changed the value of POR from 0.22 to 0.2.

YourData Description

0.2 3600 2400 0.16 0.02 1075.005152

You can also copy the data to new rows in the Your Data area,
remembering to use Paste | Formula, then modify the parameter values
in the new rows, as shown below, where we have copied to multiple
rows then changed the values of POR in each row:

YourData Description

0.18 3600 2400 0.16 0.02 1093.49556
0.19 3600 2400 0.16 0.02 1083.892557
0.135 3600 2400 0.16 0.02 1079.355405
0.2 3600 2400 0.16 0.02 1075.005152
0.205 3600 2400 0.16 0.02 1070.8298
0.21 3600 2400 0.16 0.02 1066.833346
0.22 3600 2400 0.16 0.02 1059.377139

NOTE: If the number of parameters entered does not equal the number expected
by the formula, or if one of the parameters does not have a numerical value, the
proxy formula will output an error message and will set the value of the objective
function to zero.

7. Save the spreadsheet changes, as necessary.
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8.1.1.2 CMOST CMM X K 4t8 it i FE B
ZECRETT DB A S A S . A B SO AR A R SR B N 2

Create Parameter Ctrl+P
Select Parameters to Delete.. Alt+P

Add Comment Cirl+K
Comment Qut Ctrl+5Shift+C
Uncomment Ctrl+Shift+K
Paste Ctrl+V
ZoomIn Cirl+O
Zoom Qut Ctrl+Shift+0

BE: E£(5 8 2%Keyboard Shortcuts o

8.1.1.3 EIB/FHEACMOST Parameter

R FEECMOSTSEUE R INE 4, SR)5 AT Create CMOST Parameter X %
H, WMASEATRMBAE (k) « BAITEEFENSE, £ MR
ZHEA TR WAL MNSEE S8 3L, 7T LME e Rr s E.

HuLL con ,1 ﬂ Create Parameter l — e
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POR COM a.24

23 Property: Permeabi Parameter nams: POR A
PERMI COM 42a8

*%§ Property: Permeabi Default value: 0.24

PERMI COM 4288

*=§ Property: Permeabi L@{)K Jl@camﬂ J
PERME COM 2284

*=§ Property: Trans Multrprrer—T

AHOK. BB SUABCMOSTS AL,

POR CON [@.24]-POR

ax. J 3L 0 -
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8.1.1.4  HIBECMOST 2%

PR E WIFHICMOSTS4K, #AJ5 /it Delete CMOSTParameter X' #%%. CMOST
SEEHMIBR . IR E SN B ZFR, SES A BT

8.1.1.5 MIBREFHICMOST 2%¢

BT MBE— P2 N CMOSTZ 4L, Aiifi Delete Selected CMOST
Parameters 145, Select Parameters to DeleteXJ THHEUIT

W

ﬂ Select Parameters to Delete =AECN <

4 All Parameters
Name
HTSORG
HTSORW 022
PERMH 4000

Default Value

O 06
0.06

PERMV
POR

2200

0.24

(@ oK

J [ @ Cancel

J

I FRAI Parameters = EHE . EREREHERII 240, AENTHOK, #E7RFHR
ik, MOK. FraEH IS0 NCMMSCHE BRI BV A E T

8.1.2 HINER
8.1.2.1 IWUIERE
Wt 2 B MITERERIER 5, SRS sidiAdd Comment to 340K h— A E

8.1.2.2 BEHRITHNIERE
17217, 985 S idiComment Lines 2%, WINIERAT-

8.1.2.3 BUEIERE
T2 TR, AldiUncomment Lines %40, MR & 9 EBAT,

HER: MO CMGEA ITERRFS [
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8.1.3 f#HInclude XH
8.1.3.1 GYZ Include 1

HerH CMMSCHEH ) — 877,

Create Include File % AInclude L4 24 R

SR 5 it Create Include File T #4401, 7EXIGHE

HR: Include STIFRERATAES T SCIFAHIRI B STHE R N

zcorn | @ Create Include File (=[@] = |
-l 484*54
808+54 |Include file name: ZCORM [] Create CMOST parameter
388+*5]
888%3] | Include file path: DACMOST Projects\Case0001\Case0001\SAGD 2D UA.cmpd\ZCORN.inc
8BE+53
el
o 5: Content preview:
8BE*53 =
808754 1 Eeul ;
BAB+54 2 484*50@ . 0900 B05+501.0000 B93*502.000Q9 BOETSE3.0000 B05¥504.2028 BOSF
—1=2§ Prd 3 EQE*506.0008 B0E+507.0000 323+50E.DE02 B93+50%.0008 285+510.2088 B2
=g g 4 8B88+512.0008 B308+513.0000 B323+514.0082 BE5*315.0002 B85+*316.2028 BOS*
NULL cd 5 E0E+515.0008 B08+510.8000 323+520.0802 B893+521.2008 B285+*522.8088 B2
2§ Prg 6 BBE*524.0008 B308+525.0000 B23*526.0009 BO5*327.0002 B05+*525.2028 BOS*
POR O 7 B88+530.0008 308+531.0280 B25*532.0082 BOE*533.2080 BO5=534.0828 Bas*
2§ Prg 8 BBE8*536.0008 B08+537.0000 B23*53E.0009 BO5*539.0002 B05+*3408.2028 BOS*
PERMI 9 B08+542.0008 308+543.0280 B325*544.0089 B05+545.2000 B85+545.0828 Bas*
=23 Prg 18 EBE*545.0008 B08+540.8000 434#553.0883 -
PERM] < | 1 | "
*%3 Prd
PERME
oK Cancel
*%3% Prdg l@ Jl@ ance J
N JNUEEEN SIS L= N
HiiOKo Include SHFGIEESE N, 106 B SCARHR S #Includef T AT,

wmr:

INCLUDE "ZCORM.inc"®

fECreate/Extract Include File X 751E , {141%F; Create CMOST parameter
SIEHE, Include XS GIENCMOSTS4L, IF HATHEVE1E
8.1.3.2  H§Include X fF

Y 6hRE Einclude ST, SRJG 7 Open Include Filds /LS CMM LA
ImiEg ¥ HrInclude KA -
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47 | INCLUDE *ZCORM.inc'f I oo [
48 [*=§ Property: NULL il CMM File Editor

49 3 @ = null block -

se MuiL con A X 2P O X x o X "B

51 **% Property: Poros -

52 POR CON 4 - IZCDRN -
53 *+¢ Property: Permd 2 [£] 484+500.0020 508+501.0000 303*502.0000 BEE*503.0000 BOB*504.02000 203+505.00020

sa PERMT CON [ 3 BAE8+*506.,0000 S0B+507.0004 505+508.0000 505+50%,0000 B0E=510.0008 B0E8+511.0808

35 #*% Property: Perme 4 BAE*512.0000 305%513.0080 385+514.89000 BEE¥515.0000 BEE*516.2888 BOE*517.0008

56 PERMT COM [ 5 BRE*515.0000 30B%510.0000 5053+%520.0000 BOE=521.0000 BOE=522.02000 BOBE*523.0000

57 ++¢ Property: Perme [ B0E8+524,0000 50B8+525.0000 5053+526.0000 5O5+527.0000 B0E=523.0000 BOE*529.0000

58 FERMK COM A 7 BE5*530.0000 505*531.0080 B05*531.0000 BOE¥533.0000 DO5%534.0000 BOE*535.00080

59 *+¢ Property: Trang 8 BRABE*536.0000 30B*537.0000 508%538.0000 BOE=539.0000 BOE=540.2000 BOE+541.0000

0 TRANST CON 9 B0E8+542,0000 508+543.0000 5053+544,0000 505+545,0000 B05°545.0008 DOE*547.0000

61 *24 Property: Low S 1@ BEE*545.0000 305%549.0080 494+550.0008 .
62 TRANLI COM 4 m | 3

63 [E**% Property: Pinch|

64 | **% @ = pinched bl |Status: L@OK Jl@CanceI J
65 PINCHOUTARRAY COM

8.1.3.3 #EHlUnclude XH

B EhRFE Zinclude K AFFT, A5 1 Extract Include File ™ %4, Z/~Extract
Include File X} 15, SHOK. F 30 A Include SCH4T HInclude SCHF N A FTACER .

Ri%FEDelete include file, $FEH )5, Include SCHFS 4% MR o
( ﬂ Extract Include File Iilﬂlé.l\

Include file name; | ZCORM.inc [] Delete Include file

Include file path: DACMOST Projects\Cas=0003 [(SAMNCase0003_BeforeRun\SAGD_2D.crpd\ZCORM.inc

Content preview:

44+508.0008 388+581.20200 505+502.0209 BO5+503.0800 B8E8=534.08008 B05+*5085.0000
S@E*500.0000 398*507.0000 B503*508.0209 B05*389.09000 B0E8=510.0090 B0E5¥511.0020
B@8*512.0008 388+513.20200 505+514.02090 B05+515.0800 B88=516.0808 B85+*517.0088
8@8*518.0000 398*510.0000 B583%520.9209 B05*321.09000 B0E8=322.0090 B0E¥313.0000
B@8+524.0008 388+525.0200 508+526.0009 BO5=527.0000 B8E8=523.08008 B85+*529.0088
S@8*530.0000 398+531.0900 BO5*532.9209 BO5¥333.0080 B@8=334.0090 B0E¥335.0020
BAE*536.0008 388+537.0200 B08+535.00090 B05+539.00800 B88=540.0828 385+541.0088
8@8*542,0000 398+543.0000 B585%544.9209 B05¥345.0080 B08=340.0090 B0E¥347.0020
BAE+545.0008 388+540.0808 484+558.0283

[FTR S

[T . RV I

" m | 3

(& oK || @® Cancel J

8.1.4 SHETH

8.14.1 FH—1T
1E T HA%Line Number ' §if AFEEEA A1 75, SA)5 S diEnter. AL

], g #A AR 1T,

CMOST User Guide General and Advanced Operations * 215




8.1.4.2 Z A A
kiliReservoir Sections NI Y &4, 75 K H AR B A WM T IA TR 5 o

Input/Output Control
Reservoir Description
Companent Properties
Rock-fluid Data

Initial Canditions
MNumerical Methods Control
Well and Recurrent Data

Results Lines after Stop
8.14.3 ZICMOSTZ%(

TEFEse A B N i CMOST Parameters, fKEIES&S80E—17. W%
HEANCMOSTSEUH A U Z /1ML E , fitiSearch CMOST ParametX  #%41, 4%
BTN ILZS R B SR P RICMOSTZ UL I BB P IUFHES, 4n T i
NG

X -

MadKHL
ModKH12
ModKH18
ModKH20
MaodkH4
MaodkHe

8.1.5 HAuThge
8.1.5.1 PBHMEH
AdiToggle Outlining § 44, , ¥ KZIFEBRMEGEL.

B P, e IR CMMICHE R A BRI . B3
BT 8 Sk i s 55 2 A T P

8.1.5.2 IEHEERB U

&7 Toggle Syntax Highlighting 58 51 KT H 5K AICMG R 715 1 5%
WIRe A TEKHICMMILH:, H4 I SO FA0T
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8.1.5.3 B/ BFHE
1E T HA~ 5 5f Find and Replace Q #Z4°K+] 7 Find and Replace X, 3£

FEIHEAFEN
[ ﬂ Find and Replace l = e ]

Find what:

Replace with:

Loaok in:

[Dccu ment L

E] Find opticns

[E] Match case

[T Mateh whole word
[[] search up

Search type:

[Nu:rrmal -

8.1.54 BRRAET
PRSI FH SRR I SUA o
o K EFRIEBHURE D, HEALTHE, Sy SOARLL, ARG B .

 WTLIIGR R SORI IOk, HEIESHIFT-ALTRE, A
B A o
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299 SWT

300 **§ Sw krw krow
301 0.100000

302 0.112500 0.

303 0.125000 0.

304 0.137500 a.

305 0.150000 a.

306 0.162500 Q.

307 0.175000 a.

308 0.187500 [

308 0.200000 a.

310 0.212500 a.

311 0.225000 & o.

312 0.237500 4k a.

313 0.250000 gk 0.3

314 0.262500 pBS 0.

315 0.275000 EERERER) by a.

316 0.287500 EEEREYSR=I=) ol o.

317 0.300000 2.213805E-02 0.250020
318 0.312500 2.499213E-02 0.219745

8.1.5.5 ZHMEXH
TEfmiaast bfa, AR ERERE NS (R , stal LA AE

7

2l CMM File Editor

@ox

" & 2 2 O X ¥y ox 0 X -Q B
| -
1 [*= 2087-83-28, 17:33, colin
2 &
3 ** 1X1 M GRIDS, HOMOGENEOUS CROS5 SECTION /
4 RESULTS SIMULATOR STARS 288688
5
] INUNIT SI
7 TITLE1l 'FINE GRID EXAMPLE"
&  WSRF WELL 1
9 WSRF GRID TIME
18 WSRF SECTCOR TIME
1 QUTSRF GRID NONE
12 QUTSRF WELL LAYER ALL
13 QUTSRF SPECIAL SOR 'INJECTOR® 'PRODUCER' CUM
14 WPRN GRID @
15 WPRN ITER TIME
16 QUTPRN GRID NONE
17 QUTPRN RES MOME
18  OUTPRN ITER BRIEF
19 QUTPRN WELL ALL
28 **% Distance units: m
21 [EIRESULTS XOFFSET @.0808
22 RESULTS YOFFSET @.2800
23 RESULTS ROTATION 8.8008 **% (DEGREES)
24 RESULTS AXE5-DIRECTIONS 1.8 -1.8 1.9
4 »
Status: | @ Cancel

ét%%*iﬁ% T BT ) B 2 A SRR R L, KPS T A SR LR B
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& MM File Editor =HACE X

2] @ 22O X ¥ xn X -Q B
59 MULL CON 1
68 #=§ Property: Porosity Max: 8.3 Min: @.3 =
61 POR CON [@.24] POR
62 #=§ Property: Permeability I (md) Max: 5808 Min: 5800
63 PERMI COM [4@60]-PERMH
64 | ¥*3 Property: Permeability ] (md) Max: 5888 Min: 5800
65 PERMI COM [4@60]-PERMH
66 #=§ Property: Permeability K (md) Max: 250@ Min: 2580
67 PERME. COM [2280] PERMV
68 #*§ Property: Trans Multiplier I Max: 5 Min: 5
69 TRANST COMN 1.80002 -
9
292 KRTEMTAE SORW S0RG
=g TEMP SORW SORG
la .5 .5
208 [@.22]-HTSORK [0.06]-HTSORG
KRINTRP 2
DTRAPH .9 =
DTRAPN .9
SWT
=5 Sw kru krow
301 [ 2.l122228 a.82e08 1.00008
392 9.112588 8.642232E-05 2.938438 -
4 | m ] 3
Status: L@ OK J l@ Cancel J

8.1.6 REETFHFEE
i HerEde

Redo CTRL+Y
Undo CTRL+Z

Cut CTRL+X
Copy CTRLAC
Paste CTRL+V
Find CTRL+F
Save File CTRLA+S
Block Selection ALT+ Mouse Selection
Create Parameter CTRL+P
Delete Parameter CTRL+SHIFT+P
Open Include File CTRL+G
Create Include File CTRL+E
Extract Include File CTRL+SHIFT+E
Add Comment CTRL+K
Comment Out CTRLA+SHIFT+C
Uncomment CTRLASHIFT+U
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8.2 AbEE R4

AL HRIR SO, CMMOSUHE R ATTE, A LASSE S RIRg B (1 anLER
JERIDT M8 EA5) RAF NInclude LI, JXAILUE I Builderi ¥l 25 E2%
Builder User GuideH'“Organizing Include Files” #i73 o 5 iXLE A Ja M AH O 1) O 4 5

HIEK/NATRE & T B SCEI90% /4, T LAIE A F Include SCAF T LA A d /0
CMM SRR RN

8.3 AR IRiERS

NI RECMOSTIB T BT R R H T . AT LA IAECMOST
FXHF. £ CMOSTE A, AKX LU B T 7y, % Lh<cmost>" AL If
PR, PA</cmost>NZE bR . VERNEZGETT, CMOST AT LA FH Jscriptl A15 5 ok
AR (YN A2 Using JScript Expressions in CMOST )

8.3.1 AR

HH—NARE UL, BEwREL &m (EEERRESTR)
R LA ERF

o CE BEUTEOURE R ARIA, #1010.0015 “OPEN”,
. BREPOWER(30, 0.25)7/~30/70.257% o

o AfiE: SHCMOSTEIE BTS2 8RR T11E

BEA: +(IS)IBE/RRINE, * (BS) BEAERIEE. |

83.2 AXEERE

WA ME, AHTFE. Flan, 21051 S0 "OPEN AR, SCARL
E G [5Gk . WA FA X P AR A R s EE A 2 o

K B

8.3.3 AREE

it ﬁ@éﬁl%$§'ﬁﬁi>&ﬁ’]&ﬂ YR E BB T8 RECRT I T TR Bl R
it
PRETZE -

POWER(SteamPress * 0.001, 0.2388057)

o SR AR, IR REERR, AR AT, BRI
W, mEAATET.

W

o PRELAFK: Z7%List of Built-in Functions in CMOST.
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280 LGRS SRR AR & SIS B4
AREAE. X TLOOKUPHAORYL, H A AR AL A LM EA S

FERLETTE T, AT RERT B MU E N AR EUN 22, EXFMEDUT,
SR REGE N IRE R S IRER MBS, W Ee 2 i R EUE I SR
IMEZHUEFI

8.3.4 ARLE

X T"Master Dataset and Parameters 7t H A2, SEUNAFRATH T48 i
%o X7 Objective Functions 7t [HI WA, H R REIRA A FK AT L T A8 5 445K o
ZHLAPRATEIAECMOST Study CAFHE LHIZ L. AT CMOSTEIE R —{E5F,
B SHOER MR8, XL EBECMOSTH RS 5 A H .. HARREUH Y
H s BRI A4 PR AT LA H AR R & 3T 258 s AICMOSTHE S, CMOSTH
MSR2ICAF AR, HIT AP iER.

B, T AR ESSEIN BFR-Z5E ] (SteamPress) , X T"CMOST)
B EREUTSS , SHERE D REUE 2500, @ FEMNARITEE, H
258223785

179.7989 * POWER(SteamPress * 0.001, 0.2388057)

FH—HF, T E TR P HAREREIT: CumOilfICSOR s CumOiliE
SCHFREAE2008-12-01 B 1 2773, CSORGE L HIFE1E2008-12-01 B Y 2 A . %)
F—O M AsE T %, CumOilN6.528¢5 m3 , CSOR M3.15. 3 NI AR
a2 540,207

le-6 * CumOil/CSOR

8.3.5 ARXBEF

PP IR S E S T AT IR AR EZE AL, CMOST A& R
P ESAE: Wiz ER G .

VUMBEERF: AT HATERN S, Blanhn. sl SReal bR T ) Py
lipea= i

BREEH L (B1F)
+ () % (3+3)
- () W(3-1) (-
BREIBHRT 1)

* (FT) ik (3*3)
/ (BE) B (3/3)
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B8 Al LOs N A EUE T . Y EUE N Fis 85T
TS, HER &P 4R E- TRUE 5 FALSE.

