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1. KT R AR A

RTR AR AR R, RAXENBEE, BET 41 AR, REFARS

# 38 md. m. 1£ ] Template EZ A4, & -F CMOST 5 ¥ b A A A4,

1.1 B RSERE R

I RAREEN, EANTTiIRE 9 RAFENGE, ALRNBEEERY, ARLEY
WA template, RGIKE RN FE, mB P EEM, AN FH% RERBEALREE

HRBE, deboKibA B, AbE. WKREEES,
1.1.1 ALK

1) 1F Builder 37 Base Model.dat

2) %3] Wells > Hydraulic Fracturing...flJZ2 New Planar Fracture , %
ANEHRUTT:

ZH (30 ZH (FE0) BE (ST HALH]D

STRRFisE T E Fracture Width 0. 002538

SERBEEIBIE R Intrinsic Permeability 15000

BB ITHR Effective Permeability HahtE
e s Orientation (IDIR or JDIR) J Direction

T 7 [m] P A o 85 %5 Number of refinements in the I direction 5

J 77 RS e % Number of refinements in the J direction 5

K 757 ) RS = 4 Number of refinements in the K direction 1
HEEPK Half Length (BWHLEN) 76. 2

R Number of layers above perforation 2

R RS FLE S Number of layers below perforation 2

H [a] 0 A% 98 Grid Cell Width 0. 6096

Hydraulically Fractured Wells g X

Fractures| Templates |Non—Darcy Dpnon‘

Templates: gampeer(nl:l‘I;I;];];R‘lﬂft_;EMPLATE) Planar Template -
B Prinary =
Fracture Width 0.002538 n
Intrinsic Permeability 15000 md
Effective Permeabilityw 62, 4508 md
Tip Permeability
E Refinements (PLHR_REFINE)
Orientation (IDIR or JDIR) J Direction v -
Orientation (IDIR or JDIR)
The direction in which the planar hydraulic fracture is propagated from the
fracture origin.
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CMG

i

Hydraulically Fractured Wells

P W b WM aeN Aa Aas W b e B
| Fradures| Templates ‘NonfDarcy Dption|
J Direction v .
Templates: Tunber of refinements in the I d... §
Number of refinements in the J d... 5
Number of refinements in the K d... 1
Half Length (BWHLEN) T6.2 m
Number of layers above perforation 2 E
Number of layers below perforation 2
Grid Cell ¥idth (INNERWIDTH) 0.6096 m
Fracture Cormection (FRAC_CON) no comnection -
Orientation (IDIR or JDIR)
The direction in which the planar hydraulic fracture is propagated from the
fracture origin

112 g3

3) IEFEMR “Planar Template”, 5 fL#7r1k3% “All Perforated Layers”, £
ZeE IR E EAON “30.487, AT m, AN

Hydraulically Fractured Wells
e

{ Fractures | Templates | Non-Darcy Option

[ cotopee. ]

PRD .

[£2013-01-01
[=}-Planar Stage 1

- PRD - Frac_1
PRD - Frac_2

- PRD - Frac_3
PRD - Frac_4

- PRD - Frac_5

- PRD - Frac_6
PRD - Frac_7

- PRD - Frac_8
PRD - Frac_9

-~ PRD - Frac_10

- PRD - Frac_11
PRD - Frac_12

- PRD - Frac_13
PRD - Frac_14

- PRD - Frac_15
PRD - Frac_16
PRD - Frac_17

- PRD - Frac_18
PRD - Frac_19

- PRD - Frac_20
PRD - Frac_21 I

- PRD - Frac_22

- PRD - Frac_23 -

Well: PRD

2013-01-01

Date:

Base name of fractures: PRD - Frac

Edit

Fracture template: [Planar Template
L

g

Select Perforations i

(") visible Perforations Only

_ Perforations in Range of Fundamental Layers:

K from 3 to |3

Horizontal Well Settings

(@) Minimum Fracture Spacing: 3048

i Limit Selected Slabs to:

Stimulated Reservoir Volume:

4.72859e+006 m3 Apply

HONDARCY not defined

QEHCE“ I

4) H.i “Apply”,

R 41 N4,
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5) {#fE#EA! Base Model Hyd Frac.dat,

1.1.3 HAEHBE

AR PR EIFIRE R R R A A TR AT SR R L P BKESR XA
THREME BT RGN, EALHEERRIZEEKESETOARME SR A, 25
ARAREHERZELRRGHE, ALRERBIRE “X” Baymbd L, BT
BEANLHEEPIRE S RIOFBERENE L REHE, KX EGIE1EZ 0.45, EHME
B X AN AR A BT LAY .

B: 21X E “Rel Perm Set Num”, “Rock Compaction Set Num” Z &, &% Bui lder
—Specify Property #2a7 & XX & &M, Z BT AAEATLELERE F i,

6) ¥ F| Templates #3%5, A LLTEHE:

Templates A T & XA TR %A, TUARESABEKR, HTRFEHEIAEP
BEYUBNARR TR, ZHETAGBTTERR R TR HER Y. EFRER
hfE e, B HE.

VHydrauIicaHy Frictured Wellsa _-‘ ' 1- g

Fraclures| Templates |NonrDarqf Dp‘(ion|

1 S Wame (PLNRFRAC_TEMPLATE) Flanar Template -

H Permeability
B Prinary
Fracture Width 0. 002538 m
Intrinsic Permeability 18000 md
Effective Permeability G2, 4508 md

| Tip Permeability
B Refinements (PLHR_REFINE)
Orientation (IDIR or JDIR) J Direction

Intrinsic Permeability
Intrinsic permeability of the main hydraulic fractures.

