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ABSTRACT

Vertical circulation flows around special screened wells, which have been used for physical (stripping)
or biological in situ aquifer remediation, are discussed. Further, these circulation flows can be
combined with any appropriate on-site remediation when extraction from and infiltration into the
same well is realized. Different remediation techniques are explained and discussed in dependency on
the groundwater contamination: volatile clorinated hydrocarbons, BTEX, pesticides, nitrate, dissolved
heavy metals, and others. Results of numerical calculations are demonstrated to characterize the
circulation flow and to dimension single wells or well fields. The advantages of these flow systems are
discussed.

INTRODUCTION

“Vertical circulation flows around wells with two screen sections in one aquifer, so called "Ground-
water Circulation Wells" (German: Grundwasser-Zirkulations-Brunnen, abbr.: GZB), have become
increasingly important for aquifer remediation. Originally this idea was used only for in situ
remediation of aquifers from strippable contaminants in so called "Vacuum Vaporizer Wells"
(German: Unterdruck-Verdampfer-Brunnen,abbr.: UVB)'Z. For both, the GZB and the UVB, special
wells with two screen sections are employed, one at the aquifer bottom and one at the groundwater
surface or below an aquitard. One well should be used to remediate only one aquifer (phreatic or
confined) and should not connect different aquifers. Within the well the groundwater is moved
vertically. The contaminated water enters the well at the bottom and the stripped or treated water
leaves at the top or vice versa. In the vicinity of the well an area of vertical flow circulation is created.

As all the groundwater, being located in the sphere of influence or in the capture zone of a well or
well field (in case of a wide plume or an extended source area of a contamination}, will flow at least
once through the well casing, any conceivable treatment technology can be used to treat or clean the
groundwater when flowing vertical through the well. The ways of treatment include a simple addition
of nutrients and/or electron acceptors which will stimulate in situ biodegration in the aquifer. The
paper will clarify the wide spectrum of application areas where vertical circulation flows of a UVB or
GZB can be used.

The vertical circulation flow around the UVB and GZB has been a matter of continuing numerical
investigation, e.g.'"*. All the technologies described in this paper have been patented by IEG mbH,
[-7410 Reutlingen, Germany.

PHYSICAL REMEDIATION BY IN SITU STRIPPING

At numerous sites in Germany and more recently in the United States the UVB technique has been
used for in situ groundwater remediation where the underground is contaminated by strippable
substances, e.g. volatile chlorinated hydrocarbons, BTEX. As an alternative to conventional hydraulic
redevelopment measures (pumping, off-site cleaning, and infiltration of groundwater), the conta-
minated groundwater is stripped by air in a below atmospheric pressure ficld in the UVB. In case of
a contamination heavier than water (DNAPL) an upward operating UVB (Fig. 1a) is used while for
lighter compounds (LNAPL) the well works downward (Fig. 1b).






