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The Government of Canada has accepted the Nuclear Waste Management Organization’s (NWMO)
recommendation of Adaptive Phased Management (APM) as the long-term management approach for
Canada’s used nuclear fuel (NWMO 2005). APM ultimately involves the isolation and containment of
used nuclear fuel deep in a Deep Geological Repository (DGR). On completion of waste emplacement
operation and during repository closure, shaft seals, comprising clay-based shaft seal components, will be
installed at strategic locations, such as where significant fracture zones (FZs) are located. The primary
function of a shaft seal is to limit and prevent short-circuiting of the groundwater flow regime via the shaft.
Currently, at Atomic Energy of Canada Limited’s Underground Research Laboratory (URL) a full-scale
shaft seal is being constructed at the intersection of a low dipping thrust fault called FZ 2 as part of the
overall URL decommissioning activities (Dixon et al. 2009).

Both crystalline rock and sedimentary rock are considered potentially suitable host rocks formations for a
DGR (NWMO 2005). This paper presents the results of numerical simulation of a shaft seal installed in
moderately to sparsely fractured crystalline rock (MFR). The shape and thickness of the shaft seal modelled
for a DGR in this exercise are similar to the shaft seal at the URL, but in the modelling exercise it is given
a larger diameter (i.e. 7.30 m) equal to the assumed diameter of a production shaft of a repository. The
seal consists of a blended bentonite-sand (BS) component that is constrained between two massive concrete
seals (Figure 1). Dense backfill (DBF) materials are installed above and below the concrete seals (CS)
(Figure 1). The concrete seals are keyed into the access shaft to better anchor the concrete units in place
and in order to restrain the swelling of the bentonite-sand component of the seal as it hydrates.

The reference geosphere in the proposed work is MFR similar to the rock conditions at the URL at the
shaft seal location. In order to provide relevant boundary conditions to numerical modelling, the in situ
stress and pore water pressure measurements at the URL (Martino et al. 2008) are to be used to determine
H-M boundary conditions of the shaft seal numerical simulation. In this numerical model, the FZ included
in the modelling scenario will be located at 250 m depth and the repository will be located at a depth of
500 m (Figure 1). As a result of the considerable distance of the shaft seal from the repository horizon and
the expectation that the hydro-mechanical (H-M) evolution will largely occur before any temperature
perturbations occur at the shaft location, the assumption is made that the shaft seal is in an isothermal
condition. The FZ is assumed to be 4-m-thick (i.e. similar to the URL conditions) and perfectly horizontal
(Figure 1). These allow H-M simulation within a smaller domain (e.g. 200 m diameter and 212 m height
in Figure 1), using a 2D-axisymetric model.

H-M properties of each shaft seal component (bentonite-sand (BS) and dense backfill (DBF), moderately
fractured rock (MFR), and concrete seals (CS)) of the shaft seal are required in this numerical modelling.
The BS is the same type used in the URL shaft seal (Dixon et al. 2009). The BS is composed of 40%
bentonite and 60% sand, compacted in situ with target dry density of 1.80 ± 0.05 Mg/m3 and gravimetric
water content of 12-14%. The DBF in the shaft seal model is a mixture of glacial lake clay, crushed host
rock and bentonite clay, installed at high dry density by in situ compaction. An elastoplastic model for
unsaturated clay is used to describe the mechanical behaviour of these clay-based seal components.
Priyanto et al. (2009) discussed the calibration of the H-M constitutive model parameters based on the
results of various laboratory test results of the BS in Canada. These parameters will be used to describe
H-M behaviour of the clay-based sealing components (BS and DBF).
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Compared to the clay components (BS and DBF), the unfractured rock and concrete components are much
stiffer and would experience smaller displacement. A linear elastic model is used to simulate mechanical
behaviour of unfractured rock and concrete components. The unfractured rock has a Young’s modulus (E)
and Poisson’s ratio (ν) of approximately 60 GPa and 0.25, respectively, while the concrete has
approximately 36 GPa and 0.25, respectively (Martino et al. 2008). Lower E is used to describe the
mechanical properties of the FZ. Based on the range of measured rock hydraulic conductivity at the URL,
the distribution of the hydraulic conductivity (K) for the unfractured rock is 10-13 to 10-12 m/s, while the
FZ has a higher K value (10-10 to 10-9 m/s). The concrete seals (CS) in the shaft seal to be modelled are
defined as being composed of low-heat high-performance concrete (LHHPC) of the type used in the Tunnel
Sealing Experiment (TSX) (Martino et al. 2008) and the Enhanced Sealing Project (ESP) (Dixon et al.
2009). The K value of the LHHPC from the in situ measurement is approximately 10-10 to 10-13 m/s
(Martino et al. 2008).

This H-M numerical modelling is solved using a computer code (e.g. FLAC) and the results show the
evolution of pore fluid pressure, degree of saturation, dry density, and total stress of each shaft seal
component. The discussion focuses on the interaction of the clay-based sealing components (BS and DBF)
and the host rock.
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Figure 2: Shaft Seal Layout for Numerical Modelling.


