FE U IR CMG-GEM 41 43 Bl 255540 A< FF-R g=————==== GROUPLID.

F|FH CMG-GEM
AR RS

= R =i e




5
C m @ COMPUTER
MODELUNG

¢= GROUP LTD.

H

B U FIH CMG-GEM 4143 BigLl 3850 5UE T
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1.1 #TJf BUILDER

Ja 5 Builder (££ CMG Launcher 1 X{i; BUILDER Kl ﬂ Do
1.1.1 BEFLLF IR '
e GEM fifil#%, FIELD ¥.f7, DUALPERM, Gilman and Kazemi

FEARIA £
e JF4f HHH 2000-01-01.
1.1.2 APk OK.,

Builder - Reservoir Simulator Settings

(SA'ML] Working Units Forozity Shape Factor
(*) GEM O sl ) Single Parosity (%) Gilman and K.azemi

O IMEX {@ Field I O DUALPOR ) wanen and Roat

O STARS (3) DUALFERM

Subdivizionz far Matris Blocks

Mumber of zubdivizonz I:I

Yalume frachions |

[2 walues expected)

Simulation Start D ate

YearUEDDD | Month1 | Daw ]

[ Ok, ] [ Cancel ]

1.2 Qg stk Hods

1.2.1 ZERCIRE S Reservoir #1255, 985 S EI ¥4, 5%+ Create Grid

A Cartesian....
1.2.2 By ANPLUR %

TEF RO ERE S 4N | 5 4 [55), 3 J 4 [B5), K 5k [L0), 76 1 Jy i
WEHE N [55*50), FIETR & —NH LK oR | 7 LFTE 55 MR,
50ft, 7E 3 J7 [ X EHE i A [55%50], i 3 J7 il b JTA 55 AWk K 1424 50ft.
£ OK.
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Create Cartesian Gricl @
Gnd Type K. Direction
@ Cartesian 1 Up
Carner paint [arthoganal] @ Down

Mumber of Gnd Blocks
| direction J direction k. direction

55 55 10

Block widths
| direction
55RO

J direction

55°50

Controling Grid spacing

[ 5nap spacing

Snap and linez as multiples of;
| direction J direction

1 1

[ ak. ][ LCancel ]

1.2.3 fER ALtk B Rk st ek,

1.2.4 R AR ) Specify Property A1 Calculate Property 414
2 RIEN, midi Specify Property, JEIALLTR (GER: S ABIN

D

Grid Top — [950ft]  for layer 1

Grid Thicknes - 30 ft] for all layers

Matrix Porosity — for whole grid

Fracture Porosity — for whole grid

Matrix Permeability I, J and K — for whole grid

Fracture Permeability I, Jand K — for the whole grid (ff e

4453200 0.001md.ft, IBAAMIIBIER NN 0.001md.ft/50ft).

Fracture Spacing | and J direction — m and for K direction

whole grid.

Implicit Flag — X248, AN ZH —Fr 2 Hordkim A

RN S N B B Implicit Flag for matrix and fracture %% 4 3.
1.2.5 Pk OK #| Calculate Property.



5
C m 6 COMPUTER
MODELUNG

B A CMG-GEM 4 B 2s A8 1A S T —— GROUP LTD.

H

General Property Specification

Edit Specification

Gio Ta Property: ‘ Porasity

]

[ Use Regions / Sectors ]

Grid Top

Grid Thickness

Porosity

Porasity - Fracture

Permeability |

Pemeability J

UNITS:

ft

ft

md

md

SPECIFIED:

X

X

X

HAS VALLIES:

X

X

Ywhale: Girid

Layer 1

950

Layer 2
Layer 3

Layer 4

Layer &

Layer &

Layer 7

Layer &

Layer 9

Layper 10

kil
kil
n
an
kil
3
n
an
kil
kil

003

X

x

X

0.001

0.0001

0.0001

1.2.6 Reservoir ##%5 N Wi Rock Compressibility, %f3& 5 fl1Z44%, 7+ rock
compressibility #7414 A 1.00e-6 1/psi, reference pressure W15 #E %7
A 2500 psi. rithi OK. Builder HzN 47 . XK Reservoir #i7r2s HBLZk &
Ru AP

Rock Compressibility

Prezsure dependence of farmation porozity £ Rock Compreszibility [CPOR]

bd atris: |'IE-E 1/pzi | Fracture: |'IE-E 1/pzi |

Feference prezsure for caloulating the effect of rock compresszibility [FRPOR]

b atriz; |25|:":| psi | Fracture: |25EIEI psi |

R eference temperature for calculating the

effect of rock compressibiity [TRPOR) |?? F |
Thermal expanzion coefficient of formation
porasity [CTPOR] ||:| 1/F |
Pressure-temperature crogzs-term coefficient of 0 1/nsF
formation porosity [CPTPOR] | [psiF) |
[ OF. ] [ Catizel ]

1.2.7 IAEPRAF A it File JFiEH Save As. fRAFXfFN“Shale Gas

model.dat” .
1.3 G415y 8 P

1.3.1 7£ Components kp%skbsid[ v ] . IF%# Model.

1.3.2 %+ Peng-Robinson, # %] Reservoir Temperature #4515 B H
Witk 100F,

1.3.3 3XAT kI AT UG oK S 1 BeR H BRE
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hodel

Model |Reaerm:|ir Temperature | Wiater Properties |

Use WinFrop ta Import/Create Model

Import... Create... |

~hodel Equation of State
C atset

(" Peng-Rohinsor

(= Soave-Redlich-Kwaom

Cancel | Ay Help

1.3.4 i OK.

