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In 2003, a decision was made to discontinue operation of Atomic Energy of Canada Limited’s (AECL’s)
Underground Research Laboratory (URL) and ultimately to decommission and permanently close the
underground portion of this facility. As part of the Nuclear Legacy Liability Program (NLLP) being funded
by Natural Resources Canada (NRCan), an ongoing program of work is being undertaken to decommission
and deal with facilities that are no longer part of AECL’s mandate or operations. The URL is included in
these facilities. Part of this work is the installation of seals at the intersection of the access and ventilation
shafts and an ancient thrust fault, Fracture Zone 2 (FZ2), approximately 275 m below surface. These seals
are being installed in order to limit the potential for mixing of deeper saline and shallower, less saline
groundwater.

The seal design in each shaft is similar with a heavily reinforced lower concrete component, a central
bentonite clay-sand component and an upper unreinforced concrete component (Figure 1). The main shaft
at the URL at the location of the seal is circular (~5-m diameter), and was excavated using careful drill
and blast techniques. The seal itself consists of two keyed, conical sectioned, 3-m-thick by 5 to 6-m
diameter concrete segments that confine a 6-m-thick swelling clay section. The ventilation shaft at the URL
is 1.8 m in diameter and was excavated using raise-boring. The ventilation shaft will consist of two keyed,
conical sectioned, 2-m-thick concrete by 1.8 to 2.8 m diameter concrete segments confining a 5-m-thick
assembly of pre-compacted clay-sand blocks.

The concrete is a low pH concrete designed for repository use, which can develop a 70 MPa unconfined
compressive strength after 28 days. It has a pH of less than 11 achieved by substitution of 75% of the
cement powder with silica fume and ground silica so the likelihood of free calcium and an alkaline plume
is greatly reduced. The concrete provides confinement for the swelling clay.

Two approaches were taken for the central clay unit in each seal. The main shaft uses compacted in situ
clay-based material with 40% dry mass Wyoming sodium bentonite (200 mesh gradation), and 60%
uniform gradation, water washed sand (< 2% of – 200 mesh size), with a target dry density of
1.80 ± 0.05 Mg/m3. The ventilation shaft uses pre-compacted clay blocks composed of 70% Kunigel V1
bentonite and 30% uniform gradation, water washed sand. These blocks were originally prepared in 1998
for the Tunnel Sealing Experiment (TSX) (Chandler et al. 2002) and unused materials were stored
underground under plastic sheets. The blocks were designed to be hand placed and are approximately
35 cm × 10 cm × 18 cm in size which is convenient for use in construction of the ventilation shaft seal.

In situ compaction required pre-blending of the clay-based material in order to achieve a clay component
that is homogeneous with respect to density and initial degree of saturation. Because of the volume
involved and in order to test a technique that is both time and cost efficient regarding material preparation,
a conventional concrete dry batching truck was utilized. An auger on the truck blended the raw materials,
with a water tank supplying the required water. The resulting material was bagged and stored for use once
it was quality checked.

Clay was delivered to the seal location in the main shaft once the lowermost concrete portion of the seal
was cured for 28 days. The bagged clay was transferred to a shaft clam-shell bucket and transported to the
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seal location and then dumped. The clay material was manually spread to an initial ~20 cm thickness for
compaction and once compaction was completed each lift was approximately 10 cm in thickness. The clay
volume in the shaft is approximately 117 m3 (6-m-thick). Compaction was accomplished by use of two
relatively small, hand-operated impact compactors. Along the perimeter of the shaft (and in areas where
instrument cables were installed) a smaller impact compactor was used. The compaction and other
construction operations needed to be conducted carefully as the concrete, clay and surrounding rock mass
of main shaft seal are being monitored via a suite of approximately 60 sensors that record temperature,
strain, hydraulic and mechanical pressure as well as water content within the seal (Dixon et al. 2009). Hand
tamping was performed immediately around the cables as necessary to protect them. This paper presents
the details of the work completed in the main shaft of late fall of 2009.

The ventilation shaft clay placement will involve a volume of approximately 13 m3 and utilize techniques
developed in the TSX. Blocks will be cut as required and field fitted into the space where the seal is
located. Granular or pelletized bentonite will be poured and compacted as space permits at the perimeter
in any gaps that remain after block installation. This seal will not be monitored but past work (Martino et
al. 2008) has indicated that low hydraulic conductivities can be achieved under a high hydraulic gradient
for clay seal components constructed from pre-compacted blocks.

The operational experiences and lessons learned from installation of both clay barrier types will be
discussed in the paper.
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Figure 1: Geologic structure at URL, underground development at 240-Level and schematic showing basic
layout of ESP in main shaft.