HEEHEAT B (BF)
== (WET) % (A1==B1)
> (KT9) KTF(A1>BI)
< (/MF5) /NF(A1<B1)
>= (KTEHTS) KTET (A1>=BI1)
<= (ITEHTS) /INTEET (A1<=B1)
= (REET5) AREET (A1'=BI1)

8.3.6 AR ITEALLEHK

AR LI B EIR 3 T B . CMOSTHEARIE AR B G/ /e
FEWITAXIZHE .

BEAIE: MAREDN AR EE T MEELT, CMOST &M N e iz E 5
S TIEE . WMRIENAXESFEER B8, B, mR—PALEE—1
T T —"1 b5, CMOSTHHMTAHER, MWARARKIKIZH .

BHEF R
_ BUSEL (18-1)
* 1 / T ER
+ il — I
=< ><=>= = B Seay K

BT N TIESGEE RNy, AT Al S, X T85 N B
SoeitTIEE . iln, RE g AR RE AR N, BOACMOSTEE FNL <
BT, SEdHT T RBIEE . AKX 23, AEFEMNS:

=5+2%3

M, WA RS A BT, CMOSTAeHAT5+2, AR, 455N
21 :

=(5+2)*3
8.3.7 CMOSTWN B EEFFE

BE: XEPFIUUECMOSTN E I F . 1EARBIIRE, CMOST A TE &
WME N, A AT S LR R AECMOSTH#8FF . 2[5 B2 Using
JScript Expressions in CMOST
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8.3.7.1 IF

WA R — 4R TRUE, MR —AME, R 2EFALSE, WER[E S 4h—

ME. M HIFERECR AT SRR, BT HTEUE, nl i H T A
Hk:

an,

IF(logical _test, value if true, value if false)

Hrflogical_testi] LUEAEE AR IAA, HTHETRUESFALSE.
WellLen>=800/& MZE A ; MR WellLen K T35 1800, H&ik=U

NTRUE, fHWIAFALSE. %18 s vl TR b s 54

/\#}l[{%bgical test/ATRUE, NS 2| (E R Zvalue if true. Value if true™] LA&
[~

5, WA LLEDN A
nfflogical test/=FALSE, NIfSEI{ERLEvalue if false. Value if false™] LA

R M LR A

%1 1

IRIECMOSTE I HACFH R BER L, T I IF R EORST IF/5C

5T fL.

PERF GEO 'Horizontal'

**§ UBA ff Status Connection

9312 1. OPEN FLOW-TO 'SURFACE'

9412 1. OPEN FLOW-TO 1

9512 1. OPEN FLOW-TO 2

9612 1. OPEN FLOW-TO 3

97 12 1. <cmost>IF(WL>=500,"OPEN","CLOSED")</cmost> FLOW-TO 4 9 8 12 1.
<cmost>IF(WL>=600,"OPEN","CLOSED")</cmost> FLOW-TO 59 9 12 1.
<cmost>IF(WL>=700,"OPEN","CLOSED")</cmost> FLOW-TO 6

XHFCMOSTOIE I IFAMES, HWL=600, X457 7K-FFH'Horizontal' 541
PRI

8.3.7.

PERF GEO 'Horizontal'

**§ UBA ff Status Connection 93 12 1.
OPEN FLOW-TO 'SURFACE'94 12 1. OPEN
FLOW-TO 1

9512 1. OPEN FLOW-TO 2

9612 1. OPEN FLOW-TO 3

9712 1. OPEN FLOW-TO 4

9812 1. OPEN FLOW-TO 5

9912 1. CLOSED FLOW-TO 6

2 LOOKUP
XTHRERIEUE, LOOKUPREE RELH WAL, (R AR A Ar Bk [0 25

REE. (EHLOOKUPHEEE LS A1 E R o
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TR
LOOKUP(lookup value, array_constants, array formulas)
lookup_value/ZLOOKUPK AL & HIIE—EH . BHAE P SE LK.
array _constants/& 4 5lookup valuefFHFHT—4H H 4. array formulas/&—4H
N, MLOOKUPHAL IR [MME . AEH V1% % Tarray constants 40148

BT

array_constants FE
o CEEUNIEERS{ MR, WEZEM () BT
o CHEEHERSET IR ARG KNG
o WHUSA P RIECT T LUR AL NIEREETHEOR A
o SURRUTGE SR, Blan"CLOSED"
o WEEEAREA S AKX H LK.

array_formulas %z
*  Fr Tarray_formulas ] DAL W B4 FREASN, oA =R

array constants— %o
HER

*  LOOKUPH#$k 2| Hlookup value[FIF£5E 2 VERCINEL(E . 4N
FLOOKUPY A Ellookup value, H&EFIEAE Lo

i 2
i HHLOOKUPR %L, RIFCMOST =T H A3 He R 18 B A S0 BE 2R 40

HE: <cmost>Fl</cmost> W AILE A FTo

**$ Property: Oil Mole Fraction(Soln_Gas)
MFRAC OIL 'Soln_Gas' CON
<cmost>LOOKUP(ogor, {7,5,4,3}, {0.10,0.08,0.06,0.04} )</cmost>

XFCMOSTEEE BT 55 ogor=4, TR I AR EJR 43 51CM0.06 -

**§ Property: Oil Mole Fraction(Soln_Gas) MFRAC_OIL
'Soln_Gas' CON 0.06
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8.3.7.3 ABS
IR E . A HE S SUERTTH I A 71
T TEW:

ABS(number)
numberFEE B2 0 E Y SE 4L
Bl :

ABS(-12.5) returns 12.5

83.74 COS
R IRI25 78 A R AR 52 (E

T

COS(number)
number A ERUR LA AN A .
TR
R AR TR, T2 HTTE3. 14159/ 180 K H5 A I -
Bian:

COS(1.047) returns 0.500171
8.3.7.5 EXP

Rl TR AR BUEUE . H5e T2.71828182845904, X /& HARXEL 5
. 1B

EXP(number)
Number e 541
TR
N T ReRITEEL, (EHPOWERE AL
it .
EXP(2) returns 7.389056
83.7.6 LN

IR [E— DN B EL. BRI EUE Dhe (2.71828182845904) AJi%.
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T
LN(number)
number /& 1F S48
TR
LN 5EXPEMH R
1o il
LN(2.7182818) returns 1
8.3.7.7 LOGI0
BRI EATON RATATEL o
TH
LOG10(number)
number 42 1ESC4
-
LOG10(100) returns 2
83.7.8 MAX
R [B]— R AR i KA R
H
MAX(numberl1,number2,...)
numberl, number2, ... & AHEE M IXLEEL Hh B F AL
R
o THENSEATLUEEE. AR UNAR,
o SHTEE W EUE.
it .
MAX(varl, 2.54) returns 2.54 if var1=1.06
8.3.7.9 MIN
WA — R AN R/ N
H
MIN(number!,number2,...)
numberl, number2, ... AFEE M IXLEH R 5o/ NI EL
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R

o TRESEOTLUEEUE. AR A LR AT

o ZEULERE A BUE
il :

TR SAGDA, ARELMRYIRE I TCH IEI UR EORIESUE - H e, R

TE SO FIMINER ZOR SE30 -

INJECTOR MOBWEIGHT EXPLICIT 'WEST-I'

INCOMP WATER 1.0.0.

TINJW 2532

QUAL 0.9

OPERATE MAX BHP 4200. CONT REPEAT

OPERATE MAX STW <cmost>Steam</cmost> CONT REPEAT

PRODUCER '"WEST-P'

OPERATE MIN BHP 2000 CONT REPEAT
OPERATE MAX STL <cmost>MIN(Steam*1.6,1000)</cmost> CONT REPEAT

X T —"ME55Steam=500, /7 H " WEST-P'IH#AERK 442

PRODUCER "WEST-P'
OPERATE MIN BHP 2000 CONT REPEAT
OPERATE MAX STL 800 CONT REPEAT

KT —ME55Seam=700, 4=/ H'WEST-P'[HAEL 142

PRODUCER "WEST-P'
OPERATE MIN BHP 2000 CONT REPEAT
OPERATE MAX STL 1000 CONT REPEAT

8.3.7.10 POWER
AR — A A
HE:

POWER (number, power) number =
SRS, LR
power A& A H 4L
Bilan:

POWER(S,2) returns 25
8.3.7.11 SIN

AR BI85 5E A1 JEE Y IR 52 A
Ik

SIN(number)
number /& e N IESZ LAY SIUEE o
HE:

IR R, TS HTE3.14159/180 K B4t Al .
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i .

SIN(30%*3.14159/180) return 0.5 8.3.7.12

SORT
IR [EESF TR

ik

SQRT(number)
number A& EFFITHRATEL.
R
AT
Bildn:

SQRT(2.0) returns 1.4142 8.3.7.13
TAN
IR 125 5 1 B Y TEDME
ik

TAN(number)
number /& #4654 1E UME BT o
TR
SRR JEAL, T HIE3.14159/180 4 Fe At Ay EE o
Bian:

TAN(0.785) return 0.99920

8.4 ZECMOST{E A Jscriptfl A1ES

Iscript A HIHAT 2SRRI TIRE, AR VFECMOSTH Y RANS, (B2 ARSI
BN FARERE . i H 2 LA IseriptfAh, HIF AT LUE RIS feRCMOST. filan, HF
WE%%E AR SR H AR e £ SRJECMOSTRI LASE I s, PR s AP0 74 I 2
AN o

PATEIAIRAD, CMOSTARVF F A CMOSTIi AR A BE SeF 4%, 4R A A
WUESS, JRABRE R, HARREOH AT Z2HU. FECMOST, Jscriptil 4
155 RS AT LU I AF Parameters. User-Defined Time Series« Objective
Functions~ User-Defined Global Objective Function CandidatesT/Constraints Ul [ :

o ENSHZNME IR R

o HENHIRHEL
o ENEIRIZIREEERITT R EL
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JScript/ @ ECMAScript A TE 5 TSI T 5, JavaScript/& 7 —F1 775« Jscript
FAEA— ARSI . 8 SRR A Active XM 52 B 1 2 5 Windows [ FH 2
JrE)TaE. BN, F AT LMREZA S Bt Iscript il AR Zi il 2 CMOS TR Excel 73
KT H bR B AL

SEREINIScript 15 5 275 3Cik, 1525 T &2 M2 Mk«
http://msdn.microsoft.com/en-us/library/x85xxsf4.aspx
I AR T 285 T Iseript E M 2 E B

http://ns7.webmasters.com/caspdoc/html/jscript language reference.htm

NI AR AECMOST 23S H s i, 145 B A FARCMOS T g 1
[IScript I AN E F

*  RelPermMatch Uselnclude.cmp: Use JScript code to create a relative
permeability table.

» SAGD 2D DynaGrid_Optimization.cmp: Use JScript code to define custom
objective functions.

*  SAGD_NT.cmp: Use JScript code to read simulation output files.
*  Pungq infill.cmp: Use JScript code to define input parameters.

AR EBEAE T 5 2 ¢ T CMOST H i IS cript B A1 5 1 R 41 A 4%
8.4.1 MCMOSTH#EHEE]FH F IScript 4G,
HTH 905 B Iscriptl A i FHCMOSTBIZSIATHY , £l LA AR i

FAAECMOSTHIH P 4fid 2 [H4%32% , X PR EAECMOSTHIgm AL 2 [H] &AL
E/:J” o TE E/‘J%%T%E'éiT AI%'JEH E% .

JScriptZRiShrE WHER
20 E@T 47T FHIScript Zafd e LM HAR T A 2
s

o AT A R SO
=2 AR AL o BT 4 HT HIscriptmht & LAY H AL AT 240

o AT A R SO
FHFE SRS H R o BT B PR R EOTUE S ETHY H R R AR

PR
o AT A R SO
- A2

REPELT AR A - FTAZH
o PITAASSIEUT S8 e A H SCHE
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JScript4RisHiE THTE

BB ARG - A2

« A HAREREL

o FTATEUT SR S g SO
MR AR AR R EE

« Jrf BiReREL
AT AU T S A N\ S S

jJTEJScmpt Hfﬂzliéﬁﬁzﬁﬁfjﬁﬁﬁ R AR AL ﬁE%T@Fﬁ*ﬁfE’]@M X RE S
FpAs i, RREMEHIAHREIAS 440 B, QD%XEXT%/\%’W, HAFR
InJectlonPress AT LAE JscriptZ i EPEE@H% ZSEFR, SR, Eﬁ)\&/}?ﬁ%%
i, Kﬁ?ﬁ@ﬂﬂ Inj ectionPressZ 5 & K

1, AHEREEEELCMOSTEZ A WA i A4 FK, AN CMOSTAEIScript i A2
T2 B %Fﬁ;@ﬂﬁ*’eﬁ e NP RLEFLHTH, HE2EES%

Formula Editor o

8.4.2 BRUR7EEUITT %A Kt H X
T RIE A7 I AR EE AR 28301, 8 ICMOSTRE SR AL it

A 1
Project H 5% Project H sk 2 1§14
Study H Study H k12
o RS 445k
sl B E S5 SO SO B 12
SR SR BT 55 Log SCHF5E 6 7%
SR 7 F Log SR 72 DT 4 OuSC 52 BE 12
e T BT 5T SO 5 B 12
S 77 ISP B 12 WA 55 ML 52 B 12
S E S

B, TﬁE’]Jscnptﬂi?ﬂzliﬁﬁzﬁﬁﬁﬂ%ﬂﬂ?%&ﬁ%mlogiﬁﬁ&ﬁlﬂi}: i [ 25
E/J%E%:FA/BJI?EL
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var fso=new ActiveXObject("Scripting.FileSystemObject"); var
ts=fso.OpenTextFile(ExperimentLogFilePathh);

var line: String;

var matErrorStr: String

var matError: double

while(!ts. AtEndOfStream)

{
line=ts.ReadLine();
if(line.length>=90)  {

matErrorStr=line.substring(84,89)

try
{
matError=double.Parse(matErrorStr);
catch(e)
{
//Do nothing
}
}
}
matError;

8.4.3 K HEMIScript A HIDIEHZ] CMOST
2 H P Iscript AR i (ECMOSTINFRA T, 555 O 285 SR04 IR i % 348 3]
CMOST, Zwfdis)s—1TATIELSER. Fla, T+ s/ErgaRA0:

vara, b, ¢, d;
a=4;

b=3;

c=2;

d=1;
atb+ctd;

8.4.4 FEEIESCH I EFTRI—1T

R ARG R GE ) R AR T AT N T AR A A T e e —
17, WEMEH " FREE. Fln:
var kwLines: String;
kwLines ="\r\n"+"** Group 1 Heaters ";
kwLines+="\r\n"+"HEATR IJK "+UBAI+" 1 "+UBAK+" ”+QH; kwLines+="\r
\n"+"UHTR IJK "+UBAI+" 1 "+UBAK+" 16351"; kwLines+="\r\n"+"TMPSET
UK "+UBAI+" 1 "+UBAK+" 1129"; kwLines+="\r\n"+"AUTOHEATER ON
"+UBAI+" 1 "+UBAK;
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8.5 FECMOSTH {§ H Pythoni%%

CMOST 3z ##48 = J7 T. HIronPython-Python il 415 (http://ironpython.net/)s CMOST
S'ZH‘Python 2XIBS, @ﬂZ‘?)ﬁf’E}ﬁ%Pythono T LAM https://www.python.org/downloads/%
G

R N TGRSR, fEASXTFERTIRMEL N5

import sys
sys.path.append(r"c:\userModulePath") import
usermodule
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9 CMOST X HHHEAI MM TR
(CMOST Interactive Data Visualization Tool )

9.1 Z5A

W RMEM R IR EHE P L LA . Interactive Data Visualization Tool ] LA B
VR AT AL LB )y ZEEE R PR B % TEONGRAL 7 RdkaiE, it rEL
KTHIRZ BIPIAHE R R JTLHIZ THEAT LI A PRk, JCHAE:

o PRSI S TR
o TET B INERSN SE R T 5 A X
o TEdER AN

o HARSEON HAR R BB L0 77 5

&

9.2 AR EEEF ML TR
9.2.1 FIAXEHIERHM TR

ﬁTﬂﬁMMMMMthw&MMNMd,E&mmmmﬂMMEW,ﬁ%
Launch Interactive Data Visualization Tool 1\ #%%H. Interactive Data
Visualization Tool J44THF—3KHUS &, x-4&SLIGID, y-HE RS — 124
5 H bR R
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- TR, y- PRI ESEPOR, K4 E £Experiments TableH 55—

=%
14/ HM_Stuady_§ - CMG CMOST Interactive Data VisTool Bl
PtType top
Scomm Bl
Configuration Scatter Plot
- X ® Linear Log 0.360 Base.
Yo ® Linear s
optimal )

Pearson correlation:

¥ =8.778e-4'X 40272
R?=0.080

03z
Pareto Front
Select two objective functions ard their 0300
search direction —
d °
280
260
2401@

9.2.2 HUSHE
9.2.2.1 XTFHEHE

AR A, IR
Scatter Plot

.48 o ID: 15 Base.-

0 General —Egl WU

‘ “ 5, 035} Opt rla.'.

3 bR 2T 5000
R, BASGID SR
KRR (x, y) BO0E

- EREEZS UWE RG]
[FER1E—1)

FOR

I BRI AR T

AR (SHRIDA0)

W R T R R

5 & e I & ) kY ) <3 ) L
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HUS E 73 ConfigurationflIPareto Frontili7, W1 FE s :

Configuration

SR ARy I 2 Ak BAREREL, 75 hFT
DA e PO £ Ak AR

Pearson comelation

H R I BRI 56 R

¥ = B778e4°X +0.272 -
RY = 0,080

Pareto Front —
sevh drochon A b 1 SRRTERT A ELRREERL, (B
|| FERTIR AR R/ ME . AR 525077
% e L EOL R R R R

9.2.2.2 BEEIE
TERULE ZEECE RS S, AT LA AR xaky il A S8k Hbreki%k, 74k, iEnT Lk
PR LR sl o A by, il

Configuration
= X axis @ Linear © Log
4 Y axis @ Linear © Log

POR

PERMH

PERMV

HTSORW
HTSORG
ProducerCumQil
ProducerCumWwater
InjectorCumwater
GlobalHmError
HMError001

— HEF

W

B, FERCEMD T R AEIL A BRI RE, W FR:

Pearson correlation:

Y = -8.633e+3°X +5.801e+3
R2=0.790
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AEVCR It AE U 1 _E R B e E bt T AR BB Bt Al
DA A B SEAG FOTDAH (x, y) B, 20 R EFR

{JD: 17
(3652.0587, 1052.3375)

9.2.2.3 MHEFLHT
T B BT EE R | CMOSTHEME THAT

1# 3t Scatter Plot/&], F&T5K
RFETIN—FhFBL. Tt B mEFRIF R EMRITN512, W

2%

1. HiiPareto Frontiii/r 25 AL

Pareto Front

Select two objective functions and their
search direction:

«—

2. WEESE N HIREKE
e TEMaximizeFMinimize¥|F HEsE Hbrkgl, He | FAZHIE
SR NERCRAE, Ml IME.

TEHA E N bR 5 4 k. FEETI A, CMOSTZ: H3l%4

TEFEVORIN, AT AR YRR B
N TRINE A BARRE, RS HRREC N o dia= a4k, nEpr

N, WBRR2:

Pareto Front

Select two objective functions and their
search direction:

Ipin HMError0o01 x
| [ﬁmwﬁ,mA%:¢
FIbREREC, TR,
POR -
ProducerCumQil 'h
ProducerCum\Water
|Minimize ‘E ‘

GlobalHmError
HTSORG

HTSOBRwW
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4. FEZHI T, FATECE T Interactive Data Visualization Tool>K i 1A 2 4%
B T 2R A 3/ N B AR BR B HME rror IR K1) H BR EREL
ProducerCumQil. {EPareto Front& 7 /R R IZARMENY SLIGID, _E 1A T
A L3R ID 40 :

Pareto Front

Select two objective functions and their
search direction

Ipin HMError001 =

Tuax ProducerCumoil p

Pareto Front Points’ ID:

(Experimem 1D 40 is the only
40 experiment satisfying the
LPareto-Front criterion.

