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limmly

O

FAEIBRE RS (EEE
¢ TALBRE (< 2 nm)
o FFLEEE (2 — 50 nm)+
o EFRRHMERRT): BEREMEETEE
 REY R

bt
=

/N
WAL RS (BEYHE)
N AL JUIN/ D /)IN—-JL \)UN)LD 1922/
o FEWLBEE (> 50 nm)
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o HERRER T BEREZXETHE
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CMG

99=

COMPUTER
MODELLNG
GROUP LTD.



EGEMHEIEAZ B RS
7

CMG

99=

COMPUTER
MODELLNG
GROUP LTD.

O FELHEIAREER

o FEREE (FHE) RGTNIRHERIXTE RS
il 4

DUALPOR

SHAPE GK

O RLERIEE, 1,J,K
%40 DIFRAC CON 0.2 5 DIFRAC ALL array
+  MATRIX RrEER RS
+ FRACTURE R34 A%
L Yy ila sl AR [ vNit ik
o BWESMNERY BRI
(EE: WRERBBRGIEE N0, HAEFRBIREY BEE R D
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LD

JBE: BERS R
4

115 BT R NECK B E ROk E X E B RRBERS

A P
g
PERMI MATRIX CON 0.001

PERMJ MATRIX EQUALSI
PERMK MATRIX EQUALSI

PERMI FRACTURE CON 0.8
PERMJ FRACTURE CON 4
PERMK FRACTURE CON 0.4
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O SR ZE (LangmuiriE)

Gas Adsorption (ft3/ton)

700
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500
400
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Typical Coal Adsorption Curve
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. fFracture Pressu e\
Matrix
Pressure \
\ Undersaturated coal
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GEMI 1) CMG
V 4

O BZH 5
+ FTELangmuir{siR, V, Flans KKk HSED
+ Langmuirk /), P, (RAEMHAEINI TSBFEES T &

KRFHEENV)B—H) .

o |
\
Hr,

wi= FAL R B A R REE R &

VP
L+ P)
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O ZHNRHEE:

o ¥ EHKLangmuirtizil

(Yig P/PLi)

Oj = Oj max

\

Hrp,

1+ Z(ng P/py)
i

Vig = “HH A IR B 2 23 O BE IR 70 3

o ETHAMHKLangmuirdiE s

o REZHRT R

/
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GEM I i 64 =7 Cno
7 Cro0P 115,
Langmuir Z5{E 28 < 7.

O ADGCSTC- LangmuirFiR £k 11 & 158 fE1 % (1/P))
¢+ 1/kpa or 1/psi

0 ADGMAXC- #5 & B4R B 5 AR MA T KR KERE (V)
¢+ gmole of gas/kg of rock or gmole/lb of rock
o (EEAMEBAL D

O *ROCKDEN : HEFE (BRILBINIEbRE A% D

+ Kg/m3 or Ib/ft3
O XEEZEEEFROCK-FLUIDEH % E X .
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GEM AR Fff < B8 7 CMG

COMPUTER

MODELLMNG
,———— MODELLNG
%l 4n

**$ Property: Maximal Adsorbed Mass(CH4) (gmole/kg) Max: 0 Min: O
ADGMAXC 'CH4' FRACTURE CON 0

**$ Property: Maximal Adsorbed Mass(CO2) (gmole/kg) Max: 0 Min: 0
ADGMAXC 'CO2' FRACTURE CON 0

**$ Property: Maximal Adsorbed Mass(CH4) (gmole/kg) Max: 0.734287 Min: 0
ADGMAXC 'CH4' MATRIX CON 0.734287

**$ Property: Maximal Adsorbed Mass(CO2) (gmole/kg) Max: 1.04824 Min: O
ADGMAXC 'CO2' MATRIX CON 1.04824

**$ Property: Langmuir Adsorption Constant(CH4) (1/kPa) Max: 0.000303306 Min: 0.000303306
ADGCSTC 'CH4' MATRIX CON 0.000303306

**$ Property: Langmuir Adsorption Constant(CH4) (1/kPa) Max: 0 Min: O
ADGCSTC 'CH4' FRACTURE CON 0

**$ Property: Langmuir Adsorption Constant(CO2) (1/kPa) Max: 0.000809717 Min: 0.000809717
ADGCSTC 'CO2' MATRIX CON 0.000809717

