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GEO-SEQ Project: Website

http://esb.lbl/GEOSEQ/
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GEO-SEQ Project

Part I:  Pure CO2 Injection
Part II: Flue Gas Injection

Task C-1

Enhancement of Numerical Simulators for 
Greenhouse Gas Sequestration in Deep,

Unminable Coal Seams
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GEO-SEQ Project
Task C-1: Approach

Identify potential participants with coalbed methane 
(CBM) simulators

CBM simulators accessible to research team
Invitation to other interested groups

Work with participants to setup problem sets
Compare numerical results from different CBM 
simulators based on problem sets
Document numerical solutions
Identify areas of improvement for different CBM 
simulators
Provide field data for validation of CBM simulators
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Modification of Numerical Models
Coalbed Methane (CBM) Recovery Processes

Primary CBM Recovery:
Dual porosity nature of 
coalbed
Darcy flows of gas and 
water in the natural fracture 
system in coal
Diffusion of a single gas 
component from the coal 
matrix to the natural 
fracture system
Adsorption/desorption of a 
single gas component at the 
coal surface
Coal matrix shrinkage due 
to gas desorption

Enhanced CBM Recovery:
Coal matrix swelling due to CO2
adsorption on the coal surface
Compaction/dilation of the natural 
fracture system due to stresses
Diffusion of multiple gas 
components from the coal matrix 
to the natural fracture system
Movement of water between the 
coal matrix and the natural 
fracture system
Adsorption/desorption of multiple 
gas components at the coal surface
Non-isothermal adsorption due to 
different in temperature between 
the coalbed and the injected CO2
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Problem Sets for Model Comparison
Part I: Pure CO2 Injection
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Participating Numerical Models
Commercial models

GEM
- Computer Modelling Group (CMG), Calgary, Alberta, Canada

ECLIPSE
- Schlumberger GeoQuest, Abingdon, United Kingdom

SIMED II
- CSIRO, Sydney, Australia/TNO, Utrecht, The Netherlands

COMET 2
- Advanced Resources International (ARI), Arlington, Virginia, 

U.S.A.

Non-Commercial model
GCOMP

- BP, Houston, Texas, U.S.A.
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Numerical Models
Features for ECBM Modelling
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Model Comparison
Problem Sets Completed

Problem Set 1: single well CO2 injection test
Problem Set 2: 5-spot CO2 injection process

Part I: Pure CO2 Injection
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CO2 Sequestration in Coalbeds
Problem Set 1: Single Well CO2 Injection Test

15-day CO2 injection period
Injection rate = 28,316.82 sm3/d

45-day shut-in period
60-day production period

BHP = 275 kPa
62.5-day shut-in period
Total test period = 182.5 days

29 x 1 Grid System

9 m

454 m
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Problem Set 1: Single Well CO2 Injection Test
Well Bottom-hole Pressure

CO2 Injection

Pressure Falloff

Gas Production

Pressure Buildup
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CO2 Sequestration in Coalbeds 
Problem Set 2: 5-Spot CO2 Injection Process

182.5-day continuous CO2 injection period
Injection rate = 28,316.82 sm3/d

182.5-day production period
BHP = 275 kPa
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Problem Set 2: 5-Spot CO2 Injection Process
CH4 Production Rate

CO2 Injection

Primary
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Problem Set 2: 5-Spot CO2 Injection Process
CO2 Distribution

30 days 60 days 90 days

ECLIPSE

GEM

CO2

CO2 Mole Fraction in Gas Phase in Fracture

COMET2
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Conclusions on Model Comparison
Problem Sets 1 and 2

In general, there are good agreement between the 
results from different numerical models

Baseline runs have been established for different numerical 
models which will be compared based on more complex 
problem sets

Frequent communication with participants is 
essential to eliminate errors in data entry
Difference between numerical prediction may results 
in a variety of reasons:

Handling of dual porosity approach in the model
Handling of wells (e.g., ¼ well in 5-spot pattern)
Selection of numerical control parameters
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Publication
Problem Sets 1 and 2

SPE Paper No. 75669 entitled “Numerical 
Simulation Comparison Study for Enhanced 
Coalbed Methane Recovery Processes, Part I: 
Pure Carbon Dioxide Injection”, was accepted 
for presentation at the SPE/CERI Gas 
Technology Symposium (GTS) 2002, Calgary, 
Alberta, Canada, April 30-May 2, 2002
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Model Comparison
Problem Sets In Progress

Problem Set 3: 5-spot CO2 injection process
Effect of desorption time constant

Problem Set 4: 5-spot CO2 injection process
Effect of stress dependent permeability

Part I: Pure CO2 Injection
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Problem Set 3: 5-Spot CO2 Injection Process
Effect of Desorption Time Constant

Dc :   Diffusion coefficient (m2/d)
tdes :  Desorption time constant (d)
σ : Geometirc factor (1/m2)
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Problem Set 3: 5-Spot CO2 Injection Process
Effect of Desorption Time Constant
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GEM:
Desorption Time Constant = 0.004 day
Desorption Time Constant = 77.2 days
Desorption Time Constant = 192.9 days
Desorption Time Constant = 385.8 days

CO2 Injection
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Problem Set 4: 5-Spot CO2 Injection Process
Effect of Stress Dependent Permeability
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Palmer & Mansoori Theory (1996)

φi = 0.001

Young’s modulus:
E = 1.999 × 106 kPa
E = 3.068 × 106 kPa

Pi = 7650 kPa
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Problem Set 4: 5-Spot CO2 Injection Process
Effect of Stress Dependent Permeability
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BP GCOMP:
No Effect
E = 1.999 × 106 kPa
E = 3.068 × 106 kPa

CO2 Injection
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Model Comparison
Problem Set In Progress

Problem Set 5: history matching of field data
ARC’s Micro-Pilot with CO2 Injection
Confidential data involved

Part I: Pure CO2 Injection
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Alberta Research Council (ARC)
Greenhouse Gas Sequestration Project 

Fenn Big Valley, Central Alberta, Canada

Edmonton

Calgary

Red Deer

T37

T36

T35

R22 R21 R20W4

Test Site

Fenn Big Valley
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Problem Set 5: History Matching of Field Data
ARC’s Micro-Pilot with CO2 Injection

CO2 Injection

Pressure Falloff

Gas Production

Pressure Buildup

Symbols: Field
Curves: Numerical
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GEO-SEQ Task C-1: Web Site

http://www.arc.ab.ca/extranet/ecbm/


