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Abstract

A mixture of the MX80 bentonite and the Callovo-Ordian(COXx) claystone were
investigated by carrying out a series of experimentluding determination of the
swelling pressure of compacted samples by constadotme method, pre-swell
method, zero-swell method and swell-consolidatioethmd. Distilled water,
synthetic water and humidity controlled vapour wemployed for hydration.
Results show that upon wetting the swelling pressocreases with decreasing
suction; however, there are no obvious effects yoitretic water chemistry and
hydration procedure on the swelling behaviour ithishort and long terms. For the
same initial dry density, the swelling pressurereases with increasing pre-swell
strain; whereas there is a well defined logarithmalation between the swelling
pressure and final dry density of the sample rdgasdof the initial dry densities and
the experimental methods. It was also found thatdllswg pressure depends on the
loading-wetting conditions as a consequence ofiifierent microstructure changes
occurred in different conditions. Furthermore, @&saattempted to elaborate a general
relationship between the swelling pressure andfithed dry density for various
reference bentonites.

Keywords. bentonite/claystone mixture; swelling pressuretewahemistry effect;
long term behaviour; final density; correlation.

1 INTRODUCTION

Deep geological repository is being considerechigh-level radioactive waste (HLW)
in several countries such as China, Belgium, Fra@eemany, Japan, Sweden, etc. In
most cases, compacted bentonite-based materialsclazeen as sealing/buffer
materials thanks to their low permeability, highe#fimg and high radionuclide
retardation capacitig®usch, 1979; Yong et al., 1986; Villar et al., 2008

Once the repository is closed and local groundwebeditions are re-established,
the water in the host rock formation will move ke trepository. The bentonite-based
material absorbs water and swells, filling the tecal voids as the gaps between the
bentonite bricks themselves, between the caniseitlee bricks, between bricks and
the host rock, as well as the fractures in the hast due to excavation. After that,
the subsequent swelling is restrained by the lox$t and swelling pressure develops.
From a mechanical point of view, in order to endine stability of the system, the
swelling pressure must be lower than the in situnamistress: 7 MPa in the
Underground Research Laboratory (URL) of Bure dttance (Delege et al., 2010;
Tang et al., 2011a); 3-4 MPa at Tournemire sitan€ée (Barnichon et al., 2009) and
4-5 MPa at Mol site, Belgium (Li et al., 2009), et&s the compacted
bentonite-based material is a key component ofpasitory system, it governs the
overall behaviour of the whole system. Hence, p@rainderstanding of how the
compacted bentonite-based material behaves duych@gtion process is essential for
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the assessment of the short and long term perfarenainthe repository system.

The behavior of compacted bentonite-based matepah wetting has been widely
investigated, in terms of swelling properties (FLsk982; Komine and Ogata, 1994,
2003, 2004a; Delage et al., 1998; Agus and Schabd@5; Komine et al., 2009);
hydraulic behaviour under saturated state (Kenmheyag, 1992; Dixon et al., 1999;
Komine, 2004b;) and unsaturated state (Borgessah,€t985, 2001; Kréhn, 2003;
Lemaire el al., 2004; Loiseau et al., 2002; Cualet 2008). There are also many
studies on the effect of temperature (Komine andt@gl998; Romero et al., 2001,
Villar and Lloret, 2004; Tang et al., 2005; Tangakt 2007; Tang et al., 2008a; Tang
and Cui, 2009) and water chemistry of the satugdiiund (Pusch 2001a, Karland et
al., 2005; Suzuki et al., 2005; Komine et al., 2008 the hydro-mechanical (HM)
behaviour.