**$ Property: Langmuir Adsorption Constant(CO2) (1/kPa) Max: 0 Min: O
ADGCSTC 'CO2' FRACTURE CON 0
*

*$ Property: Rock Density (kg/m3) Max: 1327 Min: 1327
ROCKDEN MATRIX CON 1327

16
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O oAt R MR A A %8 10
o HEHRRGAIFARBRMA

GEM: Aty AT F fr VR B A 7 CmG

Amount adsorbed
m

| | 4
0 1.0 0 1.0 0 1,0
Relative pressure, P/P,
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GEM: FHAthw] B AR f A2
7
O % MHE SR RN (1B

*ADSORBTMAX ‘414 w,,,,

He,
W0y AN AN o B KR ME , AL Zgmole/kg( B Ib)

*ADSTAB ‘414’
* (A4, kpalpsia) (A2 HRHE)

61 w
p_z w,
P, @,

O  ESHSRS, TUKRXNRBY REGMAD
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/ GROUP LTD.

O PARRSRA LAY,
1. WHEBHT . BEHUEEERBINLERNT B, & Ficks law :

Q = vol*[shape* diffus(K)|* F(Sg) *|C(k,m) — C(k, )]

Vol = BT

Diffus(k)=9"#U&

F(Sg)=tl/K 35 113 4% & S A B R 2
C(k,m)= ZF F i k7E B HAM KR EIRE
C(k,f)= R4 YR kTE B HASMK R EWRE

20



GEM: ¥ Bt CMG

COMPLUTER
MODELLNG
2. REWHZI/RTHL:

GROUP LTD.

Q = vol*[shape*diffus(K) |* F(Sg) * [Lang(k, m) — Lang(k, f)]

Vol = R A

Diffus(k )= ¥ #{E

F(Sg) =/K 3548 S AR R 2

Lang(k,m) =25 HH R Z I B /RFE L
Lang(k,f) = #a 3 BRI Z AR Z/RERE

21



GEM: ¥ #HuEHl
V 4

O HABES B8] (COAL-DIF-TIME)
o ELFRAE R I 2 A fg I B B ]
. BUELHHI
o HWEBTHEI BB

O HESIASHMHEY HUE (coAL-DIF-cOMP)
o AP EUE L (cm?/sec)
o BMANEEREETTE (R4 HEE
« FEAREF (Shape Factor)
¢ RBIBURTXHEANS R

CMG

CDM LJTER
MODEL
GRDUP LTD.
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GEM: ¥ #HuEHl

4

O HFEWMASHET 8UE
o ANEANHT1EE {DiffCoeff}
+ IgE%4EE: DFrac;, DFrac;, DFrac,
o XEPUEE NHEBRE T

1

Shape = 4
P (DFrac, )?

-

o ENHHREREY BT H
« ¥ HUE $= Shape x DiffCoeff,

CMG
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TEVE N B A P B CMG
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N i cops
,’ GROUP LTD.

O FEREESHFTRDE, BERNBLZTTERE: EXHZEM
RIEEIT 1004

O {EECBME, BERKZBHEIINR RS, XRFEAHSEERENE
F) R i RIS 4 1 5 T R AR 2B AL .

O BEFRZURBITEEN DG RO R Mt &3 i 55 BEHE B 4
R
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4

vV V VY VY VY

A\

ARI model (Pekot and Reeves, 2003)
Palmer and Mansoori (P&M, 1996, 1998 )
Shi and Durucan (S&D, 2003, 2005)

Cui and Bustin (2005, 2007)

ARC model ; extension of P&M model (Mavor &
Gunter, 2004, 2005)

Improved P&M model (2008)

26
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GEM: i K2k Fkc 4 %
, MDDE!.NG
O AR BSIK TR 2

o REEIFEE, BHEREHNA
o REME, FREER

O =S

o SRR
o RLEIKH, WBABER
O FAHAMS K

¢ SIEEFEK
O 2R P & R [R A 2
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HiO