Add an et

Component definition | nteraction p Copy current EOSSet bilty | Miscellaneous

Delete current EOSSet

W ater included in component list

% [[ Add/Edit Companent... J] Delete Component
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1.3.7 fEAnFEHikEF: CH4.,

Add /edit component LI

Component CcH4 = 3

Selectfrom librany ic}

[+ This is a hydrocarbon compaonent (HCFLA

“rou can specity differentvalues for properies in following grid far
individual EOS sets

Properies for EQOS 1 hd

# |Prnpeny |Va\ue ||

1 Crit. pressure |45 4 atm Compute properies
2 |Crittemper.. 1905K WEIRE) Rl e G
3 |Acenviciact. 0008

4 [Molweight  16.043 gjgm

57V\:|Iume shift

5_ Compress.f.. 0.2876

7 |critvolume | 0.098 m3/kg.. Setio libran/values
87 Crit. cormpre... 0.2876 -

T Crit. volume

T Omega A

T Omega B

T Specificgra.. 0.3

EA\/erage nar... -256.61 F LI

0K | Cancel | Apply | Help |

1.3.8 BUERANTAHULE CHA DI IPIRATTRES L BA TR LIS I gk
Hop, EAERXDGRHATE

1.3.9 VR RIIMPEEL > 25— IXARLL, XS 1A & UK IR R JR AR,
PATE XT3 X 24 B 358

1.3.10 X CH4 78I AHHE -2 25 Hf5 5 - 7E Component properties #1k
K b Xd“Gas phase diffusion constants (DIFFC-GAS)”. #iALL I HZ 4.

Il Component Properties 5[
EOS set: |1 Vl > |

Component def\nitionl Interaction paramalersl \u"iscosityl Aq, phase solubiity - Miscellaneous |

I Identity OF Single Phase Fluid
IInlemaI Drensity Method j I 123123 1bAt3

V' Gas-Phase Matix-Fracture Diffusion

Tortuosity:  [1.500000
# | Component IDilfusivity [em™2/5]

0 |oHs 00005

ok LCancel Apply Help
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1.4 GIEEAHN 5% F 24
1.4.1 7F Rock Fluid section 4t &5 Create/Edit Rock Types.

2 madi[r] A% New Rock Type.

1.4.3 #%# Tools 1 Generate Table using correlation.

1.4.4 AW N E RS

x|
ICaIcuIatmns for oilwater-gas system T
Use list below as a guide to setexponentvalues for the generalized equations, | o
or to select specific analytical equations. 2
Suggestions not required. LI E
:
Show Equations | 51
[T Liguidisaturations do notinslude connate water
00 ¢ * + 4 0
# | Description Walue | Swecon  Swerit 1-Sorw 1-Soirw
1 | SWCON - Endpoint Saturation: Conn... 0.2
2_ SWCRIT - Endpoint Saturation: Critic... 0.2
3_ SOIRW - Endpoint Saturation: Irredu.. 0.2 =
4_ SORMWY - Endpoint Saturation: Resid.. 0.2 2 2
5_ SOIRG - Endpoint Saturation: redu...  0.05 'L_;: '; Vi
E_ SORG - Endpaoint Saturation: Residu... 0.05 .E'g |
?_ SGCOM - Endpoint Saturation: Conn... 0.0 §§ Sorg |
B |SGCRIT - Endpoint Saturation: Critic... | 0.05 = Soirg
9_ KROCW - Kro at Connate Water 0.1 -—l-
1| KRAWIRO - Knw atlreduibl O 08 %0 Subon | I 18g0n |
1. |KRGCL - Krg ot Cannate Liquid 0.3 Slcon
T KROGCG - Krog et Connate Gas
T Exponent for calcuating Krw from KR 2
T Exponent for calculating Krowfrom K. 2
T Expaonent for calculating Krog from k.. 2
T Exponent for calculating Krg from KR, 2
oK Cancel Help

1.5 ¥& @RI b 2 s

TR ZS G, SRR A O 2tk Builder El‘] Quick CBM Setup B5)
fe S, H P LUS A POE CBM [ S A S5 4 $o 538 i “specify
property” LI A .

Hig, HiaHPu CBM a3, 75 EFEEERE T “COAL-DIF-TIME or
COAL-DIF-COMP" R /A IS, A M L8 I H =7 75 B8 R4 S b B
Bk e A “Diffusion” 58,

EARRZR I, BA1H H 2 Builder H“Reservoir" il s A Rg . 3
AT EERRAI B 2 21K R o 25 1t e A 7R R 2 A 3 ) U o

riihi Specify Property AN LU E (GEE: AL AN HD:

7
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¢ Maximal Adsorbed Mass (CH4) — Matrix - 0.10 gmole/lb (167
scf/ton) (ADGMAXC) (for unit conversion, refer to the slides in
the CBM section).

e Maximal Adsorbed Mass (CH4) - Fracture — 0.0 gmole/lb

e Langmuir Adsorption Constant (CH4) - Matrix — 0.002 1/psi
(ADGCSTC)

e Langmuir Adsorption Constant (CH4) - Fracture — 0.002 1/psi

e Rock Density — 120 [bm/ft3

M General Property Specification

Edit Specification

Go To Property. | [SEIE
Langrui Adsorption ConstantCH4]  Langmuin Adsorption Constant[CH4.. | Maximal Adsorbed Mass(CH4) taximal Adsorbed Mazs(CH4) - Fra... | Rock Density

UNITS 1/psi 1/psi gmole/lb gmole/lb IE
SPECIFIED: *® b b S
HAS VALUES: b baS baS baS
‘whole Grid ( 0.002 0.002 0.1 0 120 ]
Layer 1
Layer 2
Layer 3
Layer 4
Layer 5

1.6 QIEAIIR AR
1.6.1 {ETAHERSE SRR Initial Conditions 3 & Initialization Setting.

1.6.2 ¥ Water_Gas {EMIHIS 16, 5 i FLAE T-H T - B4
AL

Initial Conditions

Caleulation Methods | Init. Region Parameters Advanced Parameters

g

(#) Block. Saturation at each grid block average over the depth interval spanned by the grid block [VERTICAL DEPTH_&VE )
Perform Gravitp-Capillan Equilibrium of & Rezeroir Initially Containing
O water, O, Gas [WATER_DIL_GAS )
() wiaker, Ol [WATER OIL ] - Mo free gas
() water, Gas [WATER_GAS |