For the swelling properties, it has been found thatswelling pressure determined
in the laboratory can be affected by the experiaenethods (Sridharan et al., 1986;
Tang el al., 2011b). Normally, different methodsegdifferent values of swelling
pressure due to the difference in the loading aatlimg conditions in each method
(Abdullah et al., 1998, 1999). In addition, the Hing properties depend on the
initial dry density and water content of the s@esimen. The higher the initial dry
density, the higher the swelling pressure or thghdéi the swelling strain; the
swelling strain decreases with increasing initisdtev content, but the swelling
pressure seems not to be affected by the initisd¢m@ontent (Komine et al., 1994;
Villar et al., 2008). The swelling properties cae also affected by the chemical
composition of the saturating fluid: the swellingpacity of the bentonite decreases
with the increase in salinity of saturating fluadthough this influence becomes less
significant for higher densities (Pusch, 1980; &ugit al., 2003; Karnland et al.,
2005; Castellanos et al., 2008; Siddiqua et alL12Moreover, studies on the aging
effects on the swelling behavior show that the Bagelpotential may decrease with
time due to the rearrangement of clay particle wihe (Nalzeny et al., 1967; Day
et al., 1994; Subba Rao et al., 2003; Delage 2@0D6).

Very often, bentonite/sand mixtures are considésethe reasons of good control of
swelling pressure, large thermal conductivity anidetter mechanical resistance. In
France, the mixture of bentonite and crushed Call®Oxfordian(COx) claystone

excavated from the Bure site of the ANDRA URL (-480 North-eastern France)
was proposed as a possible sealing and backfilenaht This choice has several
advantages: (i) it is more economical by using ll@eacavated claystone; (ii) the
negative impacts on the environment is reducecebyaling the excavated material;
(i) there is better compatibility of mineralogicand chemical compositions with
host rock, allowing reduction of complex physicanhcal interaction with the host
rock (Andra, 2005; Tang et al., 2011a; Tang et26l11b). On the other hand, unlike
relatively inert sand, claystone contains clay maige and interaction between
claystone and bentonite may occur, affecting thdrdwynechanical behaviour of the
compacted mixture. Moreover, this interaction can df long term. Particular
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attention should be paid to this aspect.

This study focuses on the swelling properties ofe timixture MX80
bentonite/crushed Cox claystone. A series of sagltests were performed under
constant temperature (20+£1°C). The influences otewahemistry, hydration
procedure and duration, pre-existing technical \ard loading-wetting paths on the
swelling pressure of compacted samples were irgadstl. Emphasis was put on the
relationship between the swelling pressure andithelensity of bentonite.

2MATERIALSAND METHODS

2.1 Materials

The commercial MX80 bentonite from Wyoming, USA,smased. Table 1 lists its
physical parameters. It appears that the propodianontmorillonite is dominant in
the bentonite (92 %); it has an average specifavigy of 2.76, a liquid limit of

520%, and a plastic limit of 42%. The grain sizestmbution determined by
sedimentation in Figure 1 shows that 84% grains sanaller than 2 pum (clay
fraction).

Callovo-Oxfordian (COXx) claystone taken from ther®wsite of the ANDRA URL
was studied. It contains 40-45% clay minerals (bgainterstratified minerals
illite—smectite), 20—30% carbonates and 20-30%tguanrd feldspar (Hoteit et al.,
2000; Lebon and Ghoreychi, 2000; Zhang et al., 20Dde specific gravity is 2.70.
The excavated claystone was air-dried (w = 2.64%@) erushed to powder. The
grain size distribution determined by sedimentatisrpresented in Figure 1. It
confirms that 40% grains are clays (< 2 um).

Both distilled water and synthetic water having Haene chemical composition as
the site water (see Table 2) were used.

2.2 Samples preparation

All the tests in this study were performed on sasplof compacted
bentonite/claystone mixture with a bentonite cont#n/0 % in dry mass. Bentonite
and claystone powders with the initial water cotdgenf 11.8 % and 2.64 %
respectively, were used for the samples preparafibeir grain size distributions
were determined by sieving and are presented ur&igy.

