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The evaluation of the impact of repository induced effects has been identified as a key aspect in the 

assessment of engineering feasibility and long-term safety of deep geological repositories for radioactive 

waste. In the Swiss disposal concept the key effects addressed are the pH-plume associated with the 

cement backfill of the L/ILW caverns, the accumulation and release of repository gases, the heat 

emission of the SF/HLW canisters and the Excavation Damage Zone (EDZ hereinafter) around the 

backfilled underground structures. The EDZ represents a possible release path for radionuclides and 

corrosion and degradation gases which needs to be addressed quantitatively in Safety Assessment (SA).  

In hard rocks and indurated claystones the EDZ is often represented by a discrete fracture network 

(Geomechanica, 2013, Lisjak et al. 2015). The complexity of a dense fracture network precludes its 

implementation in conventional SA models. To overcome the implementation problem, Alcolea et al. 

(2014) elaborated a traceable and versatile heuristic modelling workflow for the conversion of the 

discrete fracture network into a hydraulically equivalent two-dimensional porous medium model that 

allows the simulation of hybrid processes, accounting simultaneously for both fracture flow in the 

excavation induced fractures and porous medium flow in the intact rock matrix. Alcolea et al. (2014) also 

included mechanical processes like fracture mechanical closure and matrix swelling in response to 

variations of effective stress. This allows the simulation of the self-sealing processes in the EDZ in 

response to pore pressure recovery and swelling pressures caused by resaturation of the bentonite 

buffer.  

The aforementioned methodology was benchmarked using data from the HG-A experiment in Mont Terri 

(Alcolea et al., 2015). One main result of that exercise is that simplified 2-D axial symmetric models are 

insufficient to fit to available pore pressure measurements along the EDZ. The physical phenomena 

associated with the re-saturation of the system are clearly three-dimensional, which needs to be 

addressed in an adequate manner.  
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In this presentation, we show the extension of the 2D approach to render 3D continuum models of the 

EDZ. To that end, we use a Marked Point Process technique (Illian et al., 2008) including Monte Carlo 

analysis. The 2D geomechanical simulations of the discrete fracture network are “training” data sets, 

whose characteristics are borrowed by the derived stochastic models. Fractures are modelled as a point 

process in the fracture plane. Fracture location is modelled as a Poisson point process in which the points 

are the midpoints of line representations of fractures. Since just points do not provide any information 

about fracture characteristics, such as length, aperture or orientation, the so-called marks are assigned 

to the representative points to represent these characteristics. The inclusion of marks provides a marked 

point data set that can be modelled as a Marked Point Process. Once the models for points and marks 

are established they can be used to simulate points and associated marks for other regions that are 

assumed to have the same, or similar, characteristics as the training dataset from which models are 

derived.  Fracture networks are stochastically simulated by replacing the simulated marks with the 

properties they represent (Figure 1; white lines).  

Once a 3D simulation of the discrete fracture network has been obtained, the upscaling methodology of 

Alcolea et al (2014) can be applied to convert it into a hydraulically equivalent porous medium model. 

Such models can then be the subject of further modelling exercises, e.g. flow and transport simulations. 

 

Figure 1: Simulated 3D equivalent porous model generated with the 50x50 super-blocks grid. The 

fracture network is partly visible and depicted by gray lines (quadrant 12 o’clock to 3 o’clock, 

encompassed by white lines; the opacity of the porosity distribution has been reduced to 50%). 
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