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A deep geological repository (DGR) for low and intermediate level waste in southern Ontario is currently
proposed, at a depth of approximately 680 m in an argillaceous limestone formation (Cobourg Limestone)
overlain by 200 m of low permeability shale (Ordovician Shale). Significant quantities of gas could be
generated in the aforementioned DGR from several processes (e.g., degradation of waste forms, corrosion
of waste containers). The accumulation and release of such gases from the repository system may affect a
number of processes that influence its long-term safety. Consequently, safety assessments of the proposed
DGR need to be supported by a solid understanding of the main mechanisms associated with gas generation
and migration and the capability to mathematically model those mechanisms. The development of those
mathematical models would usually require the consideration of complex coupled thermo-hydro-
mechanical-chemical (THMC) processes. A research program is being conducted in the Department of
Civil Engineering of the University of Ottawa in collaboration with the Canadian Nuclear Safety
Commission (CNSC) to model the coupled THMC processes associated with gas migration and their
impacts on the safety of DGR in southern Ontario. The development and validation of such model as well
as the assessment of the impact of gas migration need the acquisition of sufficient amount of (good quality)
data on the geomechanical, geochemical, hydraulic, thermal properties of the sedimentary rocks in
Southern Ontario as well as relevant gas transport parameters, such as gas entry pressure, Klinkenberg
effect, intrinsic permeability, capillary pressure-water saturation relationship.

During the past fifteen years, several laboratory and field investigations have been conducted in several
countries to acquire geodata to study and model the THMC processes associated with gas migration in
DGR in sedimentary rocks. However, most of these studies, especially the gas migration tests, were
conducted in European sedimentary rocks (Opalinus Clay in Benken and Mont Terri, Callovo-Oxfordian
Clay at Bure). At present, gas transport data specific for Ontario sedimentary rocks are not available; the
input parameters for mathematical models have to be inferred from the European database. This paper
presents a methodological approach and the results of a study to assess the usefulness and transferability
of geodata from European to Ontario sedimentary rocks to model the THMC processes associated with gas
migration in Ontario. Furthermore, predictive models (based on advanced soft-computing methods) to
estimate the gas transport parameters of the Ontario rocks from data on European sedimentary rocks are
presented and discussed. The paper is divided into three main parts:

– In the first part, the main similarities and differences between the thermal, hydraulic, geochemical and
geomechanical properties of the host rocks of the proposed Ontario DGR and European DGRs are
highlighted and discussed, based on a comparison of the collected technical information on sedimen-
tary rocks in Ontario and Europe.

– The second part includes an analysis of the quality (e.g., uncertainties), suitability and transferability of
the data gathered with respect to the investigation of gas generation and migration in a potential repo-
sitory in Ontario’s sedimentary rocks.

– In the third part, a quantitative analysis of the transferability of the data is conducted by using advanced
soft computing methods (e.g., Self Organizing Neuro-Fuzzy Inference System (SONFIS)). Predictive
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models are developed (based on knowledge discovery methods, one example is shown in Figure 1) to
predict the relevant parameters that are necessary to model and analyze gas transport in the study DGR
in Ontario. The validation results show good agreement between the predicted and measured field
values (Figure 2a). Figure 2b shows an example of an estimation of the gas entry pressure (a critical
parameter) of the sedimentary rock of the potential DGR, based on knowledge discovery methods.

In conclusion, this study has allowed us to identify the similarities and differences between the Ontario and
European argillaceous host rocks as well as to assess the quality and the transferability of the European
data to Ontario situation. The high water salinity in Ontario’s host rocks will limit the transferability of
some experience and conclusions with regards to gas generation and transport from European argillaceous
formations to the situation in Ontario. The soft-computing based models developed in this study can be
applied to other sites to estimate the gas transport characteristics of sedimentary rocks as well as to analyse
and limit the uncertainties in the gas-related geodata needed to assess the THMC response of a DGR in
sedimentary rocks to gas migration.
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Figure 1: Presentation of the conditional and decisional attributes for the estimation of knowledge (gas
pressure variation-gas entry pressure) based on the field measurements (Ghaffari et al. in preparation).

Figure 2: a) Validation of the modelling results against experimental field data. b) Estimated gas evolution
(and gas entry pressure in deflection points) in a borehole (3 m interval- from 685 to 688 m) by trained
SONFIS on the Cobourg limestone (Ghaffari et al. in preparation).