Samples were statically compacted in an oedomefer(38 or 70 mm in internal
diameter) at a controlled rate of 0.05 mm/min. Addransducer was used for axial
force monitoring, and a micrometer dial gauge wasdufor axial displacement
monitoring. After compaction, the specimen was carefully trarrsfd into the
hydration cell (with the same diameter as the oextemncell) by connecting the
bottom of the two cells together. This proceduleved the lateral stress released
without significant increase in sample diameter.
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2.3 Experimental methods

Various methods were used to determine the swepmgsure upon wetting. The
stress paths of these methods are presented irefAgu

For the “constant-volume” method (stress path Ql#g,devices presented in Figure
3 and Figure 4 were used. The constant-volumeirglides three parts (Figure 3,

Tang et al., 2011b): (1) the bottom part containéngorous stone and a drainage
system; (2) the middle cell (70 mm inner diametesgd to prevent radial swelling,

with two air outlets; (3) the top part incorpora@fia total pressure sensor to monitor
the swelling pressure. Figure 4 presents the sgted to control the suction in the

soil sample using the vapour equilibrium techni¢gee Delage et al., 1998 for more
details). When flooding the soil sample, this systeas removed and the water inlet
was connected to a water reservoir.

For the “pre-swell” method (stress path OBBhe sample was first allowed to swell
freely in the axial direction to a certain valueifR B, noted as “pre-swell”), then
the piston was fixed permitting the generation w@feling pressure that was
monitored by the load transducer. This method v&sl o investigate the effect of
pre-existing technical voids (simulated by the gneell allowed in the tests) on the
swelling pressure.

For the “zero-swell and “swell-consolidatioh methods, the equipment employed

was a conventional oedometer (Basma et al., 1985ahj et al., 2009). Firstly, a
low initial load of 0.1 MPa was exerted on the spem prior to water flooding. As
the specimen wetted up it attempted to swell. Wthen swell exceeded 1m
(equivalent to 0.1%), additional pressure was addesmall increment to bring the
volume of soil specimen back to its initial vallBagéma et al., 1995; Abdullah et al.,
1998, 1999; Attom et al., 2001). This operation wegeated until the specimen
ceased to swell (OCn Figure 2). The swelling pressure was definethasstress
under which no more swelling strain was observed.

The “swell-consolidation” method consists of redsating the soil under a low
vertical pressure of 0.1 MPa until full swell washeeved. After swell completion,
standard consolidation test was conducted. Thespresequired to compress the
specimen back to its original void ratio is defireithe swelling pressure (Basma et
al., 1995; Abdullah et al., 1998, 1999; Agus, 2008)e corresponding stress path
ODD’ is shown in Figure 2. In this path, point D alspnresents the maximum
swelling strain of the sample.

The experimental programme is shown in Table 3e&hests were performed using
the constant-volume method to study the effect atiewchemistry and the hydration
procedure (CV01, CV02 and CV03). Distilled wated aynthetic water was used in
test CV01 and CV02, respectively. In test CV03e¢hsuctions (57 MPa, 38 MPa
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and 12.6 MPa) were first applied step by step usampr equilibrium technique (as
shown in Figure 4), prior to distilled water floadiin the last stage.

Four tests were performed by pre-swell methodudysthe influence of pre-existing
technical voids on the swelling pressure (PS01 64pDifferent pre-swells were
allowed before measurement of the swelling presddote that for test PS04 the
sample was allowed to swell freely to reach theimar pre-swell strain.

Two other tests were conducted using zero-swell hatet (ZSO1) and
swell-consolidation method (SCO1), respectively, &malyzing the influence of
loading-wetting paths followed in different expeental methods.

As it can be seen in Table 3, the tests conducigd  general long duration, from
80 h to one year.