5. RN BN el v R s o Ol AR shE RS0k
i, EIEEG) -

Scatter Plot

+ ID: 40 h sin®
eneral
sess  (0.19802219, 1492.1457)

Optimal @)

9.2.3 HETHEMEE

9.2.3.1 XTHUMEFEE \
BT AR TR I 2 B i Z RO SR R, 0 SR TR B i e 5+
R
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Al LA 5 5 Plot Type | Scatter Matrix £ 74 HU A5 4 -

i 1 Sausty & - CHAG CMOAT Imteractove: Data VisTood
Pt Type  Help
Seatier ik
Configuration
Plol Size:  @zewmow | & Zeomin
Filter by Sohions
includiad Variabies .
.
.
-
.
L
.
.

Scatter Matrix

POR

.

HTSORW

HTSORG

*e

LRl

LEJ

- L] L]
L] Ll
L] [ -
- L]
. . .
- .
- L]
- Ll Ll
L] - -

- L]

- - -
HME

- .

L4 L4 L4

o O el

W LGl RrR , BrA RS R EUR BRI A R

TaT, AT LM T SR

9.2.3.2 FIHBSGHERER

{EConfiguration#i7-, AILA:
o iiZoom In SKJUKEFRUMTT, 5# Zoom Out i/ N HEMREL R

SR H bR RO T 12 B =

SR, WE
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o i ilFilter by Solutions 94 5 7F HUH A0 M4 ] Hride 3 AR B B 7R B fil it 2828
2 T, FA1i%Y% Base, Highlight and Optimal.:

Configuration Scatter Matrix

Plot Size: | @& zoomout | & Zoomin POR L] L4 ® L] a8

Filter by Solutions

o
VIBase ° ° ° .
[#IHighlight . PERMH * *
Vloptimal . = .
Included Variables
L ] L] L] L
» *® PERMV e
L] L] L
® L] ® ®
it . e HTSORW

o fidiIncluded Variables SR I R R AR O A5 R rh R B AR ot ETE
B)FH FRATIEE T POR. PERMH v ProducerCumOilf1ProducerCumWater

Configuration Scatter Matrix

- 0.36
Plot Size:  @ZoomoOut & Zoomin POR i

0.32

Filter by Solutions 0.3

[ ] e e [ I ] (1] )
Included Vanables %
L] L] [ ] L ] 0.24
¥POR 022,
. PERMH
¥IPERMH ° P ° ° 5.5e+3
CPERMY L] ® e ° 5e+3
45e+3
FHTSORW
L] ® L] L de+d
[CHTSORG 3.5e+3
¥Producercumail 3e43
o ProducerCumoil
¥IProducerCumwater 1.4e+3
| 1.3e+3
[Flinjectercumwater 2 & 4 .
El 1.2e43
[ClglobalHmError ° ° ° °
14843
[CHMErroroo1
° [ [ ° e
ProducerCumWater 5%
4843
& o = P 3.5e+3
L] L] [ ]
] ] ® L]

Je+d

2.5e+3
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9.2.4 “FATAVRE
9.2.4.1 KXTFT4HE
SPATARFR SR T —FE TR, B AT L onEdE; UHAERIE. .
SR, R DO PR A DG SR SE T T . A/ECMOST 28 B AR AT AL T2
(Interactive Data Visualization Tool) [, i Ff72LFRE (Parallel
Coordinates) , T LAEEIXLEE 41 RN

B ST teractive Data UisTooi -
Plot Type ~Help .
Scatie e X Paral Coocirates x|

- - o e
oo i o P e s
0360 6e+3 2 B 0260 0060

o520
sesh
/

PRERECLL R 7 O OGP AT AR R AL P47 ARAR B F S5 AL ARAR IS T A, B3R
AW SN HAR R BT ] o B SER0 7 AR R ARl P B — 1k, 2R
JRAESESG 2B H PR R B [8)58 o IZ AR 25 H B 2Rl H AR B A S/ IMEAT B
RAEZ AT AL

9.24.2 (EHFT4ERE
N T EMTTRABMN T RIS R

gy, — My RGO RN, M RHEAE RN, BRI TR
KEEN, T ERaeER.
AT EBE—MAKTER:

WA R RIS A IR — L0 7 52, XN IIZAT R A R
£, SPATARARIE LR LUR WS (L R e St B o HA LG 77 ZR bk 4o
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T FESERTTR:
AT LMAE— DB AR E T i, T
1. TEARBRENFS B bR B2 H B p+-ision Select.
2. %ﬁ%@TEXmﬁﬁmﬁ@ — HHE L, A LME TR AR

ﬁ@ R TR, H

i fideds FHEA 2 on, IR

2 2e+3
0180+
358+34
Je+3 2643 01604
WERAE ST S A sy, AR i W It as OB, Atk
0. SEUP-CF 65*3’“”‘ 28e+34 " 0. 260““”
0.3404 }
5.5e+3
CF 0.240+
0.320
0.2204
0.3g0
0280
0.2004
4e+3
0.2604
2.2e+34
0.1804
e 3.5e+3
0.2204 3e+3 2e+34 0160
FE, A s, AR n ekigd.
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T INBRGSE , AR HE eI PRI — e 25—, SRR R
PR AT LASE e 24 0V A TTOm A A B A 1, SN s o

AFRERTHET -
J AR R TR BB B Y AR AR AR, B E R B Move bR, SAEHAL
g?ﬂﬂ % A ZEB R A ] 282 B - Interactive Data Visualization Tool}J %) [R] i H 25 AL bR
A=
LG FRAEH EFHET
FAﬁ%i%%ﬁ%%,@ﬂ?ﬁﬁ%@ﬁﬁﬁﬁ?,ﬁﬁﬁﬁ%%,@%?ﬁ
¥ o

925 BHAHE

9.2.51 XTEHIHE

JiiiPlot Type | Histogram kT 7 E /5 5] (Histogram) , (i B 7 7] LIEE K
A ZECEH R R BE H BARER, anN Bos :

1/ MM Study 6 - CMG CMOST Interactive Data VicToal |
Pt Type el
Scane Pt PT—

Configuration Histogram
.

" LW R R T ZEPERMIAE S Feis AR, Bt — MBS
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TR WREEERESSE, S0 RE N ER. WRETT E2 R
i, GG om R . TP, <4t B or Ml 4 5L

9.2.5.2 EHETHE

1. fEHistogram 7ci/1 [/ Configurationi), VEE AR EExh TR S 4el Hix
PRI R ARy il AR B 7R B B R . B AR YR B A5 A2 B BT o

2. ﬂn%’%ﬁlﬁﬁﬁ BRSO N UAYER,

kY 3 kY 3 Y o » )
o o e o o o
2 3 R K L o o o

nnnnn

AT IELZH, WSty Z [AIBOA TRl . IR ZE0 H AR R 0 B
B, 0 Rl 2T R,
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> &
o o7 o

POR

3. WK ERARE R R E T L, WS B AR SOUETEE (%2 =iiE
(SR DA BEIRR BoRFE AR, I B FTR -

P ———— -
[E= .
T e o r——

Configuration Histogram

et BT BRI
IR A A L

R Fenii= (45003 5007)
Frequency = 16%

9.2.6 REAZEFHIEAMALTE
LA B AL T B (Interactive Data Visualization Tool) [, ArA &
G A RAT
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10 B E Launcher F1 CMOST:[F] TAE
(Configuring Launcher and CMOST to Work Together )

10.1 &4

CMOST & #fiLaunchersi CMGAE55 il 55 4% (CMG Job Service) Kizf LS5
I, 7R FHCMOSTZHI, 7 2Lth Y41 BC B Launcherfl CMGES5 il 5748 (CMG
Job Service) » CMOST 7L B 1% 2 Launcher BiCMGIES 5% (CMG Job
Service) , PMEHEFNIZETT

10.2 B2 & Launcher

10.2.1 Launcher/44

Launcher /& WindowsEJEH P AN (GUIL) o A AEAT N AR H 5=
T A PR K 72228 H 5 (CMG. HOME\Launcher\xxxx.xx\Win32\EXE\) T ¢ AT
PATXIH(CMG.exe) -

10.2.2 CMGHEFRS528 (CMG Job Service)

CMGIEFS AR5 4% (CMG Job Service) &1~ WindowsR 55 W H . A AT
(CMG.JobService.exe) ZHAEHECMG HOME\CMGlobService [N 55 #%
(CMG Job Service) & H BN, UCMGIAFZEERT, FWindowsH & 1. A LA
1H7 Control Panel | Administrative Tools | Servicesi#t A\CMG/E55 554+ (CMG Job
Service) o

%5 Services = | B[S
File  Action View Help
e @ Ec=HmE »nnn»

4 Services (Local)

" Services (Local)

CMG Job Service MName ‘ Description Status Startup Type  *
. 5 CMG CMOST Host 5. Runs CMOST Engine in background Started Automatic
Stop the semnvice *3CMG Job Service Runs CMG Jobs in the background. Started
Restart the service
+ CMGL RLM Service Reprise License Manager Manual
2 CNG Key Isolation The CNG key isolation service is host.., Manual
gescrg’s&}”j bs i the back p +, COM+ Event System  Supports System Event Motification S...  Started Automatic
uns obs in the background. i COM+ System Appli.. Manages the configuration and tracki... Manual o

4 m k

\ Extended /(Standard /
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HE: WA AR REEM . TT AU IE Windows IR 55 -

ﬂﬂ%%?%%ﬁ@ﬁCMGﬁ%ﬁﬁ%%% (CMG Job Service) £ Windows
Services¥|FRHAREIE A, A EE 0T DUEE A LU N a4

sc create CMGJobService binPath= "<path to CMG.JobService.exe>"

AR S HICMG.JobService.exe {22 [B] 75 EE 2546 o QAR
£CMG.JobService.exe TL & 2%, WM 5] 5-HEE K o

RINCMGIE S5 A% #%  (CMG Job Service) f&=Windows Servicesh. HEER, JH3)
21 E R 55 w575 4E Control Panel | Administrative Tools | Services /7. IR
startup type B A Automatic, 4THEFLEFFIIN, CMGHEFMSS4F (CMG Job
Service) ¥ HBNEBN. W Rstartup typeid B AManual, FF i ik 5 Start #2410 k 31
sk dw (BB AT EZT3E sk 4%) o

CMG Job Service Properties (Local Computer) [é]

General |Log On I Recoveryl Dependencies|

Service name:

Display name: CMG Job Service

Description: Runs CMG Jobs in the background. -

Path to executable:
"C\Program Files (<86"CMG Launcher' Latest Build " Win32\exe " CMG Job £

Startup type: [.N_rlomatic -

Help me configure service startup options.

Service status:  Started

You can specify the start parameters that apply when you start the service
from here.

1L

[ OK H Cancel ] Bpply

10.2.3 fF fLauncherfk A X TERAIRSSE L

T RAR A 22 w1 B AT B T RE-REORAEDN FH A AEIE, P RES: (s f Launchefik A
AR E S TAE . AEmAARA T, AMEHCMGIESF IRFF4F (CMG Job
Service ) , ZMRFSw T TRES A L. EMRAABZCH ) Launcher M &R R T
&, 1E Launcher | Configuration | Configure Local Job Server H{fF:f“Use job
service to submit any jobs”, %1 [ [ Configure Local Job Server X IiHHE FT 7R :
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Configure Local Job Server &J

|:| Use job service to submit any jobs (Password required)

CMG Job Service version : Not availabls

Configure This Computer as a Job Server

Compute Nodes in this Cluster (separated by commas):

Accept jobs from the following Head Node only:

Port to Listen On: | 8087

Scheduler refresh Interval (seconds). &0

Processors to use for running jobs: 12 Use All

Automatically delete finished jobs after 7 days

Environment variables to be set before nunning the program {Use ctd-enter to start a new ling)

[ Treat CMG licenses as resources {Start simulator only when valid license(s) are available)

[ oK ][ Cancel ]

10.2.4 f#FH CMG Job Service#23/E Mk

TEWindows 5 [ifiltf, anS i F H 7 A FRFNE RS, AT RES i HHCMG Job Service
AN FEIXFIEELR , CMG Job Service s isfT. 2% CMG Job Service , £
e 5 2l F45 1ECMG Job Serviceo A1ARVENVIEIECMOSTHEAZ Z5CMG Job Service,
Launcher 7] LUEFT T, AT LUK . SATT, WNSRAEFAELauncher A5 A HERA AT
%5, Launcher®UEF] FIRAS, 7 EAE N I H X 15 HE Launcher | Configuration |
Configure Local Job Server /645 Use job service to submit any jobs.
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Configure Local Job Server &]

Use job service to submit any jobs (Password required)
CMG Job Service version : 2013.10.4869.15796
Configure This Computer as a Job Server
(@ This computer runs only local jobs
7)) This computer is a CMG Cluster Head Node

Compute Nodes in this Cluster (separated by commas):

|:| Include this computer as compute node

(7) This computer is a CMG Cluster Compute Node
Accept jobs from the following Head Node only:

Port to Listen On: 3087

Scheduler refresh Interval (seconds): &0

Processzors to use for running jobs: 12 Use All
Automatically delete finished jobs after 7 days

Environment variables to be set before running the program (Use cti-enter to start a new line)

[] Treat CMG licenses as resources (Start simulator only when valid license(s) are available)

[ OK ][ Cancel

10.2.5 MR AT Z2imtE T+ EAL
1H e FEScheduler I LLEAT SR Bt i BEAHLIEH . LaunchersZ LA N JLFH
KA EFESchedulers :

CMG Scheduler

IBM Platform LSF

Microsoft HPC

Oracle Grid Engine

Portable Batch System (PBS/TORQUE)

XHEIEANTER T FHCMG Scheduler BE V23 R THENL T Z AT BC
Ho AT HAZEAI A Schedulers, 2% Launcher Users Guideo

TEERRTH BN EL2E CMGHI . LAY %8 Use CMG Job Service
to submit jobs

TECAE AL, PI#%]Control Panel | Administrative Tools | Servicest] -
CMG Job Service. fffixEstartup typei¥ £ A Automatic, 41t &EHLEHT 53]
i, MRy B e« ARG as i AR5, ridiStartiZ SR H 3l 55
ar CEH AU RTS8 RS 4%)
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o fEIFREISAAML, $THLauncher, 1JJ#:%]Configuration | Configure Local
Job Server. Tfiffi%$%Use job service to submit any jobs#IThis computer
is a CMG Cluster Compute Node. 43 E5¢ )5, P LA Launchero

Configure Local Job Server &]

Use job gervice to submit any jobs (Password reguired)
CMG Job Service version : 2014.20.5540.21159
Configure This Computer az a Job Server
(7)) This computer runs only local jobs
) This computer is a CMG Cluster Head Node

Compute Nodes in this Cluster (separated by commas):

|:| Include this computer as compute node

@ This computer is a CMG Cluster Computs Node
Accept jobs from the following Head Node only:

Port to Listen On: |20&7

Scheduler refresh Interval (geconds). &0

Processors to use for running jobs: 12 Use All

Automatically delete finished jobs after 7 days

Environment variables to be set before running the program (Use cti-enter to start a new ling)

[ Treat CMG licenses as resources (Start simulator onty when valid license(s) are available)

[ OK ][ Cancel ]

o (EHFPARMITTEAMNL, T Launcher, )% %|Configuration | Configure
Remote Schedulers. BT FALIERETHENLEFR, KHEA FHIN— Tt
CMG Schedulero

o TEH P AMITHENL, 1#iTConfiguration | Password | Add/Modify¥s Il %
% Launcher (ﬁﬂ%LauncherE%lxﬁT S, MTLAZRGIZAE) o

AE, P Al DAE AT F B Launcher P HESCVE MV i fE T B Tis B

BE: TR EEEIT AL, R ELT S HUNCES 7217 [0 £
T H SR TAE E %o ﬂﬂ%:ﬁf/EE%EEIEUNC%h, Launcheri% HEAL A—1
UNCE& R, G AR ST, N IE e s EinfE it &l
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11 WEHERR (Troubleshooting)

11.1 &4\

s

WA PR T CMOST i FH I A Hh ) R HE IR w8 A i ke 77 3 o

11.2 RBFIREIME [ CMOSTES

HERE: N7 OIS T EARAGEIE WL LRSS, 7§27 Number of

Perturbation Experiments for Each Abnormal Experiment o

L RWARSE AT 2 B TR R el I A S B B S8 e WPRIEME
FRMURTERR, AR AR RS, SEFHETEE. 7 RENE
55 R SR -

 fELauncher#tffl, $KENIZILST, £ AR HAHRIERE
B WEREA BINEERE, sdiAdd/RemovefE 55 A NS B,

o EILSFAIT T logslout U, 1A FYRBI 2 A AORKE AL A
HHENT —LEERE R

o B dat3CPF, fELauncher 5t I B AR LA HAMATZ E,
HHEIF AN REIER .

— LRI RE A i A S BRI AR 5 AT 55

e Launchert M Hl I/ 1% o IXFRF AT LLid i 7F Launcher
%?T%%T%?c@%i&ﬁ%iﬁ o MR EEIXFENL, A IE0f %

SEIA]
Launcher | Configuration | Password | Add/Modify.
o WEILZASRIANIE . FERIIES AY TAE H S & vl AR 25 H K/
MR BT R E T FESchedulersFFf T4 Bhiz &, ATt
BHIEE LRSS N B — IR SCHk,, Y551 E 58K
&, WA SOE BRI AR AU e B TAEH %, ZH %
(B EC:ARB &) 2 A Im I SO T, G R IS [ i, 75
M REMOTE EXECUTION COMPUTER S K3 5 e S AR B8 1)l et
At
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TEWindows Server 2008, i SCf A7 1 C:\ProgramData\CMG
\CopyLocallobs. fEWindows Server 2003, il U I 7 7EC:
\Documents and Settings\All Users\Application Data\cmg

\CopyLocalJobs. fEWindows 7l SCAF A7 7EC:\ProgramData\cmg

\CopyLocalJobs.
. BRI/ OSCHF Rl o 8 H ARAEZ I X A Al 4 798/

AR, SRAETERAAR S5 S Cirfs mrfs rsts

out) RATEER/N. BLEER, 25 F My

WRST- OUTSRF. WSRF. OUTPRNF! WPRN. WIH[FEHHEE LT
5MES5, EUUE A Windows 2003 22008 SC4-AR 45 #8 K /7 CMOST
B N\ O

o FEScheduler NEZILFETS5 . WARH— MESFIRCHIFE T E
MBS, MRS A T B S HIEST, X F i
T, BEESKM. N 7RIS, ErfEi &
Launcher, #i% Launcher | Configuration | Configure Local Job Server.
T InEERRTSS, AR FE T EALIERE “Use job service to submit
any jobs”H1“This computer is a CMG Cluster Compute Node”> 73

4N, CMG Job Service A MAE AR EALIZ 7o

o ERETHRMLBCA LI R BT AT O
o LA VR AT AL
2. BEAMEIERES BRI B MESS I, BoA AR E LB T [ (ks
o WRFMESEONEL, MIEHE sz 8dnik, gl thaiylbg
[Fl—A o 1%, BEUCR RIS, ATRES SE AR IR Tz

o O T EHG EIZIE RN, K BT 55 Mlog FI/EL .out 3
S EINE LR AT RERIA

o BURMAIERAE IR
o (TS InSRELE I A AT 24
o HTABIFAIZENE, CMOSTZKilledfE55 -
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11.3 RERE
HCMOST# i B S ANBEME AR, <3 HHEICMOST AL HL 5 1
% (Unhandled Exception ) XJIEHE, 1ZMTHHEFEFER BICMGH & A (1]

AR R, A~ HIRTR

CMOST Unhandled Exception

.

