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Abstract

Laboratory consolidation tests are typically used to determine formation properties (vertical compressibility, a; specific storage, Ss; and vertical
hydraulic conductivity, K,) of claystone aquitards. However, when core samples are removed from the subsurface and re-equilibrate at surface
pressure, the geotechnical properties of the sample may not be representative of in situ conditions. Here, we present a method to determine the
in situ a and Ss of a thick sequence of Cretaceous aged claystone by estimating the loading efficiency (y) of a formation from pore pressure
responses to barometric pressure fluctuations. Ten vibrating wire pressure transducers were installed at depths varying between 25 and 325 m
BG in a thick claystone aquitard and placed directly within the cement bentonite grout annulus. In the pore pressure records, barometric
pressure changes, earth tides, and precipitation events can be clearly identified with a resolution equivalent to millimeter of hydraulic head.
Analyzing the pore pressure response to known barometric fluctuation resulted in the calculation of y (0.6-0.93), a (2.5 x 107 t0 2.2 x 10°® kPa’
1), and Ss (2.6 x 10™ to 4.5 x 10 x 6 m™), all of which decrease with depth. Laboratory analysis of core samples from the borehole provided
estimates of a and Ss, which were as much as an order of magnitude greater than the in situ estimates. The findings suggest that the fully
grouted transducer method can provide an accurate and reliable means to monitor pore pressure changes in deep aquitard systems, better define
in situ parameters for over consolidated argillaceous deposits and help characterize caprock integrity.

References Cited

Anochikwa, C. (2010), A coupled stress-flow numerical modelling methodology for identifying pore-pressure changes due to total soil
moisture loading, M.S. thesis, Dep. of Geol. and Geophys., Univ. of Saskatchewan, Saskatoon, Saskatchewan, Canada.

Bishop, A. W. (1973), Influence of an undrained change in stress on the pore pressure in porous media of low compressibility. Geotechnique,
23 (3), 435-442.

Cherry, J. and B. Parker, (2004), Role of Aquitards in the Protection of Aquifers from Contamination: A “State of the Science” Report. Denver,
Colorado: AWWA Research Foundation.

Grisak, G. E. and J.A. Cherry (1975), Hydrologic characteristics of response of fractured till and clay confining a shallow aquifer. Can.
Geotech J., 12, 23-43.

Jacob, C. (1940), On the flow of water in an artesian aquifer. Trans. Am. Geophys.Union, 21, 574-586.



Datapages/Search and Discovery Article #90224 GeoConvention © 2014, FOCUS - Adapt, Refine, Sustain Calgary, Alberta, Canada, May 12-16, 2014

Keller, C. K., G. van der Kamp, and J. A. Cherry (1986), Fracture permeability and groundwater flow in a clayey till near Saskatoon,
Saskatchewan. Can. Geotech. J., 23, 229-240.

Keller, C. K., G. van der Kamp, and J. A. Cherry (1989), A multi-scale study of permeability of thick clayey till. Water Resour. Res., 25 (11),
2299-2317.

Klohn, E. J. (1965), The elastic properties of a dense glacial till deposit. Can. Geotech. J., 11 (2), 116-128.

Neuman, S. and P. Witherspoon (1972), Field determination of the hydraulic properties of leaky multiple aquifer systems. Water Resour. Res.,
8 (5), 1284-1298.

Radhakrishna, H. S. and T. W. Klym (1974), Geotechnical properties of very dense glacial till. Can. Geotech. J., 11, 396-408.
Shaver, R. B. (1997), The determination of glacial till specific storage in North Dakota. Ground Water, 36 (4), 552-557.
Skempton, A. W. (1954), The pore-pressure coefficients A and B. Geotechnique, 4, 146-147.

Smith, L.A., van der Kamp, G., Hendry, M.J. (2013), A new technique for obtaining high resolution pore pressure records in thick claystone
aquitards and its use to determine in situ compressibility. Water Resour. Res., 49 (2) 732-743.

Terzaghi, K. (1923), Die Berechnung der Durchl&ssigkeitsziffer des Tones aus dem Verlauf der hydrodynamischen Spannungserscheinungen.
Sitz. Akad. Wissen. Wien d. matem.-naturw.KI., part Ila, 132, pp. 125-138. [English translation by C. R. I. Clayton and H. Mdller Seinhagen:
A method of calculating the coefficient of permeability of clay from the variation of hydrodynamic stress with time. As cited in Clayton, C. R.
I., H. M. Steinhagen, and W. Prowrie (1995), Terzaghi's theory of consolidation, and the discovery of effective stress. Proceedings of the
Institution of Civil Engineers. Geotech. Engin. 113 (4), 191-205.]

Terzaghi, K. and K. O. Frohlich (1936), Theorie der Setzung von Tonshichten: eine einfuhrung in die analytische Tonmechanil, Leipzig, Franz

Deuticke. [As cited in Terzaghi, K., R.B. Peck and G. Mesri (1996), Soil mechanics in egineering practice (third edition), John Wiley and Sons,
New York. NY, USA.]

Terzaghi, K., R. B. Peck, and G. Mesri (1996), Soil mechanics in engineering practice (third ed.). New York, NY, USA: John Wiley and Sons.

van der Kamp, G. (2001), Methods for determining the in situ hydraulic conductivity of shallow aquitards - an overview. Hydrogeol. J., 9, 5-16.

van der Kamp, G. and J. E. Gale (1983), Theory of Earth tide and barometric effects in porous formations with compressible grains. Water
Resour. Res., 19 (2), 538-544.



Datapages/Search and Discovery Article #90224 GeoConvention © 2014, FOCUS - Adapt, Refine, Sustain Calgary, Alberta, Canada, May 12-16, 2014

van der Kamp, G. and R. Schmidt (1997), Monitoring of total soil moisture on a scale of hectares using groundwater piezometers. Geophys.
Res. Lett., 24 (6), 719-722.

Wang, H. F. (2000), Theory of Linear Poroelasticity with Applications to Geomechanics and Hydrogeology, Princeton University Press,
Princeton, NJ.





