SOIL-BENTONITE CUTOFF WALLS: HYDRAULIC
CONDUCTIVITY AND CONTAMINANT TRANSPORT

by
Jeremy P. Britton

Dr. George M. Filz, Co-chairman
Dr. John C. Little, Co-chairman

Via Department of Civil and Environmental Engineering

ABSTRACT

Soil-bentonite cutoff walls are commonly used to contain contaminants in the
subsurface. A key property in determining the effectiveness of a cutoff wall is its
hydraulic conductivity. There are important difficulties and uncertainties regarding the
accuracy of commonly used methods of measuring the hydraulic conductivity of cutoff
walls.

When predicting contaminant transport through cutoff walls, common practice is
to use the average hydraulic conductivity of the wall. There are some cases, however,
such as circumferential cutoff walls with inward hydraulic gradients, where it is also
important to consider the variability in hydraulic conductivity from point to point in the
wall in contaminant transport studies.

A pilot-scale facility was envisioned where subsurface barrier issues such as those
mentioned above could be studied. In 1998, the Subsurface Barrier Test Facility (SBTF)
was constructed. In this facility, pilot-scale subsurface barriers can be installed using real
construction equipment and tested in a controlled environment.

The effectiveness of various methods of measuring the hydraulic conductivity of
cutoff walls was studied by building and testing three pilot-scale soil-bentonite cutoff
walls at the SBTF. The following currently used test methods were evaluated: API tests
on grab samples, lab tests on undisturbed samples, piezometer tests (slug tests), and
piezocone soundings. The use of slug tests in cutoff walls was improved in this research
in the areas of avoiding hydraulic fracture and accounting for the close proximity of the
trench walls. The SBTF allows for measurement of the global, average hydraulic
conductivity of an installed pilot-scale cutoff wall, which is a useful value to compare to
the results of the above-mentioned tests. The two main factors differentiating the results
of the different test methods used for the pilot-scale walls were remolding and sample
size. Remolding of the API samples significantly reduced the hydraulic conductivity of
these samples compared to the hydraulic conductivity measured in lab tests on
undisturbed samples, which were of similar size. For the other tests, the degree and



extent of remolding were less significant compared to in the API tests. For these tests,
the scale of the measurement is believed to be the main factor differentiating the results.
Hydraulic conductivity was found to increase as the sample volume increased, with the
global measurement of the average hydraulic conductivity producing the highest value.

The influence of variability in hydraulic conductivity on contaminant transport
through cutoff walls was studied from a theoretical standpoint using the one-dimensional
advection-diffusion equation. Charts were developed that can be used to estimate the
flux through a cutoff wall based on knowledge of the average hydraulic conductivity of
the wall and an estimate of the variability in hydraulic conductivity. Data sets of
hydraulic conductivity from lab tests on soil-bentonite samples from four cutoff wall case
histories were used to estimate typical values of variability. The contaminant transport
analyses showed that the effect of variability may be significant when the hydraulic
gradient opposes the concentration gradient, which is the case for a circumferential cutoff
wall with an inward hydraulic gradient. The goal of a circumferential cutoff wall with an
inward hydraulic gradient is to reduce the outward diffusive flux of contaminant by
inducing an inward advective flux. The effect of variability in hydraulic conductivity is
to reduce the effectiveness of this scheme.
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