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Abstract

Groundwaters at proposed repository depths of 500 to 1000 m can contain significant
quantities of soluble salts (Gascoyne et al. 1987; Mazurek 2004). These salts have the
potential to affect the hydraulic-mechanical behaviour of clay-based sealing materials installed
in a Deep Geologic Repository (DGR) of the type presented by Russell and Simmons (2003)
and Maak and Simmons (2005). As a result of the influence of liquid salinity on material
behaviour, one of the design decisions for the engineering of a sealing system is whether to
prepare the sealing materials with fresh or saline liquid (Baumgartner et al. 2008) and to
determine if this will affect the performance of the barrier materials.

The results of one-dimensional (1D) consolidation tests conducted in 2007 on three clay-based
sealing materials including: Highly Compacted Bentonite (HCB); Dense Backfill (DBF); and
Light Backfill (LBF) are presented and discussed. Testing was conducted at three different
laboratories: Atomic Energy of Canada Limited (AECL)’s geotechnical laboratory at the
Underground Research Laboratory (URL) (HCB); the University of Manitoba (U of M) (DBF);
and the Royal Military College of Canada (RMC) (LBF).

The 1D consolidation tests are used to examine the effects of: boundary conditions and applied
load during initial saturation; and high pore liquid salinities (up to 250 g/L CaCl,) used in
specimen preparation and as a reservoir liquid. Parameters to define the mechanical
behaviour (i.e., Compression Index (C.) and Swelling Index (Cs)) of the HCB, DBF, and LBF
have been determined from the results of these tests. The values of these parameters were
found to decrease with an increase in concentration of calcium chloride (CaCl,) solution in pore
liquid. The relationship of these parameters to the pore liquid composition is suggested for use
in defining the mechanical behaviour of clay-based sealing materials in THM numerical
modelling.
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1. INTRODUCTION

Several sealing-system components are proposed for use in an emplacement-room sealing
system (e.g., the CTECH-type in-room placement method shown in Figure 1) in a deep
geological repository (DGR) for used nuclear fuel (Russell and Simmons 2003; Gierszewski et
al. 2004; Maak and Simmons 2005). For the clay-based portions of the repository sealing
system, five sealing-system components are being considered.

1.

2.

Highly Compacted Bentonite (HCB) — 100% bentonite clay either installed at high dry
density by in-situ compaction or prefabricated as blocks.

Bentonite-Sand Buffer (BSB) — a mixture of bentonite clay and silica sand either
installed at high dry density by in-situ compaction or prefabricated as blocks (shown in
Figure 1 as “Compacted Buffer”).

Dense Backfill (DBF) — a mixture of lake clay, crushed host rock and bentonite clay,
either installed at high dry density by in-situ compaction or prefabrication as blocks.
Light Backfill (LBF) — a mixture of bentonite clay and silica sand, likely installed in the
form of dense pellets and installed at low-to-medium dry density.

Gapfill (GF) — either bentonite clay, possibly fabricated in the form of dense pellets,
silica sand or some combination of the two, which are likely to be installed at low-to-
medium average dry density.

Some suggested compositions and fundamental physical characteristics of these candidate
sealing-system components are presented in Table 1.

Excavated Room

Light Backfill

Dense Backfill

Compacted
Buffer

Sand/Bentonite
Annulus

420 m

Highly
Compacted
100% Bentonite

(HCB)

AN e

High Performance
Concrete

7.14m

Figure 1: In-room Placement Cross-sectional Geometry (CTECH 2002)
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Table 1: Physical Characteristics of Engineering Barriers System Components
(after Russell and Simmons 2003)

Property HCB BSB GF DBF LBF

5% bentonite

iy 0, 0 i 0,
Composition 100% 50% bentonite 100% 25% glacial lake clay

50% bentonite

0, i o H 0,
(dry mass %) bentonite 50% sand bentonite 70% crushed granite 50% sand
Initial Gravimetric
Water Content (%) 7 18.5 2 8.5 15
As-Placed
Saturation (%) 65 80 6 80 33
Dry Density (Mg/m®) 1.61 1.69 1.40 212 1.24
EMDD (Mg/m°)* 1.50 1.15 1.25 0.8 0.66

*

assumes that all bentonites have a minimum 75% montmorillonite content

1.1 BACKGROUND

The chemistry of the pore liquid strongly affects the swelling potential and hydraulic conductivity
of bentonite clay. Groundwaters at proposed repository depths of 500 to 1000 m can contain
significant quantities of soluble salts and an increase in salinity is known to decrease the
swelling potential and increase the hydraulic conductivity (Dixon 2000) of barrier materials
containing a swelling clay mineral component.

Gascoyne et al. (1987) and Mazurek (2004) have collated data from the crystalline rock of the
Canadian Shield and the sedimentary rock in southern Ontario, respectively, and very high
concentrations of soluble salts can exist. Salt concentrations also typically vary with depth,
tending to be low near the surface and increasing with depth. Salt concentrations also vary
considerably throughout the Canadian Shield. Salinities, in terms of Total Dissolved Solids
(TDS) at proposed repository depths, can vary from 8 to >100 g/L in the Canadian Shield to
greater than 200 g/L in Ordovician-age sediments. Salt speciation is often Na-Ca-Cl at shallow
depth trending to Ca-Na-Cl at greater depth.

The observation of the role that the chemistry of the pore liquid plays in the behaviour of
bentonite clay has been largely limited to NaCl solutions using constant-volume load cells
(Dixon 2000), which does not provide comparative data on Ca-rich groundwaters. The
presence of CaCl, in groundwater makes testing of clay-based sealing materials with CaCl,
solutions of importance in confirming their behaviour. One-dimensional (1D) consolidation tests
have recently been completed at salinities up to 100 g/L CaCl, in order to start the process of
increasing the behavioural database for sealing materials (Baumgartner et al. 2008).
Baumgartner et al. (2008) observed that specimen preparation affected the behaviour of the
clay-based sealing materials. One of the design decisions for the engineering of a sealing
system is the choice for preparing the sealing materials with either fresh or saline water.

With identification of high salinity conditions (TDS > 200 g/L) in the Canadian Shield (Gascoyne
et al. 1987, Mazurek 2004) the range of liquid concentrations examined by Baumgartner et al.
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(2008) needs to be extended. This report investigates the effect of salinities up to 250 g/L
CaCl; on the behaviour of HCB, DBF, and LBF using 1D consolidation tests. In response to
potential effects of different methods of specimen preparation (mixing with saline solution (i.e.,
250 g/L CaCl, solution) and mixing with Distilled Water (DW)), sample preparation with both
liquids is examined.