() Use water-gas capillary pressure curves and determine water-gas transition zone. [ TRAMZONE |
(*) Ignore ALL capillamy pressure curves. [ MOTRANZOME |

Phasze Preszure Comection
(#) Add phase pressure comection to ensure that the reservair is initially in gravitational equilibrium, [ EGUIL |
() Do not add a phase pressure comection. [ NOEQUIL )

() Block Saturation at each grid block same as saturation prevailing at the block center [WERTICAL EBLOCK_CEMTER )

Pearfrrra GrawibnTanillan Faoilibrioen qf & Recaneair bl Canbaininn
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1.6.3 % Init. Region Parameters #:%5, AWM KT dor. FIOK
FH

Reference Pressure = | 2500 psi
Reference Depth = ft

Water-Gas Contact =|1500 ft

Gas cap mole fraction (ZGAS) =

Initial Conditions

| Calculation Methads | Init. Region Parameters Advanced Parameters

Initiglization Fegion |Flegion1 v| E

|nitialization Region Parameters
Initialization Feqgion Type 1 is not defined. Grid depth range: 950 ta 1250 ft

Fieference Pressure and Depth 0l Zone and Gas Cap Compositions

Pressure [ REFPRES |: | 2500 psi | Comp. | 0iZone (Z01L) | Gas Cap ZGAS] |
Depth [ REFDEFTH J: 1050 it 1| CH4 |00 1
Tatal: 0. 1.

Fhaze Contact Depths

Water-Gas Contact [DWGC) 1800 ft

Capillary Prezsure at Phasze Contacts

Gas-0il capillary prezsure at the I:I
gas-oil contact [ GOC_FC ]

W ater-Oil capillary prezzure at the I:I
water-oil contact [ WOC_PC)

W ater Saturation

Below'waterDi Comtact [SwOC) | |

Critical Depth

[ ]

ok | [ Cancel Apply
1.7 FERSASEEE o)

1.7.1 A PEAESS 5 2V5E | 7 M 22 28 5 £l 40 28 5 4i— /K FH:. 7MY
RE R, AT Wells JREF New. ¥ R ME — O HH. 4 H
“Horizontal”, JFE#EFHZEA H“PRODUCER”.
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M Create New Well X
i
ID & Type
Dol Enter a zingle well name ar a comma [,] separated lizt of names.
———— Mame | Horizantal |
tultipliers
—_— [ Add multiple wells numbersd I:I I:I
Wiellbore
Tope: | PRODUCER v|
Injected Fluid
Group: | <Manes 2 |3n:| or 2nd level group with no
ane other groups attached ba it
[ Fractior: | uze bo multiply well rates and

index

Simulation start date: 2000-01-01
[&] | Definition date: 2000-07-01

Add wellz uzing a drilling schedule of I:l I:l
T [

1.7.2 S+ Constraints #3259 Constraint Definition $f15AHE.

1.7.3 fE select new /5 (FERAGTHILRS)) EF OPERATE., ARJ5ikF
STG surface gas rate, MAX, 2EO06 scf/d, CONT REPEAT.

1.7.4 HEEE L RBEMS ALK, %A : BHP bottom hole
pressure, MIN, 500 psi, CONT REPEAT.

1.7.5 i OK.

10
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_ (ol x|
Yl displayed wells 1 of 1 IZDUD-D‘I 1 Vl El Well: ‘Horizontal' at 2000-01-01 (0.00 day)
f
W /D | Event .
Hg?zegntaf = = 1D & Type ¥ Constraint defirition previous date: <nonex
2000-01-01 WELL - ; ] -
PRODUCER Constraints # Consztraint | Parameter | Lirnit/td ode |Value Action
conatraints Muliol 1 OPERATE STG surface gas rate N M N 2000000 ft3/day  COMT
ultipliers
—_— * 2 |OPERATE EHF bottom hole pressure N MIN ™ 500 psi CONT
Injected Fluid
workiorer
Options 4 | _’I
Layer Gradient * | rs | b | Lﬂwl%’l
Gas Lift
< constraint modifiers >
Guide Fiat;
& [~ Change current pimary constraint (SLTER) ™ Set new of changs old constraint [TARGET)
Comments 5TG 0 f3/day # Parameter Walue |
select new
Alter:  previous date: <nane>
Target: previous date; <nones ><
o]
&
Sork by NS Todls  » | Reset Page I~ Auto-apply ok | LCancel | Apply | Help |
 Date 4

1.7.6 ZERPIRE EFF Wells F1 Horizontal, Ff&i: 2000-01-01 PERF,

1.7.7 WAENIZAE General b2 1, HTKFHEASE | 7RI, KEOAR K
J7 TSR | 1) AR SR VB A (R 4R 4

= Well Completion Data (PERF)

well t Date: | ® Horizontal 2000-01-01 v [»] ProbuCER
E Gieneral 5 | Perforations Fiel Perm.Options
Well index type GEOA calculated from geometry, ani. ™
Geametny: i}
direction ( | amiz |]
radiug [ft] 0.25
geofac M A8 [computed)
wirac 1
skin 0
Usze D for turbulent skin factor |:| TURE
Uze quadratic gas inflow |:| QUAD
Uze peeudo-pressure gas inflaw |:| PSEUDOP
Uze layer MK directions or Y2 geometric data Haone h
T T | W

1.7.8 #3] Perforations Fr%%.

