
 

 

GeoConvention 2022 1 

Methodology for reanalysis of CO2 storage resources in 
Alberta 
Joanna Cooper1, Don Lawton1,2, and Sean McCoy1 
1University of Calgary, 2Carbon Management Canada 
 

Summary 
We are undertaking a regional reanalysis of CO2 storage resources in the Western Canada 
Sedimentary Basin, with an initial focus on Alberta.  This reanalysis includes storage options such 
as CO2 enhanced oil recovery, depleted oil and gas reservoirs, and saline aquifers, with the goal 
of identifying the most prospective regions and options for storage.  The ability to compare 
different options requires consistency in the methodology used to assess the storage potential, 
including factors related to capacity, containment, and injectivity.  The example of the Viking 
Formation in Alberta illustrates the uncertainty in assessing storage capacity in saline aquifers 
and shows that standardization of the data used in the assessments is important.  Once consistent 
resource assessments are made, different layers representing regulatory, economic, risk, and 
other factors can be combined to identify areas with the highest potential within a given storage 
option and ultimately to find the most prospective option for storage in a given region. 
 

Method 
The Western Canada Sedimentary Basin has been identified as a favourable location for CO2 
storage based on criteria including its tectonic setting, size, depth, geology, hydrogeology, 
accessibility, and infrastructure, among others (Bachu, 2003).  Previous studies have evaluated 
regional storage potential via EOR (Bachu, 2016), depleted oil and gas reservoirs (Bachu and 
Shaw, 2002), and saline aquifers (NETL, 2015), however differences in the methods used in these 
previous assessments make comparisons and synthesis somewhat difficult.  In addition, most 
previous analyses have focused on capacity but not containment or injectivity, both important 
factors to consider in a storage assessment (e.g. IEA GHG, 2009). 
 
Two different previous estimates for the CO2 storage capacity of the Viking Formation were 
produced by Bachu and Adams (2003) and the U.S. Department of Energy’s Carbon Storage 
Atlas (NETL, 2015).  Both studies calculate pore space based on the thickness and porosity of 
the formation over its areal extent, excluding the deepest part of the formation near the Rocky 
Mountain deformation front because it is mainly gas saturated (as opposed to water saturated) 
according to Masters (1984).  To calculate capacity, Bachu and Adams (2003) use an approach 
based on dissolving CO2 to saturation in the aquifer, and so take into account properties of the 
formation waters including salinity and inorganic carbon content.  This produced a capacity of 
198.7 Gt, with 106.6 Gt in regions where the CO2 is either liquid or supercritical, occurring at 
depths >600 m in the south and >1200 m elsewhere.  The Carbon Storage Atlas (NETL, 2015) 
capacity estimate is much smaller, expressed as P10/P50/P90 values of 18.1/34.3/58.7 Gt, for 
the region of the formation deeper than 800 m.  These capacities were calculated volumetrically 
using the U.S. DOE’s methodology published by Goodman et al. (2011), which is based on saline 
efficiency factors that describe the subset of the total pore space that can be occupied by CO2.  
The efficiency factors reflect uncertainties in geological parameters and inefficiency in 
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displacement of formation waters, and are based on lithology.  This type of variability in storage 
estimates for a single formation is a primary motivation for our study where different storage 
options in the WCSB are reanalysed and standardized in order to compare different formations 
and different regions to identify the most prospective options. 
 
In addition to updated capacity estimates, additional data layers can be added to improve the 
completeness of the storage assessment.  We consider density of well penetrations, caprock 
thickness, distance from a CO2 source, exclusion layers for oil and gas pool regions, and depth 
limits to reflect current regulations for CO2 storage in Alberta.  These layers can be combined in 
different ways to begin to move from strictly capacity-based storage assessments to more holistic 
assessments which include economic, risk, regulatory, and other factors.  While this approach is 
still an area of active research, here we apply an initial framework where three areas are 
considered: practical capacity, cost, and risk.  Practical capacity is capacity limited by regulatory 
factors including depth, salinity, and restricted land area, combined with a permeability layer which 
provides a proxy for injectivity.  Cost is a combination of the distance from source layer, injectivity 
(permeability), and depth.  Risk is a combination of layers for well density and caprock thickness.  
Each layer consists of values on a scale of 1 to 5, with 1 being the worst and 5 being the best.  
The layers are then combined using a weighting scheme and rescaled.  By applying these layers 
in various ways, areas that are more prospective can be identified. 
 