In related studies, the results of the triaxial testing on unsaturated Bentonite-Sand-Buffer
material have also shown that boundary conditions affect both the hydraulic (H) and mechanical
(M) behaviour (Siemens 2006). In those tests, two types of boundary conditions (i.e., constant
volume and constant pressure) were applied during the initial saturation to examine the effect of
boundary conditions applied at the early stage of the tests. In the tests described in the current
study, both constant pressure and constant volume conditions were also examined.

The primary goal of the stress-strain testing described in this report is to provide physically-
measured parameter values. The values are used in Thermal-Hydraulic-Mechanical (THM)
models to simulate the behaviour of clay-based sealing materials in a repository. THM
numerical modelling requires the parameters of thermal (T), hydraulic (H) and mechanical (M)
constitutive models. The results of 1D consolidation tests are used to interpret the parameters
of mechanical (M) and hydraulic (H) constitutive models. Comparison of the results of 1D
consolidation tests with various pore liquid concentrations provides a measure of to what
degree the parameters of these constitutive models are affected by the pore liquid salinity.

1.2 OBJECTIVES

The objectives of the 1D consolidation tests done in 2007 are to:

1. examine the effect of higher pore liquid salinity (up to 250 g/L CaCl.);

2. examine the effects of different mixing liquid used in specimen preparation and
boundary conditions during initial saturation; and

3. define mechanical and hydraulics parameters interpreted from the 1D consolidation
tests that include the effect of liquid composition in the pore liquid of clay-based sealing
materials for use in THM modelling.

1.3 SCOPE OF THE WORK

1.3.1 1D Consolidation of HCB, DBF, and LBF in 2006

The work done during 2006 consisted of a series of laboratory 1D consolidation tests on three
clay-based sealing materials (i.e., HCB, DBF, and LBF). Testing was divided between Atomic
Energy of Canada Limited (AECL)’s geotechnical laboratory at the Underground Research
Laboratory (URL), the Department of Civil Engineering at the University of Manitoba (U of M),
and Department of Civil Engineering at Lakehead University (LHU). Each group was assigned
a material-type to test. AECL tested the HCB, U of M tested the DBF, and LHU tested the LBF.
The 2006 work investigated the effect of pore liquid concentration on the mechanical behaviour
of HCB, DBF, and LBF using 1D consolidation tests (i.e., up to 100 g/L CaCl, for DBF and LBF
specimens, and 75 g/L CaCl, for HCB specimens).



1.3.2 1D Consolidation of HCB, DBF, and LBF in 2007

During 2007 AECL continued testing of HCB specimens, and the U of M continued testing of
DBF specimens. Due to resourcing issues at LHU in 2007, testing of LBF specimens was
shifted to the Department of Civil Engineering at the Royal Military College of Canada (RMC)
under the supervision of Dr. Siemens, who has worked previously in testing of swelling clay
materials at the U of M. This report presents the results of 1D consolidation tests on HCB,
DBF, and LBF conducted in 2007.

2. MATERIALS

The following three sealing-system components are tested in the series of consolidation tests.

e HCB, composed of 100% (by weight) Wyoming MX80 bentonite (montmorillonite content
~75%).

e LBF, composed of 50% (by weight) Avonlea (Saskatchewan) bentonite (montmorillonite
content ~80%) and 50% (by weight) silica sand.

e DBF, composed of 75% (by weight) crushed granite, 18.75% crushed illite clay
(Sealbond) and 6.25% (by weight) Avonlea bentonite (montmorillonite content ~80%).
This DBF composition differs from that provided in Table 1 due to the desire to use a
material consistent with that used in previous work on DBF.

3. EQUIPMENT

Three different sizes of cells are required since each material has very different swelling and
mechanical properties. Conventional 50-mm-diameter consolidation rings that allow 19-thick
specimens to be tested are used for the LBF. Larger cells, 101-mm-in-diameter and allowing a
101-mm-thick specimen, are used to test the DBF to accommodate the large size of the
aggregate (i.e., up to 35-mm granite chips). Small-diameter oedometer cells (i.e., 28.1 mm
diameter) are used to test the HCB, which permit application of high stress (i.e., maximum 16
MPa). All the cells are fabricated from non-corrosive material. No corrosion effects were
observed in any of the tests conducted in 2007.

Conventional dead-weight-type oedometers are used to test the DBF and LBF and data are
collected by manually monitoring the deformation of these two materials. The very high
swelling capacity and associated high swelling pressure in HCB require a different type of
testing system to be used for that material. In testing the HCB a small-diameter, thick-walled
cell is used in a compression frame that has hydraulic rams installed. Each hydraulic ram is
actuated by a high-pressure nitrogen-gas cylinder acting on a gas-over-oil accumulator. An
LVDT is used to measure the displacement of the specimen and connected to a data logger. A
second frame using a servo-hydraulic testing system manufactured by the MTS® (Materials
Testing Services) added in 2007 to test the HCB. This additional equipment enables
application of different boundary conditions in the tests (i.e., constant volume or constant
pressure).



4. TESTING PROGRAM (2006 TO 2007)

4.1 ONE-DIMENSIONAL (1D) CONSOLIDATION TESTS IN 2006

Tables 2, 4, and 6 show the test matrices for the 1D consolidation tests conducted in 2006 on
HCB, DBF, and LBF specimens, respectively. Baumgartner et al. (2008) summarized the
results of these tests. The objectives of the testing program were: to determine H-M
parameters from 1D consolidation test results; and to investigate the effect of pore liquid salinity
(up to 75 g/L CaCl, for HCB specimens and 100 g/L CaCl, for LBF and DBF specimens).

4.2 ONE-DIMENSIONAL (1D) CONSOLIDATION TESTS IN 2007

Tables 2, 4, and 7 show the test matrices for the 1D consolidation tests conducted in 2007 on
the HCB, DBF, and LBF specimens, respectively. The results of these tests are discussed in
this report in Appendices A, B, and C for HCB, DBF, and LBF specimens respectively.