11
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1.7.9 B RAFRMAAL, 5l gegn [£HL WHR“Well Completions
Data” St [ MEAE A7 5422 28 5" ) 4028 57, TR AJ LR IXAS S 3h B —,

HEATHHAL. AT LUR A % JeHll, JF TSN B (22:40 28 5) At 4L.

1.7.10 il Wells & Recurrent d25 31X Dates .

1.7.11 S5 | B] %3] Add arange of dates. #%# From: 2000-01-01,
T0:2005-01-01, Xf tHILXS 1 HE siei IR OK. IEFEE KA —AH o

1.7.12 7f set STOP %I, i 2005-01-01, Af IKCHL#S7E I H AN F . 5
7 Close.

1.7.13 it OK. Frfisr#f<s hIl green check mark.
1.7.14 GRAFER .

1.8 Hiw A A7
1.8.1 {EMCIRIE  £iidi 1/O Control

[40 Caontral 2

Fiezervoir

Components

v
X
X
&) Fock-Fluid
X
v

Inihial Conditionz

MHumencal

" wWells & FBecunent

- Titles And Case ID

----- " Run Time Dimensioning

----- " Restark

----- v Simulation Results Output
----- v Text Oukpuk

by Miscellaneous

1.8.2 X Titles And Case 1D,
1.8.3 i A“Shale Gas Reservoir’, /i OK,
1.8.4 X{i: Simulation Results Output.

1.8.5 fiili Select %% % select grid variables. FATILAE M %
“Adsorbed Mass Fraction of ‘CHA4” ik £ W b . XAk it )15
AR ORGSR R e B . JFH, EFE“Permeability

12
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in each direction”, IR OK JHARAFEHE

Il Select Yariables for Simulation Results File

=10l x|

Yanable Description

Qil relative permeability (KRO)
Gas relative permeability (KRG
Water relative permeability [KRW)
Yizcazity [WIS0)

Gas viscosity WISG)

Qil molecular weight [Myw/0]
Gas rmolecular weight (M4WE)
Qil maszz density [DEMO)

Gas mass density [DENG)
Water maszs density [DEMW)
Current porasity [POROS)

Perreability in each direction [FERM)

Saturation pressure [SATP)

Interfacial tension between oil and gaz [S1G)

Solid mass and adsorbed mass; resistance factar (SOLID)

Adsorbed mass fraction of 'THA' [ADS)

Welocity wectars of oil, water and gas at reservair conditions. (VELOCRC)
Global mole fraction of 'CH4' [£)

o o o

-

Select Al | Deselect Al | ok | concel | y
o

1.8.6 1 K & P/~ B 4“Initial Reservoir to All Variables”:

Simulation Results File Writing ﬂ

Simulation result file name will conzist of root name of the input file plus .if extension

Frequency of Simulation Results File wiiting - “hen to write [WSRF)

View/Edit TNEXT Dates |

jﬂ Date/Time Information | ‘witing Frequency | Yalue |
I hitial Wwell Specifed frequency K
M Initial Grid b

Ewery TIME or DATE kewwords [TIME)

Itemg in Simulation Results File - What to wite [OUTSRF)

jﬂ Date/Time Infarmation I\J'ariables selection

M Select J

E I hitial Grid Select grid wariables
Initial Reservoir |.-’3.II vanables (ALL)

-

“wiribe: flaating point data ta SA2 fils in IDDUBLE vl precision [SR2PREC).

Grid mode for writing OUTSRF GRID quantities to the SR2 file for denamic gndding runs [DYNSR2MODE] I vl

e

DYMAGRID wiiting frequency

Comments for UTSRF at Initial

[ o ]

Cancel | Help |

1.8.7 TRA7F .

13
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— y—a p—

—. BT GEM f&#Y
7 CMG Launcher F#ii%##“Shale Gas Model. Dat " 3| GEM El#5 Liz

ATHAR -

™ Submit /Run a Simulation Job =10] x|

Mumber of Processars to Lse: |2

= Run immediztely with mx20081 0.exe

% Submit to Schedulsr ILocaI ;I
Wersion to Usg: IC:‘Prngram Files (x8ENCMGIMEX 2008 1 0%Yin_x B4 EXE\mx20081 0 exe LI
Priarity: |Nc-rma| ;| Project Name (optional)  |SUPPORT
Files
Inpt File: 2005model dat Restart IRF file:
Ot file: 2005model .out Log file: 2008madel log

V¥ Show Advanced Options

— Advanced Scheduler Options — Advanced Simulstor Options
[T Runatterjob  |208  + | iz finished ™ Run simulator in check-only made
' Delay job start urti [ Print detsiled model ditnensioning information &t run-time
| Frigay | septemberns, 2008 | [ 23419 pm = I Run simulstor for one time-step orly
Additional Scheduler Switches Additional simulatar switches

Whrite cutput files to & temparary folder an the execution
I~ computer during simulstion and copy: &l files back to the
current falder wwhen the job iz done.

Ok I Cancel |

2.1 i%&F¢ Submit to Scheduler Jf fii OK.,
2.2 GEM iz A7 R rp G g (18 SO 4

a. Shale Gas Model.out, —/MULS BT H K “printer#% 1K) ASCII 3
aan

b. Shale Gas Model.irf, Z— ASCIl 31}, 5“Shale Gas Model.mrf”
A2 T RESULTS Graph, RESULTS 3D #l RESULTS Report &7~ F1
Bt (R SO RAESIE R *mrf 32

c. Shale Gas Model.mrf, — /ML E R 2840 K —HEHI S04
d. Shale Gas Model. log, —MUFE1TE B ASCH 3CA

2.3 JEHHANSAT M IFIERE View Log file, WTLAAE METIELEIZATH) log L
ko

14
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2.4 WURRIRSH L, i log SO R A . W0 S JE Array Dimensioning
AR, #:3) 1/0 section; % Run Time Dimensioning 38 in% 0 4: %, b
B WA YR AT DA AR, R R