3EXPERIMENTAL RESULTS

Figure 5 presents the results from tests CV01 av@2Cwith distilled water and
synthetic water respectively, during the first 200rhe two curves are very similar,
showing negligible effect of water chemistry (iretrange considered). With water
infiltration, swelling pressure increased first wegquickly; after about 20 h the
swelling pressure reached a first stability sta§je.32 h, the swelling pressure
restarted to increase and it reached a seconditstabage at 100 h. The final values
are 4.30 MPa and 4.37 MPa for CV01 and CV02, rasfayg

The results of test CV03 is presented in Figur&l initial suction of sample was
about 90 MPa (measured by a relative humidity seosdhe soil specimen after the
compaction and prior to the installation in thel)ceThe application of the first

suction of 57 MPa resulted in a swelling pressur®.67 MPa. Then, the second
suction of 38 MPa was applied and the swelling sures reached 1.43 MPa. With
the third suction of 12.6 MPa the swelling pressnoeeased to 2.61 MPa. The zero
suction applied by distilled water led the sampleatmaximum value of 4.39 MPa
swelling pressure. This value is very close to thain test CvV01 (4.30 MPa) and
CVO02 (4.37 MPa) in which the samples were floodeeatdy with water. This

means there is no kinematic effect on the swelliregsure for the studied mixture.

Figure 7 presents the relationship between thelisgegiressureds in MPa) and the
suction (s in MPa), with the values obtained froesttCV03. An exponential
function can be used to satisfactorily describs taiationship:

o, = 4.9908x 107%™ (Eq.1)

In Figure 8, the whole results from the three t€3191, CvV02 and CV03 during one
year are presented. It appears that after a longdoef one year, there was just a
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slight decrease of swelling pressure and the vdhrethe three samples still remain
very close (4.23MPa, 4.32MPa and 4.29MPa for teg0XC CV02 and CVO03,
respectively). This shows a negligible effect ofy &rentonite-claystone interaction
on the swelling pressure.

The evolution of swelling pressure for the specisméiaving the same initial dry
density of 1.90 Mg/rh with different pre-swells is presented in Figure An
expected significant decrease of swelling pressmitd increasing pre-swell is
observed. For the pre-swells of 10, 20 and 25%stinling pressures obtained are
5.38, 2.03 and 0.7 MPa, respectively. Note thatnfaaimum swelling strain from
test PS04 reaches 43 %.

The results from test SCOL1 using the swell-conatibeh method are presented in
Figure 10. When wetting up, the sample swelled ursdéow vertical pressure of

0.1 MPa and the maximum swelling strain reached@®. Further compression
gave a normal consolidation curve that allows tleeewhination of the swelling

pressurecs = 22.20 MPa.

For test ZSO1 (zero-swell method) on a sample atingal dry density of
1.70 Mg/n?, a vertical stress of 4.38 MPa was needed to #eepoid radio constant.
By definition, this value is the swelling pressbsethis method.

From the results in Figure 9, the swelling presssrplotted versus the pre-swell
strain in Figure 11. The maximum pre-swell of 8§04 and the swelling strain in
SCO1 (swell consolidation method) are also presemtethis figure. Note that all
specimens had the same initial dry density of IM®m® and all flooded with

synthetic water. It appears that the result of SGOtlose to that of PS04 (free
swell), showing a good repeatability of the freeeBvests. A linear correlation can
be obtained between the swelling strain allowedn( %) and the logarithm of
swelling pressuregg in MPa):

£ =-1932Lg(0,) + 23.946 (Eq.2)

In Figure 12, the swelling pressure determinednaygdre-swell method (PS01, PS02,
PS03, PS04), constant-volume method (CVO02), zerellsmethod (ZSO1) are
plotted in the plane of void ratio/logarithm of tieal stress, together with the
consolidation line from test SCOL1. Point O andc@respond to the initial states of
the samples at a dry density of 1.90 MyRS01, PS02, PS03, PS04 and SCO1)
and 1.70 Mg/m (CV02 and ZSO1), respectively. It can be noted #iathe same
void ratio, the vertical stress of the consolidatiurve (SCOL1) is slightly higher
than the swelling pressure determined by other austh