O GEMTu] ALK 4 T2

o FH “E45EHK” 3EI
o [EJ1Ki%-Palmer & Mansoori

o FAPREEIMHERKLEREEASEREECRF IR
&
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GEM: i ik Ak 4s Cm@’
Y 4

[ Palmer-Mansoori &%l
o RHABREAJTFKFERIEA

« Initial pressure (p;,;;) and porosity (;.;)

 Young’s modulus (E) and Poisson’s Ratio (v)

« Max strain at inf pres (¢, ) and half-strain pressure (p.)
(amounting to a Langmuir-type model for strain)

¢ _4 o €L (1_K] Pinit P
Dinit }Cf(p Pinit) + Dinit /M Pe+Pinit Pc+P

Function of v and 1/(E¢;,;) = Bulk and axial modulus Function of v

29
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GEM: 5 i Ak 48 CMG

COMPUTER
MODELLNG
GROUP LTD.

[ Palmer-Mansoori &%l

The ratio of bulk to axial modulus is related to the Poisson’s ratio as indicated by:

K 1@1+v)
M 3(1-v)

where,v is the Poisson's ratio
The pore volume compressibility values can be entered directly using the
*CCPOR keyword or calculatedfrom entered parameters as follows:

M—E— V) :where E is the Young's Modulusand

(1+v)(1-2v)

1

Cf -
oM
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COMPUTER

O HBEBRSHEEBERER
* Using (k/Ki;t) = (& / §jpie )P™"

r

B b

Permeabdiity, x10-15 m?
o ’ L

)

—
L4

300 400 600 800 1000
Qas Pressurse, pal

O
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COMPUTER

- |

MODELLNG
GROUP LTD.

O Z%4H4%rPalmer/Mansoori %,
o . JFEANCO,SEFHE Ak
o HTCH, R, AR K485 555
o TRITH ] RE®E S Iy E N IKCEE
o FEHRHASHREPEM S
o HuHEIAN— P SEMRE
s FBEHBHASTRERe M p,
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GEM: 35 IRk F il 45 CING

COMPUTER

/ GROUP LTD.
O %44 Palmer/Mansoori #%.
¢+ Max strain at inf pres (g ) and half-strain pressure
(p.) component dependent
& Pucalbnn) e
1 K)| &  Pinit &1 Vinit, [ Pe; S Peyly; /Py
iit =1 + c¢(P—Pinit) + - (1 _ ﬁ) 3 t L;c tilPsj) $ e j\Yj /Py

= 1 + pinitz (Yinit,k Ipak) = 1 + pz (yk ngk))
k=1

\ k=1

33



P&M AR ) KB NG

COMPUTER
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4

> CROCKTYPE & X NEIEP&MIETY

*

P&MARRY ) [T /) 2% 75 ZEREE K R 4 R EU(Co) MAH N K 2
k7.

B8 R B2 HBEARYM, VAP R FEFLRR il H ok
. ISR BA B\ =5~ CCPOR I{# FIP&M FH3&H:,

NN B BEA 8 Bk ZCCPOR , TiRH 7B HIEY%E

Z2HEHE, IBAP&M MEARIBAHS e (2 )
NAIAHI VI ZHY PP & DS HJ/IHN]IL N / o©
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> CROCKTYPE X B F i 5k P #%

> SRAMERETAKIRR, K

PRPORE X,

g8 R

,—-

CPORA/

COMPUTER
MODELLING
GROUP LTD.
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P&M R EY

4

*CPOR FRACTURE 3.5e-5

*PRPOR FRACTURE 101.3
*CPOR MATRIX 3.5e-5
*PRPOR MATRIX 101.3

CROCKTYPE1

CPRPOR FRACTURE 101.3
POISSR 0.3

YOUNGM 5E6

STRINF 0.0098

PRESLN 4700

EXPPM 3

CROCKTYPE 2
CPRPOR MATRIX 101.3
CCPOR MATRIX 3.5E-5

CTYPE FRACTURE CON 1
CTYPE MATRIX CON 2

AP

SEf11: CCPORERTEEN], K4 R HMAKP&ME L SH L HE H K.

Used by analytical aquifers

L Used by reservoir grid blocks.