System.Reflection.TargetinvocationException: Exception has been thrown by the 4
target of an invocation, ---»
CMG.CmostPlus.Exceptions.CMGCmostEngineException: Special dictionary file "C:
WPROGRAM FILES (XBENCMG\DICTS\CMGMZ201300.DCTA doesn't exist,

at CMG.CmostPlus.SR2.CmostSr2Reader setDictionary(String dictFullPath) d

at CMG.CmostPlus.SR2.CmostSrZReader.UpdateSr2BasicData(ReadSr2Settings
settings, Sr2BasicData basic)

at CMG.CmostPlus.Data.GeneralSettings.SetBasaCase(String datFullPath, Int32
stackMB, String dictionaryFullPath)

at CMG.CmostPlus.Studio.ViewhMeodel VmInputsGeneral OnBrowseBD{)

--- End of inner exception stack trace ---

at System.RuntimeMethedHandle,_InvokeMethodFast{IRuntimeMethadInfo
method, Object target, Object[] arguments, SignatureStruct® sig,
MethodAttributes methodAttributes, RuntimeType typeCwner)

at System.RuntimeMethodHandleInvokeMethodFast{IRuntimeMethadInfo
method, Object target, Object[] arguments, Signature sig, MethodAttributes
methodAttributes, RuntimeType typeCwner)

at System.Reflection.RuntimeMetheodinfoInvoke(Object obj, BindingFlags
invokeAttr, Binder binder, Object[] parameters, Culturelnfo culture, Boolean
skipVisibilityChecks)

at System.Reflection.RuntimeMethodinfo Invoke(Object obj, BindingFlags
invokeAttr, Binder binder, Cbject] parameters, Culturelnfo culture) .

[ Copy Exception | (&) Continue | [ ® Quit J

An unhandled exception has occurred in CMOST.

If you click Continue, CMOST will ignore this error and
attempt to continue.

If you click Quit, CMOST will close immediately.

To help CMG improve CMOST, please send the error message
to: support@cmgl.ca

o wa o am omma e e .

WRRIER] T AR 1S (Unhandled Exception ) 15 5.
1.

AN

JiiCopy Exception.

FIFFHBA:, o HoRE I

TN LER A AT LAHE B CM G Uiz [R5 2. o
TEHBAE /8, % A“CMOST Unhandled Exception”s
H4 HB1 A& 1% 2 support@cmgl.ca.

W B SRS TR, R st Continue, CMOSTHZMEIZIE S, RGE kS Rk

HiQuit, CMOSTH7RI5E ] o
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11.4 CMG 2 TH

HARHICMOST XIS TG AE O 2 AN R 2R AL SR . A T2 ok, —1
FUAH I FRER M 1) A2 PTG A SO . o T A iZad 2, CMG
W& T i2WEdsn THEk B S EFE AR S 1 THSAWS . %, 24—
M Project#i R {FHT, CMOST H 84z ik — 1" XML/ (PDFXXHF) , BEE& T —R7
Study FHAE LA IE B o Z SRR F e B2, YHPBRACMGT KikkE2
WrHEBhES, BATAT LATF E 12 Wi 45 T BRI B8 . 1R, ol DAgksF
T B W — e 5 . % T EE N Y Project/Study H s &5 MR B IS W ws B0 S o
wJa, % LR SRS e — D zip XX, AR E I R ECFTP 4 245 CMGEUR SZRF
HN. L5 5., 15Z% Using the CMG Diagnostic Tool.
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12 Theoretical Background

12.1 Probability Distribution Functions

12.1.1 Uniform Distribution

Uniform distribution assumes that all values in the defined range are equally probable. Its
probability density function is:

0 x<a
1
f(X)Z a<x<b
b-a
0 x>b

where a and b are the lower and upper limit of the variable.

12.1.2 Triangle Distribution
The probability density function for the triangle distribution is:

0 Xx<a
_2x-a) oo
(b—a)(c—a) S

f(x)=
M c<x<b
(b—a)b-c)
0 x>b

where a and b are the lower and upper limit of the variable, and ¢ is the peak (mode).

12.1.3 Truncated Normal Distribution

The probability density function for the Gaussian normal distribution is:

1 -(x-p)’
O_ﬂexp( om j

where 1 and o are the mean and standard deviation of the variable.

f(x)=
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In CMOST, the normal distribution is truncated by user-defined minimum and maximum
values:

Min < x £ Max

The default min and max values are -1E+308 and 1E+308 respectively.

12.1.4 Truncated Log Normal Distribution

The probability density function for the log normal distribution is:

1 —(Inx —p)?
f(x) = ex
0 X021 p( 26°

where 1 and o are the mean and standard deviation of the variable’s natural logarithm. By
definition, in a log normal distribution, the variable’s logarithm is normally distributed.

In contrast, the mean and standard deviation of the non-logarithm values are denoted m and s.

To calculate m and s from i and o:
2 2 2
m = eht050 ,S = (ea _ 1)e2u+a

To calculate 1 and ¢ from m and s:

2
p=n ()0 = In+ 52

In CMOST, the log normal distribution is truncated by user-defined minimum and maximum
values:

Min £ x £ Max

The default Min and Max values are 1E-308 and 1E+308 respectively.

12.1.5 Deterministic Distributions

Unlike probability distributions, where the uncertainty of an input parameter is described by a
distribution, deterministic distributions treat the input parameter as a constant. A fixed value
is defined for the parameter, since there is no uncertainty about its value.

12.1.6 Custom Distribution

CMOST provides predefined discrete and continuous distributions for input parameters;
however, if none of these distributions is appropriate for the uncertainty of an input
parameter, users can create a custom distribution.

The custom distribution is given as a table of intervals and the corresponding probability
values. For example, the following table provides the points that define a custom distribution
which indicates the probability is 60% for values between 0.2 and 0.3:
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Left Bound Right Bound Probability

0.0 0.1 0.05
0.1 0.2 0.15
0.2 0.3 0.60
0.3 0.4 0.15
0.4 0.5 0.05

NOTE: If the probability for all defined intervals does not sum to 1, CMOST will normalize
the probability values to ensure that the total cumulative probability is equal to 1.

12.1.7 Discrete Probability Distribution

The discrete distribution is given as a table of x-values and the corresponding probability
values. For example, for the discrete distribution defined by the following table, only three
values (100, 200, and 300) will be used in Monte Carlo simulation. The probability of using
100, 200, and 300 is 25%, 50%, and 25% respectively. If the sum of all probability values is
not equal to 1, CMOST will normalize the probability values so that it does equal 1.

X Probability
100 0.25
200 0.50
300 0.25

12.2 Objective Function Types

Two types of objective functions are described in this section:
e History Match Error

e Net Present Value

12.2.1 History Match Error

The History Match Error measures the relative difference between the simulation results and
measured production data for each objective function. If a field has multiple wells and each
well has multiple types of production data to match, CMG recommends you define an
objective function for each well. The objective function of each well contains multiple
objective function terms, each of which corresponds to a production data type. In practice, it
is also common for the quality and importance of measured data to be different for different
production data types. In a manual history matching task, these variations are usually taken
into account by the reservoir engineer intuitively and qualitatively. In computer-assisted
history matching, a quantitative approach should be used to account for the data quality and
importance. Therefore, different absolute measurement errors and weights need to be
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assigned to different production data types of different wells in calculating objective
functions.

In CMOST, the following equation is used to calculate the history match error for well i:

T(,j) 2
z:t:1 (Yi?j,t - Yil,?,t)

Q; = _ 5 Nz(lz) NTG ) X 100% X tw;;
i Z,N:(? w4 Scale;; Y
where:

1,j,t Subscripts representing well, production data type, and time respectively
N@) Total number of production data types for well i
NT(,)) Total number of measured data points
Y7 Simulated results
Y Measured results
twi Term weight
Scale;; Normalization scale

The normalization scale is calculated using one of the following four methods.

Method #1 applies when the number of measured data points is greater than 5 and the
normalization method is set to AUTO. In this method, the normalization scale is the
maximum of the following three quantities:

AYI?} +4x Mel‘ri,j

B

0.5x min(‘ max(Y; )

min(Y{ )

)+4XMerri,j

0.25x min(‘ max(Y;; ) H min(Y;™ )

ij,t

) +4x Merr; ;

where:
AYln} Measured maximum change for well i and production data type |
Merr; Measurement error

The value of measurement error (ME) means that if the simulated result is between (historical
value — ME) and (historical value + ME), the match is considered to be satisfactory (or
perfect because it is within the range of measurement accuracy). So ME is the % absolute
error range.
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Method #2 applies when the number of measured data points is small (<5), and the
normalization method is set to AUTO, in which case, the normalization scale is obtained by:

B

Scale; ; = max(| max(Y;’; )

min(Y}",) ‘) + 4 Merr, |

Method #3 applies when the normalization method is set to OFF, in which case:

scalei’ _] = 1
Method #4 applies when the normalization method is set to be MeasurementErrorOnly, in
which case:

Scale; ; = Merr; ;
As can be seen from the above equations, the calculated history match error is a
dimensionless percentage relative error for methods #1, #2, and #4. If the simulation results
are exactly the same as measured data, the calculated history match error is 0% which

indicates a perfect match. Our experience indicates that if the history match error is less than
5%, the match is usually acceptable.

The global history match error is calculated using the weighted average method:

1 NW
leobal =W ZWiQi
i=l1
2V
i=l1

where:

Qgobat  Global objective function

Q Objective function for well i
NW Total number of wells
Wi Weight of Q; in the calculation of Qgobai

12.2.2 Net Present Value

In finance and economics, discounting is the process of finding the present value of an
amount of cash at some future date. The net present value of a cash flow is determined by
reducing its value by the appropriate discount rate for each unit of time between the time
when the cash flow is to be valued and the time of the cash flow. The time when the cash
flow is to be valued is called the NPV Present Date in CMOST.

To calculate the present value of a single cash flow, it is divided by one plus the interest rate
for each period of time that will pass:

Rt
(1+D"

PV =

CMOST User Guide Theoretical Background e 259



where:
t Time of the cash flow
I Discount rate (interest rate)

R;  Net cash flow (positive for inflow, and negative for outflow) at time t

Net present value (NPV) is defined as the total present value (PV) of a time series of cash
flows. It is a standard method for using the time value of money to appraise long-term
projects. Each cash inflow/outflow is discounted back to its present value (PV). Then they are
summed. Therefore NPV is the sum of all cash inflows/outflows:

T Rt
NPV =Y t
=1 (1+1)

The method for calculating cash flow depends on the property. If the selected property is a daily
property, such as Oil Rate SC-Daily, then cash flow is calculated daily. If the selected property is
a monthly property, such as Oil Rate SC-Monthly, cash flow is calculated monthly. If a property
does not specify the frequency, such as Oil Rate SC, then the cash flow is calculated daily.

Do not select cumulative properties unless the cash flow is to be calculated for one day only:

NPV = g %2: Quantity x UnitValue x ConverstionF actor
=1 t=N1 (1+ DailyInterestRate)
where:
t Time of the cash flow in days (the number of days elapsed from the NPV
Present Date to the date when the Property Value is read).

N1 Number of days from the NPV Present Date to the Start Date Time.

N2 Number of days from the NPV Present Date to the End Date Time.
Quantity Value read from the SR2 files using the user-specified origin name and

property name

Unit Value  User-specified cash flow value per Quantity (positive for inflow, and
negative for outflow)

j Represents each objective function term
NJ Number of objective function terms for the Net Present Value objective
function.

260 o Theoretical Background CMOST User Guide



The yearly interest rate is input by the user. Monthly, quarterly, daily interest rates are converted
from the yearly rate; for example, the yearly interest (discount) rate is converted to the daily
interest rate using the following formula:

In(1+YearlyInterestRate)
DailyInterestRate = e 365 -1

CMOST uses the CMOST unit system defined on the General Properties page to read SR2
files and a proper Unit Value for each objective function term must be entered according to
the chosen unit system. For example, if the CMOST unit system is Field, the unit for oil rate
will be bbl/day and the unit value should be dollar per barrel. If the unit system is Sl, the unit
for oil rate will be m*/day and the unit value should be dollar per m’.

12.3 Sampling Methods

Parameter space sampling is the most important step in sensitivity analysis and uncertainty
assessment. The outcome of parameter space sampling is a design for laying out a detailed
simulation plan in advance of performing simulations. A well-chosen design maximizes the
amount of “information” that can be obtained for a given amount of simulation effort. Below
is an introduction to some basic terminology used in CMOST.

* Parameters (variables, factors): Simulation inputs which a researcher manipulates
to cause changes in simulation outputs. A parameter can have two or more sample
values.

e Sample values (levels): The different values of a parameter.
* Objective functions (responses): The outputs of a simulation.

* Experiment: An experiment represents the combination of one particular sample
value for each parameter in the simulation model.

* Parameter space (search space): The number of all possible experiments for a
given set of parameters and sample values.

* Sampling: Process of selecting a set of experiments from all possible experiments.

* Design: A set of experiments generated by the sampling process. A good design
with desirable characteristics allows you to fit an accurate proxy model and draw
reliable conclusions regarding parameter effects.

» Effect: How changing the value of a parameter changes the objective function. The
effect of a single parameter, as opposed to the effect of an interaction, is also called
a main effect.

* Interaction: Occurs when the effect of one parameter on an objective function
depends on the level of another parameter.

For a given set of parameters and sample values, the parameter space is usually extremely large.
For example, the number of all possible experiments for 15 parameters with three sample
values for each parameter is 3", or 14,348,907. If we want to select a set of 600 experiments
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from the total of 14,348,907 experiments, there is an exceptionally large number of ways to do
the selection. According to statistical experimental design theory, to efficiently explore the
parameter space, the design (the set of experiments) selected should possess two desirable
characteristics:

*  Approximate orthogonality of the input parameters.

* Space-filling, that is, the sampling points (experiments) should be evenly
distributed in the parameter space. In other words, the collection of experiments
should be a representative subset of all possible experiments. This is indicated by
the minimum sampling distance, the larger the better.

The orthogonality of two columns in a design matrix is measured by the correlation between
two column vectors V = (V,,V,,...,V,) and W= (W,,W,,....,W,):

n

D lv = vy(w, —w)]

i=1

\/i , —V)Zi(wi Wy

i=1

If two columns have zero correlation, they are orthogonal. If all of the columns in the design
matrix are orthogonal, the design is an orthogonal design. An orthogonal design is desirable
since it ensures independence among the coefficient estimates in a regression model.

In CMOST, the orthogonality of a design is measured by the maximum pair-wise correlation
of the columns of a design matrix. The maximum pair-wise correlation is found by
calculating the absolute value of the correlation coefficient for all pairs of column vectors in
the design matrix, and then selecting the maximum of these values. A value of 0 is best
(indicating orthogonality), and a value of 1 is worst (indicating that at least one column in the
design matrix is a linear combination of the remaining columns). Generally, to ensure the
accuracy of sensitivity analysis and uncertainty assessment results, the maximum pair-wise
correlation of the design should be less than 0.2.

Another desirable feature for a design is its ability to evenly spread points in the parameter
space. For many interpolation methods used to generate proxies for the outputs of
simulations, the errors get larger as the interpolated point moves away from an observation
point (in many cases the errors are zero at the interpolation points). Having the observation
points evenly distributed would then guarantee a uniform accuracy for the approximation
throughout the parameter space. Designs with these characteristics are called “space-filling
designs”. Another benefit of space-filling designs is the avoidance of undesirable artificial
correlations between the parameters.

In CMOST, the space-filling of a design is assessed by the Euclidean minimum distance
which is the minimum Euclidean distance of all design points (experiments). A large value of
Euclidean minimum distance means that no two points are close to each other. Between two
designs, the one with the greater minimum distance between any two points (experiments) is
considered to be the better design.
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In CMOST, the following sampling methods are available:
*  One parameter at a time (OPAAT)

* Two-level classical experimental designs: Fractional factorial and Plackett-Burman

12.3.1 One-Parameter-at-a-Time Sampling

designs

* Three-level classical experimental designs: Box-Behnken and Central Composite

designs

* Latin hypercube design

One-parameter-at-a-time sampling is a traditional method for sensitivity analysis. In this
method, the researcher seeks to gain information about the effect of a parameter by varying
only one parameter at a time. This procedure is repeated in turn for all parameters to be studied.
For example, let us assume we want to perform a sensitivity analysis for the following five

parameters.
Name Comment Active Default Value Source
1 |POR 0.24 Discrete Real
2 | PERMH 4000 Discrete Real
3 | PERMY 2200 Discrete Real
4 [HTSORW 0.22 Discrete Real
5 |HTSORG 0.06 Discrete Real

The candidate values for these parameters are:

Parameter Candidate Values
POR 0.22,0.29, 0.36

PERMH 3000, 4500, 6000

PERMV 2000, 2400, 2800
HTSORW 0.16,0.21,0.26
HTSORG 0.02, 0.04, 0.06

Using One-Parameter-at-a-Time sampling, CMOST will generate the following 11 experiments:
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D Generator POR PERMH | PERMV | HTSORW | HTSORG
0| Reuse 0.24 4000 2200 0.22 0.06
1| One Parameter At A Time | 0.29 4500 2400 0.21 0.04
2| One Parameter At A Time | 0.22 4500 2400 0.21 0.04
3| One Parameter At A Time | 0.36 4500 2400 0.21 0.04
4| One Parameter At A Time | 0.29 3000 2400 0.21 0.04
5| One Parameter At A Time | 0.29 6000 2400 0.21 0.04
6| One Parameter At A Time | 0.29 4500 2000 0.21 0.04
7| One Parameter At A Time | 0.29 4500 2800 0.21 0.04
8| One Parameter At A Time | 0.29 4500 2400 0.186 0.04
9| One Parameter At & Time | 0.29 4500 2400 0.26 0.04

10| One Parameter At A Time  |[0.29 4500 2400 0.21 0.02
11| Cne Parameter At A Time | 0.29 4500 2400 0.21 0.06

In the above example, the parameter default values are shown in Experiment ID 0 (base case).
It can be seen from the table that for experiments 1, 2, and 3, all parameters except for POR use
their middle candidate values. Therefore, we can determine the conditional main effect of POR
by comparing the simulation results for experiments 1, 2, and 3. Similarly, we can determine the
effect of PERMH by comparing the simulation results for experiments 3, 4, and 5.