Associated Fractures: Additional Property Definitions:

PRD - Frac_1 -
FRD - Frac_2
FRD - Frac_3
FRD - Frac_4

Fropert [ ‘on-Frac Zent | Frac Zone
Rel Perm Set Hum z

Rock Compaction Set Num

I
m

PRD - Frac_5 . .
PRD - Frac 6 Initial Water Saturation
FRD - Frac_7

PRD - Frac_8

PRD - Frac_9

PRD - Frac_10

FRD - Frac_11

FRD - Frac_12

PRD - Frac_13 hd

HONDARCY not defined
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1.2 BT RRERRRY

REBHE TR EEAHARA, —A 2813 Launcher, ¥*. dat TH3EE] IMEX AL E P42
7

RAEH; F ML AiE i Builder, #£#% Validate With IMEX #4725,

I - e e T
File Edit View IOControl Reservoir Components Rock-Fluid Initial Conditions Numerical Geomechanics Well Tools Window Help
[= S 8 O /| He|WholePage ~ FERc. B LBERE+2QAB B

112D Aveal =] 3 Plane 105
e Specity Calculate Vafdate With

Block Fill v | GidTop v [20130101 - Progerty Property IMEX

Madel Tree View v # % /Base Model - SL2D | Base Model - SLplot
¥ U0 Control 1

e : Grid Top (m) 2013-01-01  Klayer: 1

¥ Companerts

L Rk 200 0100 300 500 700 900 1,100 1,300 1,500 1.700

0 00l

#  Numerical

Geomechanics

¥ Wells & Recurrent

=+ Grid

% ¢ Array Properties
Rock-Fluid End-Point Property Modi| |

00¢-

Sectors
Aquifers
Lease Planes -

# Rock Compressibility.
++ Compaction/Dilation Regions

7)) BEMER, BEUEBR.
72 Results Graph Y & th HER A6 = KR FF KRR A &, @SR TIUES, &

0ot~

109~

AR AR AE G AL AR S, AT R X HIER, AT TN Ls,
T—F & RXKERARRK SR ETHEEL AT

PRD base model - si.irf

60’000 ; : : : : : ; ; 800
Well Bottdm-hole Pressure base model - siirf
50 000 ] e Well Bottom-hole Pressure BHP-SI.thf
E ’ ————— Water Rate SC base model - si.irf
x 1 . Water Rate SC production-si.thf 600 —
o f | | | )
S 40,000 / freeees i I freeeeees - o
a | ; 1 s )
o E | | | E
o ‘ ’ | i o
2 30,000 e e i M ; ; 400 @
[=] o0 : ; \_v\f ; Q
< : \ : : =
E | ° 3 o
[} : H : =Y
20,000/t N Y oo SR PR g
‘g 3 1‘ Oi N A OOOOG}OOOO:ODOOOD ‘5
o . oi © § g 200
] i P i i i
2 10,000\ e s | |
Ny b | - |
g Y

i | H i B | | 70
2013-2 2013-3 2013-4 2013-5 2013-6 2013-7 2013-8 2013-9
Time (Date)
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2. CMOST &gkt 2t

ERBREMEASRAET £ &, AR R Zih, R KF BARJA rhed 54,
M—Tak, AAMELAMRAKE, AT —F 0 LMEALTRBIRYE.

Bt AT @ A AR 50 L RE AT LE R, TR S, FIRREB AN LS,
VLI = ) B iR ) B AR, FRIAESRGEIRESR K ATH 2~ K2 3
Wy, WAMPFEEALRETHERREST, TAORENSIRAEATRET S
Kiafe g, Rup¥K, famee, REHAF, ARFHBEFARGILREASES
MEEH R, FEPIARENIE, BT MRS AT,

HREMSN LR EANE LI, —REFHEMESL, SHPETELH; —2&H
BArdy 3, et B =, ROKE, BIEFF ZREBHEIL L, Ak

(Response Surface Methodology); WA 4 R EH 594,

2.1 BIE T (Project)

8) i T#E (Project)

9) 4TJF CMOST , i&$ File -> New -> Project

100 4 %iH Tight Oil Reservoir - CMOST , %% Base Model Hyd
Erac.dat MFTAESC K.

11 iy OK.

. Create New Project = | (2] |-

Project name: Tight Oil Reservoir - CMOST

Base dataset: D:\2019\Lecture\zhimiyoujiangyi\EXERCISE 2\Base Model_Hyd Frac i Browse .

Copy base case to project folder

~Project Details

Project Location: D:\2019\Lecture\zhimiyoujiangyi\EXERCISE 2 W Browse
Project file: D:\2019\Lecture\zhimiyoujiangyi\EXERCISE 2\Tight Oil Reservoir - CMOST.cmp

Project folder: D:\2019\Lecture\zhimiyoujiangyi\EXERCISE 2\Tight Qil Reservoir - CMOST.cmp

Comments:

@ OK L® Cancel J
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12> #gdy New Study %401, GUEH ARG,
13)  New Study #7 %~ Tight Oil Reservoir-SA.

14) & X Base Model Hyd Frac.dat {E N3l
15)  ¥&FE Sensitivity Analysis 7EAIFESS2KAL,
16) AR OK.

B New Study [ = X
~Required information for new study
Name: Tight Oil Reservoir-SA [ ] Master study

Base dataset: D:\2019\Lecture\zhimiyoujiangy\EXERCISE 2\Tight Qil R B Browse

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

2.2 BEX—RJBM: (General Properties)

CMOST £ #F x4 1k My KB E . Jo RAF HHIEE P& A RE 69242 %],
CMOST ¥ & 5% 25 R 454% h CMOST w it 4% 69 4z 41,

IR EKT 2 4, METk, A2 LU4F,

Study Manager ‘ Tight Qil Reservoir-SA * X

4 "#gInput
General Properties

4 Fundamental Data

IQ Parameterization
fm Objective Functions

4 [nil Control Centre

17> i Import FHF %4, MR B REEE SCIF e Hp a8 e
BHP-SI.fhf #1 production-SI.fhf , #RJ5#.ii Open.

fhf X, &K EHIEF AN Builder 2 /5, H Builder FH69 75 £ 38, fhf

SAFH B 4 3 Result Graph 477, B3 H T H LA 5EME Z T3 A,
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=119

18)

Hid; Yes,

. CMOST -~ D\2019\Lecture\zhimiyoujiangyi\EXERCISE 2\Tight Oil Reservoir - CMOST.cmp

File Settings Tools Help

B & A4 O

“ ‘f#yInput
{} General Properties
it Fundamental Data
X, Parameterization
Eobjective Functions

“ [}, Control Centre
@ Engine Settings
/:‘Simnlatien Settings
[#] Experiments Table
& Proxy Dashboard
é Simulation Jobs

= 0

Study Manager | Tight Oil Reservoir-SA * X

~General information

Unit system for reading SR3: | S i ‘
Master dataset relative path: Tight Qil Reservoir-SA.cmm
Base dataset relative path: Base Model_Hyd Frac.dat

3ase Results file relative path:

£ Advanced...
i Browse... ! cEDIT...

