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Test Problems

Model Attributes Tested

Multiple Gas Components

Dual Porosity Approach

Mixed Gas Diffusion
(Different Diffusion Rates)

Mixed Gas Sorption
(Extended Langmuir Model)

Stress Dependent
Permeability & Porosity

Coal Shrinkage
(Primary Process)

Coal Shrinkage/Swelling
(ECBM Processes)

Part | Part Il Part IlIA Part 1lIB Part IV
CO, Flue Gas CO, CO, CO, & Flue Gas
(Single Well (Single Well (5-Spot) (5-Spot) (Field Tests)
& 5-Spot) & 5-Spot)
2 v 2 2 v
X X v X v
X X v X v
v v v v v
X X X v v
X X X v v
X X X X v
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COUNCIL = History Match Field Data

Well Locations

Well Coordinates
+ (meters east of west boundary, meters north of south boundary) ¢ CM G
N FBV | #2 1999 N,/2000 Flue Gas Micro-Pilot Well e TNO
(191,603)
C.P.R. Gough No. 6
‘ C.P.R. Gough No. 5 ® ° ARl
1700 m o BP
FBV ECBM #1 e Imperial
FBV | #4 RSt Fevi#s Potential 5-Spot wells College
(-60, 361) (433, 352)
e Shell

C.P.R. Gough No. 3
®
g /-;WO micro-pilot
 Nissaeomm AR EREN ~  tests data released
South Boundary

(182,110) ‘/_J

S.W. % Section, Twp. 36, Rge. 20, W. 4 M.
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Provided

Coalbed Characteristics

—Coal thickness, permeability, porosity, coal & water
properties

—Pure gas adsorption isotherms

—Recommended gas-water relative permeability curves
(Gash, 1991)

* |nitial Conditions

—Temperature, pressure, gas & water saturations, gas
composition

 Gas Injection Rate & Composition
 Well Bottom-hole Pressure

 Gas Production Rate & Composition
 Water Production Rate
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* Injection/Pressure Falloff Stages
Input Parameter: ‘
= Gas Injection Rates

 Production/Pressure Build-up Stages

Input Parameter: ‘

= Gas Production Rates
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Enhanced Coalbed Methane Workgroup

The purpose of this site is to provide Workgroup members password protected access to information. To
maintain confidentiality, the password will be changed periodically. Below you will find four main headings to
help you navigate the site.

+ News ) P

« Experimental Data o - e
+ Field Data R gl N
« Numerical Modelling o R

To access the information please contact:

David Law Tel: (780) 450-5034
Bill Gunter Tel: (780) 450-5467

Problems accessing links, contact:

Stacey Schaub-Szabo Tel: (780) 450-5360. =l
= == [Document: Done

Final comparison results posted in ARC
password protected website:
http://www.arc.ab.ca/extranet/ecbm/
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History Match ARC's Field Data
Using GEM
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COUNCIL
Used as Recommended

Region of Investigation:

Grid Blocks Numbers:
160 acres Radial Direction = 29

Axial Direction =1

Depth: 1257.5 m
. Coalbed __
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Rg%@ﬁg}1§ ARC CO, Micro-Pilot

e SiX stages:
—First pure CO, injection
—First shut-in and pressure fall-off
—Second pure CO, injection
—Second shut-in and pressure fall-off
—Post-injection production
—Shut-in and pressure build-up
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" Injectivity & Productivity (CMG’'s GEM) ==aws
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History Match (CMG’'s GEM)

. Field Data
Model Prediction

Symbols: Field Data CH s
Curves: Model Prediction

— CO, Injection

Pressure Falloff Pressure Buildup

N\

* 00

CO,

13.0 13.5 14.0 14.5 15.0
Time (day)

Gas Production

Well Bottom-hole Pressure

=
N
=
=
I.\J_
1

0 5I 1b i5 2I0 25
Time (day)

Production Gas Composition (mol%)

Numerical Features:
® Dual porosity approach
= Mixed gas diffusion
= Mixed gas sorption
" Permeability multipliers
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COUNCIL 7= Based on History Match (CMG's GEM)

Permeability Free Gas Composition in Natural Fracture
Ratio System (mol. fr.) near Well

(k/k;) co, CH,

Initial Stage
1st CO, Inj.
1st Shut-in
2" CO, Inj.
2"d Shut-in

Production 1

Production 2

Final Stage
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 Three stages:
—Flue gas (~=13% CO, & 87% N,) injection
—Shut-in and pressure fall-off
—Post-injection production
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" Injectivity & Productivity (CMG's GEM) mrz=awa
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COUNCIL History Match (CMG's GEM)

2 " Field Data E Symbols: Field Data
g Model Prediction ;’ Curves: Model Prediction
)
(9] . . o
- o
& <+— Flue Gas Injection .a. CH,
7]
—_ Pressure Falloff e "
() Q. o=
E =]
© . O N
) (7)) 2
£ | 8 S
=2 Gas Production
— c ———
3] (@)
g B CO,
5
0 10 20 30 40 50 60 70 80 90 100 110 "g 75 80 85 90 95 100 105
Time (day) & Time (day)

Additional Numerical Features:
® Dual porosity approach
= Mixed gas diffusion
= Mixed gas sorption
" Permeability multipliers
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COUNCIL 7 Based on History Match (CMG'’s GEM)

Permeability Free Gas Composition in Natural Fracture
Ratio System (mol. fr.) near Well

(k/k) co, =

Initial Stage

Flue Gas Inj.
Shut-in

Production

Final Stage
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COUNCIL Matching Parameters (CMG’'s GEM)

Permeability Gas Desorption Time Constant
Ratio (Days)
(k/k;) CH,

CO, Injection 0.08 —2.72
Flue Gas Inj. 0.0006 - 5.00 |

GEO - SEQ




.

ALBERTA "
RESEARCH § I"r/'r>”|
COUNCIL 5

.ﬂ

Refined History Match ARC's Field
Data Using CMG's GEM
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COUNCIL 3 ARC’s Permeability Theory

« Based on analysis of ARC’s micro-pilot test data

e Stress and multi-component gas adsorbed
content dependent

* Incorporated into CMG’s GEM

¢ p p, K Based on Volumetric
¢ 1—-— Strain - Pressure
i S
|

¢i ¢| M M Correlation for Mixed Ga

ARC/CMG Confidential Agreement

GEO - SEQ




AN SARC CO,/Flue Gas Micro-Pilots =) ﬂ
COUNCIL 7 Matching Parameters (CMG's GEM)

Currently, attempt to use ARC’s
Permeability Theory to refine history match
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« GEM is capable to history match field data

« Better understanding of process mechanisms based
on history match

—Significant permeability variation
—Diffusion limited adsorption/desorption

* Incorporation of ARC’s Permeability Theory into
GEM allows it to become a useful predictive tool

—Further investigation of hysteresis effect is
necessary

—Model development/testing is ongoing

GEO - SEQ