The use of one-parameter-at-a-time sampling is generally discouraged by researchers, for the
following reasons:

e More runs are required for the same precision in effect estimation
e Interactions between parameters cannot be captured

e Conclusions from the analysis are not general (i.e., only conditional main effects are
revealed)

12.3.2 Latin Hypercube Design
12.3.2.1 Evolution of Latin Hypercube

To explain the fundamentals of Latin hypercube design, this section traces the line of
literature from random designs to Latin hypercube sampling to Latin hypercube to orthogonal
Latin hypercube (Cioppa, 2002).

Random design was proposed by Satterthwaite (1959). In a random design, a random
sampling process with replacement is used to choose all or some of the elements of each
variable in the design matrix. The principal criticisms of random designs are that the
interpretation of the results cannot be justified due to random confounding and the estimators
of the coefficients could be biased.
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To improve random design, Mckay et al. (1979) proposed Latin hypercube sampling. In Latin
hypercube sampling, the input variables are considered to be random variables with known
distribution functions. For each input variable, all portions of its distribution are represented by
input values which divide its range into n strata of equal probability and sampling once from each
stratum. For each input variable, the n sampled input values are assigned at random to n cases.

As an example, let us assume there are four input variables, each having a uniform [0, 1]
distribution and 10 simulation runs are to be made. For all four variables, one design value is
independently chosen at random from within each of the 10 equal probable intervals [0.0,
0.1),[0.1,0.2) ,[0.2,0.3),[0.3,0.4),[0.4,0.5),[0.5,0.6), [0.6,0.7) ,[0.7,0.8) ,[0.8,0.9) ,
and [0.9, 1.0]. For every input variable, the order in which the 10 sampled values appear in
the design matrix is randomly determined. The following table shows a design matrix
obtained by this procedure. It is noted that, as shown in this example, design matrices
generated in this way will likely have correlations between columns.

Run X1 X2 X3 X4
1 0.32 0.17 0.91 0.71
2 0.53 0.58 0.30 0.93
3 0.92 0.84 0.48 0.12
4 0.17 0.90 0.05 0.22
5 0.29 0.02 0.16 0.30
6 0.45 0.41 0.83 0.87
7 0.63 0.68 0.74 0.04
8 0.75 0.24 0.66 0.61
9 0.87 0.79 0.52 0.48
10 0.01 0.36 0.22 0.53

A common variant of the design generated by Latin hypercube sampling is called Latin
hypercube (Tang, 1993). In Latin hypercube, the input values for every variable are
predetermined and there is no sampling within strata. An N x K Latin hypercube consists of k
permutations of the vector {1, 2, ..., n}". Each element of the vector represents a sample value
(level). Each of the k columns of the design matrix contains the levels 1, 2, ..., n, randomly
permuted, with each possible permutation being equally likely to appear in the design matrix.

To enhance the capability of Latin hypercube designs for regression analysis, Ye (1998)
constructs orthogonal Latin hypercubes. An orthogonal Latin hypercube is defined as a Latin
hypercube for which every pair of columns has zero correlation. Furthermore, in Ye’s
orthogonal Latin hypercube construction, the element-wise square of each column has zero
correlation with all other columns, and the element-wise product of every two columns has
zero correlation with all other columns. These properties ensure the independence of
estimates of linear effects of each variable and the estimates of the quadratic effects and
interaction effects are uncorrelated with the estimates of the linear effects.
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12.3.2.2 Latin Hypercube Design in CMOST

The Latin hypercube designs generated by CMOST use a more general variant of the above.
Specifically, each of the parameters can have any number of sample values. The sample values
can be evenly distributed (uniform distribution) or not-evenly distributed as they are entered by
the user. To combine the sample values to create design points (job patterns) in the design,
draws without replacement are done; i.e., for the first point a value for each parameter is
selected randomly from the set of possible values, for the second point the random selection is
done excluding the points already selected and so on. As an example, the following algorithm
describes the steps to generate a basic Latin hypercube design for five parameters.

Name Comment Active Default Value Source
| © Insert \
1 [POR 0.24 Discrete Real §
2 |PERMH 4000 Discrete Real |®DEIE7HE.‘
3 |PERMV 2200 Discrete Real || ¥ |
4 |HTSORW 0.2z Dizcrete Real | D‘ T ‘
5 [HTSORG 0.08 Discrete Real ——
| 3 Edit.. |
Real Value Prior Probability | o Insert |
1 3000 e — 1.2
2 2500 | D Delete |
\ 14
3 4000 z
4 4500 Z 087
5 5000 S 0.6
= 044
= 029
0 T T T T
0.2 0.4 0.8 1 1.2
Values

The sample values for these parameters are:

Parameter

Sample Values

POR
PERMH
PERMV
HTSORG
HTSORW

0.22, 0.24, 0.26 (3 values)
3000, 3500, 4000, 4500, 5000 (5 values)
2000, 2500 (2 values)

0.16, 0.18, 0.20, 0.22 (4 values)

0.02, 0.04, 0.06 (3 values)

1. The number of points (job patterns) should be a common multiple for all the numbers
of sample values. So the available numbers of jobs patterns are 60, 120, 180, and 240.
Let’s assume we want to generate a design with 120 points (job patterns).

2. For each parameter, generate a vector with 120 sample values. For example, for
parameter POR, the vector should have 40 values of 0.22, 0.24, and 0.26
respectively. The 120 sample values for each parameter are ordered randomly.

3. Assemble all the vectors of all parameters to form a basic Latin hypercube design
with 120 design points (job patterns).
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The basic Latin hypercube design generated in the above does not guarantee that the points
will be evenly distributed and uncorrelated. The figure below shows two examples of valid
Latin hypercube design where the points are totally correlated. It is obvious that these designs
are not suitable for proxy generation and sensitivity analysis.

To avoid such undesirable artifacts, an iteration (optimization) process is adopted in CMOST
to generate Latin hypercube designs with two desirable characteristics.

e Approximate orthogonality of the input parameters.

e Space-filling, that is, the sampling points (experiments) should be evenly
distributed in the parameter space.

The iteration (optimization) process is described as follows:
1. Start with an initial basic Latin hypercube design (this is the initial best design).
2. Generate a new basic Latin hypercube design.
3. Calculate the maximum pair-wise correlation of the new design.
4. Calculate Euclidean minimum distance of the new design.
5

Compare the new design with the best design. If the new design outperforms the
best design in terms of maximum pair-wise correlation and Euclidean minimum
distance, replace the best design with the new design.

6. Repeat steps 2~5 until the number of iterations is reached or an orthogonal design
is found.

It is noted that the above iteration (optimization) process does not aim at getting the optimum
Latin hypercube design, but just an improvement over the initial Latin hypercube design,
while constraining the time to generate the designs in the reasonable range.

12.3.2.3 References

Cioppa, T.M., “Efficient Nearly Orthogonal and Space-Filling Experimental Designs for High-
Dimensional Complex Models”, Naval Postgraduate School PhD Dissertation, September 2002.
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McKay, M.D., Beckman, R.J., and Conover, W.J., “A Comparison of Three Methods for
Selecting Values of Input Variables in the Analysis of Output from a Computer Code”,
Technometrics, Vol. 21, No. 2, May 1979.

Satterthwaite, F.E., “Random Balance Experimentation”, Technometrics, Vol. 1, No. 2, May
1959.

Tang, B., “Orthogonal Array-Based Latin Hypercubes”, Journal of the American Statistical
Association: Theory and Methods, Vol. 88, No. 424, December 1993.

Ye, K.Q., “Orthogonal column Latin hypercubes and their application in computer
experiments”, Journal of the American Statistical Association: Theory and Methods, Vol. 93,
No. 444, December 1998.

12.3.3 Classical Experimental Design
12.3.3.1 Two-Level Classical Experimental Designs

Two-level designs are typically used in sensitivity analysis to identify main (linear) effects.
They are ideal for a quick screening study. They are simple and economical. They also give
most of the information required to go to a next-step multilevel response surface experimental
design if one is needed.

The standard layout for a two-level design uses - and + notation to denote the “low level” and
the “high level” respectively, for each parameter. For example, the matrix below describes an
experiment in which 4 runs were conducted with each parameter set to high or low during a
run according to whether the matrix had a + or - set for the parameter during that run. If the
experiment had more than 2 parameters, there would be an additional column in the matrix
for each additional parameter.

Run Parameter (X1) Parameter (X2)
1 - -
2 + -
3 - +
4 + +

The following types of two-level experimental designs are available in CMOST:
e Fractional factorial designs

e Plackett-Burman designs
12.3.3.2 Three-Level Classical Experimental Designs

In uncertainty assessment, three-level experimental designs can be used. In a three-level design,
each parameter effect on the response is evaluated at three levels (low, median, and high).
Three-level designs are also called response surface designs because in addition to main effects
(linear term), both two-term interactions and quadratic terms can be examined. The standard
layout for a three-level design uses -, 0, and + notation to denote the “low level”, “median
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level”, and the “high level” respectively, for each parameter. CMOST provides the following
types of response surface designs:

e Box-Behnken designs

e Central Composite designs (Uniform Precision)

12.3.4 Parameter Correlation

The Parameter Correlation table is used to incorporate relationships that may exist between
green uncertain parameters when performing uncertainty assessment studies.

The technique used by CMOST to account for parameter correlation was introduced by Iman
and Conover (1982) (refer to the reference below for more information).

CMOST calculates algorithmically (Iman and Conover, 1982) the realized Spearman’s rank
correlation matrix if the parameter correlation (desired Spearman’s rank correlation matrix) is
positive definite.

NOTE: If the desired Spearman’s rank correlation matrix is not positive definite, CMOST
will try to find the nearest matrix which meets this condition.

12.3.4.1 References

Iman, R. and Conover, W., “A Distribution-Free Approach to Inducing Rank Correlation
Among Input Variables”, Communications in Statistics - Simulation and Computation, 1982.

12.4 Proxy Modeling
12.4.1 Response Surface Methodology

Response surface methodology (RSM) explores the relationships between input variables
(parameters) and responses (objective functions). The main idea of RSM is to use a set of
designed experiments to build a proxy (approximation) model to represent the original
complicated reservoir simulation model. The most common proxy models take either a linear
form or quadratic form of a polynomial function. After a proxy model is built, tornado plots
displaying a sequence of parameter estimates can be used to assess the sensitivity of parameters.

12.4.2 Types of Response Surface Models
12.4.2.1 Linear Model

The linear proxy model is:
y=ag+aix,+azx; + -+ agxy

where:

y response (objective function)
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coefficients of the proxy model. In some statistics references, referred to as

aq,as,...a .
N k  the parameter estimates or unknown parameters.
X1,X, ... Xy  input variables (parameters)

12.4.2.2 Simple Quadratic Model

The simple second-degree (quadratic) polynomial model is:
k k 5
y=ag+ 2 aX;+ ) a5X;
j=1 j=1
where:
a, intercept
a, a,,..a, coefficients of linear terms

a; coefficients of quadratic terms

12.4.2.3 Quadratic Model
The second-degree (quadratic) polynomial model is:
k k ) k
VLIRS NIEDILISEDIPICIIES
j=1 j=1 i<j j=2

where:

a, Intercept

a,,a,,"-,a, coefficients of linear terms

a; coefficients of quadratic terms

ay; coefficients of cross (interaction) terms.

12.4.2.4 Reduced Linear Model

For a polynomial proxy model, the statistical significance of each term is characterized by its
corresponding Prob > | t | value. If a term has a large Prob > | t | value, the term is
statistically not significant and it can be removed from the proxy model to simplify and
improve the model (i.e., to maximize Rzadjusted and Rzpredimon).

For further information, refer to Summary of Fit Table. The significance probability (alpha)
determines whether a response surface term should be included in the reduced response
surface model. If the Prob > | t| of a term is less than or equal to alpha, the term will be
included. The default alpha value is 0.1.
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In CMOST, the reduced linear model is built using the following three-step process:
1. Build the linear model.
2. Remove statistically insignificant terms.

3. Build the reduced linear model using the remaining (statistically significant) terms.
12.4.2.5 Reduced Quadratic Model

Similar to the Reduced Linear Model, the reduced quadratic model is built using the following
three-step process:

1. Build the quadratic model.
2. Remove statistically insignificant terms.

3. Build the reduced quadratic model using the remaining (statistically significant)
terms.

12.4.3 Normalized Parameters (Variables)

The coefficients of a proxy model are highly dependent on the scale of the input variables.
For example, if an input variable is converted from millimeter to meter, the coefficient
changes by a factor of a thousand. If the same change is applied to a squared (quadratic) term,
the coefficient changes by a factor of a million. Since we are interested in the effect size
indicated by the coefficients, we need to examine the coefficients in a more scale-invariant
fashion. This means converting from an arbitrary scale to a meaningful one so that the
magnitudes of the coefficients can be related to the size of the effects on the response. In
CMOST, all input variables (parameters) are scaled to have a mean of zero and a range
from -1 to 1. This corresponds to the scaling used in traditional experimental design. For a
linear term, the coefficient is half the predicted response change as the input variable travels
over its full range, from -1 to 1.

12.4.4 Response Surface Model Verification Plot

The model verification plot shows how the data points fit the model by plotting the actual
response versus the predicted response for each training and verification job. The distance
from each point to the 45 degree line is the error, or residual, for that point. The points that
fall on the 45 degree line are those that are perfectly predicted.

To visually show whether the model is statistically significant, the lower and upper 95%
confidence curves are superimposed on the actual (simulated) vs. proxy predicted plot. The
lower and upper 95% confidence curves are determined using equations given in the paper
“Leverage Plots for General Linear Hypotheses” by John Sall, published in The American
Statistician, November 1990, Vol. 44, No. 4. If the 95% confidence curves cross the
horizontal reference line defined by the Mean of Response, then the model is significant. If
the curves do not cross, then the model is not significant (at the 5% level).

12.4.5 Summary of Fit Table

The Summary of Fit table shows the following numeric summaries of the response surface
model:
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12.4.5.1 R-Squared (R

The coefficient of multiple determination R? is defined as:
R _ Sum of Squares (Model)
Sum of Squares (Total)

R? is a measure of the amount of reduction in the variability of the response obtained by using
the regressor variables in the model. An R2 of 1 occurs when there is a perfect fit (the errors
are all zero). An R? of 0 means that the model predicts the response no better than the overall
response mean. It should be noted that a large value of R does not necessarily imply that the

. . . . . . 2
regression model is a good one. Adding a variable to the model will always increase R,
regardless of whether the additional variable is statistically significant or not. Thus, it is

. 2 . .. .
possible for models that have large values of R to yield poor prediction of new observations.
12.4.5.2 R-Square Adjusted

R? can be adjusted to make it comparable over models with different numbers of regressors
by using the degrees of freedom in its computation, in which case:

2 (n_l) 2
djusted =1- I-R
adj (n_p)( )

Here n is the number of observations (training experiments) and p is the number of terms in

the response model (including the intercept).

In general, R2, justea Will not always increase as variables are added to the model. In fact, if
unnecessary terms are added, the value of RZ justea Will often decrease. When R® and

RZ, justea differ dramatically, there is good chance that non-significant terms have been
included in the model.

12.4.5.3 R-Square Prediction

Defined as:

PRESS

R =1-
Sum of Squares (Total)

prediction

where PRESS is the prediction error sum of squares. To calculate PRESS, select an
observation i. Fit the regression model to the remaining N —1 observations and use this

equation to predict the withheld observation Y; . Denoting this predicted value by ¥, we

can find the prediction error for point i as e, = y; — ¥,;, - The prediction error is often called

the i"™ PRESS residual. This procedure is repeated for each observation I = L,2,---,n,
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producing a set of n PRESS residuals e -+, €, - The PRESS statistic is then defined

e .
1> *@)>
as the sum of squares of the n PRESS residuals.

PRESS = Ze(ﬁ) = Z[yi Vil
i=1 i=1

R-square prediction provides an indication of the predictive capability of the regression
model. For example, we could expect a model with R;redicﬁon =0.95 to “explain” about 95%

of the variability in predicting new observations.
12.4.5.4 Mean of Response

Mean of Response is the overall mean of the response values. It is important as a base model
for prediction because all other models are compared to it.

12.4.5.5 Standard Error (Summary of Fit table)

Standard Error estimates the standard deviation of the random error. It is the square root of
the Error Mean Square in the corresponding Analysis of Variance table. Standard Error
is commonly denoted as o.

12.4.6 Analysis of Variance Table

12.4.6.1 Source

Sourece lists the three sources of variation: Model, Error, and Total.
12.4.6.2 Degrees of Freedom (DF)

Total DF is used for the simple mean model. Only one degree of freedom is used (the
estimate of the mean parameter) in the calculation of variation, so the degrees of freedom for
Total is always one less than the number of observations.

Model DF is the number of terms (except for the intercept) used to fit the model.
Error DF is the difference between Total DF and Model DF.

12.4.6.3 Sum of Squares

The Sum of Squares (SS) column accounts for the variability measured in the response. It is
the sum of squares of the differences between the fitted response and the actual response.

Total SS is the sum of squared distances of each response from the sample mean which is the
base model (or simple mean model) used for comparison with all other models.

Error SS is the sum of squared differences between the fitted values and the actual values.
This sum of squares corresponds to the unexplained Error (residual) after fitting the
regression model.

Total SS less Error SS gives the sum of squares attributed to the Model.

One common set of notations for these is SSR, SSE, and SST for sum of squares due to
Regression (model), Error, and Total, respectively.
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12.4.6.4 Mean Square

Mean Square is a sum of squares divided by its associated degrees of freedom. This
computation converts the sum of squares to an average (mean square).

. . . 2
Error Mean Square estimates the variance of the error term. It is often denoted as S™.
12.4.6.5 F Ratio

F Ratio is the Model Mean Square divided by the Error Mean Square. It tests the
hypothesis that all of the regression parameters (except the intercept) are zero. Under this
whole-model hypothesis, the two mean squares have the same expectation. If the random
errors are normal, then under this hypothesis, the values reported in the Sum of Squares
column are two independent chi-squares. The ratio of these two chi-squares divided by their
respective degrees of freedom (reported in the Degrees of Freedom column) has an
F-distribution. If there is a significant effect in the model, the F Ratio is higher than expected
by chance alone.

12.4.6.6 Prob>F

Prob > F is the probability of obtaining a greater F-value by chance alone if the specified
model fits no better than the overall response mean. Significance probabilities of 0.05 or less
are often considered evidence that there is at least one significant regression factor in the
model. This significance is also shown graphically in Simulated vs. Proxy Predicted plots, as
described in Response Model Verification Plot.

12.4.7 Effect Screening Using Normalized Parameters
12.4.7.1 Term

This column names the estimated terms. The first term is always the intercept. All parameters
are normalized from (Low, High) to (-1, +1).

12.4.7.2 Coefficient

This column lists the parameter estimates for each term. These are the coefficients of the
response surface model found by least squares.

12.4.7.3 Standard Error (Effect Screening Using Normalized Parameters)

Standard Error is the estimate of the standard deviation of the distribution of the parameter
estimate (coefficient). It is used to construct t-tests.

12.4.7.4 t Ratio

t Ratio is a statistic that tests whether the true parameter (coefficient) is zero. It is the ratio of
the coefficient to its standard error and has a Student’s t-distribution under the hypothesis,
given the normal assumptions about the model.