CMG

99=

COMPUTER
MODELLNG
GROUP LTD.
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P&M R EY

4

*CPOR FRACTURE 3.5e-5

*PRPOR FRACTURE 101.3
*CPOR MATRIX 3.5e-5
*PRPOR MATRIX 101.3

CROCKTYPE1

CCPOR FRACTURE 3.5E-5
CPRPOR FRACTURE 101.3
POISSR 0.3

YOUNGM 5E6

STRINF 0.0098

PRESLN 4700

EXPPM 3

CROCKTYPE 2
CPRPOR MATRIX 101.3
CCPOR MATRIX 3.5E-5

CTYPE FRACTURE CON 1
CTYPE MATRIX CON 2

R BT

SEB2: T & BT 6 FH EEP&MAE S

Used by analytical aquifers

L Used by reservoir grid blocks.

CMG

99=

COMPUTER
MODELLNG
GROUP LTD.
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BIER AR5 CMG

COMPUTER

> CAEMNAZE IR S22 3 K 25 CBMH: B K 1 iR
By N

o H—NEXpEH (Frutland 42 ) , BB F I8 A
2R IR

o T ERatonz i, EEZEFHFHEEFIEAHR,
ENCZZE F TR E B R
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BERZNKI A5 CMG

COMPUTER
MODELLUNG

/ GROUP LTD.

QREEITR , BERERBEE KR

K/Ko starting from P = 600 psi

1.E+01

1 Best match gives

* ., K/Ko =13.0 at P =600 psi

i ‘-.. Po =1450 psi g=0.3 n=-0.18
=) .,
o ®e
© ®e
X s,
~ *
2 toy

’.0
”6.
0....
e
0..
0. °
e

1.E+00 ‘ ‘ : : ‘e

0 100 200 300 400 500 600 700

Reservoir pressure (psi)

Figure : Data from Clarkson and McGovern (2003) in the San Juan fairway (pink square dots),
and best match by improved P&M model.

39
Source: Intl. J. Coal Geology; lan palmer; 2008



BIER AR5

4

k/k(600)

Perm increase with depletion: San Juan fairway

10

S&D matches:

E = 300,000 - 421,000 psi
v=0.35

1/Pe = .0016 - .002 /psi
Cp = .00053 - .00096 /psi
e8Pe=7-11.5

Clarkson-McGowvern data

Reservoir pressure (psi)

700

CMG

¢=

COMPUTER
MODELLUNG
GROUP LTD.

Figure: Data from Clarkson and McGovern (2003) in the San Juan fairway
(red square dots), and best matches by S&D model.

40

Source: Intl. J. Coal Geology; lan palmer; 2008
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COMPUTER
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/ GROUP LTD.
; —— 100.0
' — - 28 Wells
== .
— - E
= i =
| ,_-___,/f"‘/’l ,Kﬁ{--’""’f 100 3
. = | =W [
> - l [—— o
et ‘F% ! g
- T | e
e 0 -
1.0 ;
3
0.1
1,200 1,100 1,000 800 800 700 600 500 400 300 200 100
Maximum Bettomhole Pressure, PSIA
Figure : Absolute permeability versus reservoir depletion: 28 infill wells NE of
San Juan fairway, each with two measurements (Gierhart et al., 2007).
41

Source: Intl. J. Coal Geology; lan palmer; 2008
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VIR I CMG
£

MODELLING
Select reservoir initialization option |

GROUP LTD.

Select how you want to determing inital conditions in the resereoir, &1 optionz are okan for

“Lluick' method

% {Jze *USER_INPUT scheme. [nput inital rezervair prezsure, and global
Ccompozition.

i Use "VERTICAL *BLOCK_CEMTER *COMP scheme. Create at least bwo
initialization regiong [*I TYPE]: one for FRACTURE and one for MaTRI=. [nput
reference pressure and depth and composition 2. depth table.

™ Uze "VERTICAL *BLOCK_CEMTER “WATER_GAS scheme. Create at least bwo
initialization regionz [*I TYPE]: one for FRACTURE and one for MaTR =, [nput
reference pressure and depth and gas compozition for each initialization region.

i Use WERTICAL *DEPTH_AVE "wWATER_GAS scheme. Create at least bwo
intialization regiong [*I TYPE]: one for FRACTURE and one for MaTR =, [nput
reference pressure and depth and gas compozition for each intialization region.