W Browse...

i Browse.. |

Results.. |

~Base SR3 information

Simulator: IMEX
Simulation start time: 2013-01-01 00:00:00

Simulation stop time: 2013-08-10 00:00:00

Last SR3 write time: 2019-03-04 13:44:48
Base SR3 time stamp: 2019-03-04 13:44:48

Click to reload SR3 file: | & Reload SR3

s Results & Analyses (Field data inf
I Pparameters File Path File Type Time Stamp Last Write Time o ImponFHF
. N 1 |.\BHP-SLfhf Fhf 2018-12-28 T15:10:32 | 2018-12-28T15:10:32
{J Time Series © import Lo
. 2 |.\production-SLfhf Fhf 2018-12-28 T15:04:27 2018-12-28T15:04:27 P 9
{ Property vs. Distance
z Objective Functions M
@ Clear all

2. 3 B XN EMFIE (Fundamental Data)
LB AR TAEME RS FR A, @7%,
CMOST 2 #7Z J& Mk o 2K dn BPAE JR 45 AR %, KA ML A RGEMERETER.

K% HAEMLE R AL R

Study Manager | Tight Oil reservoir-SA X
“ "¥g Input
{:} General Properties
Fundamental Data
XD Parameterization
z Objective Functions
4 [t], Control Centre
@ Engine Settings

£ Cimulatine Cattinne
EZAPFILT, TAFEHGE ZF8 =

By Insert %4, #INFAME R

KA FR
WELLS PRD
WELLS PRD
WELLS PRD
WELLS PRD

R REWFA—BIEATFEAE, B 1RGN, REEFTL, Tk
TS EEP R
TRAF A

19

B
Cumulative Oil SC
Cumulative Water SC
Oil Rate
Water Rate

20)

10
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2. 4 24 5E X (Parameterization)

Study Manager | Tight Oil reservoir-SA X

4 "#5Input
{:} General Properties

11 Fundamental Data

1101

Objective Functions

z
4 [t#], Control Centre
@ Engine Settings

CMOST A4 /2 A+ & Lo
EHFNINYy, REAMBRATARELT S, AAALT, CHTHENTE:

e CMOST &34
Matrix Porosity Matrix_POR
Matrix Permeability Matrix_PERM
Propped Fracture Spacing Propped_Frac_Spacing
Propped Fracture Half-Length XF
Propped Fracture Permeability Propped_Frac_Perm
Swi in Propped Fractures SW_Propped
Rock Compaction Rock_Compaction

2. 5 B EHEECH (CMMD)
FHRIELH (CMM ) JL-F 5 L@ A 38 XA R, 122, 238 4093 o438

(B %3 CMOST X425, 32 5 F HIE LA B 492 CMOST S AR 2 H | 2 RO K IE R Ao

B T HIFELAMF, BEm—ANIGRA HATEH, LRI, HFARAAR AT 2 HIEL
P R B9
21 HEHEMAE RS ELIETT (Parameterization option) PLSfiiEIZ
A @Ni]

22)  Hiifi cEdit button $ZEHITIH CMM Zri s .

23)  fEXCHE, SRiEISHEET POR H R BoR S SesiR < BEHIME 0.07,
F e Ik $¢ Create Parameter. ¥ S E A4 N Matrix_POR.
R B8 .5 a4 0 SR AR B VT FC A BRE

11
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F<: CMOST 5 &) 4% X 7T L& Bl cEdit 3 fF A s AR, LT UAEL AT FahmAN, HA&
KA FHrR: “0.077 RPTEIGAEFAA, “Matrix _POR” & A & LA L AR,

POR CON <CMOST>this[0.07]=Matr ix_POR</CMOST>

44 DTOP

45 11025*3292

46 *MDPLNRBK 200

a7 #* @ = null block, 1 = active block

48 NULL CON 1

49

50 X
51 POR CON 0:”37 Create Parameter =

52 —_—
53 PERMI CON [0.00835] -Matrix_PERN Parameter name:  Matrix POR v
54

55 PERMI CON [0.00035] -Hatrix_PERH Default value: 0.07

56

57 PERMK CON [0.00035]-Hatrix_PERH @ ok @ cancel
58  ** @ = pinched block, 1 = active block

50 PINCHOUTARRAY CON 1

60

61  PRPOR MATRIX 55200

62

63 CPOR MATRIX 3e-6
64 CROCKTYPE 1

65

66 DEPLETION

67 CPRPOR 55200

68 CCPOR 3e-6

69

70 CROCKTYPE 2

71

72 *INCLUDE * ["ctype3.inc"]-Rock_Compaction
73

74 CTYPE CON 1

75 ** Please don't remove these RESULTS PLNRTEMPLATE keywords.

76 [RESULTS PLNRTEMPLATE NAME 'Planar Template®

77 RESULTS PLNRTEMPLATE PRIMFRACWIDTH ©.002538

78 RESULTS PLNRTEMPLATE PRIMFRACPERM [15800]-Propped_Frac_Perm:
79 RESULTS PLNRTEMPLATE ORIGINALREFINEINTO 5 5 1

R0 RFSUI TS PINRTFMPI ATF ORTGTNAI HAI FI FNGTH 76.2

SHBEW T
3 SHXRA CMOST $H & %

Matrix Porosity POR CON 0.07 Matrix_POR
Matrix Permeability PERMI, PERMJ, PERMK CON 0.00035 Matrix_PERM
Rock Compaction INCLUDE ‘ctype3.inc’ Rock_Compaction
Propped Fracture RESULTS PLNRSTAGE )
] Propped_Frac_Spacing
Spacing MINFRACSPACING 30.48
Propped Fracture
BWHLEN 76.2 XF
Half-Length
Propped Fracture RESULTS PLNRTEMPLATE
Propped_Frac_Perm
Permeability PRIMFRACPERM 15000

Swi in Propped
SWINIT MATRIX *FZ 0.45 SW_Propped
Fractures

24) G HderE iR HL.CMM g g, B B VR E].CMM
A
25)  {RAF .cmm 0, FFIR[E| CMOST. #3280k If

Brimeots |y, wimsihiss s
EAE, BT @IHALC O EE . HIBE A B HILE HFA S IR 25%

{80t Z0d ST ABAT R . 3T AHAZ, FodHFANSH ERA TR,

12
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BANSFMNATRE, ATHA SR EAAIXEA Continuous Real £,