Four (4) tests on HCB were planned at AECL, four (4) tests on the DBF were planned at the U
of M, and six (6) tests on LBF were planned at the RMC. AECL provided the material (i.e., DBF
and LBF) and the specification of initial conditions, including target initial dry density, liquid used
in specimen preparation, and liquid added to the tests.

Considering the availability of the equipment and additional work required to prepare additional
specimens, HCB11 was added to provide more data defining the relationship of compression
index (C.) and swelling index (Cs) versus concentration of CaCl, in the pore liquid. This
relationship can be used to include the effect of concentration of CaCl, in the pore liquid to the
mechanical behaviour of sealing material.

The testing programs in the year of 2007 were designed to address the objectives presented in
Section 1.2 and to compare these results to the results of 1D consolidation tests completed in
2006 (Baumgartner et al. 2008).



Table 2: Test Matrix for 1D Consolidation Test of HCB Material (2006 to 2007)

Boundary
Condition
during
Dry Degree of Gravimetric Initial Target Swelling on
Test Sample Mixing Reservoir Density  Saturation Water Water Initial Water Uptake Testing
No. No. Liquid Liquid (Mg/m®) (%) Content (%) Uptake (%) Loading Sequence Status Location Reference
Effect of pore fluid concentration on mechanical behaviour of HCB (up to 75 g/L CaCl,)
Loadto 1, 2, 4, 8, & 16 MPa; Baumgartner et al.
1 HCB1 DW DW 1.65 90 21.5 CP 100% at 1 MPa Unload to 8, 4, & 2 MPa Completed AECL (2008)
Attempt rigid
confinement with no
LVDT displcement  Load to 1 & 16 MPa; Unload to Baumgartner et al.
2 HCB2 DW DW 1.65 90 21.5 CP beginning at 1 MPa 8,4,2,&1MPa Completed AECL (2008)
Loadto 1, 2, 4, & 8 MPa;
75 g/L 75 g/L Unload to 4, 2, & 1 MPa; Load Baumgartner et al.
3 HCB3 CaCl, CaCl, 1.65 90 21.5 CP 100% at 1 MPa to 4, 8, & 16 MPa Completed AECL (2008)
Load to 8 MPa; Unload to 4, 2,
75 g/L 75 g/L &1 MPa; Loadto 1, 2, 4, 8,& 16 Baumgartner et al.
4 HCB4 CaCl, CaCl, 1.65 90 21.5 CP 100% at 8 MPa MPa Completed AECL (2008)
Loadto 1, 2, 4, 8, & 16 MPa;
Unload to 8, 4, 2, & 1 MPa; Baumgartner et al.
5 HCB5 DW DW 1.40 91 31 CP 100% at 1 MPa Load to 2, 4, 8, & 16 MPa Completed AECL (2008)
Loadto 1, 2, 4, 8, & 16 MPa;
75 g/L 75 g/L Unload to 8, 4, 2, & 1 MPa; Baumgartner et al.
6 HCB6 CaCl, CacCl, 1.40 91 31 CP 100% at 1 MPa Load to 2, 4, 8, & 16 MPa Completed AECL (2008)
2007
Effect of pore fluid concentration, mixing liquid, initial boundary condition on mechanical behaviour of HCB (higher concentration: 250 g/L CaCl,)
250 g/L Loadto 1, 2, 4, 8, & 16 MPa; Priyanto et al.
7 HCB7 DW CaCl, 1.65 95 23 CP 100% at 1 MPa Unload to 8, 4, 2, & 1 MPa. Completed AECL (2008)
250 g/L 250 g/L Loadto 1, 2, 4, 8, & 16 MPa; Priyanto et al.
8 HCB8 CaCl, CaCl, 1.65 95 20 CP 100% at 1 MPa Unload to 8, 4, 2, & 1 MPa. Completed AECL (2008)
Loadto 1, 2, 4, 8, & 16 MPa; Priyanto et al.
9 HCB9 DW DW 1.65 95 23 Ccv 0 Unload to 8, 4, 2, & 1 MPa. Completed AECL (2008)
250 g/L 250 g/L Loadto 1, 2, 4, 8, & 16 MPa; Priyanto et al.
10 HCB10 CaCl, CaCl, 1.65 95 20 Ccv 0 Unload to 8, 4, 2, & 1 MPa. Completed AECL (2008)
150 g/L Load to 1, 2, 4, 8, & 16 MPa; Priyanto et al.
11 HCB11* DW CaCl, 1.65 95 23 CP 100% at 1 MPa Unload to 8, 4, 2, & 1 MPa. Completed AECL (2008)

Note: *HCB11 was added to the original test matrix in 2007
CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water



Table 3: Test Matrix Plan for 1D Consolidation Test of HCB Material (2008 and Beyond)

Dry
Test Sample Mixing Reservoir Density
No. No. Liquid Liquid (Mg/m®)
2008
Effect of different fluid type (250 g/L NaCl)
250 g/L
12 7? DW NaCl 1.65
250 g/L
13 ?7? DW NaCl 1.65
250 g/L 250 g/L
14 7? NaCl NaCl 1.65
250 g/L 250 g/L
15 ?7? NaCl NaCl 1.65

Boundary
Condition
during
Degree of Gravimetric Initial Target Swelling on
Saturation Water Water Initial Water Uptake
(%) Content (%) Uptake (%)
95 23 CP 100% at 1 MPa
95 23 Ccv 0
95 NA CP 100% at 1 MPa
95 NA CcV 0

Alternative 1: More data to define the effect of NaCl concentration (Cc & Cs versus NaCl concentration)

95 23 CP 100% at 1 MPa
95 23 Ccv 0
95 NA CP 100% at 1 MPa
95 NA Ccv 0

150 g/L

16 ?7?? DW NaCl 1.65
150 g/L

17 ??? DW NaCl 1.65
150 g/L 150 g/L

18 ??? NaCl NaCl 1.65
150 g/L 150 g/L

19 ??? NaCl NaCl 1.65

Alternative 2: Examining the effect of artificial ground water (NaCl+CaCl,)

Artificial

20 ??? DW GW 1.65
Artificial

21 ??? DW GW 1.65
Artificial ~ Artificial

22 ??7? GW GW 1.65
Artificial ~ Artificial

23 ??? GW GW 1.65

95 23 CP 100% at 1 MPa
95 23 Ccv 0
95 NA CP 100% at 1 MPa
95 NA cv 0

Note: *HCB11 was added to the original test matrix in 2007
CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water
Artificial GW = mixture of NaCl and CaCl; solution.

