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The role of anaerobic microbial processes in mediating gas generation and redox reactions in organic
(cellulose) containing low level activity nuclear wastes (LLW) is well established through monitoring of
operational near-surface LLW disposal sites and municipal waste disposal sites. Modelling approaches
based on Monod kinetic growth models to represent the complex suite of anaerobic processes have been
developed and these models are able to reproduce the evolving biogeochemistry and gas generation of large
scale and long term (10 year) experiments on cellulose waste degradation [1].

In the case of geological disposal of medium activity long-lived nuclear waste (MAVL) microbial
processes have the potential to exploit metabolic energy sources present in the waste, engineered barriers
and host geological formation and as a consequence influence redox potential. Several electron donors and
electron acceptors may be present in MAVL (see Albrecht and Libert, this meeting). Electron donors
include; hydrogen (resulting from radiolysis and anaerobic corrosion of metals), and hydrolysis products
of organic waste materials. Sulphate, nitrate and Fe(III) containing minerals and corrosion products are
examples of electron acceptors present in intermediate level wastes. Significant amounts of organic matter,
sulphate and iron minerals may also be present in host geological formations and have the potential to act
as microbial energy sources once the system is perturbed by electron donors/acceptors from the waste. The
construction of a geological disposal facility will physically disturb the host formation, potentially causing
fracturing of the excavation damage zone (EDZ). The EDZ may thus provide environmental conditions,
such as space and free water that together with nutrient and energy sources to promote microbial activity.

In this study the Generalised Repository Model (GRM) developed to simulate the coupled microbiological,
chemical and transport processes in near-surface LLW disposal [1] has been applied to the geological
disposal of organic containing MAVL. The study uses microbial kinetic data from studies of LLW
degradation, but considers the physical and chemical conditions relevant to the disposal of bituminous
waste in the argillaceous (clay) Callovian-Oxfordian (COx) formation at the Meuse/Haute-Marne Site in
Eastern France. The objective of the modelling being to scope out the potential microbial activity that may
develop in experimental systems that test and investigate the processes controlling microbial activity and
redox conditions in the EDZ.

The results presented examine the microbial activity that may develop through interaction of a contaminant
source containing soluble organics, nitrate, and sulphate with the COx .Processes are modelled representing
a column experiment, where reaction-transport coupling effects may occur in open fractures or in regions
of intact COx, where diffusion controls transport of chemical species. One of the main processes examined
in the model is the overall denitrification process to form N2 gas from soluble nitrate. Microbial denitrifiers
included groups that consume organics, and others that consume hydrogen as electron donors. In the case
of organic denitrifiers soluble organics (represented by acetate) are considered in the degradation products
of bitumen and also present at lower concentrations in the COx (equivalent to 9 × 105 mol/l acetate).

Figure 1 illustrates the model simulation where a 1 × 103 mol/l solution of nitrate is introduced into a
column experiment, together with 1 × 103 mol/l acetate. The figure illustrates the breakthrough of nitrate
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concentration in the advective (fracture) region (denoted in blue). Initially transport of nitrate is largely
unaffected by the microbial processes, but after a lag phase of 0.2 y denitrification becomes established.
Diffusion of nitrate into the COx is observed. Breakthrough of the acetate concentration is similar to that
for nitrate although an excess of acetate is required due to the utilisation of acetate as a carbon source for
microbial growth, and this is the reason why incomplete nitrate reduction occurs. The model simulates that
denitrification consumes the organic electron donor present in the COx.

The GRM model also examines the reaction of nitrate with Fe(II) minerals present in the COx, which have
the potential to reduce nitrate. This results in the oxidation of Fe(II) and the intermediate formation of Fe(III)
minerals, which provide electron acceptors which are subsequently reduced by organics. The model has
examined the case where the nitrate affected system returns to a reduced state resulting from continued input
of acetate. In this scenario sulphate reduction develops in the COx, By considering the concentration of
electron donors and acceptors for the major redox couples the GRM calculates a redox potential (Figure 2).

Further results will be presented, of the spatial and temporal distributions in reactive species, minerals and
microbial biomass related to the coupling of microbial kinetics, under the influence of advective and diffusive
transport. The results will be discussed and interpreted to assess the potential significance of environmental
factors that may control microbial growth and the mediation of redox conditions in argillite host rocks.

Reference:
[1] Small et al., 2008. Applied Geochemistry, 23, 1383-1418.

Figure 1: Breakthrough of nitrate in advective regions and diffusive regions of a model simulation of a
column experiment.

Figure 2: Redox Potential (Eh) determined by the GRM model, showing (a) condition during nitrate input,
where Eh is controlled by Fe(II)/Fe(III) and (b) after nitrate input is stopped, where more strongly reducing
fermentative conditions are developed in the advective region and the first few mm of the COx.