Figure 13 shows the measured swelling pressuraivéhe final dry density of the
bentonite/claystone mixture for all the tests. Nobat these tests have been
performed with two different initial dry densiti¢sq = 1.90 Mg/nf for tests PSO01,
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PS02, PS03, PS04, SCO1; and= 1.70 Mg/n? for tests CV02, ZSO1), and using
various methods (see Table 3). In spite of thisnigue correlation seems enough to
describe the relationship between the swelling quneso; (MPa) and the final dry
density of the mixtur@qm (Mg/m®):

o, = 48x107 exp e Eq.3

This shows that the swelling pressure of the contgoiaclaystone/bentonite mixture
is mainly dependent on the final dry density of thigture. For a deeper analysis on
the role of the bentonite itself in the swellinggsure development of the bentonite-
based mixutre, the dry density of bentonjig)(was considered by assuming that the
water content of additives (claystone in this sjukigpt constant, while the water
added during the tests was totally absorbed byoldéet The volume of bentonite
(V) is the difference between the total volume (M) #me volume of claystone (soil
particles and water inside). The bentonite dry dgnsan be calculated by the
following equation:

_ (B/100)p, G,
G, (1+w, /100 - p._ (1- B/100)(1+ w,)

Pav (Eq.4)

wherepm, (Mg/m®) is the mixture densityB (%) is the bentonite content (in dry mass)
in the mixturewn, is the water content of the mixtung; is the initial water content
of claystoneGgis the specific gravity of claystone. In this study = 2.64%,B =

70 %,Gsy = 2.70.

Using Eq. 4, the results shown in Figure 13 weranalysed and Figure 15 shows
the variations of swelling pressure with the fimgy density of bentonite. In the

same figure, the results collected from other waooksthe MX80/sand mixture

(Karland et al., 2008) and the pure MX80 bentofttarnland et al., 2008; Dixon et

al., 1996) are also presented. A very similar reteship is obtained for the different
data sets, showing that the swelling pressure mdepends on the final dry density
of bentonite, sand and claystone being both inaatemponents in the mixtures for
the swelling pressure development.

To further investigate this point, results on otheference bentonites were collected
and analysed in the same fashion. Figure 15 shbwsvariations of swelling
pressure with the final dry density of MX80 (frongére 14), FoCa7 (Imbert et al.,
2006), FEBEX (Villar et al., 2002) and Kunigel VDikon et al., 1996). It appears
that for each bentonite, there is a unique relahgnbetween the swelling pressure
and the final dry density of bentonite. Howevee thlationships are not the same. A
general expression can be proposed:

o, = a xexp®» Eq.5

whereqa andg are the two constants.
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Table 4 shows the values @fndp for the four bentonites analysed. In the table, th
mineralogy of these materials is also presented.ditierence of parameters can be
related to the different types of clay (i.e. montithanite, beidellite and saponite,
etc), montmorillonite content and type of exchafdeacations (i.e. calcium or
sodium). In general, the swelling capacity of sadibentonite is higher than that of
calcium bentonite; with the same type of exchanigeatations, a larger
montmorillonite content leads to a higher swellprgssure.

5 DISCUSSION

It has been observed that the effect of the cheyni$tBure site water on the swelling
pressure is negligible. However, it is generallgegated that the swelling pressure
decreases with the increase in salinity of the paater, although this decrease
becomes less significant in case of high densigrifkand et al., 2005; Castellanos et
al., 2008; Siddiqua et al., 2011; Komine et al.020 Castellanos et al. (2008)
reported that the swelling pressure of the FEBEXtdm@te compacted to a dry
density of 1.65 g/cthdecreases to almost half its initial value whem@/L CaCb
and NaCl/L solutions are used as saturating fluftstow salinities (0.004 mol/L,
granitic water), the swelling pressure of bentosiéems not to be affected by the
salinity changes at a dry density ranging from *el@.70 Mg/ni. It appears that for
the studied bentonite/claystone mixture, the higmsity and the low salinity of
synthetic water together resulted in the negligibfiect of water chemistry on the
swelling pressure. This can be explained by therthef cations filtration (Komine et
al., 2009). For high dry density of bentonite-baseaterials, the distances between
the montmorillonite mineral layers being very smtikese layers can filter the cations
in the solution; on the contrary, in the case @ lry density, the cations in solution
can infiltrate easily into the montmorillonite mmaélayers due to the larger distances
between them, thus affecting the swelling behaviour

