
O/11B/3

Page 219CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

LIMITS TO THE USE OF HIGHLY COMPACTED
BENTONITE AS A DETERRENT FOR MICROBIALLY

INFLUENCED CORROSION IN A NUCLEAR FUEL
WASTE REPOSITORY

Simcha Stroes-Gascoyne1*, Connie J. Hamon1, Peter Maak2

1. Atomic Energy of Canada Ltd., Whiteshell Laboratories, Pinawa, Manitoba, Canada R0E 1L0

2. Nuclear Waste Management Organisation, 22 St Clair Avenue East, 6th Floor, Toronto, Ontario,
Canada, M4T 2S3

Highly compacted bentonite-based sealing materials are being developed for use in future geological
repositories for nuclear fuel waste. Such materials would ensure a diffusion-controlled hydrology and
additionally form a sorption barrier against radionuclide migration after container breach. Due to some
inherent physical characteristics, such as low water activity (aw), small pores and high swelling pressure,
an additional role of highly compacted bentonite may be the elimination of significant microbial activity
near used fuel containers, which (amongst other benefits) would reduce the occurrence of microbially
influenced corrosion (MIC) to insignificant levels. Several recent studies have examined the indigenous
microbial populations in compacted bentonite and the (physical) factors that control microbial activity in
such environments.

Stroes-Gascoyne et al. (2008) carried out laboratory experiments with Wyoming MX-80 bentonite plugs,
compacted (at 95% saturation) to dry densities (DD’s) of 0.8 to 2.0 g/cm3, and infiltrated (under pressure)
with sterile distilled deionised water. At DD’s of 0.8 and 1.3 g/cm3, culturability of heterotrophic aerobic
bacteria increased by up to four orders of magnitude above back-ground levels (i.e., (2.1 ± 0.2) × 102

Colony Forming Units (CFU) per g dry as-purchased bentonite). Anaerobic heterotrophic bacteria and SRB
did not increase significantly above background levels in any of the tests, presumably because the bentonite
plugs remained aerobic during the tests. At higher DD’s (1.6 to 2.0 g/cm3) which ensures that the swelling
pressure is above 2 MPa, aw is below 0.96 and the average pore size is < 0.02 µm in the compacted
bentonite, all culturability remained at, or fell below, the background levels. However, even at the highest
DD tested, some culturability remained and viability (as determined from phospholipid fatty acid) was only
mildly affected (factor of three) by high DD’s. Therefore, the potential for increased microbial activity
exist if a substantial reduction in DD of bentonite were to occur in a repository.

The microbes that survive in dry as-purchased or highly compacted bentonite appear to be largely spore-
forming organisms. Chi Fru and Athar (2008) studied the bacterial colonization of compacted Wyoming
MX-80 bentonite (at a density of 2.0 g/cm3 or a DD of 1.6 g/cm3) from the surrounding granitic
groundwater population, at various temperature ranges. Results suggested that high temperature rather than
high DD controlled actual microbial survival in bentonite, and that the bacterial population in compacted
bentonite after five year of granitic groundwater ingress consisted largely of gram-positive spore-formers
while gram-negative bacteria, dominant in the groundwater, were absent. These results were corroborated
recently in our laboratory, where isolates from both low- and highly compacted saturated bentonite plugs
(DD’s of 0.8 and 1.6 g/cm3) were identified by the BIOLOG system, and indicated the almost exclusive
presence of gram-positive spore-forming bacteria.

