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In 2007-2008, the French Nuclear Waste Agency (Andra) carried out a drilling campaign in the vicinity
of its underground laboratory of Bure (Meuse/Haute-Marne), over an area of ∼ 400 km2. The objective was
to obtain a detailed description of the geophysical, geological and transport properties of the 150 m thick
Callovo-Oxfordian (COx) clay layer in order to check the homogeneity of this geological formation which
is potentially suitable for establishing a nuclear waste deep repository. As part of this program, water
samples were taken from the two limestone formations adjacent to the COx (Figure 1), to analyse the
geochemical and isotopic characteristics of these two deep aquifers and investigate their interactions with
the COx layer. Multiple permeable layers were identified in the thickness of the carbonate formations
which offered the very interesting opportunity to investigate groundwater circulation in individual
permeable layers within the aquifer.

As the age of these groundwaters is clearly beyond the detection limit for tritium and also presumably for
radiocarbon, the analysis of both tracers was designed as a check of the quality of the samples and possible
mixing with younger waters within the boreholes. Besides, CFC and SF6 samples were collected in the
same purpose. Tritium was measured at the LSCE-Saclay noble gas facility using helium-3 mass
spectrometry, with a limit of detection limit of 0.1 TU (the detection limit is defined as the minimum
concentration of a substance being analyzed that has a 99 percent probability of being identified, thus
corresponding to 3-sigma at the blank level). The radiocarbon samples were prepared at IDES (Orsay) and
measured by Accelerator Mass Spectrometry at LMC14 (Saclay, Artemis facility, INSU national service).
The detection limit was usually lower than 0.2 pmC, corresponding to a radiocarbon apparent age of
~ 50 Kyr. CFC and SF6 were measured at Géosciences-Rennes.

Twenty five water samples were collected from drilling sites A, B, C, E, F (Figure 1). At each site, one
drill hole was dedicated to the study of the Oxfordian aquifer, a second to the Dogger and a third to the
COx layer. An additional borehole was drilled to the Trias formation at site C.

Two sampling devices were used and tested for sampling single water venues, including a specially design
bottle sampler allowing to take samples at a specific depth in the water column, and a “diapo” system that
can pump water from a specified depth horizon. In parallel, “global” water samples were collected using
a submersible pump that samples the entire water column. Samples for radiocarbon analyses were collected
in stainless-steel flow through vessels, without any contact with the atmosphere, while 3H samples were
collected in glass bottles. In order to obtain the best possible results, samples were taken on three different
occasions, (i) during the drilling operations, (ii) after a short pumping period (a few days) and (iii) after a
“long-term” pumping (on the order of 10 days). Further constraints were borehole chemical logging that
involved injection of foreign shallow aquifer waters (14C and 3H rich) along with NaCl or NaBr tracers.
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The tritium versus radiocarbon diagram of Figure 2 shows that a significant number of samples are above
the detection limit. The good agreement between 14C and 3H results, and the non-negligible CFC content
of those samples, allows us to discard any analytical problems. For groundwaters showing anomalous 3H
and 14C levels, an explanation can easily be found. In particular, the Oxfordian groundwaters from site E
are known to be contaminated by young waters, likely due to leakage problems with the drill casing (these
waters also show anomalous geochemical and helium concentrations - see Rebeix et al. and Fourré et al.,
this issue). Samples from boreholes that underwent tracing also show above background results in both 14C
and 3H (site A). Trias water shows non negligible 14C and 3H too. There, depth of sampling may have
rendered the sampling even more difficult. Only one water venue in the Oxfordian (site C) showing
significant 14C and 3H contents, remains unexplained. For samples with negligible 3H but still measurable
14C activities, a detailed study of the data points to the influence of the sampling technique: samples
obtained using both depth sampler and “diapo” system systematically display a 14C content above the
detection limit. Only “global” water samples obtained with the submersible pump give results below the
detection limit (along with one free flowing borehole).

In parallel, the 36Cl/Cl signal revealed
to be fairly sensitive to perturbations.
While 36Cl/Cl values plot on a mixing
line between “recent” (in terms of 36Cl
ages) and secular 36Cl/Cl ratios, it can
be seen that groundwaters collected in
boreholes that underwent Cl tracing
show the lowest 36Cl/Cl ratio, most
probably due to remnant injected Cl in
the formation. This is coherent with the
14C and 3H results and strengthens the
interpretation. As a whole, these results
illustrate the great difficulty of
obtaining representative samples at
very low tracer levels, and underline
that extreme caution must be taken
when interpreting tracer data in terms
of groundwater residence time.
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Figure 1: Simplified lithostratigraphy of the COx and adjacent Oxfordian and Dogger formations
and location of the boreholes.

Figure 2: Tritium vs radiocarbon contents.


