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Abstract

Worldwide, nol only in the industrialized countrics, the number of known groundwaler and soil air

conlaminations by hydrocarbons, BTX, pesticides, nitralcs, elc., increases. Elficient remediation
lechniques at low cosls are needed.

The Vacuum-Vaporizer-Well (UVB) technology (German: Unterdruck-Verdampler-Brunnen (UVB).
Inventor: B. Bernhardt. Patents: IEG mbH, D-7410 Reutlingen) is a new method for the in-situ re-
mediation of groundwater and soil air. Initially developed lo clean groundwater contaminated by
chlorinated hydrocarbons (CHC), in between this technology is applicd also in biological groundwater
remediation of pesticides, for example [1,2].
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Fig. 1. Typical Vacuum-Vaporizer-Well (UVB) with airlilt pump (a) and additional water pump (b)

Some disadvantages of groundwater remediation applying current pumping methods (groundwaler
lowering, limited yield, insufficient remediation) may be avoided il pumping and rccharge take placc
in the same well. The UVB is an application of this circulation well [3,4,5,6].
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The UVB produces a circulation [low within the surrounding groundwalter, dirceted [rom the upper Lo
the lower screening. Figure 1 shows two of various UVB designs. The walter is sucked through the lo-
wer screening into the well, transported upwards inside the UVB by the air lilt pump (ligure 1a)
which may be supported by an additional water pump (ligure 1b). The waler is cleaned by [resh air in
the stripping zone under below atmospheric pressure, and it is given back through the upper screcning
without the waler leaving the aquiler, Soil air [rom the unsaturated arca of the aquiler may be sucked
into the UVB through the upper screening and thus may also be cleancd. The contaminants arc adsor-
bed by activated carbon. Il necessary, the groundwater is cleaned on sile and led back to the well. To
avoid precipitation, the stripping air loop is closed. Thus contaminants which are not adsorbed can be
kept from escaping into the atmosphere,

In resting groundwaler, the circulation low creates a permanent llow and consequently cleans the soil
within the zone of the well, as all the circulating waler flows through the well. Natural groundwater
flow which exists in most cases deforms the circulation flow so that a portion of the water [lowing
towards the intake zone of the well, due to the continual circulation [low, may pass the well several G-
mes, whereas the remainder of the water [lows through the well only once. Therelore, dimensioning
of the cleaning equipment of the UVB must be made so thal onc llow through the well is sulficient to
ensure decontamination of the water.

Groundwater Flow at the UVB

The circulation flow in moving groundwater shows two separating streamlines, at the bottom and at
the top of the aquiler, similar to the perfect well (ligure 2). In a well with upward [low, the lower sc-
parating streamline corresponds to the withdrawal well and the upper one to the infliltration well.
Belween these two separating streamlines at the lower and upper boundaries of the aguiler lics the

- separating siream surface of the flow around the well in the natural groundwater. This surface con-

sists of spacial streamlines and separates between the zone ol contaminated and cleaned groundwater
in the aquifler.
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Fig. 2. Typical [low paltern ol Vacuum-Vaporizer-Well (UVB) in natural groundwater flow

Al the stagnation point 5 ol the UVB (ligure 2) the artificial groundwater velocity of the well meels
the natural groundwater flow velocity. The dimension of the separating stream surface is characleri-
zed by the distance of the stagnation point from the well. As an example for a special case ligure 3
shows the waler [low rate through the UVEB versus the stagnation point distance. In the case of low
vertical conductivity (high anisotropy) the stagnation point distance and thus the sphere of influence
ol the well increase remarkable. The water [low rate through the UVB rises approximately parabolic
with the stagnalion point distance. Therelore, instcad of one well with high water [low ratc scveral
small ones with low discharge should be applied.
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Fig. 3. Water flow rale over stagnation point distance of Vacuum-Vaporizer-Well {UVB) in natural
groundwater lMow
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Fig. 4. Karlsruhe Testfield: location of UVB and observation wells



Physical desktop aquiler models show the basie Mow phenomena of the UVE remediation technology
with respect Lo the natural groundwaler fow. These demonstrations include the remediation of an ar-
tificial plume containing an impermeable, horizontal lens.

Demonstrations may be accompanied by a real lime computer simulation of the luid HNow shown in
the model. These computations resull [rom theorelical invesligations and basc on the mathematical
description of the groundwater flow at the UVB using analytical solutions of The governing Laplace
partial dillerential equation.
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Fig. 5 (lelt). Karlsruhe Testlield: UVB

Fig. 6 (right). Concentration curve ol chlorinaled carbons (CHC) al some Karlsrube Testlickd
observation wells
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All theoretical investigations are needed [or the reliable dimensioning of the UVB. To verily the
theory measuremenls are performed al the UVB in the Karlsruhe Testlield, Figure 4 shows some ob-
servation wells close to the UVB some of which appear in Figure 2. The groundwater is conlaminated



by chlorinated hydrocarbons (CHC). The properties of the aguifer (geological profiles, pumping lests,
groundwaler and soil properties, eic.) have been described in some detail [7.8]. With respect Lo easy
operation and low costs the Karlsruhe Testlicld UVB in figure 4 is designed different [rom the UVB
of figure 1.

From the manifold of various groundwaler investigations (electric conductivity, oxygen content, pH,
lemperalure, elc.) a typical resull as an example is chosen. Figure 6 shows the groundwater
decontamination at the upstream observation well E5 and at observation wells E6 and E7 besides the
UVB, The diagram is based on numerous chemical groundwater analysis by gaschromatograph. Ad-
ditionally the results of the investigations using a CHC-Indicator are plotted which is using ultraviolet
light to decay the CHC [7,8].
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