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Biotreatability studies conducted in our laboratory used soils
from two former wood treatment facilities to evaluate the use
of in-situ bioventing and biosparging applications for their
potential ability to remediate soil and groundwater containing
creosote. The combination of chemical and microbiological
analytical data from these studies suggested that biodegrada-
tion of creosote polycyclic aromatic hydrocarbons (PAHs)
could be stimulated by adding oxygen and nitrogen to the
indigenous microflora (Mueller et al. 1989; Mueller et al.
1995). Over the relatively short time frame of these studies,
however, biodegradation of potentially carcinogenic PAHs
{pc PAHs) was limited, which is in accordance with much of
the existing scientific literature. Nevertheless, on a
site-specific basis, appropriately designed in-situ bioremedia-
tion systems may represent effective strategies for degrading
PAHs and affecting in-situ chemical containment (Mueller et
al. 1993).

Critical to the future success of bioventing/biosparging
applications for PAH-impacted environments is the continued
development and refinement of effective implementation
tools. These must offer better means of delivering essential
co-reagents, such as oxygen and nitrogen, and must possess
the potential to integrate biotechnological advances. One such
system attempting to increase the efficiency of site remedia-
tion is the ‘Multifunctional Well’ technology, which is
described below in more detail.

To maximize remediation progress, different technologies
are combined to operate in one multi-process remediation
well (see Figure 1). Here, various remediation processes are
integrated to remove certain types and/or suites of contami-
nants. For example, vapor extraction/air stripping removes
volatile organics (e.g. naphthalene), while bioremediation of
more persistent organics (e.g. fluoranthene) is enhanced by
circular air and water flow (see below). Remediation success
can be maximized by applying these complementary pro-
cesses. Depending on the extent and degree of contamination,
individual treatment steps can be omitted or operated simulta-
neously. All four treatments can be carried out in one remedi-
ation well in-situ which offers significant advantages over
other systems.

Four of the remediation technologies that can be imple-
mented in the multifunctional well are summarized below:

I.  Free Product Recovery. Free product floating on the
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groundwater moves in the direction of the negative pres-
sure gradient (50-80 mbar) towards the treatment well in
which it accumulates. A vacuum pump produces a vac-
uum inside a receiver tank and the attached piping, which
is connected to a double cased screen containing hydro-
phobic material (Bernhardt 1989; Alesi and Rehner
1988). The free product is thus transported to the surface
as a single phase, leaving the groundwater in the subsur-
face.

Soil Vapor Extraction and Bioventing. Soil vapor is
extracted from two different levels of the well. Using an
adjustable inner tube, the length of the well casing can be
altered depending on the vertical contaminant distribu-
tion in the vadose zone. Additional air injection wells
arranged at some distance away from the remediation
well provide a continuous supply of oxygen-enriched air
flowing through the contaminated vadose zone in the
direction of the negative pressure gradient towards this
central well. A majority of the volatile constituents (e.g.
naphthalene) are removed from the vadose zone and,
simultaneously, biodegradation of semi- and nonvolatile
constituents by naturally occurring microorganisms is
stimulated and enhanced.

Soil Circular Flushing Well (SZB). The remaining
semi-volatile material is reduced and/or treated using the
SZB step. An air/water flow is induced around the reme-
diation well (Bernhardt 1995). The circulating water
flow supplies oxygen for biodegradation and also carries
the contaminants to the well, where a treatment unit
designed for treatment of the constituents of interest is
placed. If needed, nutrients (e.g. nitrate or phosphate) can
be added to the air/water flow to enhance biological
activity. Air injection wells described in step two can
provide oxygen-enriched air to the outer boundary of the
circulation cell.

Vacuum Vaporizer Well (UVB Technology). A verti-
cal circulation flow is induced in the aquifer (Herrling
and Buermann 1990; Philip and Walter 1992). Contami-
nants dissolved in the groundwater are continuously
transported to the well where they are stripped under
negative pressure. Treated, oxygen-enriched ground-
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water leaves the well and enhances biodegradation in the
surrounding aquifer (Borchert and Sick 1992). The direc-
tion of circulation can be reversed depending on the ver-
tical distribution of the contaminants in the saturated
zone.

IMPLEMENTATION OF THE MULTIFUNCTIONAL
WELL

Results of Phase I
This multifunctional well was implemented at a BTEX site in
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May 1994 at a Department of Defense (DOD) site in Karl-
sruhe, Germany. Less free product was recovered during the
first phase of operation than was anticipated from the site
characterization. Therefore, the remediation well was quickly
adjusted to begin with the second phase. Results of this and of
the third mode of operation (SZB) are described below. In
addition, an attempt was made to differentiate the quantities
of petroleum hydrocarbons physically removed as opposed to
those biodegraded. Ultimately, the applicability of the multi-
functional well at MGP sites with high concentrations of
PAHs is discussed.
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