TE CMOST &#& RME | BRKE
Matrix Porosity Matrix_POR 0.04 0.1
Matrix Permeability Matrix_PERM 0.0001 0.001
Propped Fracture Permeability Propped_Frac_Perm 1000 30000
Propped Fracture Half-Length XF 50 400

26)
-

#afr N Propped_Frac_Spacing #£# Discrete Real Ff#i AL FiE

MName Comment Active Default Value Source Insert
|
1 | Matrix_PERM | 0.00035 Continuous Real §
2 |Matrix_POR J 0.07 Continuous Real jlansioomis|
3 |Propped_Frac_Perm | 15000 Continuous Real Delete
4 |Rock_Compaction | "ctypedinc” Discrete Text
5 |SW_Propped | 045 Continuous Real e
6 |XF ] 76.2 Continuous Real —yelos
7 |Propped_Frac_Spacing | 3048 Discrete Real ¢EDIT...
Builder...
Real Value Prior Probability | Insert |
1 3048 1.05
2 4572 (@ Delete |
3 60.95 | Generate.. | 0.20
4 76.2
0.75
5 91.44 =
6 106.68 E 0.60
7 121.92 g

27)  XFF Rock_Compaction %% Discrete Text #i A\ T 51 %{E

[ ] Name Comment Active Default Value Source © insert
1 | Matrix_Por 0.07 Continuous Real
2 |Matrix_Perm 0.00035 Continuous Real © oetete
3 | Propped_Frac_Perm 15000 Continuous Real T YES
4 |XF 250 Continuous Real
| & Import..
5 | Propped_Frac_Spacing 100 Discrete Real e
.o Builder...

Text Value

Numerical | Prior © Insert
Value Probability -+ R -

1 | ctypeLinc’ 1 |@petete | 12
2 |"ctypezinc' 2
3 |"ctypesinc’ 3 1.0
4 |"ctypedinc’ 4

W T4 R include SL#H4E 4 CMOST £k, H 4L ctypel. inc, ctype2. inc,
ctyp3. inc, #= ctyped. inc ®] CMOST TAEAE 2 69L& F, (Tight 0il Reservoir -

CMOST. cmpd) o XA~ f+42-F REQUIRED DATA Uk,

13
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28)  {E£ CMOST #1, #.i; Insert METFE Run CMG Builder silently
AR T Pre-Simulation Command i 8 674
#77: #/e Pre-Simulation Command (FAZtidindr4d) iZHAFF K&, ARG
ATE—ZH, —RXEFHMDPLNBRK Al T2 X KA ER P B eHF Mg, INE R
Builder fistizf; —RRBATHE LS EE, F % Builder MABHh MAA P AL %W
BEE,

e Tools telp
& O AAS O (]

B

2.6 EX BArE¥ (Objective Functions)
A AR H A BAEH £ &, 2 OMOST ) ATi2 H o947, KRHEAARRGZ BT hei B
NP W'Y VY STEETIN FIF S P CSTE e g

Study Manager | Tight Qil reservoir-SA X

4 ¥ Input
{:} General Properties

3 : E Fundamental Data

m Parameterization
Objective Functions
- Control Centre

wih Engine Settings
A~ Simulation Settings

30)  #3| Basic Simulation Results T [fj

31)  H. Insert button,

32) K HFREHEM %N Cumulative_Oil_Prod. ¥ & Origin Type %3
A1 PRD X} Origin Name &% & FIJ&EYE: N Cumulative Oil SC.

33) I 2 A H bR

IR & Bt
Cumulative_Water_Prod PRD Cumulative Water SC
Cumulative_Oil_Prod PRD Cumulative Qil SC

14
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AR

Basic Simulation Result from Original Time Series

@ Insert

Name Characteristic Time QOrigin Type Origin Name Property
1 |Cum_OIL_Prod BaseCaseStop WELLS PRD Cumulative Oil SC
2 [[Cum_water_Prod BaseCaseStop WELLS PRD Cumulative Water SC

| Repeat |

@ Delete

Basic Simulation Result from User-Defined Time Series

Name

Characteristic Time

User-Defined Time Series

34)

R R BN B AR, H IR S R AN LR,

O Insert

| Delete |

AR B s 5 2013-3-1 A1 2013-6-1 1E NI EBUEME S T B EE 2y

35

Input
{:} General Properties
i Fundamental Data
1_3}_4 Original Time Series
L¥ User-Defined Time Series
K Property vs. Distance Series
1& Fluid Contact Depth Series
Z Parameterization
Parameters
c? Hard Constraints
[35] Pre-Simulation Commands

f Objective Functions

Characteristic Date Times

M Basic Simulation Results
1@ Historv Match Oualitv

36)

1A #| Characteristic Date Times {XR%EL, ISP 8] S U0F Brs:

Built-in fixed date times

| [y

Name
1 |BaseCaseStart 2013-01-01 T00:00:00
2 |BaseCaseStop 2013-08-10 T00:00:00
Fixed date times
Name
1 (7201331 2013-03-01 T00:00:00
T2013 6.1 2013-06-01 T00:00:00

i\ Basic simulation Results , #iN=~" BtxREu T ras:

B

2 i 8]

H %

B

BHP 2013 3 1

T2013 3 1

PRD

Well Bottom-Hole Pressure

BHP 2013 6 1

T2013_6_1

PRD

Well Bottom-Hole Pressure

BHP_End

BaseCaseStop

PRD

Well Bottom-Hole Pressure

‘% Input
L} General Properties
4 1'% Fundamental Data
{3 Original Time Series
[l User-Defined Time Series
[ Property vs, Distance Series
{== Fiuid Contact Depth Series

meterization
Parameters

&2 Hard Constraints

[ Pre-Simulation Commands
4 % Objective Functions

£a g Date Time:

JE=sc Simulation Result from Oniginal Time Series

Name Characteristic Time Origin Type Origin Name Property
1 |cum o prod BaseCaseStop WELLS PRD |cumuiative ol sc

2 | Cum Water_Prod BaseCaseStop WELLS PRD Cumulative Water SC

3 |BHP_2013.3 1 T20133_1 WELLS PRD Well Bottom-hole Pressure
4 |BHP_2013.6 1 T2013 6.1 WELLS. PRD Well Bottom-hole Pressure
5 |BHP_End BaseCaseStop WELLS PRD 'Well Battom-hole Pressure