Loading Sequence

Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,

I

,8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.

Eall SIE NN

FNIEINN

Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,

I

, 8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.

LN

ENIENN

Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,
Loadto 1, 2,
Unload to 8,

I

, 8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.
8, & 16 MPa;
,2, &1 MPa.

Eall NEN

Ll

N

Status

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Testing
Location

AECL
AECL
AECL

AECL

AECL
AECL
AECL

AECL

AECL
AECL
AECL

AECL

Reference



Table 4: Test Matrix for 1D Consolidation Test of DBF Material (2006 to 2007)

Boundary
Condition
during
Bulk Degree of Gravimetric Initial Target Swelling on
Test Sample Mixing Reservoir Density  Saturation Water Water Initial Water Uptake Testing
No. No. Liquid Liquid (Mg/m®) (%) Content (%) Uptake (%) Loading Sequence Status Location Reference
Effect of pore fluid concentration on mechanical behaviour of DBF (up to 100 g/L CaCl,)

Load to 245, 490, 975, 1950, 3900 Baumgartner et al.

1 DBF1 DW DW 2.3 NA 10.6 CP 20% at low load* kPa; Unload to 975, 245 kPa Completed Uof M (2008)
Load to 245, 490, 975, 1950, 3900 Baumgartner et al.

2 DBF2 DW DW 23 NA 10.6 cv Rigidly confined** kPa; Unload to 975, 245 kPa Completed Uof M (2008)
100 g/L 100 g/L Load to 245, 490, 975, 1950, 3900 Baumgartner et al.

3 DBF3 CaCl, CaCl, 2.3 NA 10.6 CP 20% at low load* kPa; Unload to 975, 245 kPa Completed Uof M (2008)
100 g/L 100 g/L Load to 245, 490, 975, 1950, 3900 Baumgartner et al.

4 DBF4 CaCl, CaCl, 23 NA 10.6 CcVv Rigidly confined** kPa; Unload to 975, 245 kPa Completed Uof M (2008)

Load to 1, 2, and 4 MPa; Unload to 2,

Immediately loaded to 1, and 0.5 MPa; Load to 1, 2, and 4 Baumgartner et al.

5 DBF5 DW DW 23 NA 10.6 NA 1 MPa MPa Completed Uof M (2008)

Load to 1, 2, and 4 MPa; Unload to 2,

100 g/L 100 g/L Immediately loaded to 1, and 0.5 MPa; Load to 1, 2, and 4 Baumgartner et al.

6 DBF6 CaCl, CacCl, 23 NA 10.6 CP 1 MPa MPa Completed Uof M (2008)

2007

Effect of pore fluid concentration, mixing liquid, initial boundary condition on mechanical behaviour of DBF (higher concentration: 250 g/L CaCl,)

DBF1 250 g/L Load to 1, 2, 4 MPa; Unload to 2, 1, Priyanto et al.
7 (2007) DW CaCl, 23 NA 10.6 CP 100% at 1 MPa and 0.5 MPa In progress Uof M (2008)

DBF2 250 g/L 250 g/L Load to 1, 2, 4 MPa; Unload to 2, 1, Priyanto et al.
8 (2007) CaCl, CaCl, 23 NA 10.6 CP 100% at 1 MPa and 0.5 MPa In progress Uof M (2008)

DBF3 Load to 1, 2, 4 MPa; Unload to 2, 1, Priyanto et al.
9 (2007) DW DW 2.3 NA 10.6 cv 0 and 0.5 MPa In progress Uof M (2008)

DBF4 250 g/L 250 g/L Load to 1, 2, 4 MPa; Unload to 2, 1, Priyanto et al.
10 (2007) CaCl, CaCl, 2.3 NA 10.6 CcVv 0 and 0.5 MPa In progress Uof M (2008)

Note: CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water



Test Sample

Mixing
Liquid

Reservoir
Liquid  (Mg/m)

Table 5: Test Matrix Plan for 1D Consolidation Test of DBF Material (2008 and Beyond)

Bulk
Density

Effect of different fluid type (250 g/L NaCl)

No. No.
2008
11 s
12 ?7??
13 ?7?
14 2??

DW

DW
250 g/L
NaCl
250 g/L
NaCl

Degree of Gravimetric
Saturation

(%)

NA

Water
Content (%)

10.6

10.6

10.6

Boundary
Condition
during
Initial
Water
Uptake

CP

Ccv

CP

CV

Target Swelling on
Initial Water Uptake

(%)

100% at 1 MPa
0
100% at 1 MPa

0

Alternative 1: More data to define the effect of NaCl concentration (Cc & Cs versus NaCl concentration)

15 ?7?
16 ???
17 ???
18 ?7?

DW

DW
150 g/L
NaCl
150 g/L
NaCl

Alternative 2: Examining the effect of artificial ground water (NaCl+CacCl,)

19 ?7?
20 ?7??
21 ?7?
22 ?7?

Note: CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water

Artificial
GW
Avrtificial
GW

250 g/L

NaCl 2.3
250 g/L

NaCl 2.3
250 g/L

NaCl 2.3
250 g/L

NaCl 2.3
150 g/L

NaCl 1.65
150 g/L

NaCl 1.65
150 g/L

NaCl 1.65
150 g/L

NaCl 1.65
Artificial

GW 1.65
Artificial

GW 1.65
Artificial

GW 1.65
Artificial

GW 1.65

Artificial GW = mixture of NaCl and CacCl; solution.

CP

Ccv

CP

Ccv

CP

Ccv

CP

cv

100% at 1 MPa

0

100% at 1 MPa

0

100% at 1 MPa

0

100% at 1 MPa

0

Loading Sequence

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Load to 1, 2, 4 MPa; Unload to 2, 1,

and 0.5 MPa?