Results 
Figure 1 shows the reassessed storage capacity of the Viking Formation, as well as an example 
of one of the additional layers used to provide a more complete storage assessment, CO2 source 
proximity, which is a factor related to economics. 
 

 
 

Figure 1. Storage capacity of the Viking Formation (left) and shortest distance to a major CO2 source 
(right).  
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Figure 2 shows four prospectivity maps created by combining various layers such as those shown 
above.  The first is an even combination of layers, which include all factors related to capacity, 
injectivity, and containment.  The other three are produced using different combinations of layers, 
where factors related to risk mitigation, cost, and practical capacity are emphasized by assigning 
higher weights to those layers.  Emphasizing risk mitigation (comparing b to a) improves the 
relative prospectivity of the northwestern portion of the aquifer because of greater caprock 
thickness.  Emphasizing economic factors (comparing c to a) improves the prospectivity of the 
central portion of the aquifer where source proximity and depth are smaller.  Emphasizing 
practical capacity (comparing d to a) reflects the higher overall capacity and greater injectivity of 
the southern portion of the aquifer.  These are simple examples of combining different factors into 
an overall concept of prospectivity, and show how the analysis can be used to examine the 
storage complex as a whole. 
 

Conclusions 
As illustrated by the Viking example, the assessment methodology and choice of storage 
efficiency factors can greatly affect capacity estimations.  This, combined with differences in data 
used for geological parameterization makes comparing different storage options problematic.  
Standardizing the method for calculating capacity and the data sources used to define the pore 
volume for saline aquifers is key.  Work remains in determining our final approach for populating 
porosity and permeability in these large regional models.  However, we have shown with these 
initial results how maps of prospectivity can be created which combine elements related to 
capacity, containment, and injectivity.  The elements can be combined in different ways to 
emphasize the factors that are most important to the end user of the prospectivity map. 
 

Acknowledgements  
We thank Carbon Management Canada’s CaMI.FRS Joint Industry Partnership and the University 
of Calgary’s Global Research Initiative in Energy Research for their support.  This research was 
undertaken thanks in part to funding from the Canada First Research Excellence Fund. 
 
References 

Bachu, S., 2003, Screening and ranking of sedimentary basins for sequestration of CO2 in geological media in response 
to climate change: Environmental Geology, 44, 277-289. 
 
Bachu, S., 2016, Identification of oil reservoirs suitable for CO2-EOR and CO2 storage (CCUS) using reserves 
databases, with application to Alberta, Canada: International Journal of Greenhouse Gas Control, 44, 152-165. 
 
Bachu, S., and Shaw, J., 2002, Evaluation of the CO2 Sequestration Capacity in Alberta’s Oil and Gas Reservoirs at 
Depletion and the Effect of Underlying Aquifers: Journal of Canadian Petroleum Technology, 41 (9), 51-61. 
 
Bachu, S., and Adams, J. J., 2003, Sequestration of CO2 in geological media in response to climate change: capacity 
of deep saline aquifers to sequester CO2 in solution: Energy Conversion and Management, 44, 3151-3175. 
 
Goodman, A., Hakala, A., Bromhal, G., Deel, D., Rodosta, T., Frailey, S., Small, M., Allen, D., Romanov, V., Fazio, J., 
Huerta, N., McIntyre, D., Kutchko, B., & Guthrie, G., 2011, U.S. DOE methodology for the development of geologic 
storage potential for carbon dioxide at the national and regional scale: International Journal of Greenhouse Gas 
Control, 5, 952-965. 



 

 

GeoConvention 2022 4 

IEA Greenhouse Gas R&D Programme (IEA GHG), 2009: CCS Site Characterisation Criteria, Technical Study Report 
No. 2009/10, 130 pp. 
 
Masters, J. A., 1984, Lower Cretaceous Oil and Gas in Western Canada. In: Elmworth––Case study of a deep basin 
gas field [Masters J. A. (ed)], AAPG Memoir 38, p. 1–33. 
 
NETL, 2015: Carbon Storage Atlas, Fifth Edition, USA, 114 pp. 
 
 

  

 

Figure 2. Preliminary prospectivity maps for the Viking Formation.  a (top left): Total prospectivity.  b (top 
right): Prospectivity with risk reduction emphasized.  c (bottom left): Prospectivity with cost reduction 

emphasized.  d (bottom right): Prospectivity with practical capacity emphasized. 