Run Time Dimensioning ﬂ

Do not change walues in thiz dialog unless your are directed by CkGL's suppart or the
ingtructions fram the simulatar outpt,

Dimensioned Y arisble | Walue o
MaxPERCEMT_OF_FULLYIMPLICITELOCES

MOIMPL

MULL_BLOCES

kdx MOMZERO_L_OR_U_EMTRIES

MODPTCH

kMDICLU

Indocumented Dimengioned Y ariable

kDN 125400

MDALP 3663114 .
[ Show dimensioning summary in output
Commentz far

1 LIJ

Clear Al W alues k. Cancel | Help |

=. NILRE KA

TR O T R 2 B DR SN A IR 2848 , FH P 75 B8R4 R I A
W, AR H T RAE T I R IR R A% B . “Hydraulically Fractured Wells
Wizard" 7] LA [ 5)) 58 BOX AN Z WK K TAE IE AT 538 9 K6 0 (LGR) LAY k9 A% K71y
FLEAT SRR e BE B o T {ERLARR T 5/ WA B AN BE/N T I 42, DRt e/
PR o B (IR EE A ) SRV B 1 e R, HE RS2 H0 4518 M I i

15
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HORIE B DI R G 3R BARME . VR ] DU R R AN RO RS B B F
B e R B /K ) 2 1 1 T LR AR

VER—AN43, AT frShale Gas Model.dat” /K FE Gt 4 N
245% ., AE 1 J7 IR 22 $) 40 MR HYEE— KR, 2R kIR 22,28,34,40 i 4
AN RS

3.1 {¥ Builder 2009.10 fixAH T F“Shale Gas Model.dat” .

3.2 ¥%3| File; Save As Jalt& 44315147 “Shale Gas Model_HF.dat” .

3.3 7EMPRE T, JEIF Wells, J&IF Horizontal, Jfsiifi 2000-01-01 PERF £
FAHLER.

3.4 1F Well 32 #hik 4% Hydraulically Fractured Wells...BLFF 4R S o

3.5 il Tools %40 I 5 H RS B £ ¥ Add new fracture o

Hydraulically Fractured Wells

— [

Fractures | Mon-0 arcy Option
el / Fracture l Toolz » J Add new fracture
Horizontal _
Murnber of refir
=1 [ e
J=1

Well: 'Honzontal' no fractures

|
3.6 —IHIREE (RASHD SHnE gk e .

3.7 Wk phonda e R4 1k
Fracture width: 0.001 ft
Fracture Permeability: 1000 md

Fracture Half Length: 350 ft
16
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Fracture Orientation: J axis

Grid Refinement up and down: 4 and 5 (We are assuming that the fracture went
4 layers up and 5 layers down)

Hydraulically Fractured Wells [5]
Fractures | Hon-Clarcy Option |
Wl ¢ Fracture Tacls b
Horizantal Mumber of refined blocks in each direction
Fracture 1

=15 | J
=7 |
K=l |4

Well: 'Honizontal" Fracture: Fracture 1

Fracture parameters:

width 0.007 f
permeabiliby 1000 md
Grid refinement:
olientation J awiz h
half length 380

(nid refinement for honizantal wells:

number of refined layers up

number of refined layers down

&pply

[ k. ][ LCancel ]

3.8 —HiXE T4 ETE, “Number of refined blocks in each direction™: 4%
B . RATEETES) 1, 3, K J7 A2 BRI “Number of refined blocks in each
direction™{E 11 K/ o VERRAE 1A J J7 W) oAy Bon s

ARG HikFE: =15, J=7, K=1
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COMPUTER

CNG sz

U B CMG-GEM 4 4 Bl 8 A T S T — GROUP LTD.

H

Hydraulically Fractured Wells

Fractures | Han-Darcy Option |
i
wiell / Fracture Tools  p |
Horizortal . . _—
o Murmber of refined blocks in each direction
“Wwell Honzontal' Fracture: Fracture 1 i
E— . T ]

3.9 N L% FOUEHARE: “Fractures” &A@ N T.244%, “Non-Darcy
Option” Kk B R IR AEIE TE I sl 5 . #£%] Non-Darcy Option bRk
#% General Correlation #ATHHUARIE P HAALL . H A LU T REUE:

X

Hydraulically Fractured Wells

e —

| Fractures |

Mon-0arcy Flow Option | General Correlation w |
Phase B Alpha | N1 | N2 | Forch_max |-‘

gas 2.73e+010 1.1045 0 10000

waater 2.72e+010 1.1045 0 10000

ail 2.732e+010 1.1045 0 10000

Forchheimer Mumber “eighting Factar | 0.5

3.10 —HIgELESHINES| Fractures w25 i Apply #H. —/MRBER A
OB 3T Y FLIY Fracture Placement RHGHERE 23 o IX AN T HI kAT
AT LATE | J71n) 22, 28, 34, 40 1 risf£L; ¥ 2 Limit selected | slabs box 4r-ftiX
LEAY U JF A OK

18



C m 6 COMPUTER
MODELING

B FIH CMG-GEM 4 2 B3 25 A3 v a S K — GROUP LTD.
Fracture Placement X

el Bk Select Perforations:
() Visible perforations only
() &l perforated lapers
() Perforations in range of fundamertal layers:

(b axiruarn Layer: 10]
WEHS_ Horizontal ‘Well Sethings
Huorizortal

Mirirnurn fracture spacing |
Limit zelected | slabs to; ( | 22283440 |J

Selected | slabs: 22:40

3.11 fERPRE S, EIF Wells, JEFF Horizontal, X7 2000-01-01 PERF.