Status

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Testing
Location

UofM
Uof M
Uof M

Uof M

Uof M
Uof M
Uof M

Uof M

UofM
Uof M
Uof M

Uof M

Reference



Table 6: Test Matrix for 1D Consolidation Test of LBF Material (2006)

Boundary
Condition
during
Dry Degree of Gravimetric Initial
Test Sample Mixing Reservoir Density  Saturation Water Water Swelling on Initial Testing
No. No. Liquid Liquid (Mg/m®) (%) Content (%) Uptake Water Uptake (%) Loading Sequence Status Location Reference
Effect of pore fluid concentration on mechanical behaviour of LBF (up to 100 g/L CaCl,)
After initial swelling; Load to ,
As 111, 221, 332, 667, 1326 kPa;
supplied Unload to 668, 336, 166, 55 Baumgartner et al.
1 HB3 by AECL* DW 1.24 NA NA NA 19.50% kPa Completed LHU (2008)
After initial swelling; Load to
As 166, 332, 664, 1326, 2652,
supplied 3986 kPa; Unload to 1326, 668, Baumgartner et al.
HB6 by AECL* DW 1.24 NA NA NA 20.80% 336, 167, 57 kPa Completed LHU (2008)
As After initial swelling; Load to
supplied 166, 332, 664, 1326, 2652 kPa; Baumgartner et al.
HB8 by AECL* DW 1.24 NA NA NA 22.40% Unload to 1326, 668 kPa Completed LHU (2008)
As
supplied Load to 55, 81, 161, 332, 663, Baumgartner et al.
2a HB2 by AECL* DW 1.24 NA NA NA Rigidly confined 1326, 2651 kPa Completed LHU (2008)
As Load to 55, 80, 166, 332, 665,
supplied 1328, 2654 kPa; Unload to Baumgartner et al.
HB4 by AECL* DW 1.24 NA NA NA Rigidly confined 1328, 666 kPa Completed LHU (2008)
Unload (let swell to 21.2%);
As Load to 167, 332, 664, 1326,
supplied 2652, 3986 kPa; Unload to Baumgartner et al.
2b HB7 by AECL* DW 1.3 NA NA NA Rigidly confined 2652, 1326, and 664 kPa Completed LHU (2008)
Unload (let swell to 21.2%);
As Load to 165, 331, 663, 1336,
supplied 2659 kPa; Unload to 1336, 663, Baumgartner et al.
HB9 by AECL* DW 1.3 NA NA NA Rigidly confined 331, 165, and 55 kPa Completed LHU (2008)

Note: CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water

_OL_



Table 6: Test Matrix for 1D Consolidation Test of LBF Material (2006) (concluded)

Boundary
Condition
during
Dry Degree of Gravimetric Initial
Test Sample Mixing Reservoir Density  Saturation Water Water Swelling on Initial Testing
No. No. Liquid Liquid (Mg/m®) (%) Content (%) Uptake Water Uptake (%) Loading Sequence Status Location Reference
Effect of pore fluid concentration on mechanical behaviour of LBF (up to 100 g/L CaCl,)
After initial swelling; Load to 25,
As 55, 166, 332, 664, 1326, 2661,
supplied 100 g/L 3990 kPa; Unload to 2661, Baumgartner et al.
3 HB11 by AECL* CaCl, 1.3 NA NA NA 10.40% 1326, 664, 166, 55 kPa Completed LHU (2008)
After initial swelling; Load to 25,
As 55, 166, 336, 676, 1340, 2675
supplied 100 g/L kPa; Unload to 1340, 676, 167, Baumgartner et al.
HB12 by AECL* CaCl, 1.3 NA NA NA 7.50% 57 kPa Completed LHU (2008)
Atter Initial swelling; Load to 1,
As 25, 55, 166, 332, 663, 1326,
supplied 100 g/L 2660 kPa; Unload to 1326, 668, Baumgartner et al.
HB19 by AECL* CaCl, 1.3 NA NA NA 6.30% 166, 55 kPa Completed LHU (2008)
unload, 1et Swell 10 3.6%, Load
to 57, 167, 336, 668, 1343,
As 2673, 4000 kPa; Unload to
supplied 100 g/L 2673, 1343, 668, 336, 167, 57 Baumgartner et al.
4 HB14 by AECL* CaCl, 1.3 NA NA NA Rigidly confined kPa Completed LHU (2008)
After initial swelling, Load 10 25,
55, 166, 332, 663, 1327, 2650
100 g/L 100 g/L kPa; Unload to 1327, 663, 332, Baumgartner et al.
5 HB13 CaCl, CaCl, 1.3 NA NA NA 6.40% 166, and 55 kPa Completed LHU (2008)
Atter Initial swelling, Load to 25,
55, 166, 332, 664, 1327, 2656,
100 g/L 100 g/L 3985 kPa; Unload to 1327, 336, Baumgartner et al.
HB15 CaCl, CaCl, 1.3 NA NA NA 7.10% 166, 55 kPa Completed LHU (2008)
After initial swelling, Load 10 25,
As 55, 166, 332, 663, 1327, 2650
supplied 200 g/L kPa; Unload to 1327, 663, 332, Baumgartner et al.
6 HB16 by AECL* CaCl, 1.3 NA NA NA 6.10% 166, 55 kPa Completed LHU (2008)
Note: CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water

_LL_



Table 7: Test Matrix for 1D Consolidation Test of LBF Material (2007)

Boundary
Condition
during
Dry Degree of Gravimetric Initial
Test Sample Mixing Reservoir Density  Saturation Water Water Swelling on Initial Testing
No. No. Liquid Liquid (Mg/m®) (%) Content (%) Uptake Water Uptake (%) Loading Sequence Status Location Reference

2007
Effect of pore fluid concentration, mixing liquid, initial boundary condition on mechanical behaviour of LBF (higher concentration: 250 g/L CaCl,)
After initial swelling, Load to 55,
110, 220, 439, 878, 1702 kPa;

250 g/L 250 g/L Unload to 878, 439, 220, 110, Priyanto et al.

7 LBF_1 CaCl, CaCl, 1.3 NA 19.1 CP 8.3% at 1 MPa 55 kPa. Completed RMC (2008)

After initial swelling, Load to 55,
110, 220, 441, 882, 1709 kPa;

250 g/L Unload to 882, 220, 110, and Priyanto et al.

8 LBF_2 DW CaCl, 1.3 NA 19.1 CP 4.2% at 1 MPa 55 kPa. Completed RMC (2008)

After initial swelling, Load to 55,
110, 220, 441, 879, 1703 kPa;

250 g/L 250 g/L Unload to 879, 440, 220, 110 Priyanto et al.

9 LBF_3 CaCl, CaCl, 1.3 NA 191 Cv Rigidly confined and 55 kPa. Completed RMC (2008)
After initial swelling, Load to 55,
110, 220, 441, 882, 1709 kPa;

250 g/L Unload to 882, 441, 220, 110 Priyanto et al.