Basic Simulation Result from User-Defined Time Series

Name

Charactenstic Time

User-Defined Time Senes

Ak Basic Simulation Results
B Aistory Match Quanty
S Mot Dracant Valies
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2. 7 #&E#0> (Control Centre)

FP SR T REAETATHEM LT, FEMBMA, LEEKE, UARBH)

&A% 1E CMOST iz 47

Study Manager | Tight Qil reservoir-SA X
4 ¥ Input

{:} General Properties

I % Fundamental Data
| XoParameterization
l z Objective Functions

a Control Centre

@ Engine Settings
)‘ Simulation Settings
@ Experiments Table
@ Proxy Dashboard

37)  H.i; Engine Settings TUM. BRARAISER 485 A Sensitivity
Analysis , {15 51%£i%#E Response Surface Methodology (M BT 434
%) e HAhR B ARAEE.
38)  H.ii Simulation Settings T . AMIHHSHE HATHERK. €
W2 Local, BB~ Active JEITR & & I%HE . 5 & Max Concurrent
Jobs A 4.
A BT AR ) AR E A, T Ak AR K B 18] F A6 T A . CMOST +T 1A B 3 #5 0k b 2
1) % a9 . o T ABEANE L m A R B — oAb i ) Rk, B AR AL A R KB AT R IR E
H 60 4%

16
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CMG

i Schedulers: Connected using schedulers in Launcher. Please do not close Launcher when the study is running.
Q Refresh
Max . .
Active | Scheduler Name Type Concurrent AL Work Plan Job Priority Adqmonal s
Jabs Switches Computer
Jobs
1 Local Local 4 25/|All Time Low el
2 []  |HPCHead Node |MSHPCSchedul 1 25| All Time Low HPCHEADNOD
3 [ |csTivy24C10-4 MSHPCSchedul 1 25|All Time: Low HPCHEADNCD
4 [ |csTivy24c1o-2 MSHPCSchedul 1 25| All Time: Low HPCHEADNOD |
2 [ |CSTIVYGOCR-2 MSHPCSchedul 1 25| All Time Low HPCHEADNOD |
6 [ |CSTHSW16C11-2 | MSHPCSchedul 1 25|All Time Low HPCHEADNCD
7 [[]  |CSTHSW16C10-8 |MSHPCSchedul 1 25|All Time: Low HPCHEADNCD
8 [[]  |CSTHSW16C11-3 |MSHPCSchedul 1 25| All Time Low HPCHEADNOD|
9 =] CSTHSWT72CR-1 MSHPCSchedul 1 25| All Time Low HPCHEADNOD | ~
~Simulator settings ~Jab record and file management
Simulator:  IMEX Delete
Job Status CRIear :fh Delete .dat | Delete .log | output files
Simulator version: [2017.10 '] i« (513, ..)
Number of CPUs per job: ‘ 1 :| NormalTermina
Method to find executable: [Find Exact Version '] AT TREE 0 g
Failed O ]
Max run time per job (hours): ‘ 1 |
Killed a
Additional simulator switches: -sr3
Apply simulator license multiplier:
Write SR3 files on execution host: o .
. i 1. For normal termination jobs, the user can specify the number of
Write log file on execution host: optimum 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
- - L . numerical problems.
Disable grid records writing in OUT: 3. Failed jobs are jobs that couldn't run to completion due to hardware/
Disable grid records writing in SR3: software/license problems.

Validation
39)

40)

il CMOST - Dishale
File  Help

R & G AA O
Study Manager | Tight Oil Reservoir -5A X

SESRBURAE M T BRI

Save f#%F .

¥ Control Centre Wi . ¥ © %4155 CMOST 5|
CMOST ¥ iaf A, FHHBERIZE R

« ' Input
{} General Properties
11 Fundamental Data
X Parameterization
3 Objective Functions
.
i Engine Settings
& Simulation Settings
HHl Experiments Table
) Proxy Dashboard
L. simulation Jobs
“ Results & Analyses

~CMOST engine

Current activity:

Elapsed time:

Estimated finish time:

>

Engine name: Response Surface Methodology

Engine version: 2013.11.5046.24230 (2013-12-03T11:11:20)

Engine status: Stopped

Start date time: 2014-01-27713:33:35

0 hours 38 minutes 28 seconds

progress

10

Status Summary

No. of Experiments

‘ M Complete WM Running BN New M Reused

20

~Result Summary

‘ B Normal Termination Unknown

W Incomplete

[%] Parameters

|/ Time Series Engine events

[" Property Vs Distance ® Show all

% Objective Functions

) Show errors anly

©) Show warnings only

Drag and drop 2 column header here to group by that column

© Show information only

Time

Level

Source Description

2014-01-27T13:33:35

Information

Response Surface Metho Starting Engine...

=1

2014-01-27T13:33:35

Information

Response Surface Methoi| Computer Modelling Group Ltd. CMOST Engine Version: 2013.11.5046.242

2014-01-27T13:33:35

Information

Simulation Manager

'CMOST will submit jobs 1o local schedulers only because the study folder i

2014-01-27T13:33:35
2014-01-27T13:33:36

Information

Information

Response Surface Metho Validating input data...
Response Surface Metho Creating initial experiments...

2014-01-27T13:33:36

Information

Response Surface Metho Engine started with seed 2078341950

2014-01-27T13:33:46

Information

Dataset Generator Start Pre-Simulation Command: Command001 [1/1]

2014-01-27T13:34:49

Information

Dataset Generator Finished Pre-Simulation Command: Command(001

2014-01-27T13:34:49

Information

Simulation Manager Job Tight Oil Reservair -54_00001 is submitted to Local

2014-01-27T13:34:59

Information

Dataset Generator Start Pre-Simulation Command: Command001 [1/1]

idation

Ready

17
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2. 8 M T (Results & Analyses)
— B CMOST T A iEAT, LT AEHRALLE R,

.Study Manager | C5S Sensitivity Analysis X
‘W Input
Control Centre
= Results & Analyses
[%] Parameters
{ / Time Series
r.__ Property Vs Distance
Z Objective Functions

41)  7EMALEAH, S/41F] Results &Analyses © Objective Functions =
Proxy Analysis = Effect Estimate tab.