3.12 7£ General #3285 N 7. HT/KVPHEATE | T, KEIA K J7 el
| 7 Ta) I V155 E A S FR 5

m Well Completion Data (PERF) X
wiell & D ate: Horizontal 2000-01-01 R E FPRODJCER
o General b | Perfarations Rel.Perm. Options
well index type GEOQA calculated from geometry, ani. ™
Geometiy =
direction [ | awiz ) ]
radius [ft] 0125
geofac M A [computed)
wirac 1
skin 0
Usze DO far turbulent skin Factar [] TURE
Uze quadratic gas inflow |:| QuaAD
Usze pseudo-pressure gas inflow |:| PSELUDOP
Uze layer K directions ar %72 geometric data MHaone ~
Rezet Well [ ak. ] [ Cancel ] [ Apply ] [ Help

3.13 {RAFHEAY,

L A% H 2 BUILDER 2009.13, ZU0& R 1f #2538 Wk ik B e 5% 51 20 1%
415, HAhTERMIDE 4.14.

3.14 N L2481 A A — il FLBR B 0T A, BAT) 3 BEAE SCAR G 4
TR AT — R DU B 1 I8 4T . E 3O 9 HiE 4% D 4T JT “Shale Gas

19



FE U IR CMG-GEM 41 43 Bl 255540 A< FF-R

COMPUTER

CNG sz

¢= GROUP LTD.

Model HF.dat” &%, F#&#k“NDARCYCOR MATRIX” &4 . it S0 A g 4
2 “Replace All” JfE#“NDARCYCOR FRACTURE” f{# NDARCYCOR

MATRIX,
oss 0 0.1
%% : imer Equation Beta Correction Max: 0 Min: 0
*NDARCYCOR *FRACTURE JCOH I R
Q+ Replace :
(;HDARCYCOE *FRACTUREJ*RG 22 35 8 =COH 0 "
*HOD Find what: - Find Mext
T R T Replace vy “NDARCYCOR FRACTURE  +
Conditions: Soope: Replace Mext
*NDARCYCOR *FRACTURE *RG 22 34 8 =coN of | 7% _CD;E. d
(@ Active document -_Heplace Al
*MOD Match whole wards ;
(1 Selected text
8.3 1:3 1.1 = 485 848 V| Matchoase e e
[| Regular expression

*NDARCYCOR *FRACTUEE =R 22 33 § =CON 0
*MOD

3.15 DRAFSCIFIFIR H SO 7 A% o

3.16 RILLE AT LA “Shale Gas Model _HF.dat” 3] GEM El¥r. (JAEIE8%)

3.7 i FREA R &b, 4T FF*log” SO R H R K. R 2 “Array
Dimensioning” %%, ZJa##| /0 #4y; ¥F“Run Time Dimensioning” Jf

BB YR, EE K, “MDV "FI*MDALP” R~ gl

3.18 i) LU R I BUE S R A TR A . B

DTMIN=1E-8

DTWELL=1E-6
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5
m COMPUTER
MODELUNG

S K — GROUP LTD.

inl3
A

FE I R CMG-GEM 40 43 B 2545540 7t

B Numerical

|2EII:IEI-EI'I-EI'I [Mumerical] b |

Kemqord Description DefaultValue | Datazet Yalue Set At Time |

Timestep Control Keywords |
b aximum Humber of Timesteps [MA=STEPS] 30000
b azimum Time Step Size (DT M) 65 day

kinimum Time Step Size [DTMIM] 0.071 day 1e-8 day

Firzt Time Step Size after Well Change [DTWELL) 1e-003 day 1e-0086 day

M aximum CPU Seconds [MaxCPU]

Minimum number of iterationz per timestep (| TERRMIM]

Mormal Wariation per Time Step [MORR]
Frezzure [FRESS) 145,038 pai

Mol I ATHIR nHdrCc

V. HREER e SR

TEE: IXANZR )RR AR PR I A F GEM SRASTHUZK I s 2yt v i) A
AV El(Shale Gas Model _HF.dat). fE4xH, WHIAPE#is) A1 Forchheimer
B R TN RS IR & B I, RARRA— 08 JU I R GRS . Si4h, 4%
e D X 3k 95 A FH — AN 02 /AN 149 0 o 25 R A SR AL A A o A A 411 588 4 o) 1L 11°) I
B

TEZAEEME DU R A 1A PH UL, BAT TR 2 H 40 Jed 08 D s o 5 SR AU 5
e B B (1 2448 WA P 13 81 o FRAT T ORI TR (R AR IR 2 B8 R
(100 nano-Darcies) 5% M - 4= K FH 5 ] B [0 X0 E 1878 58 A Sy 3l 0 2% A 4
4.1 {5 A Y4247 IF“Shale Gas Model.dat” 4! - {17 4 “ Shale Gas
Model NETWORK.dat”.

4.2 FRATE ST e B X, (R LA T R B R . 7EE S
“DUALPERM/ SHAPE GK” Ja#ii \ LA F S -

DUALPERM

—_

SHAPE GK

refine 22:40 19:37 1:10into 99 1

DPCONNECT 1
43 WK T 9 x 9 x 1 X HaIbgE N, % POk BEAT 1748 DL SR A A 9 e %
A 2 S JUR IR AG (ZRE8).

DI IVAR

55*50.0

DIRG 22:4019:37 1:10 VAR 10743234710
4.4 PFERGE)BIE R DARIEREEN L 32, #ln Kfrac x Afrac = Kfraceff x A
Inner block. 7EIX/Ml 75, 1 mD-ft REER R — M RUZIERLE2(0.001/2)
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C m @ COMPUTER
MODELUNG

FB M A CMG-GEM 44 B 25 8540 VU S T —— GROUP LTD.

x 1000 mD %57 0.50 mD. IR st | 1 K J7 a7 Be 48514 % N 0.5 mD,
A. KA BRSSP AU T 2R 5 R AEE 1B R K.
B. 2 AN RS IR AT I, XSS B2 B HA R R, 2 2E-5
mD.