< Back Mext = Cancel Help
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WItE: FIP8A CMG

COMPUTER
MODELLUNG

/ GROUP LTD.

IMITIAL
USER_IMPUT
SEPARATOR
wH§  Stage Pres. sStage Temp.

101.325 15.5556
¥ Property: Pressure (kpPa) Max: 104999 pMin: 104599,
FRES MATRIX CON 10490, O
“%% Property: Pressure (kPa)  Max: 12000 mMin: 12000
FRES FRACTURE COM 12000
¥ Property: water saturation Max: 0,999 mMin: 0,995
Sw FRACZTURE CON 0,999
“*§ Property: water Saturation Max: 0.0001 Min: ©.0001
Swi MATRIX COR Q. 000l
wad property: Global Compositiongco2) Max: O Min: O
ZGELOBALC "COZ2' MATRIX COM Q
“*§ Property: Global Composition(ZH4) Max: 1 mMin: 1
ZGELOBALC 'CH4 ' MATRIX COM 1
“*§ Property: Global Composition(CH4) mMax: 1 min: 1
ZGLOBALC "CH4 ' FRACTURE CORM 1
“¥§ Property: Global Composition(Zo2) Max: O mMin: O

ZELoBalLC 'C02' FRACTURE CON 0
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¥itE4k: VERTICAL_ DEPTH_AVE
WATER_GAS

4

IMNITIAL

WERTICZAL DEPTH_AVWE WATER_GAS MOEQUIL MNOTRAMILOME
MREGIOMS 2

LRSS

0.0 1

0.0 1 N
<€ V=
FREFPRE=

10499, 9 12000

REFDEPTH
1075 1075

DwicaiZ
1050 1050

ShwicCnZ
O.0001  0.9999

SERPARATOR
¥w§  Stage Pres. Stage Temp.
101.325 15.5556

GASZOMNE MOOTL

*%% Property: Initialization Region Type Max: 1 Min:

ITYPE MATRIX COMN_ . . 1 .
*%4 Property: Initialization Region Type Max: 2
ITVPE FRACTURE ZOM

CMG

¢=

COMPUTER
MODELLNG
GROUP LTD.

XLy, X482 95 5%

M

1
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Toe Wb —FIantt, AREIRUE RS T .

F P S B IS W) AR A b — € 22440

CMG
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COMPUTER
MODELLNG
GROUP LTD.

(EfR] LA B — R B 24 R AR AU (e i)

H, HEEAE FHE R A
B e e iR ), IBAGEMEH: T

= A

W S
ak

J1N /J O

AR

BT HIEAS, Al RE = T = B AR R B = 5
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1 P \vs. B IR AL CMG

COMPUTER

MODELLNG
,—— Tt

Q B, AR AR AL P e A AR S B AT T
BERARAAE, FTRUNEZE X —AME
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PRI vs. B TR EHERIIRIL

Grid Top (m) 2005-01-01

CMG

¢=

COMPUTER
MODELLNG
GROUP LTD.

O LR LA 553 FE T )
Ik

0 Gem & MEESEIES (K
I PR FIRELA S
HIET]

Q  TFSHORI 03 TR S 55
i Z R AT SRR A IR B <

(e]

FERXAS LG, An AR WA 8 [ 008 i A gt R RIS, HTRBERTEL “H SN Fl4h

. EIXEESG T, R R BOEE P A TATRE -
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PRIECBMI[a] 3 )= 2 2 A 7 S iR £k TR

4

Select region type

"

rl

Usze "Quick'’ method. One Langmuir curve for each component for the entire reservoir.
Mozt of the parameters including rock density, matrx porozity, etc. suggested and filled iré

.............................................................

[Jze multiple regions. & region could be a sectar, layer, etc. Enter a Langmuir curve for
gach region for each component. Use constant comprezsibility ["CPOR and *PRPOR)
for all regionz.

