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Abstract

In early phase assessments of carbon storage prospects, geoscientists and reservoir engineers have often little time, limited data access and
quality. With that partial picture of the subsurface, simple models are created. Those models generally assume idealized reservoir and seal
properties and take the entire pore space of all traps from crest to spill point into account. This often results in very large numbers of
deterministic theoretical storage resources, often wrongly labelled “storage capacity”, which are misleading for non-technical decision makers
and the general public. Also, at that early stage of exploration, the notion of risk is often reduced to static risk of reservoir and seal presence,
without a quantitative estimate of containment risk. We present a transparent method for first screening assessments of storage complexes with
multiple storage units, integrating data, risk and uncertainty in a time efficient way for fast and robust decision making. In a fully probabilistic
assessment of a storage complex and its individual storage units, the following uncertainties are addressed: (a) structural and stratigraphic
architecture, (b) gross rock volume, reservoir parameters and pore volume, (c) pressure, temperature and resulting phase and density, (d) seal
integrity and capacity for top and fault seals, and resulting column hights, (e) spill and leak within the individual storage units, (f) likelihood for
spill or leak out of the storage complex, and finally (g) theoretical and effective storage resources. One aspect where the carbon storage
prospect assessment differs from traditional oil exploration is the validation of predictions. After drilling, an oil prospect is generally classified
as a dry hole or a discovery. The exploration risk (e.g., of finding oil at all, or an effective reservoir) is lifted, and appraisal drilling will test the
commerciality. This is only partly the case for carbon storage prospects, where no true discovery exists. Whereas reservoir presence and
effectiveness may be considered proven with one well, finding a good seal at the well location does not remove the containment risk.
Generally, the successful sealing of CO2 in any structure or aquifer can only be predicted, and containment of the storage complex remains to
be proven on the long term (“residual risk™), as opposed to possible failure reasons which can be eliminated with a few well tests (“static risk”).
For a given prospect, a probabilistic evaluation is made with various injection cases. With increasing injection amount, the storage efficiency
and the effective capacity increases. However, seal pressures and risk of loss through seal failure or capillary leak also increase. Therefore, the
containment risk and the storage efficiency are closely linked to the injection mass and the effective storage capacity. Also, both containment
risk and storage efficiency are not a single number or an uncertain range, but a decision which is more or less informed. Generally, lower risk
goes with lower storage capacity. Multiple prospects can be compared based on risk versus capacity diagrams. Thresholds on capacity
(minimum economic resource), containment (maximum tolerated amount of loss and its likelihood) and monitorability (how predictable is the
outflow of CO2 if it was to happen) help the explorationist to focus on the best places where the balance between risk and capacity is optimal.