Masurat et al. (2009) measured microbial sulphide production in compacted Wyoming MX-80 bentonite
under repository-relevant conditions. Results showed that in all experiments increasing bentonite density
correlated with decreasing sulphide production rates, and that sulphide production rates measured in
bentonite compacted to a total density of 2 g/cm3 (equivalent to a DD of 1.6 g/cm3) were a hundred to
thousands of times below the rate needed to corrode through copper waste containers over 100 000 years.
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Based on these recent studies, it seems justified to conclude that the DD (and hence swelling pressure and
aw) of emplaced bentonite barriers may be tailored such that a microbially unfavourable (i.e., inactive)
environment adjacent to used fuel containers can be created, which ensures that MIC is negligible.
However, it must be emphasized that this conclusion is valid only as long as the emplaced bentonite has
a (uniform) DD ≥ 1.6 g/cm3, because a high DD does not kill the microbial population outright, but only
deactivates it to insignificant levels (Masurat et al., 2009). Attention must, therefore, be paid to those
locations in a repository where a high DD may not be maintained at all times. Of special concern is the
possibility that the DD of highly compacted bentonite will decrease at interface locations in a repository,
(1) through expansion into (empty or bentonite pellet-filled) placement gaps at the container-buffer
interface; (2) through compression of, and simultaneous expansion into, less-dense buffer or backfill
materials; or (3) through loss of material into water-carrying fractures at rock-bentonite interfaces.

Therefore, further experiments were carried out in our laboratory to examine the effects of a reduction in
DD from 1.6 to about 1.0 g/cm3 (in four steps) on the aerobic microbial culturability (and hence activity)
in compacted bentonite. The tests were performed in pressure cells as before (e.g., Stroes-Gascoyne et al.,
2008). After developing a stable swelling pressure at 1.6 g/cm3, a step-wise decrease in DD was
accomplished by allowing the compacted plugs to swell into an empty space, through repeatedly
adjusting the top restraints of the pressure cells. Results showed that upon a decrease in DD from 1.6 to
about 1.0 g/cm3, the culturable cell count increased by several orders of magnitude, on a time scale of about
130 to 230 d, confirming that the limiting effects of high DD on microbial culturability are reversible.

These results, therefore, imply that a reduction in the DD of highly compacted bentonite in a repository at
interfaces could lead to an increase in microbial activity. If such a decrease of DD is sufficient to allow
biofilm formation on container surfaces or increases the rate of sulphide production, an increased amount
of MIC may result. Other potentially negative effects are also of concern. For instance, Perdrial et al.
(2009) studied the interaction between bentonite (MX80 and nontronite) and introduced bacteria
(Shewanella putrefaciens), at a DD of 1.3 g/cm3. The presence of bacteria appeared to cause an increase
in water content and pore space (in MX80) or a partial dissolution of clay minerals (in nontronite), which
could affect swelling ability.

Therefore, the potential for increased microbial activity at interface locations should either be minimized
or eliminated by adequate design and placement methods of compacted bentonite (or be accounted for in
safety calculations. Compliance models can be used to determine required as-placed DD’s of bentonite
buffer in order to achieve specific targets for long-term equilibrium DD’s for various container placement
room designs (Chandler, 2008).

References:
Chandler, N.A., 2008. Modelling the compliance of swelling clay sealing systems; in-floor borehole and

horizontal borehole numerical simulations. Nuclear Waste Management Organization Report NWMO
TR-2008-13.

Chi Fru, E., Athar, R., 2008. In situ bacterial colonization of compacted bentonite under deep geological
high-level radioactive waster repository conditions. Appl. Microbiol. Biotechnol. 79, 499-510.

Masurat, P., Eriksson, S., Pedersen, K., 2009. Microbial sulphide production in compacted Wyoming
bentonite MX-80 under in situ conditions relevant to a repository for high-level radioactive waste.
Appl. Clay Sci. doi:10.1016/j.clay.2009.01.004.

Perdrial, J.N., Warr, L.N., Perdrial, N., Lett, M-C., Elsass, F., 2009. Interaction between smectite and
bacteria: Implications for bentonite as backfill material in the disposal of nuclear waste. Chemical
Geology 264, 281-294.

Stroes-Gascoyne, S., Hamon, C.J., Maak, P., Russell, S., 2008. The effects of the physical properties of
highly compacted smectite clay (bentonite) on the culturability of indigenous microorganisms. Appl.
Clay. Sci. doi:10.1016/j.clay.2008.06.010.


