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ABSTRACT

Storage sites for CO2 and high-level nuclear waste (HLNW) involve smectite due to its ability to
increase in molar volume, known as swelling. However, the molar volume and dissolution of smectite
can be affected by its layer charge density, charge location, and composition, as affected by variations in
pressure (P), CO2 pressure [P(CO2)], temperature (T), and brine concentration. The molar volumes
[d(001)] of Ca-exchanged high-charge montmorillonite (CaSAz1) and saponite (CaSapCa1) were
examined by X-ray diffraction (XRD) under varying P(CO2)-T in CaCl2 brines. Additionally, geo-
chemical modeling was used to analyze the extent of dissolution of these smectite phases. The results
were compared to a Ca-exchanged low-charge montmorillonite (CaSWy2). Increasing the brine con-
centration (from 0.17 to 3.42M) and T (from near 33 to 150 °C) results in a≤16% and≤14%decrease in
d(001) values for CaSAz1 and CaSapCa1, respectively, whereas no change was observed when P(CO2)
was increased from ambient to 500 bars. The d(001) values of CaSAz1 are≤0.7 Å higher than CaSWy2
because of the higher charge density of CaSAz1, which increases the Ca2� content in the interlayer. In
contrast, the d(001) values of CaSapCa1 are ≤0.8 Å lower than CaSWy2 because the deficit layer
charge of CaSapCa1 occurs in the tetrahedral sheet. Geochemical modeling shows that the extent
of smectite dissolution is affected by its composition. Under acidic conditions, CaSapCa1 is 35 times
higher in % dissolution than CaSAz1 and CaSWy2 because CaSapCa1 has a higher Mg2� content. The
dissolution of CaSapCa1 results in a higher solution pH by the formation of bicarbonate and carbonate
phases, which is an alternate way of storing CO2. Thus, the smectite species must be considered when
evaluating storage sites for CO2 or HLNW.
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INTRODUCTION

A smectite-rich rock, bentonite, is being considered as a buffer
or backfill for canisters containing high-level nuclear waste
(HLNW). When bentonite is in contact with groundwater, the
smectite expands, sealing the gap between the bentonite and
thewall rock and theHLNWcanister (SKB2011). However, over
time, the temperature (T ) may increase due to heat generated by
the radioactive decay of the HLNW. Additionally, an increase in
brine concentration (salinization) of the groundwater may occur
due to the dissolution of salt-bearing phases in the aquifer. The
change in T and brine concentration can significantly impact
the molar volume of smectite. An increase in the brine concentra-
tion generally leads to an observed decrease in the molar volume
of smectite (Norrish 1954; Slade and Quirk 1991; Slade et al.
1991). Benavides et al. (2020) and Benavides and Guggenheim
(2024) have observed that under various brine compositions,
the combined effect of concentration and temperature change
can also impact the molar volume of smectite by up to 18%.

Temperature and brine concentration changes can also impact
the swelling pressure of smectite. The swelling pressure of smec-
tite arises from osmotic (repulsive) and van der Waals (attractive)
forces between the layers (Komine andOgata 2004). Herbert et al.

(2008) observed that increasing brine concentration results in
lower smectite swelling pressures, which was attributed to the
reduction in the molar volume of smectite. Bag and Rabbani
(2017) reported that increasing the temperature results in an
increase in smectite swelling pressure. However, swelling pres-
sure can also be affected by other macro-parameters, such as
initial dry density. The smectite-to-void ratio can also affect the
swelling pressures of smectite (Du et al. 2021).

Smectite can also be present in a storage site with a saline
aquifer sealed by a clay-bearing caprock. When CO2 is injected
into the saline aquifer, it displaces the brine and can migrate
upwards until it reaches an impermeable layer, such as a
clay-bearing caprock (IPCC 2007). The smectite in the saline
aquifer–caprock storage site may react with the injected
CO2 and brine, affecting the porosity and permeability of the res-
ervoir as its molar volume changes. Giesting et al. (2012a,
2012b) investigated smectites exchanged with different inter-
layer cations (Na, K, and Ca) under varying CO2 pressure
[P(CO2)]. They found that under dry to limited H2O conditions
(i.e., 0 to 1 plane of H2Omolecules) in the interlayer of smectite,
smectite expands by 9% when in contact with CO2. They attrib-
uted the smectite expansion to CO2 entering the interlayer. The
ability of CO2 to enter the interlayer of smectite was also
observed by Schaef et al. (2015). However, they also found that
the concentration of CO2 associated with smectite decreases
with increasing H2O in the smectite interlayer.
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