RE R B 5T A B LA T A RO SR

MR B LT VAE i, ARERRHER BiRE 55, 5 aIKEAS AT H LGRS %

] 38> KR B & F > AR ALRE > J A S K ta ke B> HaF K

Propped_Frac_Perm(1000, 30000) - _ 3999
Propped_Frac_Spacing(30.48, 12-1J6STNNI

2
%
£ Matrix_PERM(0.0001, 0.001) 2934
-
©
o

Matrix_POR(0.04, 0.1) ‘1-231

SW_Propped(0.3, 0.7) -937.1

-4.0E+003 0.0E+000 4.0E+003 8.0E+003 1.2E4004  1.6E+004

Cumulative_Oil_Prod(Linear (R2-training=0.875, R2-verification=0.796)) (m?)

42) 3t Results & Analyses -> Time Series -> Observers , #AEITF:
R Emhy XA B P, ML AAN LT b de, Htbim il &AM =g, HLd
RABMERTEA N, Lt 2RSS ATATLBUELTE B A H L) L MSE K6, ZEEH,

BEN KAEE, BPAARE AT E ZG K ,

18



5577 ). SrEm i BUE AL — Al AR

p= L

PRD Cumulative Oil SC (m")

1.3E+004

1.2E+004 ]
1.1E+004 /
1.0E+004 / :

> 9.0E+003
8.0E+003
7.0E+003
6.0E+003
4.0E+003
3.0E+003
2.0E+003
1.0E+003

0.0E+000

l General Solutions @ Field History —we=Base Case

1E+004 =

2013-01 2013-02 2013-03 2013-04 2013-05 2013-06 2013-07 2013-08
Time

3. CMOST il &

i £ 3R SHAR AL 69 — R AR OB, AR LT £ Hy /B A . OMG JE 5 ALAE I — AR AL AR iLAZ,

Wik, ANAZEZ, £ —F B ARG ATLERAE N B Kb agte s, Hik

RGBT P LR A, AR E B, AT AR RN Kb P&, T ABHE.

43)

7t Study Manager #5%& I, 4 Tight Oil Reservoir-SA i, ik

¥ Copy to new study

Study Manager | Tight Oil Reservoir -SA

- Praject comments

Studies

O New Study
| By Add Existing

Load

| B unload

Tight Oil Reservair -SA Current study name: Tight Gil Reservoir -S4 ) ‘ B Exclude

New study name:  Tight Cil Reservoir -HM Import...

EE@%T

§
1
N

/

[ 'a

File name: Tight Oil Reservoir -SA.cms  Study type: Sensitivity Analysis Auto load: [V Engine status: Stopped Last update time: 01/27/2014 14:13:11

19
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44)  AEINIRE4 Tight Oil Reservoir-HM, %A J5 B OK.

: [ (]
Study Manager [Tlght QOil Reservoir -SA {Tlght Qil Reservoir -HM ‘

Project comments

Studies

Tight Oil Reservoir -SA Tight Cil Reservair -HM

N LIE T FHR T BARRE, Fh LAk EAE A BAREH, BALAR ), ISAT EAS .

45)  {F Tight Oil Reservoir-HM 1, S#i%] Objective Functions =

History Match Quality
46)  Haly Insert $HL, WNINHTHY H AR
47) w4 HAREECN Cum_Oil
48)  fETFMXEsH, Hii Insert 4%4, W0 H bRk EI0.
49)  BANTHEEZSH GERIEMGREE):
® Origin Name: PRD
® Property: Cumulative Oil SC

500 HZMER R RIS IR . AR K

B iRk & Bt
Cum_Water PRD Cumulative Water SC
BHP PRD Well Bottomhole Pressure

Global history match error definition

Global HM error name: Unit label: Caleulation method:
GlobalObj % [ Weighted Average -
~Local history match error definitions
Name Unit Label Active Weight HM Error Calculation Method [ o ey
1 |cum_oil % 1|Weighted Average
2 |Cum_water % 1|Weighted Average MJ
3 |BHP % 1|Weighted Average | £ Repeat J

Sl 2

Original Time Series Terms | User Defined Time Series Terms [Prcperty vs. Distance Series Tsrmsr

_ Absolute

Insert

ST Origin Name Property Start Time End Time Eese‘ | Measurement AL Normalization {‘}—J
Type Zumulative ‘Weight
Error

Delete |
1 |WELLS PRD umulative Qil SC | BaseCaseStart |BaseCaseStop ] 0 1|Auto .
| {3 Repeat |

20
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51)  Sfi#] Input & Parameterization = Parameters 1S . MEUK
Pt kG, SEIBUEEE & .

52)  FREEFARAEON History Match Jfig#F— AT isk.

53)  S#i%) Control Centre = Engine Settings

54)  ARREIEA! History Matching , W& 5% 5 CMG DECE. HAth
16 L OR B R

55)  #FEi#%# Global Objective Function Name 7£ Optimization
Settings FTH .

56) (A% Total Number of Experiments A 200, i##7E 200 LA Ht 4L 2
mEE. GUHSBITEZ TR,

57)  iRI[A] Control Centre F /4351 %.

58)  S#iF Results & Analyses -> Objective Functions -> Run Progress
-> GlobalObj , AFEHHMELIE. —HRE T EER AR,
[5]#] Control Centre, fZikit5,

[ General Solutions @ Optimal Solution @ Base Case

GlobalHmError (%)

@ = =
S o c

-3 (5]
: 8
-

10 20 30 40 50 60 70 80 90 100 110
Experiment ID

59) /i3] Control Centre & Experiments Table
60)  REIHFREEL GlobalHMError (51 . i B o b i 51 0o 45 B A7
J¥, DMET AT DMETE & H BoA P s A s 50 . AT DS i fE

ol
E, Gt (4558 EE) Results Graph L5, (8] il 25
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AR

BTG SO0 A 25 AN 0T DL 1) Results & Analyses = Time Series

- Observers .