** kf x bf = 1.0 md-ft

** frac perm is pseudoized to so k x 2 (inner block dia) ft = 1000 x 0.001 (fracture thickness) ft =
1/2 =0.5...... in stimulated reservoir volume (srv)

** frac perm is pseudoized to so k x 50.0ft = 0.001 md-ft (unstimulated fracture conductivity)
=0.001/50 = 2e-5.... outside srv

PERMI MATRIX CON le-4

PERMJ MATRIX CON le-4

PERMK MATRIX CON le-4

PERMI FRACTURE CON 2e-5

PERMJ FRACTURE CON 2e-5

PERMK FRACTURE CON 2e-5

** (Modelling of fracture fairways, As an example PERMI FRACTURE; Similarly for PERM
1,J,K FRACTURE and MATRIX).

PERMI FRACTURE RG 22:40 19:37 1:10 ALL 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5

4*2e-5 9*0.5 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 4*2e-5

PERMJ FRACTURE RG 22:40 19:37 1:10 ALL 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5

4*2e-5 9*0.5 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 4*2e-5

PERMK FRACTURE RG 22:40 19:37 1:10 ALL 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5

4*2e-5 9*0.5 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 4*2e-5

PERMI MATRIX RG 22:40 19:37 1:10 ALL 4*1e-4 0.5 8*1le-4 0.5 8*1e-4 0.5 8*1e-4 0.5

4*1e-4 9*0.5 4*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 4*1e-4

PERMJ MATRIX  RG 22:40 19:37 1:10 ALL 4*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5

4*1e-4 9*0.5 4*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 4*1le-4

PERMK MATRIX RG 22:40 19:37 1:10 ALL 4*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5
4*1e-4 9*0.5 4*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 8*1e-4 0.5 4*1e-4

4.5 X, Y J7 ) )3 244 ) (K E B R 50 fto £F— SRS 1) J5 3 4 N %% b 50
ft x 50 ft gl /i 9 MMKE(10 74 32 34 7 10) o i%/Jml RIAS I a5 (1) M k& B
j=5 AT A i=5 A4 5 e N R AR LIRS JFARR R 4R TIE . 7E j=5 1TH1 i=5 F=18 Ja
WAL &2 o FEREAN S0, B 0.001 ft 58 44w (B e A 2 ft K105
IR, BRI, PR AR FLRRE (o FLIREE 11 20 1 AR AE 0.001 ft %8 1544

=

** Matrix keeping por in matrix to 0.03 even in fracture block as por =1
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FB M A CMG-GEM 44 B 25 8540 VU S T —— GROUP LTD.

only in a 0.001 ft slice fracture.

** Average blocks fracture volume is 2 (crossed fractures) x 0.03
(porosity) x 0.001 ft (fracture width) x 50ft x 30ft = 0.09 ft3.

** Block volume is 50x50x30 so porosity = 0.09/7500 = 1.2E-5

POR MATRIX CON  0.03

POR FRACTURE CON 0.0024

** (Modelling of fracture fairways, We define the Porosity of inside the fracture
as 'zero").

POR FRACTURE RG 22:40 19:37 1:10 ALL 4*1.2e-5 0.00 8*1.2e-5 0.00
8*1.2e-5 0.00 8*1.2e-5 0.00 4*1.2e-5 9*0.00 4*1.2e-5 0.00 8*1.2e-5 0.00
8*1.2e-5 0.00 8*1.2e-5 0.00 4*1.2e-5

PERMI MATRIZ CON

PERMT MATRIX CON

PERMK MATRIX CON

PERMI FRACTURE CON

PERMT FRACTURE CON

PERME FRACTURE CON

POR MATRIX CON 0.03d0

POR FREACTURE CON

*#% (Modelling of fracture fairways, We define the Porosity of inside the fracture as 'zera'].

PERMI FRACTURE RG 22:40 19:37 1:10 ALL 4%2e-5 0.5 B%Z2e-5 0.5 S*2e-5 (0.5 8%2e-5 0.5 4%Ze-5 9%0.5 4%#2e-5 0.5 8*2e-5 0.5 8%2e-5 0.5 8
PERMJ FRACTURE RG 22:40 19:37 1:10 ALL 4*2e-5 0.5 B%2e-5 0.5 8%2e-5 0.5 8*2e-5 0.5 4%2e-5 9*0.5 4*2e-5 0.5 §*2e-5 0.5 8*2¢-5 0.5 8
PERMK FRACTURE RG 22:40 19:37 1:10 ALL 4*2e-5 0.5 B*2e-5 0.5 B*2e-5 0.5 8*2e-5 0.5 4*2e-5 9*0.5 4*2e-5 0.5 8*2e-5 0.5 8*2e-5 0.5 8%
POR  FRACTURE RG 22:40 19:37 1:10 ALL 4*1.2e-5 0.00 8%1.2e-5 0.00 B*1.2e-5 0.00 0%1.2e-5 0.00 4*1.2e-5 9*0.00 4*1.2e-5 0.00 G*1.2e-
PERMI MATRIX  RG 22:40 19:37 1:10 ALL 4xle-4 0.5 B*le-4 0.5 B*le-4 0.5 Oxle-4 0.5 4*le-4 9*0.5 4=xle-4 0.5 8*le-4 0.5 O*le-4 0.5 0%
PERMT MATRIX RG 22:40 19:37 1:10 ALL 4*1e-4 0.5 B*le-4 0.5 G*le-4 0.5 Gx1le-4 0.5 4xle-4 9*0.5 4x1e-4 0.5 Gxle-4 0.5 B*1le-4 0.5 8
PERME MATRIX RG 22:40 19:37 1:10 ALL 4*1s-4 0.5 B*le-4 0.5 B*le-4 0.5 8*1s-4 0.5 4*1s-4 9*0.5 4*1s-4 0.5 8x1e-4 0.5 B*1e-4 0.5 8

le-4
le-4
le-4
2e-5
Ze-g

2e-5

1.2e-5

4.6 JEAFIAVIR IE REBE AR, REEMNRIERBAEE (78 SLT £tk
E—/l\%ﬁ) ﬁHTﬁ)’T‘ﬂ?

NONDARCY GENERAL 0.5
Pie9 1.10450
27.3e9 1.10450
27.3e9 1.10450
NDARCYCOR MATRIX CONO
NDARCYCOR FRACTURE CON 903.8 o=

1000/0.10**(2-1.1045)....PERM = 1000md.

