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Abstract

This paper describes the design and hydraulic characterization of a cost-effective biocurtain that is currently being used to
remove carbon tetrachloride from an aquifer in Schoolcraft, Michigan. Novel aspects of the design are the use of closely spaced
wells to recirculate solutes through a biocurtain, well screens spanning the vertical extent of contamination, and a semipassive mode
of operation, with only six hours of low-level pumping per week. This design was developed by coupling flow and transport sim-
ulations with a cost optimization algorithm, based on initial hydraulic conductivity data and system design constraints from a pre-
vious pilot-scale experiment adjacent to the current site. The hydraulic conductivity of the site was characterized using perme-
ameter analysis on more than 200 samples from continuous well cores that were collected during well installation. The subset of
available conductivity data was used to predict tracer transport through the biocurtain during system operation. Observed tracer
concentration arrival histories during initial system operation confirmed model predictions. Modeling also established that
closely spaced wells operated for brief periods each week could effectively deliver the agents needed for remediation across the
biocurtain. This was confirmed during long-term operation of the system, which has resulted in highly efficient contamination degra-
dation. The delivery well design methodology is expected to be broadly applicable at other sites where flow can be recirculated

between a series of delivery wells.

Introduction

Ground water contamination with volatile organic compounds
is a significant national and international problem. Water contain-
ing these contaminants is typically pumped from contaminated
aquifers and treated by air stripping or sorption onto activated car-
bon. These methods are costly, do not destroy the contaminants, may
require pumping and disposal of large volumes of water, and do not
effectively remove contaminants sorbed to the aquifer material.
Accordingly, there has been a great deal of interest in alternative
treatment strategies, such as enhanced in situ remediation. Over the
last decade, bioremediation has become increasingly common and
accepted. The three basic bioremediation methods are natural atten-
uation, biostimulation, and bioaugmentation. Natural attenuation is
now widely accepted for management of some hydrocarbon plumes.
Biostimulation is also practiced in cases where the addition of
oxygen in a contaminant source area stimulates microbial activity,
and thus enhances remediation efficiency. For chlorinated organics,
natural attenuation may be insufficient, and electron donor addition
is often needed to accelerate reductive dechlorination or to stimu-
late cometabolic activities. In some cases, indigenous bacteria may
be unable to mediate the desired transformation (Dybas et al. 1995,
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1998; Ellis et al. 1999), thus microorganisms with the desired
traits will need to be added (bioaugmentation). For both biostim-
ulation and bicaugmentation, a critical issue is chemical delivery
within the treatment zone to maintain microbial activity; and for
bicaugmentation, an additional issue is organism delivery.
Delivery can be a significant problem because the transport of
contaminants and the agents needed for remediation are profoundly
affected by the heterogeneous properties of aquifer sediments
(Dybas et al. 1998) and by the complicated temporal and spatial
nature of contaminant releases. The influence of heterogeneity on
solute transport has been demonstrated in various geologic settings.
These include the fairly homogeneous glacial deposits of Borden
Ontario (Freyberg 1986), the glacial outwash of the Cape Cod
Aquifer in Massachusetts (Hess et al. 1992; LeBlanc et al. 1991;
Garabedian et al. 1991), and the heterogeneous alluvial deposits of
the MacroDispersion Experiment site (MADE) in Mississippi
(Adams and Gelhar 1992; Boggs et al. 1992; Rehfeldt et al. 1992).
Aquifer characterization is thus a critical step in the design of
enhanced in situ remediation methods in most geologic settings.
One approach to enhance delivery in a heterogeneous shallow
aquifer is to emplace a permeable wall by pounding sheet piling into
the subsurface, dewatering a region, backfilling with filter sand, and
removing the sheet piling (Devlin and Barker 1996). However, this
approach is costly and is not feasible in deep aquifers. As we will
demonstrate, it is possible to design a system around the charac-
terized heterogeneity rather than overcoming the heterogeneity.
Several pilot- and full-scale studies have demonstrated effec-
tive degradation of chlorinated organics (Semprini et al. 1992,
1994; Ellis et al. 1999). Recently, McCarty et al. (1998) demon-
strated full-scale cometabolic degradation of trichloroethlylene
(TCE) at the Edwards Air Force Base, California. Toluene and
oxygen were added to stimulate indigenous toluene degrading
microflora capable of cometabolically degrading TCE. Hydrogen
peroxide was added as the oxygen supply during most of this
experiment to reduce the likelihood of biofouling. This landmark
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