12.4.7.5 Prob > |t|

Prob > |t| is the probability of getting an even greater t-statistic (in absolute value), given the
hypothesis that the parameter (coefficient) is zero. This is the two-tailed test against the

274 o Theoretical Background CMOST User Guide



alternatives in each direction. Probabilities less than 0.05 are often considered as significant
evidence that the parameter (coefficient) is not zero.

12.4.7.6 VIF

This column shows the variance inflation factor, which is a useful measure of the multi-
collinearity problem. Multi-collinearity refers to one or more near-linear dependencies among
the regressor variables due to poor sampling of the design space. Multi-collinearity can have
serious effects on the estimates of the model coefficients and on the general applicability of
the final model.

The larger the variance inflation factor, the more severe the multi-collinearity. Variance
inflation factors should not exceed 4 or 5. If the design matrix is perfectly orthogonal, the
variance inflation factor for all terms will be equal to 1.

12.4.8 Linear Model Effect Estimates

The effect estimate indicates how changing the setting of a parameter changes the response
(objective function). The effect estimate of a single parameter is also called a main effect or
linear effect. To determine the linear (main) effect estimates, the simulation results are fit
using a linear proxy model:

y=2a,+aX +aX ++axX

In effect screening, the coefficients a,,a,,---,a, are called parameter estimates or effect

estimates. In the above equation, a large coefficient suggests that the parameter is important
because it means that increasing or decreasing the parameter value leads to a significant
change in the objective function (response). On the other hand, a small coefficient would
imply that the parameter is not important.

Note that parameter estimates are highly dependent on the scale of the parameter. For
example, if you convert a parameter from grams to kilograms, the parameter estimates change
by a multiple of a thousand. Therefore, the effect estimates should be determined in a scale-
invariant fashion. There are many approaches to doing this. In CMOST, all parameters are
scaled to have a mean of zero and a range of two; i.e., all parameters are scaled to have a
range from -1 to 1. For a simple linear proxy model, the scaled estimate is half the predicted
response change as the parameter travels its full range (i.e., from -1 to 1).

To avoid ambiguous interpretation of tornado plots, CMOST reports the actual predicted
response change as the parameter travels from the smallest sample value to the largest sample
value. As an example, consider the following tornado plot of linear effect estimates:
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Maximum

Target 1|143

Minimum 423.8

PERMV(1000, 2000)

PERMH(1000, 3000) 202.6

Parameters

HTSORG(0.02, 0.06) -20.64|!

POR{0.22, 0.36) :| 19.98

HTSORW(0.16, 0.26) —9.1?2[

-200 0 200 400 600 800 1000 1200
ProducerCumOil (Reduced Linear (alpha=0.1)) (m3)

The above tornado plot shows that the linear effect estimate for PERMV(1000, 2000) is
207.7. This means that if you increase PERMYV from 1000 to 2000, the expected increase of
cumulative oil production is 207.7. Here the word “expected” is used because a linear proxy
model is an approximation of the real reservoir simulation model. The actual increase of the
objective function due to the change of PERMV from 1000 to 2000 varies for different
combinations of sample values of the other parameters.

To demonstrate the relative importance of different parameters, all of the effect estimates are
plotted on the same scale together with “Maximum”, “Minimum”, and “Target” values. The
Maximum is the maximum objective function value of all simulation runs in the design and the
Minimum is the minimum objective function value of all simulation runs in the design. The
Target is the value in the target field history file, if one is specified. For example, the above plot
shows that the Maximum is less than the Target. This indicates that it is not possible to match
the historical value using the given set of parameters and the defined ranges. Based on the effect
estimates of PERMV and PERMH, we may need to adjust the ranges to PERMV(2000, 3000)

and PERMH(3000, 5000) to match the historical value (target) of cumulative oil.

12.4.9 Quadratic Model Effect Estimates

For second-degree (quadratic) polynomial models, parameter interaction effects (cross terms
X;X;) and quadratic effects ( X?) can be extracted in addition to linear effects (X ):

k k k
Y=g+ D X+ ) Xy + > > XX,
i1 ]

i<j j=2
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Similar to linear model effect estimates, quadratic model effect estimates are determined in a
scale-invariant fashion. More specifically, all parameters are scaled to have a mean of zero
and a range from -1 to 1. For this reason, for the linear and cross terms in the quadratic
model, the scaled estimate is half the predicted response change as the parameter travels
through its range (from -1 to 1). To avoid ambiguous interpretation of tornado plots, CMOST
reports the actual predicted response change as the parameter (or the cross and quadratic
terms) travels from the smallest sample value to the largest sample value. A sample tornado
of polynomial effect estimates is shown below:

Maximum
Target i
Minimum
PERMH(3000, 6000)
PERMV(2000, 2800)
porpermt 1 e
POR(0.22, 0.36)
POR*PERMV L
POR’POR | 2852
HTSORG(0.02, 0.06) -44.63 |:
PERMH*PERMV | |aa.62
PERMH*PERMH -11.61
HTSORWI(0.16, 0.26) -11.57
PERMV"HTSORW 10.58
PERMH"HTSORW 10.35
PERMH"HTSORG -0.344
POR*HTSORW -5.035
PERMV*PERMV 4.63
HTSORW*HTSORW 2.372
PERMV*HTSORG -1.117
POR"HTSORG -0.757
HTSORW"HTSORG 0.3306
HTSORG*HTSORG -0.2018

Parameters

-500 0 500 1000 1500
ProducerCumQil (Quadratic) (m3)

The following table explains the interpretation of the above tornado plot:
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Effect Estimate

Term Scaled Term
(see note)
PERMH(3000, 6000) PERMH = 2(PERMH ~3000) _ 273
6000 —3000
PERMV/(2000, 2800) PERMY = Z(PERMV =2000) | 2232
2800 —2000
POR*PERMH POR x PERMH -62.86
POR(0.22, 0.36) pOR = 2POR-022) -57.77
0.36-0.22
POP*PERMV POR x PERMV -57.35
POR*POR POR x POR 48.52
HTSORG(0.02,0.06) ~ HTSORG = 2(HTSORG ~0.02) _ -44.63
0.06 —0.02
PERMH*
PERMV PERMH x PERMV 44.62

NOTE: Effect Estimate is the expected change of the objective function when the scaled

term travels from -1 to +1.

Analysis of this particular tornado plot suggests the following conclusions regarding the
sensitivities of the parameters on cumulative oil production:

1. The two most important effects are the main (linear) effects of PERMH and

PERMV

. The linear effects of POR and HTSORG are relatively important.
3. There are interaction effects between POR and PERMH, POR and PERMV, and

PERMH and PERMV.

4. The non-linear (quadratic) effect of POR*POR is also relatively important.
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12.4.10 Reduced Model Effect Estimates

It is common that some model terms of a linear or quadratic model are not statistically
significant. Consider the quadratic model with the following Effect Screening table, where
all terms, including those that are statistically insignificant, are included:

Effect Screening Using Normalized Parameters (-1, +1)

Term Coefficient Standard Error t Ratio Prob = |t] VIF
Intercept 1080.63 1.03297 1046.14 =0.00001 0.00
POR(0.22, 0.36) -28.8831 0.814213 -35.4736 =0.00001 211
PERME(3000, 6000) 136.502 1.25812 108.497 =0.00001 1.99
PERMV(2000, 2800) 111.5592 1.08473 102.875 =0.00001 1.95
HTSORW(0.16, 0.26) -5.78541 0.814184 -7.10578 =0.00001 223
HTSORG(0.02, 0.06) -22.3161 0.725486 -30.7602 =0.00001 258
POR*POR 24.2588 0.855241 28.3648 =0.00001 1.34
POR*PERNMH -31.4312 1.45535 -21.5569 =0.00001 211
POR*PERMV -28.6733 1.25344 -22.8757 =0.00001 1.41
POR*HTSORW -2.51768 0.858544 -2.53113 0.00365 1.52
POR*HTSORG -0.37848 0.752128 -0.503212 0.61520 137
PERMH*PERMH -5.80305 1.73751 -3.33586 0.00085 1.67
PERMH*PERMV 223116 1.92437 11.553 =0.00001 1.59
PERMH*HTSORW 5.17292 1.39466 3.7091 0.00025 2.17
PERMI*HTSORG -4.67192 1.25538 -3.72151 0.00024 2.12
PERMV*PERMV 231511 1.10101 210271 0.03635 1.58
PERMV*HTSORW 5.28869 1.18111 447773 0.00001 1.28
PERMV*HTSORG -0.55871 1.15002 -0.485826 0.62746 1.49
HTSORW*HTSORW 1.1861 0.881061 1.34621 0.17928 138
HTSORW*HTSORG 0.165283 0.76383 0216388 0.82884 1.66
HTSORG*HTSORG -0.100886 0.821057 -0.122873 0.50229 1.09

Through the Proxy Settings tab, if you set Exclude Statistically Insignificant Terms to True,
then the proxy model will be built using only those terms that are significant; i.e., which have
Prob > |t| values greater than the value you set for Significant Probability Alpha. A simple
quadratic model can then be built using only significant terms. The Effect Screening table and
its corresponding tornado plot for the simple quadratic model are shown below:

Effect Screening Using Normalized Parameters (-1, +1)

Term Coefficient Standard Error t Ratio Prob = [t] VIF
Intercept 1082.85 1.57379 688.054 <0.00001 0.00
POR(0.22, 0.36) -37.7964 1.29896 -29.0975 =0.00001 1.26
PERME(3000, 6000) 138.419 2.25512 61.3796 <0.00001 1.50
PERMV(2000, 2800) 113.641 1.83268 62.0083 <0.00001 1.31
HTSORW(D.16, 0.26) -4.1204 1.16071 -3.54991 0.00045 1.07
HTSORG(0.02, 0.06) -23.818% 1.02712 -23.19 =0.00001 1.22
POR*POR. 20.8747 1.65917 12.2853 =0.00001 1.25
PERMH*PERMH -17.5138 3.26005 -5.49496 =<0.00001 1.38
PERMV*PERMV -3.59582 1.98526 -1.80762 0.07166 1.22
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Target |1143
PERMH(3000, 6000) s
» PERMV(2000, 2800) izm
=
E POR(0.22, 0.36) .75.59
@ HTSORG(0.02, 0.06) -4?.64|:
PORPOR :|41.?5
PERMH*PERMH .35.33[
HTSORW({0.16, 0.26) -s.241[
PERMV*PERMV -7.192 [

-500

o

500 1000 1500
ProducerCumQil (Reduced SimpleQuadratic (alpha=0.1)) (m3)

12.4.11 Radial Basis Function (RBF) Neural Network

A single-layer radial basis function (RBF) network consists of an input layer of source nodes,
a single hidden layer of nonlinear processing units, and an output layer of linear weights. The
input-output mapping performed by the RBF network can be described as:

y(x,)=w, +ZWi(P(Xpo) (1)
i=1

Where ¢(x;i,X;) is the radial basis function, which depends on the distance between the input
parameter vector X, and the center X; and, in the general case, on the mutual orientation of
these vectors in N-dimensional parameter space. The distance and scale orientation, as well as
the precise shape of the radial function, are fixed parameters of the model. j(x,) is the value
of an objective function (for example, NPV, Cumulative Oil, or SOR) at the point X, in
N-dimensional parameter space, and M is the size of the training data. Centers X; correspond
to the training parameters in the initial Latin Hypercube design.

Radial basis functions can be used to represent any function, which can then be used as
network building blocks. Examples include Gaussian kernels, which are based on the
assumption that the network’s response monotonically decreases with distance from central
points. We have found that the network’s response increases as a power function of the
distance between two N-dimensional points in the parameter space, in which case, the RBF
can best be approximated by the following power function:

@i(xi,xp) = 0.01 L275(x;,%,)  (2)
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where function L defines the square of the distance between points x; and x,, in the general
case of anisotropic metrics. Normally, the anisotropy factor is neglected for high-dimensional
cases due to the infeasibility of full-scale multi-dimensional analysis, in which case, L is
selected on the basis of the squared Euclidean distance between parameters X + Z and X .
While this may be satisfactory, it can be improved by recognizing the inherently anisotropic
nature of equation (2). With this approach, which lies somewhere between a full-scale multi-
dimensional fitting (which is still infeasible as a result of limited training data), and the case
where anisotropy is completely neglected, the non-Euclidean squared distance in the M-
dimensional parameter space is introduced using the following non-Euclidean diagonal
metric relationship:

M
2
L=)g,Ax, (3)
a=1

where AX, is the difference between & -components of parameters at the considered points,
and ¢, are parameters found by fitting the experimental variogram into the analytical neuron

functions of non-Euclidean distance defined by (3) under the constraint ¢, 20,V . The
latter constraint guarantees the positive definition of the metrics, as shown in (4).

It has been found that, for the base case considered below, the RBF neural networks
algorithm based on the metrics (4) provides better interpolation than the corresponding

algorithm based on Euclidean distance (the latter corresponds to the case§, =1,Va). Asa

result, training data can be reduced, resulting in less time needed to construct the proxy
engine.

Parameters w; are estimated by exactly fitting the model (1) to the training data, with the
additional constraint of normalized nodal weights:

M
;Wi(xp)=1 (4)

The values of parameters W; represent the “importance” of each parameter in the parameter
space.

In the current CMOST implementation, in the proxy analysis section, the user can choose
between isotropic and anisotropic versions of the RBF proxy (i.e. between Euclidean and non-
Euclidean metrics); however, when the size of the Latin Hypercube exceeds 200, only the
isotropic version is used since the construction of the anisotropic RBF would take too long.

It is important to understand that the quality of RBF proxy prediction (as well as the quality
of polynomial proxy) improves with the increased size of the training Latin Hypercube
design; however, a threshold is eventually reached, after which further improvement will be
marginal, as shown in the following curve of typical prediction error dynamics:

CMOST User Guide Theoretical Background e 281



15

Cum. SOR Prediction Error (%)

05

O T T T T
0 500 1000 1500 2000

Training Job ID

Figure 8 Typical Prediction Error Dynamics for RBF Proxy

The value of the Job ID defining the beginning of this leveling out depends on the type of
proxy and the number of parameters. It is important to know this point a priori, before
constructing the Latin Hypercube design.

12.4.12 Sobol Method
12.4.12.1 Sobol Method Overview

The Sobol method (Sobol 1993) is a type of variance-based sensitivity analysis. For
information about interpreting Sobol analysis results in CMOST, refer to Sobol Analysis. The
main idea of variance-based methods is to quantify the amount of variance that each input
factor X; contributes to the unconditional variance of output V(Y). Working within a
probabilistic framework, the Sobol method decomposes the variance of the model output into
fractions that can be attributed to inputs (Saltelli, Annoni, et al. 2010). For example, given a
model with two inputs and one output, 60% of the output variance may be caused by variance
of the first input, 30% by the variance of the second, and 10% due to interactions between the
two. These percentages are directly interpreted as measures of sensitivity.

Sobol-method data analysis is based on the following variance-based measures of sensitivity:

»  First-order sensitivity index, or main effect: This is the contribution to model
output variance due to the variation of X; alone. It is normalized by the total
variance, to provide a fractional contribution (S;) (Sobol 1993). The first-order
index represents the main effect contribution of each input factor to the variance of
the output, and is used as an indicator of the importance of X; on Y, i.e. the
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sensitivity of Y to X;. Various other names for this ratio can be found in the
literature, including importance measure and correlation ratio (Saltelli, Ratto, et al.
2008).

* Higher-order interaction effects: Input factors interact when their effect on Y
cannot be expressed as the sum of their individual effects. Interactions may imply,
for instance, that values of output Y are uniquely associated with particular
combinations of model inputs, in a way that is not described by the first-order
effects S; mentioned previously (Saltelli, Ratto, et al. 2008). Interactions represent
important features of models, and are more difficult to detect than first-order
effects (Saltelli, Tarantola, et al. 2004).

» Total order effect: The sum of all first- and higher-order effects that an input
factor accounts for is called the total effect. For an input X, the total sensitivity
index Srt; is defined as the sum of all indices relating to X; (Saltelli, Ratto, et al.
2008). In the case of a model with three input factors (k = 3), for example, the total
sensitivity index for input factor X; would be: St; = S; + S5 + Si3+ Sas.

Brute-force computation of all effects, to obtain the total effect, is not practical when the
number of input factors (k) gets large, since the number of terms that need to be evaluated is
equal to 2k — 1 (Ekstrom 2005). Instead, we use techniques for estimating total indices for a
computing cost similar to that for calculating first-order indices, thereby circumventing the
so-called curse of dimensionality. We generally compute the set of all S; plus the set of all St
to obtain a cost-effective determination of model sensitivities (Saltelli, Tarantola, et al. 2004).
The method for computing these indices is outlined in the following sections.

Variance-based measures of sensitivity are attractive because they measure sensitivity across
the entire input space (i.e. global sensitivity analysis), they can deal with nonlinear responses,
and they can measure the effect of interactions in non-additive systems (Saltelli, Annoni, et
al. 2010).

12.4.12.2 Calculation Steps

Sobol introduced the first-order sensitivity index by decomposing the model function into
summands of increasing dimensionality (Sobol 1993):

d d
fX)=fo+ Zfi(Xi) + Zfij(Xin) +-+ fiz.a
o1 i<y

This representation of model function f(X) holds if f; is a constant, and the integrals of every
summand over any of the variables are zero, i.e.:

1
J fi1i2---is (Xil'Xiz' ""Xis)dXik = O,fOT k= il, . I:S
0
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As a consequence of this, all of the summands are mutually orthogonal. The total variance
V(Y) is defined as:

1
f filiz---is (Xil’Xiz’ "'JXiS)dXik = O,fOT' k= il, ey is
0

and the partial variances can be computed from each of the terms in the decomposed model
function:

1 1
Viii, i, =f f fi, i (Xi, Xiy, o, Xi ) dX;, o dX;,
0 0

where:
1<iy < <ig <kands=1,..,k

For analytically tractable functions, the above indices may be calculated analytically by
evaluating the integrals in the decomposition; however, in the vast majority of cases, they are
estimated using the Monte Carlo method.

12.4.12.3 Sampling Sequence

The Monte Carlo approach involves generating a sequence of randomly distributed points
inside the unit hypercube. In practice, it is common to substitute random sequences with low-
discrepancy sequences to improve the efficiency of the estimators (Saltelli, Ratto, et al.
2008). This is known as the quasi-Monte Carlo method. These sequences are specifically
designed to generate samples of points as uniformly as possible over the unit hypercube.
Unlike random numbers, successive quasi-random points are determined with prior
knowledge of the position of previously sampled points, filling in the gaps between them.
Sobol sequences are examples of quasi-random low-discrepancy sequences. They outperform
crude Monte Carlo sampling in estimating multi-dimensional integrals (Saltelli, Tarantola, et
al. 2004).
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Figure 9: Sampling Points from Low-Discrepancy Sequence (left) Compared with Points from Pseudorandom

Number Source (right) [low-discrepancy sequence covers space more evenly]
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12.4.12.4 Estimators

Indices are calculated using a quasi-Monte Carlo method (Saltelli, Ratto, et al. 2008), as
follows:

1. Generate a (N, 2k) matrix of random numbers (K is the number of inputs) using the
Sobol sequence described previously, and define two matrices of data (A and B),
each containing half of the sample. N is referred to as the base sample. The order
of magnitude of N is from a few hundred to a few thousand.

xil) xgl) xi(l) x,El)
@ XD L R
A= :
xiN—l) ng_l) xi(N—l) x]E:N_l)
N O (0
X,&)l xlgn-)z xl(cl+)i xé}{)
B = : . :
e
B T i R
2. Define a matrix C; formed by all columns of B except for the i column, which is
taken from A:
X gz v 4D Xy
C; = : . :
AP
P

3. Compute the model output for all input values in sample matrices A, B, and all C,,
obtaining vectors of model outputs of dimension N x 1:

ya = f(4), yg =f(B), Ye; = f(C)
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These vectors are all that is needed to compute the Monte Carlo estimates of total and partial
variances, and from these, to calculate first and total effect indices:

- [ Y|X zy(l)y((:J) szy(nz y(J)
T YTIRE

where the mean is:

Z ym

Similarly, the method estimates total effect indices as follows (Saltelli, Annoni, et al. 2010):

VIE(Y X)), w2oyeye - &
ST-:I— =1—

| v(Y) IS

The difference Stj — S; is a measure of the degree with which X interacts with other input
factors.

