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Objectives of Assessment 
Program

• Apply risk assessment techniques to predict the 
long-term fate of CO2 within the storage system

• Identify risks associated with geologic storage
• Assess ability of oil reservoirs to securely store CO2 (where 

CO2 migrates to and what are the fluxes) 

• Derive how much CO2 is stored in the Weyburn
reservoir as a function of time

• Explore consequences of any leakage
• Provide assessment results primarily in terms of flux 

of CO2 from the geosphere as function of time
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Risk Assessment Methodology

• FEP’s (Features, Events and Processes)
• Systems Analysis
• Scenario Development

– Base Scenario
– Alternative Scenario’s

• Deterministic Risk Assessment
• Probabilistic Risk Assessment
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RA Terminology

• Geosphere/Biosphere: geological and hydro-
geological system (including but not limited to the 
RA domain to be studied) and populated with
petrophysical and other properties. 

• System Model: The physical system of the RA 
domain to be studied and the processes that govern 
the movement and migration of CO2 within this 
domain.

• Conceptual Model: an abstraction of the
geosphere/biosphere within the domain of the 
System Model, as the framework for running the long 
term CO2 migration simulations.



2

Third A
nnual C

onference on C
arbon C

apture &
 Sequestration

Features, Events and 
Processes

• Several RP workshops were held to develop 
FEP’s

• Integration with EU and CCP efforts in FEP’s
• So many FEP’s were developed that everyone 

was pretty much FEP’in FEP’d out with FEP’s.

Mineralogy of
Reservoir Rock

Dissolution of Minerals
Mineral Surface Processes
Porewater Chemistry

Change Hydrogeological Properties
as Mineralogy Changes

Identification 
of Task 
Providing
Input Data
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Base Scenario

• Spatial and temporal domain
– The main reservoir area is that part of the reservoir which 

will undergo EOR using injected CO2. The surrounding 
buffer zone is the area within 10 km of the main reservoir 
area. 

– The time frame of concern starts from the inception of EOR 
using injected CO2 and extends out to 5,000 years.

• Geologic formations
– The complete stratigraphic column. 
– The caprock (nominally the Midale Evaporite) may have 

natural fractures or discontinuities but all are isolated or 
sealed such that caprock integrity is not impaired. 

– The base scenario will consider physical trapping features, 
which have naturally contained the oil/gas within the 
reservoir.
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Base Scenario …..
• Biosphere

– Extends to a depth of about 300 m below ground surface).
– The biosphere also includes soil, surface water and the 

atmosphere, and flora and fauna found within these areas.
• Wells

– The base scenario includes the presence of all wells found within 
the scenario area. 

– All wells have been inactivated following current standard field
abandonment procedures applicable at the time of abandonment.

• Other Features, Processes and Events
– The base scenario includes consideration of but are not limited 

to, processes such as hydrodynamics, geochemistry, buoyancy 
and density driven flow, dissolution of CO2 in water and residual 
oil, and pressure-temperature changes occurring within 
formations.
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Alternative Scenarios

• Engineering options for EOR
• Reservoir operation options
• Well abandonment options
• Impact of salt dissolution
• Fault activation/re-activation
• Tectonic activity
• Human intrusion
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RA Approaches

• Deterministic Risk Assessment (RA) provides 
an estimate of risk associated with a specific 
set of parameter values

• Probabilistic Risk Assessment (PRA)
provides risk distribution attributed to the 
uncertainty in all parameter values.
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Integration of Assessment Components
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Benchmarking Program

• Develop a consistent dataset and modelling 
approach that provides an optimal degree of 
comparison between the deterministic and 
probabilistic methodologies

• Upscaling eliminated
• Considered three cases:

– No Wells case (I.e. only geological model)
– Wells with flow in annulus only
– Wells with flow in casing only
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Deterministic Approach

• Eclipse E300 Compositional Simulator
• Full System Model treatment
• Integration with 3D 75-pattern  reservoir 

simulation
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75-Pattern Simulation Model 
and Results
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Geosphere Migration Model: 
Integration (1)

Total active 
cells: 38250
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Gas Saturation Results
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Pressure Oil Saturation
2034 (end of EOR)

7034
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Element of Risk: CO2 Aqueous 
Concentration in Midale Evaporite

No gas and oil 
phases migrate 
into the Midale 
Evaporite over 
5000 yrs.

5000 yrs
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CO2 Migration Rate
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Summary of Results –
Geosphere Migration

• Up to 5000 yrs, 12.5% of the initial CO2-in-
place moves out of 75-pattern area
– 6.59% goes to the geosphere below the Midale 

reservoir via water phase and is confined within, 
and in the vicinity of, the EOR perimeter.  

– 5.56% migrates to the Midale reservoir outside the 
75-pattern area (laterally), generally moving updip

– 0.05% goes to the geosphere above the Midale 
reservoir via water phase and confined within, and 
in the vicinity of, the EOR perimeter. 

• No CO2 ever migrates to the biosphere.
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• Median well spacing: 240 m.
• Starts at 100 yrs after end of 

EOR.
• Cement permeability has 

increased to 1 mD.
• Casing is gone.
• CO2 preferentially flows into 

the open wellbore and moving 
upward rapidly. 

• Average reservoir pressure at 
100 yrs.

• Sampled saturations and 
concentrations at 100 yrs.

• Biosphere is assumed to be in 
the open wellbore.

“Unit Cell” Approach to Modeling 
Leakage via Abandoned Wells

Weyburn Unit Oil Production
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Probabilistic Approach

• A generalized performance assessment 
model, CQUESTRA-I (CQ-I)

• Employed simplifying assumptions and a 
compartmental model approach

• Characterized by analytical solutions

Aquifer
Reservoir
CO2

Wells

Aquitard
& Aquifers

Biosphere
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PRA Demonstration Case Study
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Salt Dissolution Processes
Dissolution Front Advancing Towards Phase 1A Post CO2 Injection
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THEME 4
LONG-TERM RISK ASSESSMENT OF THE STORAGE 

SITE

Theme Leader:  Rick Chalaturnyk, University of Alberta

Third Annual Conference on Carbon Sequestration
Alexandria, VA
May 3-6, 2004

Natural Resources
Canada

Ressources naturelles
CanadaI think I’m I think I’m 

hearing voices…hearing voices…
QUESTIONS?QUESTIONS?
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