Create/Edit Sectors... |

lJze multiple regions defined by rock compreszsibility zpecified by *CROCETYPE
[Compactionddilation rockiype). Alzo may want ta enter Palmer and Manzoorn
parameters. Enker a Langmuir curve for each rock type for each companent

Create/Edit Compaction Hegians... | Set CTPE Smay...

lJze multiple relative permeability reqionz "B TYPE kewward] and azsociated rock
compreszbility ["CROCE]. Enter a Langmuir curve far each rock type far each
component

Set RTYPE &mray.. |

¢ Back Meut » Cancel

Help

CMG

¢=

COMPUTER
MODELLUNG
GROUP LTD.
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MRIEDLAE B, ARAT LR F R
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- H SR 2K

COMPUTER
MODELLING

2] B I o S Ui 2

AL — DA R S (BB /RS
Sl — NI R IRSE AT .
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U FRE: ARZRSEHTE CMG

—_—
4

> fEBuildert, FEITHAKZ/RSEH(ADGMAXC Fl
ADGCSTC)}FAR—5 & 14

> fEBuildert, AP A F B XIE B,

> ME—IAA1 P HIExEN ADGCSTC (1/kpa or
1/psia).

> 1EBuilderd# AV, AH F B2 Xmi B TE

> HT3RAHKADGMAXCHfIZ gmole/kg Bilb B s A AL
, T REM—EF T E
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SANERE: WKty CNG
y 4 GRo0P 115,
> RERN TEESETE GrEREMES)D , 7L
KRS BB R RN
WEHASEES, R=282.05cm3.atm/gmole.K

BE/R{EF= RT/IP (cm3/gmole)
He, T=EE (k)

P=/%7] (atm)

ADGMAXC (gmole/kg)=V, (cm3/kg)/EE /K {&F (cm3/gmol)

7] PAE FH Builderd B “Formula” £ i 2 A .

53



ZHFRL: BT EEBINA CMG

COMPUTER

MODELLING
,—- ey

> BEJE, FTCUAIF A P8 \BE B TR TR e AR
TWHEN.

> B, IPIGSASERCSIRI GRIEESHE
MR ST E RS ERRT)

> TEGEMH, EJF K ISR 2635 [E 52 m 5 W M < B
=R

EHo

> HAPAUELSAEEERREER L.
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thtr B R A SR BRI . TG, CMG
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COMPUTER

4 TR
fEBuilderd i+ & 3 F K /7.
fEBuilder T IA S RIE, BIREAFR VIS

(LNEFER
A FH Builder B BARE & /R 240 2t SR WUR RO 22 5
jjo

7

_Qgascontent™ P,
V| — gas content

P

P.S. JF & Hfr
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R A SRS YIiEk CMG
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COMPUTER

MODELLNG
,———— MODELING

St

>

> R
e P

>

THRHKEAANZISEEARE L 0406, Rk 73R

oA, AAFREA RS ER AL —E

s TR 7E R R BUR TR R A2 15 T A BCR M A

¢ For saturated system, P;,..iure =P

matrix is always <=
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Reservoir Parameter Metric Units API1 Units
Depth - Top of Coal 1,050 m to 1,090 m 3,450 ft to 3,575 ft
Net Pay 5m 16 ft
Pressure 12,000 kPa 1,735 psi
Temperature 37C 99 F
Face Cleat Permeability (mD) 0.4/4/10 0.4/4/710
Butt Cleat Permeability (mD) 0.08/0.8/2 0.08/0.8/2
Vertical Permeability (mD) 04/04/1 .04/04/1
Relative Permeability Curve Corry Corry
Permeability Rebound Palmer & Mansoori Palmer & Mansoori
Skin -2/0/2/5 -2/0/2/5
Water Saturation 100% 100%
Langmuir Parameters Metric Units API Units
Gas Volume 5710/ 15 m3/tonne 160/320/480 scf/ton
Pressure 12,000 kPa 1735 psi
Isotherm Temperature 34 C 935 F
Ash 4.87% 4.87%
Moisture 12.60% 12.60%
Density 1.4 1.4
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Pinnate Wells

Wells Per Section

Well Parameter

4/9/16 1/2/3/5

Metric Units APl Units

Minimum BHP
Maximum Water Rate

Pinnate Max Water Rate

Horizontal Section

200 kPa
100 / 200 / 300 m3/d
125/ 250 / 375 m3/d
1,000 m

625 / 1250 / 1900 bbl/d
800 / 1575 / 2350 bbl/d
3,280 ft
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