12.4.13 Morris Method
12.4.13.1 Morris Method Overview

The Morris method of global sensitivity analysis (also called the elementary effects [EE]
method) is a screening method used to identify model inputs that have the greatest influence
on model outputs. For information about interpreting the results of the Morris method, refer
to Morris Analysis. The Morris method is a simple but effective way to screen the important
input factors from all of those used by the model (Saltelli, Ratto, et al. 2008). It is based on a
replicated, randomized “one-at-a-time” (OAT) experiment design where, in each run, only
one input parameter is assigned a new value. This facilitates global sensitivity analysis by
making r local changes at different points X;, selected from the range of possible input values.

Data is then analyzed based on elementary effects to determine the change in output due to
the change of a particular input factor in the OAT design. The method is global in the sense
that it varies over the range of input factor uncertainty (Ekstrom 2005).

As with other screening methods, the EE method provides a measure of qualitative
sensitivity, which leads to the identification of non-influential inputs, and ranks input factors
in order of importance, without quantifying their relative importance (Morris 1991).

The Morris method provides two sensitivity measures for each input factor (Saltelli, Ratto, et
al. 2008):

* 4, which provides an assessment of the overall importance of an input factor on the
model output, and
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* ¢, which describes non-linear effects and interactions.

With these two measures, the Morris method can be used to determine if the effect of input
factor X; on output Y is:

* negligible,
e linear and additive, or

* nonlinear but involved in interactions with other input factors X_;.
12.4.13.2 Calculation Steps

Sensitivity measures p and o are determined by constructing a set of trajectories in the input
space, and randomly moving model inputs one-at-a-time (OAT) (Saltelli, Tarantola, et al.
2004).

For this purpose, the input factor space Q is first discretized into p “levels” with possible
input factor values constrained inside a regular k-dimensional p-level grid, where K is number
of the model’s input factors and p is the number of design levels.

The method starts by sampling a set of randomly selected start values (random seed) within
the defined ranges of possible values, as described above, then calculating the subsequent
model outcome Y.

The second step changes the value for one variable by A (with all other inputs maintained at
their start values) and calculates the resulting change in model outcome compared to the first
run. Next, the values for another variable are changed by A (the previous variable is kept at its
changed value and all other ones are kept at their start values) and the resulting change in
model outcome compared to the second run is calculated. This is repeated until all input
variables are changed, and one trajectory is created.

Then, the elementary effect (EE) of a given value of input factor X; is defined as a finite
difference derivative approximation (Saltelli, Ratto, et al. 2008):

[Y(Xl,Xz,...,Xi_l,Xi + A,Xi_l_l,...,Xk) - Y(X)]

EE;(X) = 3

This procedure is repeated r times, each time with a different set of start values, which leads
to a total number of I trajectories, equivalent to r(k + 1) runs. The required number of runs is
much less that that required by the more demanding sensitivity analysis methods (Saltelli,
Tarantola, et al. 2004).
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¢ Repeat
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Calculate the elementary effect:
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Repeat the last step until every input is modified,
producing a randomly constructed path in the |/
input parameter space

Figure 10 Example of Morris Trajectories for the Case of Three Parameters

The two measures ¢ and ¢ are then defined as the mean and standard deviation of the
distribution of the elementary effects of each input (Saltelli, Ratto, et al. 2008):

1w ;
pi= 1 > EE(X)
j=1
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An important point about the mean, , is the problem of type II errors (failing to identify a
factor with considerable influence on the model) (Saltelli, Ratto, et al. 2008). In this case, if
the finite distribution of the elementary effects associated with the i" input factor contains
negative elements, which occurs when the model is nonmonotonic, some effects may cancel
out when the mean is computed. Thus, for a factor with elementary effects that have different
signs which cancel each other out), we would have a low value of U but a large value of o,
which leads to underestimating the importance of the factor or overestimating its involvement
in interaction with other factors, and the non-linearity of its effect.

To avoid this problem, (Campolongo and Saltelli 2007) proposed a revised measure, 1,
which is the mean of the distribution of the absolute values of the elementary effects of the
input factors:

r

1 .
i = - ) JEEGD)

j=1

At the end of the method, after r trajectories are created, each input will have a distribution of
I elementary effects. Thus, the mean 4 and the standard deviation o of these distributions can
be calculated as follows:

£
|EE11], |EE12], ..., |IEE+/] W;,04
|EE21], |EEz], ..., |EE2] 1,0,
|EExi, |EEie], -, |EEid] TN

12.4.13.3Choosing Morris Method Parameters

A critical choice related to the implementation of the Morris elementary effects method is the
choice of parameters p and A (Ekstrom 2005). The choice of p is strictly linked to the choice
of r. If a high value of p is considered, producing a high number of possible levels to be
explored, the accuracy of the sampling will only seem to be enhanced. If this is not coupled
with a high value of 1, the effort will be wasted, since many possible levels will remain
unexplored (Saltelli, Ratto, et al. 2008).
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The literature shows that a convenient choice for the parameters p and A is to have p even and
A equal to:

p
A= ——
2(p—1)
This choice has the advantage that the design’s sampling strategy guarantees equal-

probability sampling from the finite distribution of elementary effects associated with the
input factors [for details, see (Morris 1991)].

12.5 Optimizers

12.5.1 CMG DECE

The CMOST DECE (Designed Exploration and Controlled Evolution) optimizer implements
CMG’s proprietary optimization method. The DECE optimization method is based on the
process which reservoir engineers commonly use to solve history matching or optimization
problems. For simplicity, DECE optimization can be described as an iterative optimization
process that first applies a designed exploration stage and then a controlled evolution stage. In
the designed exploration stage, the goal is to explore the search space in a designed random
manner such that maximum information about the solution space can be obtained. In this
stage, experimental design and Tabu search techniques are applied to select parameter values
and create representative simulation datasets. In the controlled evolution stage, statistical
analyses are performed for the simulation results obtained in the designed exploration stage.
Based on the analyses, the DECE algorithm scrutinizes every candidate value of each
parameter to determine if there is a better chance to improve solution quality if certain
candidate values are rejected (banned) from being picked again. These rejected candidate
values are remembered by the algorithm and they will not be used in the next controlled
exploration stage. To minimize the possibility of being trapped in local minima, the DECE
algorithm checks rejected candidate values from time to time to make sure previous rejection
decisions are still valid. If the algorithm determines that certain rejection decisions are not
valid, the rejection decisions are recalled and corresponding candidate values are used again.

The DECE optimization method has been successfully applied in a number of real-world
reservoir simulation studies, including:

e History matching for a highly heterogeneous black oil model

e History matching of cold heavy oil production with aquifer

e History matching of cyclic steam stimulation process

e NPV optimization for a post-primary SAGD model with aquifer
o NPV optimization for a 6 well pair SAGD model

The results demonstrate that DECE optimization method is reliable and efficient. Therefore,
it is one of the recommended optimization methods in CMOST.
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12.5.2 Latin Hypercube plus Proxy Optimization

Use of this optimization algorithm involves the following four steps:

L.

Latin Hypercube Design: The purpose of Latin hypercube design is to construct
combinations of the input parameter values so that the maximum information can be
obtained from the minimum number of simulation runs. Latin hypercube design is
chosen here because it can handle any number of input parameters with mixed levels.
See Latin Hypercube Design for further information.

Proxy Modeling: In this step, an empirical proxy model is built using training data
obtained from Latin hypercube design runs. The proxy model options available are
polynomial regression model and RBF (radial basis function) neural network.
Polynomial regression models have been widely used for the analysis of physical
and computer experiments due to their ease of understanding, flexibility, and
computational efficiency. The cost of the RBF is normally significantly higher than
the cost of the polynomial regression estimate; however, it is still orders of
magnitude faster than actual simulation and it may provide more accurate prediction
than polynomial models. Refer to Proxy Modeling for further information.

Proxy-based Optimization: Due to the intrinsic limitations of a proxy model, it is
generally recognized that they usually cannot give accurate predictions for highly
nonlinear multidimensional problems. Therefore, the optimal solution obtained
based on the proxy model may not be the true optimal for the actual reservoir
model. This means that certain suboptimal solutions of the proxy model may
become the true optimal solution for the actual reservoir model. To counteract
false optimum predictions, a pre-defined number of possible optimum solutions
(i.e., suboptimal solutions of the proxy model) are generated to increase the chance
of finding the global optimum solution.

Validation and Iteration: For each possible optimum solution found through proxy
optimization, a reservoir simulation needs to be conducted to obtain the true
objective function value. To further improve the prediction accuracy of the proxy
model, the validated solutions can be added to the initial training data set. The
updated training data set can then be used to build a new proxy model. With the
new proxy model, a new set of possible optimum solutions can be obtained. This
iterative procedure can be continued for a given number of iterations or until a
satisfactory optimal solution is found.

The following figure illustrates the workflow of the Latin hypercube plus proxy optimization

algorithm:
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One unique characteristic of Latin Hypercube plus Proxy optimization is a jump in the
solution quality after the Latin hypercube design is finished and proxy optimization starts.
For example, as shown in the following figure, after the initial 60 Latin Hypercube design
runs, the global optimum solution is quickly found within two iterations of proxy
optimization (there are 10 experiments in each iteration).
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12.5.3 Particle Swarm Optimization

Particle swarm optimization (PSO) is a population-based stochastic optimization technique
developed by James Kennedy and Russell C. Eberhart in 1995, inspired by social behavior of
bird flocking and fish schooling.

Social influence and social learning enable a person to maintain cognitive consistency. People
solve problems by talking with other people about them and, as they interact, their beliefs,
attitudes, and behaviors change. The changes can be depicted as the individuals moving
toward one another in a sociocognitive space.

Particle swarm simulates this kind of social optimization. The system is initialized with a
population of random solutions and searches for optima by updating generations. The
individuals iteratively evaluate their candidate solutions and remember the location of their
best success so far, making this information available to their neighbors. They are also able to
see where their neighbors have had success. Movements through the search space are guided
by these successes, with the population usually converging towards good solutions.

For information about configuring a CMOST particle swarm optimization, refer to Particle
Swarm Optimization (PSO).
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12.5.4 Pareto Front Particle Swarm Optimization

Pareto optimization aims to find the Pareto front, which consists of multiple optimal “trade-
offs” of local objective functions. Consider a bi-objective minimization problem, for
example. As shown in the following figure, there are two objective function values for each
solution. The target is to minimize both f1 and f2 simultaneously.

To explain the concept of Pareto optimization, the following terms are defined.

+ Domination: When two solutions, for example a and b, are compared, if all the
objective values of a are “better” (smaller) than those of b, then solution a
dominates solution b.

» Leader/Non-dominated solution: If a solution is not dominated by any other
solution, it is called a non-dominated solution or leader.

+ Pareto front: The ensemble of leaders’ objectives is termed the Pareto front.

f . .
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© o o °
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The Multiple Objective Particle Swarm Optimizer (MO-PSO) proposed by (Coello, Pulido
and Lechuga 2004) is used in CMOST for Pareto front optimization. An external archive is
used to store the best solutions (leaders) that the swarm has discovered. The particle updating
process is very similar to that of Particle Swarm Optimization (PSO). The only difference is
that a chosen leader is used to update particle velocity instead of the swarm’s global best
position. When selecting the leader, the one with the highest crowding distance is given the
highest selection priority. Crowding distance is calculated based on the relative location of
the leaders in the search space (Raquel and Naval Jr. 2005).

Once all the particles’ locations are updated, the objective function values are evaluated by
conducting reservoir simulation. Once all the particles are evaluated, the history of each particle
is updated to get the local best position. The external archive is then updated by inserting new
non-dominated leaders to the archive and deleting the dominated old leaders. The particle
positions are updated, and the iteration is stopped once the preset stop criteria are met.

For information about configuring a CMOST Pareto Front particle swarm optimization, refer
to Pareto Front PSO Engine Settings.
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12.5.5 Differential Evolution

Differential Evolution (DE) was introduced by (Storn and Price 1995) to address optimization
problems. There are four steps in the DE mechanism, as described below:

The system is initialized with a population of random solutions. It then searches for optima
by updating this population. The mutation process involves adding a scaled difference of two
solutions, using factor F, to the best solution in each population, to generate a new
population. The crossover operation uses factor Cr to increase the newly-generated-
population diversity. Finally, a selection operator is applied to preserve the optimal solutions
for the next generation.

For information about configuring a CMOST differential evolution, refer to Differential

Evolution (DE).

12.5.6 Random Brute Force Search

The brute force search method is a straightforward optimization method that evaluates all

possible solutions and decides afterwards which one is the best. It is feasible only for small
problems in terms of the dimensionality of the search space, since CMOST requires that the
search space (the number of all possible parameter value combinations) be less than 65536.

To address the limitations of the brute force search, CMOST has implemented random search
methods for optimization, based on exploring the domain in a random manner to find
optimum solutions. These are the simplest methods of stochastic optimization and can be
quite effective in some problems (small search space and fast-running simulation jobs). There
are many different algorithms for random search such as blind random search, localized
random search, and enhanced localized random search. The algorithm implemented in
CMOST is blind random search. This is the simplest random search method, where the
current sampling does not take into account the previous samples. That is, this blind search
approach does not adapt the current sampling strategy to information that has been garnered
in the search process. One advantage of blind random search is that it is guaranteed to
converge to the optimum solution as the number of function evaluations (simulations) gets
large. Realistically, however, this convergence feature may have limited use in practice since
the algorithm may take a prohibitively large number of function evaluations (simulations) to
reach the optimum solution.

For information about random brute force search configuration settings, refer to Random
Brute Force Search.
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13 Glossary

The following terms are:

*  CMOST terms, or terms that have specific meaning within the CMOST context.

* Terms needed to describe the application and use of CMOST.

Term

Definition

Base 3tp File

Base Dataset

Base IRF

Base Session File
Box-Behnken Design
Brute Force Search
Candidate Values List
Central Composite

Design

Characteristic Date
Time

File created by Results 3D using the base IRF. The base 3tp file is
used by CMOST as the basis for displaying plots in Results 3D.

A valid dataset for any CMG simulator that is used as the basis for a
CMOST study. The master dataset is derived from the base dataset.

Simulation results file which uses default parameter values.

File created by Results Graph using the base IRF. The base session
file is used by CMOST as the basis for displaying plots in Results
Graph.

A set of experiments designed to have more runs at the middle
values of the input parameters.

History Matching and Optimization method in which all
combinations of parameter values are tested.

List of values that will be substituted for a discrete type parameter
in a Master Dataset.

A set of experiments with runs which are evenly distributed at low,
middle, and high values of the input parameters.

Dates used in the calculation of an objective function. Characteristic
date times include:

¢ Built-in fixed date times, the simulation start and end date times
derived from the SR2 files.

* Fixed date times, entered by users.

* Dynamic date times from original time series, such as the date
the value of an original time series exceeds a certain quantity.

* Dynamic date times from user-defined time series.
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Term

Definition

CMG DECE
CMM Editor

CMM File
CMOST

CMR File

CMT File

Coalescence

Constraint

Cross Plot

Date Time

DE (Differential
Evolution)

DECE (Designed
Exploration Controlled
Evolution)

Dictionary File

Dynamic Date Time

See DECE.

Tool for viewing, navigating, and editing the CMOST Master
Dataset (.cmm) and related include files (.inc) files. For further
information refer to CMM File Editor.

See Master Dataset.

CMG’’s sensitivity assessment (SA), history matching (HM),
optimization (OP), and uncertainty assessment (UA) tool.

Results file from earlier versions of CMOST. Refer to Converting
old CMOST Files to new CMOST Files for information about
converting CMR files to new CMOST project and study files.

Task file from earlier versions of CMOST. Refer to Converting old
CMOST Files to new CMOST Files for information about
converting CMT files to new CMOST project and study files.

CMOST technique for combining, or coalescing lines, in time-series
plots to improve display performance. Refer to Coalescence for
further information.

In History Matching and Optimization, used to prevent unnecessary
simulation runs and to allow users to change Objective Function
values when constraints are violated. For further information, refer
to Hard Constraint and Soft Constraint.

XY plots which are used to identify trends and relationships. The
axes can, for example, be parameters or objective functions. For
further information, see Parameter Cross Plots and Objective
Function Cross Plots.

Refer to Characteristic Date Time for information about date times
used in CMOST.

History matching and optimization method in which the run is
initialized with a population of random solutions or pre-defined
known ones. DE attempts to find parameter values in an intelligent
manner to get optimal solutions. Refer to Differential Evolution
(DE) for more information.

CMG-proprietary History Matching and Optimization method. For
further information, see CMG DECE.

Text file that contains a repository for descriptions (name,
dimensions, data range, and so on) of simulation data items in the
SR2 files.

A date time from an original or a user-defined time series, on which
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Term Definition
a condition is met for the first or the last time; for example, the first
date time at which a property reaches a critical value.

Experiment A CMOST experiment is defined by a unique set of input

Experimental Design

FHF (Field History
File)

Fixed Date Simulation

Results Observer

Fixed Date Times

Fluid Contact Depth
Series

Formula

Fractional Factorial
Design

Full Factorial Design
Fundamental Data

Hard Constraint

Histogram

HM (History
Matching)

History Matched

parameters and objective functions.

Definition of a set of experiments, optimally selected to obtain
information about a response.

A text file containing reservoir production or injection data for one
or more wells. Field History Files are required only for History

Matching.

A Results Observer that collects data at one point in time for each
simulation.

User-defined fixed date, for example, YearEnd2011, used in the
determination of an objective function, such as the cumulative oil
produced by the end of 2011. Refer to Characteristic Date Times for
information about specifying fixed data times.

If the SR2 files contain fluid saturation data, CMOST can calculate
gas-oil, water-oil, and water-gas contact depths at well locations.
These depths are calculated for each time step that fluid saturation
data is available. These depths can then be used as time series data

for history matching.

Equation entered in a Master Dataset to perform calculations on
values during a CMOST run.

In classic experimental design, a sampling method in which a subset
of the samples determined from a full factorial design is chosen to
determine information about the important aspects of a study.

Study with experiments that take on all possible combinations of
parameter values at two or three selected levels.

Data (time, time series, distance vs. depth, and fluid contacts) that is
obtained or calculated directly from SR2 files.

If a hard constraint is violated, the simulation run will not take place
as these constraints are checked by the CMOST engine prior to the
start of the run. See Hard Constraints for information about
specifying hard constraints.

A graph with values or ranges of values on the x-axis and bars, the
height of which represents occurrence, in the y direction.

CMOST analysis to match simulation results to production history.