10 LBF_4 DW CaCl, 1.3 NA 19.1 cv Rigidly confined and 55 kPa. Completed RMC (2008)

After initial swelling, Load to 55,
110, 220, 439, 878, 1701 kPa;

100 g/L 100 g/L Unload to 878, 439, 220, 110 Priyanto et al.

11 LBF_5B CaCl, CacCl, 1.3 NA 191 CP 7.7% at 1 MPa and 55 kPa. Completed RMC (2008)
After initial swelling, Load to 55,
110, 220, 441, 883, 1711 kPa;

100 g/L Unload to 883, 441, 220, 110 Priyanto et al.

12 LBF_6 DW CaCl, 1.3 NA 19.1 cv Rigidly confined and 55 kPa. Completed RMC (2008)

Note: CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water

_ZL_



Test Sample Mixing Reservoir
No. No. Liquid Liquid
2008
Effect of different fluid type (250 g/L NaCl)
250 g/L
13 ?7? DW NaCl
250 g/L
14 ?7? DW NaCl
250 g/L 250 g/L
15 ?7? NaCl NaCl
250 g/L 250 g/L
16 ?7? NaCl NaCl

Table 8: Test Matrix Plan for 1D Consolidation Test of LBF Material (2008 and Beyond)

Dry
Density
(Mg/m®)

Boundary
Condition
during
Degree of Gravimetric Initial
Saturation Water Water
(%) Content (%) Uptake
NA 19.1 CP
NA 19.1 cv
NA 19.1 CP
NA 19.1 CV

Swelling on Initial
Water Uptake (%)

Alternative 1: More data to define the effect of NaCl concentration (Cc & Cs versus NaCl concentration)

17

18

19

20

?7?

?7?

7?

?7??

DW

DW
150 g/L
NaCl
150 g/L
NaCl

150 g/L
NaCl
150 g/L
NaCl
150 g/L
NaCl
150 g/L
NaCl

1.3

NA 19.1 CP
NA 19.1 Ccv
NA 19.1 CP
NA 19.1 Ccv

Alternative 2: Examining the effect of artificial ground water (NaCl+CaCl,)

7?

?7?

7??

7?

DW

DW
Artificial
GW
Artificial
GW

Avrtificial
GW
Avrtificial
GwW
Avrtificial
GW
Avrtificial
GwW

1.3

NA 19.1 CP
NA 19.1 Ccv
NA 19.1 CP
NA 19.1 Ccv

Note: CP = Constant Pressure; CV = Constant Volume; DW = Distilled Water
Artificial GW = mixture of NaCl and CaCl; solution.

100% at 1 MPa

0

100% at 1 MPa

0

100% at 1 MPa

0

100% at 1 MPa

0

Loading Sequence

Load to 1700 kPa; Unload to 55
kPa?

Load to 1700 kPa; Unload to 55
kPa?

Load to 1700 kPa; Unload to 55
kPa?

Load to 1700 kPa; Unload to 55
kPa?

Load to 1, 2,
Unload to 8,
Load to 1, 2, 4,

4,8, & 16 MPa;

4

4
Unload to 8, 4,

4

4

4

4

, & 1 MPa?
, & 16 MPa;
, & 1 MPa?
& 16 MPa;
, & 1 MPa?
, & 16 MPa;
, & 1 MPa?

Load to 1, 2,
Unload to 8,
Load to 1, 2,
Unload to 8,

N OO N OO N N ®

Load to 1, 2,
Unload to 8, 1 MPa?
Loadto 1, 2, 4, 8, & 16 MPa;

4,8, & 16 MPa;
4,2, &
4,8, &
Unload to 8, 4, 2, & 1 MPa?
4,8, &
4,2, &
4,8, &
4,2, &

» O,

Load to 1, 2, 16 MPa;
Unload to 8, 1 MPa?
Load to 1, 2, 16 MPa;
Unload to 8, 1 MPa?

» Oy

y &y
» O,

Status

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Testing
Location

AECL
AECL
AECL

AECL

AECL
AECL
AECL

AECL

Reference

_SL_
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5. SUMMARY OF THE RESULTS

5.1 MECHANICAL CONSTITUTIVE MODEL PARAMETERS

Mechanical constitutive model parameters for the HCB, DBF, and LBF are interpreted from the
results of 1D consolidation tests. Log-linear relationships are used to interpret the mechanical
behaviour of the soils. The parameters C; and C; are the slope in loading and reloading ,
respectively, obtained from the void ratio (e) versus vertical stress (o,) plot as illustrated in
Figure 2. Figures 3, 4, and 5 show the void ratio (e) versus vertical stress (c,) of the HCB,
DBF, and LBF, respectively. Currently, a total of thirty-nine (39) 1D consolidation tests have
been completed: 11 tests on the HCB; 8 tests on the DBF; and 20 tests on the LBF. Figure 6
shows the comparison of the HCB, DBF, and LBF. The compression index (C;) and swelling
index (Cs) are interpreted from the results of 1D consolidation tests. The parameters C. and C,
for the HCB, DBF, and LBF are presented in Tables 9, 10, and 11, respectively. A discussion
of the testing program for each type of material is presented in Appendices A, B, and C.

Combined with the results of triaxial tests that define the behaviour of soil during shearing and
the failure criteria, these parameters can be used to evaluate soil behaviour using a critical
state model (e.g., modified cam-clay (MCC) (Roscoe and Burland 1968)).

v

Log o,

Figure 2: Definition of Parameters C. and C,
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Figure 3: Void Ratio (e) versus Vertical Stress for HCB Specimens
(11 Tests)
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Figure 4: Void Ratio (e) versus Vertical Stress for LBF Specimens
(8 Tests)
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Figure 5: Void Ratio (e) versus Vertical Stress for LBF Specimens

(20 Tests)
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Figure 6: Comparison of the Void Ratio (e) versus Vertical Stress for

the HCB, DBF, and LBF Specimens
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Table 9: Compression Indices (C.) and Swelling Indices (Cs) of
the Highly Compacted Bentonite (HCB) Specimens

