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Surficial aquitards are common throughout the world and are vital to the containment,
disposal, and effective management of waste in near surface geologic environments. Despite the
importance of these aquitards and their widespread occurrence, our current understanding of solute
transport mechanisms and geochemical reactions in aquitards is limited. Vertical profiles of
environmental isotopes (5D and 8I8O) in porewaters have provided valuable information on solute
transport mechanisms in clay-rich till aquitards. For example, 5D and 518O were used to show
molecular diffusion was the dominant transport mechanism in several surficial aquitards [1-3], and
were further used to constrain hydraulic conductivities (K) in non-fractured clay tills [4].

Valid interpretation of vertical profiles of environmental isotopes in aquitards requires
sufficient detail throughout the geologic profile: the greater the detail, the more information available
to aid the development of accurate transport and reaction models. Isotopic profiles can be obtained
from porewaters sampled from conventional piezometers. However, the installation of piezometers in
aquitards is very costly and, because of the low K of most aquitards, it may take months to obtain small
amounts of water for analysis. Thus, techniques other than piezometers are needed to obtain the
detailed profiles needed for interpretation. Ideally, alternative techniques will yield 5D and/or 5I8O
values that are the same as that of the pore water (accurate), are reproducible and are time and cost-
effective.

Here we compare 5D and/or 8ISO values of porewaters that were obtained using 4 techniques;
core squeezing [5], centrifugation, direct soil equilibration, and azeotropic distillation [6]. Mechanical
porewater extraction (squeezing) is more labour intensive than the other techniques. A soil sample is
placed in a stainless steel loading cell and a pressure of 40 MPa is applied for 48 hours. Water is
collected at the base of the cell and drained into a sampling syringe. Porewater was centrifuged from
soil samples using the commercially available UFA instrument [7]. The UFA consists of an
ultracentrifuge that is capable of reaching an acceleration of 20,000g. Soil specimens are placed in a
sample holder, slid into a metal cup, and an effluent collection chamber is attached. The specimen is
then placed in the centrifuge, brought to a desired acceleration, and allowed to spin for approximately
24 hours. Centrifugation was found to be an effective technique for porewater extraction. Azeotropic
distillation utilizes a mixture of two liquids that boils at a lower temperature than its constituents. This
unique property facilitates the extraction of porewater for 5D and 818O analyses. An automated
equilibration technique was used to measure 518O of porewater by direct CO2 equilibration of the
geologic media using specially constructed equilibration vessels. This technique was modified after
that proposed by McConville et al [8] for sandy sediments. The objective of this study was to assess
how well these various alternative techniques met the criteria of accuracy and reproducibility in
obtaining cost effective isotopic data from aquitard porewaters.
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The techniques were applied to 84 core samples collected from a thick (94 m) clay-rich, till aquitard
research site located approximately 115 km east of Saskatoon, Saskatchewan on the Assiniboine River Plain.
The 818O and 5D values from the various techniques were compared to isotopic values obtained from waters
from adjacent piezometers. Water samples obtained from core squeezing and centrifugation, and direct soil
equilibration were analyzed for 5D and 5'8O by standard CO2-water and/or H2-water equilibration techniques
at the National Water Research Institute. 5D and 6I8O results are reported as the relative difference between
the 1SO/16O and D/'H abundance ratios of the samples and standard mean ocean water (VSMOW) expressed
in %o. The precision of the 5D and 5'8O analyses were ±2 and ±0.1 %o, respectively. Azeotropic distillation
and associated isotopic analyses were conducted by the University of Waterloo with a precession of ±2 and
±0.2 %o for 2H and 18O respectively.

Results showed that direct soil equilibration, squeezing, and centrifugation techniques yielded
similar results, and comparable to the 5'8O of porewater obtained from associated piezometers. In contrast,
azeotropic distillation yielded highly variable 518O values in some cases. With the existing laboratory design
for the direct equilibration technique, 24 samples can be analyzed in 16 hours. Centrifugation was slightly
more labour intensive, requiring 48 hours to obtain four porewater samples for analysis. Squeezing and the
diffusion cell technique were even more time consuming, requiring 24 to 48 h and more than a month for
equilibration, respectively, to obtain one porewater sample for analyses. We concluded that the direct soil
equilibration technique was the most cost effective method to develop detailed vertical profiles of 51SO in
aquitard porewaters. The resulting detailed profiles will allow us to obtain valuable information on the solute
transport mechanisms in aquitard systems.
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