4*0 903.8 4*0
4*0 903.8 4*0
4*0 903.8 4*0
4*0 903.8 4*0

9*903.8
4*0 903.8 4*0
4*0 903.8 4*0
4*0 903.8 4*0

4*0 903.8 4*0
23
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7 NDARCYCOR Z %+ 4 /& (Kfrac/Kfraceff)**(2-1.1045), frixH,
kfrac 25 T- 4000 mD, Kfraceff T 0.1 mD. . TR 40 Jt R 58 [ 2L 444540
0.001 58 [ 52 frsd4%, Kfraceff & 0.1 mD.

1F NDARCYCOR J7#£ 1.1045 {4 Forchheimer number 7' Beta [X 11

BB R AR

MOWDARCY GEMERAL 0.5

27 .3ed9 1.1045 0
27 .3e9 1.1045 0
27 .3ed9 1.1045 0

NDARCYCOR MATRIX CON O

NDARCYCOR FREACTURE CON 0

NDARCYCOR MATRIX RG 22:40 19:37 1:10 ALL *% = 1000-0.5%==(2-1.1045)
4*0 903.8 4=0
4=0 903.8 4=0
4x0 903.8 4=0
4=0 903.8 4=0
9%903.8
4*0 903.8 4=0
4*0 903.8 4=0
4*0 903.8 4=0
4%0 903.8 4=0

4.7 BJERNFTENTFIEETA | Jim (22: 40) MIEF“PERF”, W1 KR

| 7517 22 to 40:

PERF GEOA 'Horizontal'
**$ UBA ff Status Connection
22285/131 1. OPEN
22285/231 1. OPEN
22285/331 1. OPEN
22285/431 1. OPEN
22285/531 1. OPEN
22285/631 1. OPEN
22285/731 1. OPEN
22285/831 1. OPEN
22285/931 1. OPEN
23285/131 1. OPEN
23285/231 1. OPEN
23285/331 1. OPEN
23285/431 1. OPEN
23285/531 1. OPEN
23285/631 1. OPEN
23285/731 1. OPEN
23285/831 1. OPEN
23285/931 1. OPEN

24285/131 1.
24
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¢= GROUP LTD.

24285/231

24285/331

24285/431

24285/531

24285/631

24285/731 1. OPEN

24285/831 1. OPEN

24285/931

25285/131

25285/231

25285/331

25285/431

25285/531

25285/631

25285/731 1. OPEN

25285/831 1. OPEN

25285/931

26285/131

26285/231

26285/331

26285/431

26285/531

26285/631

26285/731 1. OPEN

26285/831 1. OPEN

26285/931

27285/131

27285/231

27285/331

27285/431

27285/531

27285/631

27285/731 1. OPEN

27285/831 1. OPEN

27285/931
28285/131
28285/231

28285/331

25

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN
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¢= GROUP LTD.

28285/431 1. OPEN

28285/531 1. OPEN

28285/631 1. OPEN

28285/731 1. OPEN

28285/831 1. OPEN

28285/931
29285/131
29285/231
29285/331
29285/431
29285/531
29285/631
29285/731
29285/831
29285/931
30285/131
30285/231
30285/331
30285/431
30285/531
30285/631
30285/731
30285/831
30285/931
31285/131
31285/231
31285/331
31285/431
31285/531
31285/631
31285/731
31285/831
31285/931
32285/131
32285/231
32285/331
32285/431

32285/531

26

1.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

1. OPEN

1. OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

1. OPEN

1. OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

1. OPEN

1. OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN
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32285/631 1. OPEN

32285/731 1. OPEN

32285/831 1. OPEN

32285/931

33285/131

33285/231

33285/331

33285/431

33285/531

33285/631

33285/731

33285/831

33285/931

34285/131

34285/231

34285/331

34285/431

34285/531

34285/631

34285/731

34285/831

34285/931

35285/131

35285/231

35285/331

35285/431

35285/531

35285/631 1

1.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

1. OPEN

1. OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

1. OPEN

1. OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

35285/731 1. OPEN

35285/831 1. OPEN

35285/931 1

36285/131

36285/231

36285/331

36285/431

36285/531

36285/631 1

1.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

36285/731 1. OPEN
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36285/831 1. OPEN

36285/931

37285/131

37285/231

37285/331

37285/431

37285/531

1.

1.

37285/631 1

37285/731 1. OPEN

37285/831 1. OPEN

37285/931

38285/131

38285/231

38285/331

38285/431

38285/531

1.

1.

38285/631 1

38285/731 1. OPEN

38285/831 1. OPEN

38285/931

39285/131

39285/231

39285/331

39285/431

39285/531

1

1.

1.

1.

39285/631 1

39285/731 1. OPEN

39285/831 1. OPEN

39285/931

40285/131

40285/231

40285/331

40285/431

40285/531

1.

1.

1.

1.

40285/631 1

40285/731 1. OPEN

40285/831 1. OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

40285/931 1. OPEN
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H

FH U R CMG-GEM 4 4 Bl 28 R0l 7UA S FF

4.8 fRfF5E . RATLIHifE“Shale Gas Model _NETWORK.da’t | GEM. (i
AT

4.9 WU g vk, BE* log” SCAFRH IR Wi 2 Array Dimensioning
Ei%, 3] 1/0 section; #%$% Run Time Dimensioning JF-3#4 ¥4 4%k .
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