ML LERFTURE, e XARBOMSRERDOEY, BALSKRES AL

KA E 0.04; XA #EF 0.0006355md; & FIBAKESE £ “ctypel. inc”; ALZ 419

SE 91.44m; HEEFKZ 50m; AT HLRIEHEF 19995md; AT Z 4+ A Kief K 0.3,

Drag and drop a column header here to group by that column

ID Generator mulative_Oil_Prc ‘ BHP 2013 3 1 BHP_ 2013 6.1 BHP_End GlobalFimError Cum_0Qil Cum_Wats
1 94|CMG DECE 7555.594 2726,7966 2726.7966 2726.7966 3.1003099 000013180111 |14137618 |°
2 97|CMG DECE 7555.594 2847.0825 2847.0825 2847.0825 3.1665643 0.00013180111 |1.4032821
3 91|CMG DECE 7555.594 2843.459 2843459 2843459 3.2222685 0.00013180068 |1.4426653
4 78|CMG DECE 7555.594 2884.3438 2884.3438 2884.3438 3.2385651 0.00013180241 |1.7460961 |
5 87|CMG DECE 7555.594 2748.0215 2748.0215 2748.0215 34781767 0.00013173459 14371922 [
[} 81(CMG DECE 7555.594 2864.7747 2864.7747 2864.7747 34862168 0.00013180241 1.887165
7 71(CMG DECE 7555.594 2865.4619 2865.4619 2865.4619 3.5310448 0.00013180241 |2.2298103
8 79(CMG DECE 7555.594 2906.408 2906.408 2906.408 3.5538943 0.00013180588 1.7486022
9 90(CMG DECE 7555.594 27424963 2742.4963 27424963 3.7630137 0.00013173459 |2.7746972
10 75(CMG DECE 7555.594 2900.0576 2900.0576 2900.0576 3.8540457 0.00013180588 |2.3308733
11 76(CMG DECE 7555.594 2919.4795 2919.4795 2919.4795 3.9235461 0.00013180718 |3.0806877
12 93(CMG DECE 7555.594 2906.7021 2906.7021 2906.7021 40684874 0.00013180241 |3.7515537
13 89(CMG DECE 7555.594 2841.8853 2841.8853 2841.8853 4.2364484 0.00013180111 |4.1905366
14 86(CMG DECE 7555.594 2617.9434 2617.9434 2617.9434 4285615 0.00013173459 14284237
15 72|(CMG DECE 7555.594 3008.4299 3008.4299 3008.4299 45081707 0.00013173459 |3.7301293
16 98 (CMG DECE 7555.594 2645.1719 26451719 2645.1719 4722263 0.00013173459 |3.110064
17 62|CMG DECE 7555.594 3013.2017 3013.2017 3013.2017 49675629 0.00013173459 5.0095876
18 77|CMG DECE 7555.594 2895.1526 2895.1526 2895.1526 5.1331296 0.00013180068 |6.5921239
19 92|CMG DECE 7555.594 2887.7002 2887.7002 2887.7002 5.369125 0.00013180241 |7.5319787
20 82|CMG DECE 7555.594 2864.2656 2864.2656 2864.2656 5.5639467 0.00013180068 |7.7124812
21 83|CMG DECE 7553.727 2601.1108 26011108 2601.1108 5.6149271 0.0017414707 3.3977098
22 65|CMG DECE 7555.594 3250.7847 3250.7847 3250.7847 56227856 0.00013173242 | 2.3348866
23 96|CMG DECE 7555.594 3252.2026 3252.2026 3252.2026 5.7288996 0.00013173242 |2.1946155
24 70(CMG DECE 7555.594 32954883 3295.4883 32954883 5.9124955 0.00013173242 |2.0615287
25 74|CMG DECE 7555.594 3179.4976 3179.4976 3179.4976 6.5030979 0.00013173242 |6.5583422
General Solutions @ Field History == Optimal Solution e Base Case
1.3E+004
FIE 008
1.1E+004 -
1.0E+004 //
 9.0E+003 —
E —
Q 8.0E+003 //_‘
S s s
- i
3
5 5.0E+003 /
2, reone //
o 4 /
OO 01 2013-02 201303 2013-04 201305 201306 201307 2013-08
Time
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I General Solutions @ Field History === Qptimal Solution === Base Case

1.4E+004

1.3E+004

1.2E+004

1.1E+004

& 1.0E+004
E
O 9.0E+003
w

&
£ 8.0E+003

~
=)
m
+
o
a

6.0E+003

5.0E+003
4.0E+003 /
3.0E+003

2.0E+003+

PRD Cumulative Wa

1.0E+003

0.0E+000
201

-01 2013-02 2013-03 2013-04 2013-05 201 '3-06 201:‘5-07 201:‘}-08

Time

61) £ “Tight Oil Reservoir-HM.cmsd” SC A4 3¢ FR & 2404 U 1 S “ Tight
0il Reservoir-HM_00177.dat”, HfJLiE%] IMEX Biila% th T 5.

62) ¥ “Tight 0il Reservoir—-HM_00177.irf” ({44 % Result Graph .

63)  [EINF A INEAAR A TR 45 R Result Graph—File—Open CMG
Simulation Results, ¥sil Base Model_Hyd Frac.irf S 1f .

64) N7 S EdE Result Graph—File—Open Field History, ¥l
BHP-SI.fhf 1 production-SI.fhf SC{4:.

65) Ll A K 2R, AT .

PRD tight oil reservoir-hm_00177.irf

40 T

o1 T B i b [ EnEnEn et EEt

g 3

-] :

B :

E :

320 L b bbb bbb A bbbt R RRCRILEELEE: AR bbbl bt

& CoSU e

b Pl K-l Y |

i o (177 K- 10 2 40 |

= T T T :

ooy | O SO S S SR S

Sovohononn

0 T T T T T T

20132 2013-3 20134 20135 20136 20137 20138 20139
Time (Date)
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PRD tight oil reservoir-hm_00177.irf

40
R P R PP O, FRPRPPEEEEPPRE PPN
; .
g - J 7
F-’E‘ o [ 7=y - 17 5 #0038
PN N SRR SOUSU OO SESROUO PN SOt SRS S
7]
] o : ; ;
5 S I 1 1
(14 H o o : :
= © Poo o o | |
Ol ™ | i SN N R L
o Py 0 =
o L a0 l® o0
F o GmalT Toe T oge
oo d o
0 f T T T T T
20132 20133 20134 20135 20136 20137 20138 20139
Time (Date)

4. LT

MR A0SR P, MEREGEM, —MAEFRUGIERD LMEERE D, &

RKEIA RN, Tight 0il Reservoir—HM_00177jichu. dat.