For the sample wetted with suction control (CVQ&), exponential function was
found between the swelling pressure and the suegpmtied. This can be explained
as follows. As clay samples are exposed to humittmapour, water molecules
first migrate into the open channels and adsorbedhe exposed mineral surface
(Pusch, 2001bArifin, 2008), then move to elementary clay layefee number of
water molecules absorbed by the clay layers dependthe relative humidity or
suction (Pusch, 2001b; Saiyouri et al., 2004; Dela?P06), and this number of
water molecules defines the swelling pressure efsemple. Therefore the swelling
pressure is suction or relative humidity dependéffiier the sample was flooded
with distilled water, the maximum swelling pressuras found close to that obtained
by water-flooding the sample directly, indicatingetnegligible effect of wetting
procedure. This phenomenon can be explained bynghanism identified by Cui
et al. (2002): when hydrating by decreasing suct(éi-38-12.6 MPa) under
confined conditions, the size of macro-pores wamy@ssively decreased, whereas
the micro-pores remained almost un-affected. Therovpores started to change
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only when the water saturation is approached. $higgests that step-wetting by
suction control and direct saturation by water diog may lead to similar final
microstructures, thus similar final swelling pressu

Yang et al. (2008) reported that the mineralogamahposition of the bentonite will
not be stable under the chemistry fluid infiltratiand its properties may degrade
over long time periods. Moreover, for the bentdlg/stone mixture used in this
study, interaction of claystone with water and barte was suspected. This justifies
the long swelling tests kept over one year. Howenerany significant effects were
observed on the swelling pressure. It is possli¢ dne year test is not long enough
and this point should be studied further with langsts, giving the long-term nature
of the nuclear waste disposal.

A linear correlation was observed between the prelisg strain and the logarithm of
swelling pressure for the samples with the sam@lrdry density. This line defines
the limit of swelling potential: the samples at Same initial state followed different
stress-volume paths until reached this limit arehtho further expansion occurred.
This is consistent with the conclusion of Villaragt (2008) and Siemens et al. (2009)
who found a similar relationship between swellitrgis and swelling pressure. It can
be seen that the final state of specimen goverhedstvelling pressure: for the
samples with the same initial state, different pnealling strains led to different final
dry densities and thus resulted in different swgllpressure. Moreover, a unique
relationship was observed between the swellingspresand the final dry density of
the samples whatever the initial dry density, tleecpntage of pre-swell and the
experimental method. This also enhances the canalubkat the final state of the
sample controls the swelling pressure. Furtheryamalshowed that the swelling
pressure mainly depends on the final dry densityperitonite in the mixture. This
observation is in agreement with the conclusiohex et al. (1999) and Agus (2005)
who noted that the swelling pressure of bentorateds mixtures with different
bentonite contents is a function of the final beite dry density. This suggests that
the swelling mechanism of bentonite-based materiglthe same as that of pure
bentonites.