No. Sample Mixing Reservoir

No. Liquid Liquid Cc Cs References
1 HCB1(06) DW DW 0.42 0.1 Baumgartner et al. 2008
2  HCB2(06) DW DW 0.27 0.09 Baumgartner et al. 2008
3 HCB3(06) 75g/L 75 g/L 0.15 0.09 Baumgartner et al. 2008
CaCl, CaCl,
4 HCB4(06) 75¢g/L 75 g/L 0.19 0.07 Baumgartner et al. 2008
CaCl, CaCl,
5 HCB5(06) DW DW 0.57 0.30 Baumgartner et al. 2008
6 HCB6(06) 75g/L 75 g/L 0.32 0.15 Baumgartner et al. 2008
CaC|2 CaC|2
7 HCB7(07) DW 250 g/L 0.16 0.09 Priyanto et al. 2008
CaC|2
8 HCB8(07) 250g/L 2504g/L 0.18 0.06 Priyanto et al. 2008
CaC|2 CaC|2
9 HCB9(07) DW DW 0.16 0.09 Priyanto et al. 2008
10 HCB10(07) 250g/L 250 g/L 0.19 0.06 Priyanto et al. 2008
CaCl, CaCl,
11 HCB11(07) DW 150 g/L 0.18 0.02 Priyanto et al. 2008
CaC|2

Table 10: Compression Indices (C.) and Swelling Indices (C;) of
the Dense Backfill (DBF) Specimens

No. Sample No. Mixing Reservoir Cc Cs Reference
Liquid  Liquid
1 DBF1(06) DW DW 0.153 0.013 Baumgartner et al. 2008
2 DBF2(06) DW DW 0.116 0.013 Baumgartner et al. 2008
3 DBF5(06) DW DW 0.116 0.014 Baumgartner et al. 2008
4 DBF3(06) 100g/L 100g/L  0.091 0.008 Baumgartner et al. 2008

CaCl2 CaCl2

5 DBF4(06) 100g/L 100 g/L 0.106 0.013 Baumgartner et al. 2008
CaCl2 CaCl2

6 DBF6(06) 100g/L 100 g/L 0.095 0.001 Baumgartner et al. 2008
CaCl2 CaCl2

7 DBF1(07) 250g/L 250 g/L 0.085 0.002 Priyanto et al. 2008
CaCl2 CaCl2
8 DBF2(07) DW 250 g/L 0.094 0.004 Priyanto et al. 2008

CaCl2
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Table 11: Compression Indices (C.) and Swelling Indices (C;) of

the Light Backfill (LBF) Specimens

Test No. Sample No. Mixing Reservoir Cc Cs References

Liquid Liquid

1 HB2(06) Distilled Distilled 0.537 NA Baumagartner et al. 2008
Water Water

2 HB3(06) Distiled Distilled 0.851 0.169 Baumgartner et al. 2008
Water Water

3 HB4(06) Distilled Distiled 0.531 0.077 Baumgartner et al. 2008
Water Water

4 HB6(06) Distiled Distilled 0.629 0.158 Baumgartner et al. 2008
Water Water

5 HB7(06) Distilled Distilled 0.608 0.149 Baumagartner et al. 2008
Water Water

6 HB8(06) Distilled Distilled 0.600 0.113 Baumgartner et al. 2008
Water Water

7 HB9(06) Distilled Distiled 0.713 0.114 Baumgartner et al. 2008
Water Water

8 HB11(06) Distilled 100g/L  0.353 0.097 Baumgartner et al. 2008
water CaCl,

9 HB12(06) Distilled 100 g/L 0.387 0.095 Baumgartner et al. 2008
water CaCl,

10 HB13(06) 100g/L 100 g/L 0.351 0.097 Baumgartner et al. 2008
CaC|2 CaC|2

11 HB14(06) Distilled 100 g/L 0.398 0.105 Baumgartner et al. 2008
water CaCl,

12 HB15(06) 100g/L 100g/L  0.334 0.095 Baumgartner et al. 2008
CaC|2 CaC|2

13 HB16(06) Distilled 200g/L  0.380 0.062 Baumgartner et al. 2008
water CaCl,

14 HB19(06) Distilled 100 g/L 0.379 0.094 Baumgartner et al. 2008
water CaCl2

15 LBF_1(07) 227 g/lL 227 g/L 0.366 0.050 Priyanto et al. 2008
CaCl, CaCl,

16 LBF_2(07) Distiled 227 g/L 0.446 0.065 Priyanto et al. 2008
water CaCl,

17 LBF _3(07) 227 g/lL 227 g/L 0.378 0.046 Priyanto et al. 2008
CaCl, CaCl,

18 LBF _4(07) Distilled 227 g/L 0.445 0.056 Priyanto et al. 2008
water CaCl,

19 LBF _5B(07) 91g/L 91 g/L 0.400 0.074 Priyanto et al. 2008
CaCl, CaCl,

20 LBF _6(07) Distiled 91 g/L 0.446 0.081 Priyanto et al. 2008
water CaCl,
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5.2 HYDRAULIC CONSTITUTIVE MODELS

Coefficient of consolidation (c,) for each load increment can be interpreted from the results of
1D consolidation. The coefficient of consolidation (c,) is a parameter that couples hydraulic and
mechanical behaviour of the soil. Assuming soil has linear-elastic behaviour for each load
increment, the hydraulic conductivity (K) can be calculated from the coefficient of consolidation
(cy) using the relationships developed by Terzhagi (1943). The assumption of linear-elastic
behaviour for each load increment is reasonable, because constant load for each load
increment was used during the 1D consolidation test. The coefficient of consolidation (c,) and
hydraulic conductivity (K) of HCB material have been interpreted from the results and shown in
Figure 7. Detailed discussion on the result is presented in Appendix A. The 1D consolidation
tests of DBF and LBF specimens are still in progress, complete test results are required to
calculate the coefficient of consolidation (c,) and hydraulic conductivity (K). These values for
DBF and LBF will be presented in the report for the final report.