4. 1 B AR

TRM AL DT B A2 0 KA G — AN ) &, 3% E TN I B TAR R, — AR AR A

R6 — BT TAEH EAE A A EAE, ABRGEE STO, XA 30 m’/d; F)EiE A ifhe—

BRI, LSRR O B £
4.1.1 FTAEHIE

66)  Builder 7T dat 3244, X5k well.,
67) kB HEE—NEE A “2013-08-097, “A)i% Constraint definition

68)  IBHCE &S STO, BE Y 30, HUE AL a I A Rl

69) i OK
70)  ARAE A Tight Oil Reservoir-HM 00177yuce.dat

24
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-
| well Events

displayed wells 1 of 1 2013-08-09 - Well: °FRD” at 2013-08-09 (220.00 day)

-
Name / Date Event D & Type Im previous date: 2013-01-01
2013-07-14 ALTER
2013-07-15 ALTER Constraints * | Parameter ] Linit/Mode c-'h'l'ﬂc—| Action
2013-07-16 ALTER | #1 STO surface «il rate MAX 30 n3... |CONT REPEAT
2o ALTER Multipliers ¢ | BHF bottom hel Y 3450 kP, CONT REPEAT
z ottom hele pressurs a
i 2013-07-18 ALTER
2013-07-19 ALTER T
|| 20130720 ALTER e
2013-07-21 ALTER . .
2013-07-22 ALTER s k.
| 2013-07-23 ALTER
2013-07-24 ALTER Vet 4 [ i | b
2013-07-25 ALTER . Max. number of continue-repeat allowed (MXCNRPT) 1 X aw 1‘,."&, =
2013-07-26 ALTER Options
| 2013-07-27 ALTER e History Matching (OPERATE-HIST)
Layer Gradient
2013.07-28 ALTER il Constraint Type:
2013-07-29 ALTER
2013-07-30 ALTER Gas Lift
2013-07-31 ALTER — < constraint modifiers >
2013-08-01 ALTER Guide Rates [ Change current primary constraint (ALTER], || Set new or change old constraint (TARGET)
2130602 ALTER sTO 28 m3/day # ‘Parameler Value ‘
2013-08-03 ALTER Fracture Proexy
2013-08-04 ALTER ———— Alter: previous date: 2013-08-08 select new
! 2013-08-05 ALTER — Cem i Target: previous date: <none>
2013-08-06 ALTER B ——
20130807  ALTER 3 <
2013-08-08 ALTER
2013-08-09 ALTER -

| sonor 0o Cnoassy | (o< | [comen | [_aewy | [_tob

4.1.2 I 0TI A ]

71> Xy Dates.

72) %P Add arange of dates $4H, FINET RIS, S0 2 SEEHE, B[R]
%% “2015-08-107,

73)  Huli OK.

L w = - - - 7 -
[8] Simulation Dates |_ = X
* - no keyword data exists on this date (it can be deleted)
# | Date & Tine (day) | set. .. ‘ Comments | < Add a new date:
1 2013-01-01 ... O ‘:'
2 2013-01-02 a... [ ;| Add a range of dates:
B 2013-01-03 __C L1
4 2013-01-04 | Select a range of dates u CEEay
5 2013-01-05
8 20150108 Fram: | 2013-01-01 (0.00 day)
ki 2013-01-07
: 2013-01-08 To- 2015-08-10 (361.00 day)

9 2013-01-09 Stepr 1 oK | empty dates: E
10 2013-01-10

11 2013-01-11 Month -
12 2015-01-12
13 2013-01-13

utput file size, limit grid
Selected dates in the range: 32 | lwith WSRF) to:

mit grid output -

14 2013-01-14

15 2013-01-15 ... |:| D Remove existing keywords
16 2013-01-16 ... D (WSRF) to limit grid output
17 20153-01-17 (... I:‘ [ Recommendations
18 2013-01-18 ... Od

19 2013-01-189 ... O

20 2013-01-20 a... [ -
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4.2 BERGER T
B BT A, FM A 30 -, RAR A 26500m°, MAILA KR 7 Fa b i b fe
ERTAAS, REKAERTEANT A EEFSbiaf E T KABHXAZFANMT EUR,

L ARG IAIT T VIARIE & KA R 0 RALA= AT, Bldo: AT REBREE, BHLT AR

RIE &G,
PRD tight cil reservoir-hm_00165y uce.irf
30,000
0000]
g i 1
2 : : : 1 :
o
% ////
g -
8annnnl i ——— TR
10,000 / — U A
0
2015 2020 2025 2030 2035 2040 2045
Time (Date)
PROD tight oil reservoir-im_00165yuce.irf
80
T O S N
h=]
b5}
E
> 1
® | Clf=j-Tass s )+
Q« 17 40 2 b
Q ;
9 ‘
i)
1+
14
e e e A e AR
(@]
] T T T
2015 2020 2025 2030 2035 2040 2045

Time (Date)
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Pressure (kPa) 2043-08-10 K layer: 3

O

TTTTTTTTTTTTTTT H\\HH\‘H\HHH‘H\HHH‘\HHHH‘H\HHH TTTTT
500 600 700 800 900 1,000 1,100

File: tight oil reservoir-f
User: 6core
Date: 2019/3/21

Scale: 1:3777
Y/X: 1.00:1
Axis Units: m

LI

56,157

51,089

46,021

40,953

35,885

30,817

25,749

20,681

15,614

10,546

5,478

500 600 700 800 900 1,000 1,100
LLLLL il \\\\\\\\\‘\\\\\\\\\‘H\HHH‘\HHHH‘H\HHH AR

TR T 13 ]

CTTTTTTT

5. &8

CMG 2 & ih AL A — R TARRAZ, R o R AR BRMSAT. I Lis .
$ERE R, HBRPATEHGRRMES, B#ETELHE.

SRR G R AR A A 145325 A%, 8 AN A AL Z et ], A& At H AL (BLE Intel (R)
Xeon (R) CPUE5-1660 V3 432 2%, 326 AA) & H 200 AMEAL, #it 4 i 18 94F, F3
BANBERIFEE 1 5 F4,

BRI F AR R TR, BBAFARETERK 60 ST K, Rk
YRk, 2 ANDETARAR, o Lt HotE], TAAREZERLEMBER, SRMIH. AL
BOFAFNEAREREE 1T RE T,

MR T XA PUAAZIN, OMG LT AR M i e hsZ, Qa8 L FHRENEIK, T
A EACHI A AT LN & QBMATIELEN A HRANL; QUELikBHM P ; DHE

AR B FER ) A A F R E . )G B2 A g JEF AL ALIE 77 @ A L.
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