See Matched Model.
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Model

History Matching Percentage relative error between simulation results and production

Error history obtained from, for example, a Field History File.

Include File A data file (an array of porosity data, for example) that is included
in a Master Dataset by reference.

Intermediate A parameter that is entered in the Parameters table to help defined

Parameter the relationships between two other parameters. For an example,
refer to To add an intermediate parameter.

IRF (Indexed Results  Text file in the SR2 file system describing the data in the MRF

File) (Main Results File) and how to obtain this data.

LHD (Latin Technique for constructing combinations of input parameter values

Hypercube Design) so that the maximum information can be obtained from the
minimum number of simulation runs.

Latin Hypercube Plus  Latin hypercube design is used to construct experiments then an

Proxy Optimization

Local Objective
Function

Master Dataset
(CMM)

Match Quality

Matched Model

Monte Carlo
Simulation

Monte Carlo
Simulation Using
Proxy

empirical proxy model is built using the training data obtained from
the Latin hypercube design runs. The proxy model is then used to
determine the optimal solution. See Latin Hypercube plus Proxy for
further information.

A function that the user wants to minimize (history matching error,
for example) or maximize (net present value, for example). Refer to
Objective Function for additional information.

Version of the Base Dataset that has been modified to tell CMOST
where to enter different parameter values, thereby creating a new
dataset for each experiment.

In history matching, a measure of the match between the results of a
CMOST study and a field history file. Refer to History Match
Quality for further information.

Model produced by minimizing the history matching error. Also
referred to as a history-matched model.

Simulations that involve repeated generation of outputs using
randomly generated inputs which follow defined probability
distributions.

Uncertainty Assessment method. Using Monte Carlo simulation,
inputs are randomly generated from probability distributions to
simulate the process of sampling from an actual population. These
inputs are then fed into the response surface (proxy) model, which is
used to generate outputs and determine the uncertainty in the
reservoir model. See Monte Carlo Simulation Using Proxy for
further information.
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Monte Carlo
Simulation Using
Reservoir Simulation

Morris Method

MRF (Main Results
File)

NPV (Net Present
Value)

Objective Function

Observer

OPAAT (One
Parameter At A Time
Sampling)

OP (Optimization)

Optimal Model

Optimizer

Uncertainty Assessment method. In this case, the inputs selected
from the Monte Carlo simulation are run through the simulator to
generate outputs and determine the uncertainty in the reservoir
model. See Monte Carlo Simulation Using Simulator for further
information.

Qualitative screening method used in sensitivity analysis to identify
inputs that do not significantly affect the global objective function
and to rank the inputs in order of their importance, thereby reducing
computation costs. Refer to Morris Method for theoretical
information, and to Sobol/Morris Analysis for information about the
display and interpretation of Morris results.

Main Results File, a binary file in the SR2 file system containing
simulation data.

Stream of future cash flows discounted to a given date (present date
or base date) to reflect the time value of money and other factors,
such as investment risk.

An expression or quantity that the user wants to minimize or
maximize. In the case of History Matching, for example, the user
wants to minimize the error between field data and simulation
results. In the case of Optimization, the user may want to maximize
net present value.

See Results Observer.

Traditional method for performing Sensitivity Analysis studies, in
which information about the effect of a parameter is determined by
varying only that parameter. The procedure is repeated, in turn, for
all parameters to be studied. Refer to One-Parameter-at-a-Time
Sampling for more information.

Identification of an optimal field development plan, and operating
conditions that will produce either a maximum or minimum value
for objective functions that the user has specified, in particular the
global objective function (GOF, for example, the net present value,
or NPV) and subsidiary GOF’s, which reflect the influence of
selected operating parameters.

Model determined from an optimization/history matching study.

Algorithm used to find the optimal solution for history matching or
optimization studies. In the case of CMOST, these algorithms
include CMG DECE, Latin Hypercube Plus Proxy Optimization,
Differential Evolution, Particle Swarm Optimization, and Random
Brute Force Search.
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Origin Source of simulation data, for example, a well or a field.

Original Time Series Time series data obtained directly from a simulator SR2 files.

Orthogonality In CMOST, the orthogonality of an experiment design is measured
by the maximum pair-wise correlation of the columns of a design
matrix. Refer to the information about Orthogonality.

.out File A text file that echoes the contents of the .dat file, and also includes
simulation results. Users are able to read this file.

Parameter Depending on the experimental design, values are substituted for

Pareto Front Particle
Swarm Optimization

PSO (Particle Swarm
Optimization)

Plackett-Burman
Design

Pre-simulation
Commands

Prior Probability
Distribution Function

Project

Property vs. Distance
Series

Proxy Dashboard

parameters in the Master Dataset, either from a Candidate Values
List or a formula.

A particle swarm optimization algorithm using Pareto analysis
techniques to handle multiple objective function optimizations.
Refer to Pareto Front PSO and Pareto Front PSO Engine Settings
for further information.

History Matching and Optimization method in which the run is
initialized with a population of random solutions. Navigation
through the search space is guided by the best success so far, which
usually results in a convergence towards the best solution. Refer to
Particle Swarm Optimization for more information.

A screening method in which the resulting number of experiments
is a multiple of four. This method can be used when you have a
large number of potential factors and you want to quickly determine
those that will most affect the objective function.

Commands that are used to modify the experiment dataset before it
is submitted to a simulator; for example, users may want to adjust
variogram parameters in History Matching.

The probability distribution of the input parameter values. The
information is used to formulate the parameter values, so that their
distribution reflects reality.

A collection of studies defined for the purpose of characterizing the
performance of, for example, a field, sector, group, or even a single
well. CMOST projects consist of one or more studies, each of
which consists of one or more experiments.

Type of data series, such as saturation vs. distance along the well,
which is retrieved from the SR2 files for one instant in time. Used
for history matching, property vs. distance series data can be
compared with data obtained from one or more well log files.

Through the Proxy Dashboard, you can immediately start to inspect
and assess the effects of varying parameter values on time series
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while the study is running. Refer to Proxy Dashboard for further
information.

Proxy Model An empirical model built using data obtained from simulation runs.

Proxy-based
Optimization

Radial Basis Function
(RBF) Neural Network

Random Brute Force
Search

RSM (Response
Surface Methodology)

Restart (.rst) File

Results File (CMR)

Results Observers

R-Square (R%)

The proxy model will typically run several orders of magnitude
faster than actual simulations. Refer to Proxy Modeling for more
information.

Optimization method, in which a predefined number of possible
optimal solutions, obtained from the proxy model, is run through
the simulator to obtain the true optimal solution. See Proxy-based
Optimization.

Feed-forward neural network with a single hidden layer, which can
be used by CMOST to produce time series and objective function
proxy models. See Radial Basis Function (RBF) Neural Network
for a summary of RBF neural network theory.

History Matching and Optimization method in which all
combinations of parameter values are tested, with the starting point
and path through the parameter values different for each run. See
Random Brute Force Search for further information.

For Sensitivity Analysis and Uncertainty Assessment using classical
experimental design or Latin hypercube design, a response surface
methodology is applied. Response surface methodology (RSM)
explores the relationships between input variables (parameters) and
responses (objective functions). A set of designed experiments is
used to build a proxy model (approximation) of the reservoir
objective function. The most common proxy models take either a
linear or quadratic form. After a proxy model is built, Tornado plots
displaying a sequence of parameter estimates are used to assess
parameter sensitivity. Refer to Response Surface Methodology for
further information.

This file contains the information that allows a simulation to
continue from a previously halted run.

With CMOST 2012 and earlier, results are saved to a CMR file.

Simulation outputs that CMOST caches in its results file. During
CMOST runs, results observers display results specified by the user.
As the run progresses, more and more curves or plots will appear on
the plots, with the optimal runs highlighted. The user can also
highlight the results of specific experiments.

Indicates how well a proxy model fits observed data. An R® of 1
occurs when there is a perfect fit (the errors are all zero). An R? of 0
means that the proxy model predicts the response no better than the
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R-Square Adjusted

R-Square Predicted

Run Configuration

Sampling Method

SA (Sensitivity
Analysis)

Sobol Method

Soft Constraint

Special Dictionary File

SR2 Files

SR2 Processing Stack
Size

Study

overall response mean.

Modification of R? that adjusts for the number of explanatory terms
in a model. Unlike R the adjusted R? increases only if the new term
improves the proxy model more than would be expected by chance.
The adjusted R? can be negative, and it will always be less than or
equal to R,

Indicates how well a proxy model predicts responses for new
observations. Ranging between 0 and 1, larger values suggest
models of greater predictive ability.

Specification of the machines to which CMOST will submit jobs;
for example, to the user’s local machine or to a cluster of machines
accessible through the network.

Method by which the parameter space is sampled when performing
a Sensitivity Analysis or Uncertainty Assessment. For further
information, refer to Sampling Methods.

Analysis carried out to determine which parameters have the
greatest effect on simulation results. This information is then useful
in suggesting parameters that can be eliminated from consideration
in subsequent studies.

Uses Monte Carlo analysis to determine a set of indices that specify
the proportion of output variance that is due to individual input
variables. Refer to Sobol Method for theoretical information and to
Sobol/Morris Analysis for information about the display and
interpretation of Sobol results.

Allows the user to override objective function values if they violate
the constraint. Checking for this violation takes place while the
simulation is being run. A penalty for constraint violation can also
be defined. See Soft Constraints for information about specifying
soft constraints.

Dictionary file required to process SR2 files produced by a special
simulator, such as the STARS-ME simulator.

Group of files containing the results of a simulation run—an IRF
(Indexed Results File) and an MRF (Main Results File). Results
Graph and 3D use the SR2 files for post-processing of simulation
output.

Stack size (MB) used by the SR2 reader to read SR2 files. The
default stack size is 40 MB.

A set of parameters is varied in a defined way to assess the
sensitivity of parameters on objective functions (SA, Sensitivity
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Study File (.cms)

Study Folder (.cmsd)

Time Series
Simulation Results
Observer

Tornado Plots

Training Data

Three-level Classical
Experimental Design

Two-level Classical
Experimental Design

UA (Uncertainty
Assessment)

User-defined Time
Series

Variogram

VDR (Vector Data
Repository) Files

Analysis), to match simulator outputs with a history file (HM,
History Match), to optimize the value of objective functions by
varying operating conditions (OP, Optimization), or to assess the
variation of an objective function due to uncertainty in the value of
a reservoir parameter (UA, Uncertainty Assessment).

A file that contains all of the configuration data needed to run a
CMOST study.

Folder that contains all of the study .dat, SR2, .log, and .vdr files.
The retention of .dat, .log and SR2 files is as specified by the user in
the Job Record and File Management area of the Simulation

Settings page.
Results observer which collects and plots data that changes with

time, such as rate and pressure for all times during the simulation
runs.

A tornado plot is produced for each objective function. Parameters
are ordered vertically, from those that have the greatest effect on the
objective function (longest bar) to those that have the least effect
(shortest bar). The effect is a graph that looks like a tornado.

Data used to build a proxy model by analyzing the relationship
between input parameters and output objective functions.

Experiments take on all possible combinations of three values or
“levels” for each input parameter; i.e., a low, median, and high
level.

Experiments take on all possible combinations of two values or
“levels” for each input parameter; i.e., a low and high level.

Analysis carried out to determine the likely variation in simulation
results due to uncertainty, in particular, of reservoir variables.

Time series that is not directly available from the SR2 files, but
which can be derived from available SR2 data. Refer to User-
Defined Time Series for further information.

The variogram describes the variance of the difference between the
field values at two locations (x and y) across realizations of the field
(Cressie, N., 1993, Statistics for Spatial Data, Wiley Interscience).

Files containing compressed simulation data from CMOST runs,
which are used to calculate objective functions. The files are
compressed to reduce disk space and runtime.
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CMOST
A base files, 26
Advanced objective functions, 119 best'practices, 38
Advanced settings, 79 closing, 73
components, 26
concepts, 26
B configuring to work with Launcher,
Base dataset, 27 245
Base files, 26 file system, 27
Base IRF, 27 formulas, 33
Base session file, 27 %%a;aset, 30
Base SR2 files, 27 m,tin "
Base SR2 Info area, 78 nhavigaling,
. opening, 43

Basic simulation result, 109

Best practices (for using CMOST), 38

overview, 23
project components, 26

required fields, 68

C running and controlling, 131
tab display, 69

Characteristic date times, 107 tables, 70

Classical experimental design, 268 template files, 39

CMG DECE optimization, 291 user interface, 36
enginii? setting. s, 137 CMOST Formula Editor, 220

CMG Diagnostic Tool, 254 built-in functions, 222

CMM File Edi.tor, 211 constants (in formulas), 220
block selection, 217 formula calculation order, 222
comments, 213 functions (in formulas), 220
context menu, 212 operators (in formulas), 221
creating/inserting CMOST parts (of formulas), 220

parameters, 212 variables (in formulas), 221

deleting parameters, 213 CMOST Interactive Data Visualization
enable/disable syntax, 216 Tool, 233
find/replace text, 217 CMOST formulas, 33
include files, 214 CMOST Start Page, 43
keyboard shortcuts, 219 Coalescence settings, 62
multiple views, 218 Constraints
navigation tools, 215 hard constraints, 99
starting, 211 soft constraints, 126
syntax enabling and disabling, 216 Control Centre, 131
toggle outlining, 216 Converting files to new CMOST, 15

Creating and editing input data, 77
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Curves, 66

D

Data points, 66
Data Visualization Tool, 233

Default Field Values, 68
Diagnostic Tool, 254
Differential evolution, 296

engine settings, 141

E

Engine settings, 134
CMG DECE optimization, 137
differential evolution, 141
external engine, 143
Latin hypercube plus proxy
optimization, 138
Monte Carlo simulation using proxy,
138
Monte Carlo simulation using
simulator, 140
one-parameter-at-a-time (OPAAT),
140
particle swarm optimization (PSO),
141
random brute force search, 142
response surface methodology, 142
Experiment
creating, 159
highlighting, 66
quality. checking, 166
Experiments Table, 151
checking experiment quality, 166
configuring, 164
creating experiments, 159
exporting to Excel, 167
navigating, 152
reprocessing experiments, 167
viewing simulation log, 167
Exporting time series data
export to text file, 183
open exported time series data in
Excel, 184
External engine

external engine and user-defined
executable, 143

F

Field data info area, 78

Field Default Values, 68
Field history file, 27
File Editor (see CMM File Editor)
File system, 27
Fluid contact depth series, 87
Formula Editor (see CMOST Formula
Editor)
Formulas
CMOST, 33

examples, 33
Fundamental data, 80

G

General information area, 77

General properties, 77

Getting started, 43
Global objective function candidates,
125

Glossary, 297

H

Handling large files, 220
Hard constraints, 99
Head nodes, 36
Help
obtaining, 21
Highlighting (an experiment), 66
History match (HM)
overview, 24
History match quality, 110

I

Include files, 34
Interactive Data Visualization Tool,
233

scatter plots, 234

scatter matrix plots, 237
parallel coordinates plots, 240

histogram plots, 242
Intermediate parameter, 93

J

JScript
using in CMOST, 228

L

Large files, handling, 220
Latin hypercube design, 264
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Latin hypercube plus proxy
optimization, 292
engine settings, 138
Launcher

configuring, 19

configuring to work with CMOST,

245
Licenses, 19
Line coalescence, 62

M

Manual
about, 19
Master dataset, 30

editing parameters, 97
referenced files, 35

syntax, 32
Monte Carlo simulation using proxy
engine settings, 138
Monte Carlo simulation using
simulator
engine settings, 140
Morris method
plotting preferences, 73
results display, 196
theoretical information, 287

Multiple studies, managing, 52

N

Net present value, NPV, 115

o

Objective functions, 107, 257
advanced, 119
global, 125
history match quality, 110
net present value, NPV, 115
Observer plots
property vs. distance series, 185
time series, 182
One-parameter-at-a-time (OPAAT)
engine settings, 140
Optimization (OP)
overview, 24
Optimizers
CMG DECE, 291
Latin hypercube plus proxy
optimization, 292
particle swarm optimization, 294
random brute force search, 296

Original time series, 80
Orthogonality, 262

P

Parameter correlation, 97, 269
Parameterization, 89
Parameters
adding, 90
copying, 96
deleting, 96
editing in master dataset, 97
importing from master dataset, 97
intermediate, 93
moving in table, 96
prior probability distribution
functions, 93
Pareto front particle swarm
optimization, 295
engine settings, 141
display, 190
Particle swarm optimization (PSO),
294

engine settings, 141

Plots
copying image, 65
data points and curves, 66
highlighting, 66
saving image, 65
zooming in and out, 66

Plot preferences, 73
Plot settings

Axis tab, 61
Coalescence tab, 62
Plot tab, 61
Pre-simulation commands, 101
Prior probability distribution functions,
93
Probability distribution functions, 255
Production history files, 27
Project
creating, 49
folder, 27
Property vs. distance series
configuring, 85
observer plot, 185

Proxy dashboard, 167
adding experiments, 174

building proxy model, 171
changing proxy role, 175
fundamental data series plots, 171
objective function data, 173
opening, 140

plots, 171
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Proxy modeling, 269
Python
using, 232

R

Radial basis function (RBF) neural
network, 280
Random brute force search, 296
engine settings, 142
Requirements
files, 26
computers, 19
licenses, 19
Resolve reuse pending, 153
Reprocessing experiments, 167
Response surface methodology
engine settings, 142

proxy modeling, 269
types of response surface models,

269
verification plot, 271
Reuse pending, 153
Running and controlling CMOST, 131

S

Sampling methods, 261

classical experimental design, 268
Latin hypercube design, 264

one-parameter-at-a-time (OPAAT)
sampling, 263
Screen operations and conventions, 60
Sensitivity analysis (SA)
overview, 23
Simulation
files, 26
settings, 146
Simulation jobs, 175
Simulation settings, 146
job record and file management, 151
schedulers, 147
simulator settings, 149

Simulation jobs, 175
Sobol method

plotting preferences, 73
results display, 196
theoretical information, 282

Soft constraints, 126

Start Page, 43

Study
adding existing, 56
changing display name, 56
copying, 59

creating, 52
engines, 29
excluding, 57
importing data from, 58
loading, 57
types, 29
unloading, 57
workflow, 29

Study manager, 52

Study process
generalized CMOST, 25

T

Tab display, 69
Tables, 70

columns, 70
entering cell data, 70

headings, 70
inserting, deleting and repeating

rows, 70
organizing rows and columns, 71
Tables, 70
columns, 70
entering cell data, 70
headings, 70
inserting, deleting and repeating
rows, 70
organizing rows and columns, 71
Template files, 39
Three-level classical experimental

design, 268
Time series

exporting time series data to text file,
183
observer plots, 182
open exported time-series data in
Excel, 184
original, 80
user-defined, 82
Troubleshooting, 251
Two-level classical experimental
design, 268

U

Uncertainty assessment (UA)
overview, 24

User-defined time series, 82

User guide, about, 19

User plot settings, 60
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V screen operations, 178
time series plots, 182
Validating input data

Validation tab, 73 yA
Validation Error Summary, 131
VDR files, 27 Zooming in and out (of plots), 66
Viewing and analyzing results, 177 headings, 70
displaying multiple plots, 177 inserting, deleting and repeating
objective function plots, 186 rows, 70
parameter plots, 179 organizing rows and columns, 71

property vs. distance plots, 185
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