1.0E-10 -
i Note:
Blue : Distilled water
1.0E-11 - Green : 75 g/L CaCl,
3 Black : 150 g/L CaCl,
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Figure 7: Hydraulic Conductivity (K) of the HCB Interpreted from

the 1D Consolidation Test Results
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5.3 EFFECTS OF CONCENTRATION OF THE SOLUTION IN THE PORE LIQUID, MIXING
LIQUID USED IN SPECIMEN PREPARATION AND BOUNDARY CONDITIONS
DURING INITIAL SATURATION

The effects of pore liquid concentration, mixing liquid used in specimen preparation and
boundary condition during initial saturation for each type of material are discussed in
Appendices A, B, and C. The results show that parameters C. and Cs decrease (i.e., the soil
becomes stiffer) with increasing of pore-liquid concentration for all materials. This relationship
can be used to include the effect of pore liquid salinity on the mechanical behaviour of the clay-
based sealing materials using THM numerical models. The relationship of the concentration of
Calcium Chloride (CaCl,) in the pore liquid and the compression indices (C;) and swelling
indices (Cs) for the three clay-based sealing materials are illustrated in Figures 8 and 9
respectively, which indicates that the compression indices (C) and swelling indices (Cs)
decrease with an increase in the concentration of CaCl, in the pore liquid for the three clay-
based sealing material. A decrease in the compression index (C.) indicates that the materials
become stiffer and less compressible; while a decrease of the swelling index (C;) indicates a
reduction in the ability of the material to swell. The effects of the concentration of the solution in
the pore liquid and mixing liquid used in specimen preparation, and the boundary condition
during initial saturation are discussed in Appendices A, B, and C for each material.

Under constant volume boundary conditions during initial saturation, the vertical stress
increases up to a certain pressure required to maintain constant volume. Figure 10 shows the
swelling pressure for specimen HCB9 prepared with distilled water is higher than specimen
HCB10 with 250 g/L CaCl, (5 MPa versus 2.5 MPa). This result shows a reduction of 2.5 MPa
of swelling pressure of the Highly Compacted Bentonite (HCB) specimen with an increase of
concentration of Calcium Chloride (CaCl,) from 0 g/L to 250 g/L in pore liquid.
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0.2 é ‘ ¢ ‘
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0 50 100 150 200 250 300

TDS of CaCl, in the Pore Liquid (g/L)

Compression Index, Cc

Figure 8: Relationship of the Compression Index (C.) to the Concentration (in TDS) of
Calcium Chloride (CaCl,) in the Pore Liquid
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Figure 10: The Effect of CaCl, Concentration in Pore Liquid on the Swelling Pressure
of Highly Compacted Bentonite (HCB)
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6. PLANS FOR FUTURE WORKS

6.1 PLAN FOR 1D CONSOLIDATION TESTS IN 2008

The placement of a repository will likely be a ground water environment that consists of a
mixture of CaCl, and NaCl as the dominant dissolved species that will vary with location and
depth (Gascoyne et al. 1987; Mazurek 2004). As most of the initial 1D-consolidation testing
was done using fresh water or calcium chloride solutions, there is a need to establish what the
effects of sodium dominated solutions will have on system behaviour and ultimately a limited
number of tests should be done using mixed cation solutions. The focus of the 1D-
consolidation testing in 2008 is investigation of the sodium chloride solutions as shown in
Tables 3, 5, and 8. Variation of liquid used in the specimen mixing and initial boundary
condition applied during initial saturation will be included to allow a comparison with the
previous work (2006 and 2007).

The 1D consolidation tests of the DBF materials with various sand contents (i.e., 70% to 85%)
(N. Chandler, personal communication, 2007) show that the swelling index (C;) increases
significantly during unloading under low pressure resulting in hysteretic behaviour. The same
behaviours have also been observed for HCB material (Appendix A) and suggest the need to
modify the currently used constitutive models for these clay-based sealing materials. Unloading
to lower pressure than is currently done is included in 2008 test plan to allow for evaluation of
this phenomenon.

6.2 PLAN FOR 1D CONSOLIDATION TESTS (2009 and beyond)

Two potential test plans have been identified for work in 2009 and beyond. The option selected
will depend on the results obtained in the work from 2006 through 2008 and identification of
what parameters are most important to evaluate. The two alternatives are described below.

Alternative 1: Establish the relationship of C. and C to concentration of NaCl and CaCl, in the
pore liquid. Currently, the THM numerical modelling assumes that the pore liquid salinity is
constant during the analysis. Mass transport formulation is used to define the flow of fluid (i.e.,
liquid and gas). Addition of mass transport formulation describing the flow of solvent in the pore
liquid in the THM numerical modelling may be used to incorporate the change of pore liquid
concentration. The relationship of C. and C, to pore liquid concentration can be used to
incorporate the effect of pore liquid concentration to the mechanical behaviour of clay-based
sealing material in the THM numerical modelling. This relationship of C. and Cs to pore liquid
concentration may also be used to consider the change of salt type (i.e., NaCl and CaCl,) and
their concentration. Additional data are still required to define this relationship. Tables 3, 5,
and 8 show alternative 1 for 2009 to include 150 g/L NaCl in 1D consolidation tests.

Alternative 2: Examine the effect of artificial groundwater (e.g., mixture of NaCl and CaCly).
Natural groundwater consists of mixtures of various types of salts at different concentrations.
Examining the effect of artificial groundwater on the mechanical behaviour of sealing materials
is important if the mechanical behaviour of sealing materials is dependent on the types of salts
or their ratios (i.e., NaCl and CaCl,). Table 3, 5, and 8 shows alternative 2 for 2009 to include
artificial water in 1D consolidation test.
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6.3 PROJECTED RESULTS AT THE END OF TESTING PROGRAM

In the end of the outlined testing program it is hoped that the following relationships can be
generated from the results of 1D consolidation tests of HCB, DBF, and LBF.
e The effects of salt types and their concentrations used as mixing and reservoir liquids,
and boundary conditions during initial saturation on the mechanical behaviour of HCB,
DBF, and LBF.
e Parameters C., C, and c, for each test.
e Parameters C; and C; as a function of pore liquid concentration and salt type to
incorporate the effect of pore liquid salinity in numerical modelling for each material (i.e.,
HCB, DBF, and LBF). Examples of the type of relationship that may be developed from
the tests are shown in Figure 11. These relationships for the specimens with Calcium
Chloride (CaCly) in the pore liquid are shown in Figures 8 and 9.

CaCl,

Artificial ground water
(i.e., NaCl+CaCl,)

Parameters C_ and C,

NaCl

»
|

Concentration of Pore Liquid (mol/L)

Figure 11: Possible Relationship of Parameters C. and C; and the Concentration
of Solution in the Pore Liquid

7. CONCLUDING REMARKS

» Based on the results of the 1D-consolidation tests of the three clay-based sealing
materials, the following conclusions can be made.

o The compression indices (C.) and swelling indices (C;) decrease with increasing
concentration of CaCl, in the pore liquid for the three clay-ba