At the same void ratio, the swelling pressure aeteed by different methods was
found slightly lower than the vertical stress nekde reach the same void ratio
following the swell-reload path (swell-consolidationethod). This was in agreement
with the results by many other authors (Justo gt1&884; Sridharan et al., 1986;
Basma et al., 1995; Abdullah et al., 1998, 1991A&005; Villar, 1999; Villar et al.,

2008), and can be considered as a consequenceeotaihpling between the

microstructure and macrostructure (Gens and Aloh862; Villar, 1999; Sanchez et
al., 2005). For the swell-consolidation oedomegst,twetting took place under a low
vertical load and the void ratio increased greallye to the large microstructural
changes. In this case, intense breakage of pardiggegates occurs, leading to
relatively uniform distribution of the expandabl®ngponent. A relatively high

vertical stress was needed to compensate this taggeostructure deformation. By
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contrast, smaller microstructure and macrostruchateraction is expected in other
methods, with lower stress at full saturation. Rermore, the relative larger
displacement in the swell-consolidation oedometst would mobilise higher friction
and this friction can also contribute to the pheanon observed.

6 CONCLUSION

The swelling pressure of bentonite/claystone metwas determined by different
methods. The effects of the water chemistry, thalrdiyon procedure, the
pre-existing technical voids and the experimentathods on the swelling pressure
were investigated. From the experimental resulésfdtiowing conclusion can be
drawn.

There was no obvious effect of water chemistry loa swelling pressure due to the
high density and the low salinity of synthetic wate

An exponential function was found between the snglbressure and the suction
applied; no effect of hydration procedure on timalfiswelling pressure was observed.

The swell-consolidation method gives higher swegllpressure mainly because of
the coupling between the microstructure deformatiand macrostructure
deformation. The effect of friction is also to hensidered for this phenomenon.

The swelling pressure of bentonite-based matenmsdmly depends on the final dry
density of the bentonite in the mixture, suggestimgt the swelling mechanism of
bentonite-based materials is the same as thatrefqmntonites. A general relationship
between the swelling pressure and the final drysijerof various bentonites was
proposed, with two parameters depending on the maniitonite content and the type
of exchangeable cations.

From a practical point of view, the relationshimt®rated between the swelling
pressure and the final bentonite dry density ipfaélin designing the sealing/filling
buffers with bentonite-based materials: when thiéainstate of bentonite-based
materials and the technical voids are known, tmalfiswelling pressure can be
predicted. Moreover, the crushed Cox claystone &&n used to form the
bentonite/claystone mixture because it behavesiad. $HHowever it should be noted
that this conclusion is based on the results from year tests and further studies with
longer tests are needed to gain more confidendbigmaspect.
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Table 1 Characteristics of MX80 bentonite (Tanglgt2008b)

Montmorillonite (%) 92
Quartz (%) 3
w; (%) 520
W,(%0) 42
lo 478
ps (Mg/m?) 2.76

Table 2Chemical components of the synthetic water

Components NaHCO N&aSO, NaCl KClI CaC}.2H,0 MgChL.6H,0O SrC}.6H,0
Mass (g) 0.28 2.216 0.615 0.075 1.082 1.356 0.053
per 1L solution

Table 3 Test programme

Test No. Injected water M ethod Initial dry density Duration
(Mg/m®)
CVo1 Distilled Constant-volume 1.70 1 year
CV02 Synthetic Constant-volume 1.70 1 year
CV03 Vapour and distilled Constant-volume 1.70 1 year
PS01 Synthetic Pre-swelkE 10%  1.90 100 h
PS02 Synthetic Pre-swelkE 20%  1.90 100 h
PS03 Synthetic Pre-swel=25%  1.90 100 h
PS04 Synthetic Pre- swelE max  1.90 80 h
Z501 Synthetic Zero-swell 1.70 80 h
SCO1 Synthetic Swell-consolidation 1.90 4 months

Table 4 Montmorillonite content and external casidype of several bentonites

_ a S Montmorillonite
Bentonite Type
Content (%)
MX 80 1.78<10* 6.75 75-90 Na
FEBEX 9.80x10° 6.85 92 Ca
7.83x107 9.24 50 Beidellite
FoCa ) Ca
50 Kaollite
Kunigel V1 3.6710° 3.32 48 Na
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