g e RN ey, T

L TN Ry Y

T S e e T e w e e

In Situ Aeration:
Air Sparging,

Bioventing, and Related
Remediation Processes

i3 or i

Edited by

Fobert E. Hinchee
Battelle Memorial Institute

Ross M. Miller
U.5. Air Force Center for Environmental Excellence

Faul C. Johnson
Arfzona State University

%% BATTELLE PRESS

Colurmlnas « Richiland

RN RS EEL T

e L e e 0 S el B

S L o, S i

o e e L L R i

483

Vertical Circulation Flows for
Vadose and Groundwater Zone
In Situ (Bio-)Remediation

Juergen Stamm

ABSTRACT

Vertical circulation flows have been established under in situ remedi-
ation techniques. Their hydraulic flow field permits physical and bio-
logical remediation of the saturated, as well as the unsaturated subsoil.
A special advantage is that these techniques can be combined with any
appropriate in-well or on-site technique. Even addition of nutrients and/
or electron acceptors for stimulating biological degradation processes
are possible. This paper discusses the different remediation techniques
and the numerical results associated with the influence of hydrogeeclogic
conditions on the system’s radius of influence and time behavier.

INTRODUCTION

Because of the risk of groundwater and soil contaminants to humans and
the environment, a strong effort has been made over the last decade to find inno-
vative in situ remediation techniques and to improve existing methods to remove
the contaminants. In situ techniques are less threatening to the environment
and can be cost-effective systems. Furthermore, alternatives to pump-and-treat
techniques, which have been proven inadequate in many cases, are needed (LU.5.
EPA 1989, 1989b). Various existing methods are convenient for handling satu-
rated or unsaturated soil. In the unsaturated zone, soil air is used as a solvent
and transport medium’ for contaminants, and analogous free groundwater is
used in the saturated zone. Whereas some treatment methods are based only
on physical cleaning, others are supported by biological degradation processes
(Hinchee 1994},

Vertical circulation flows around wells with at least two screen sections are
universally applicable remediation tools. They are employed in several techniques,
e.g., the groundwater circulation wells (German: Grundwasser-Zirkulations-
Brunnen [GZE]), the vacuum vaporizer well {(Unterdruck-Verdampfer-Brunnen
[UVE]), and the groundwater flushing circulation well (5ZB). Within the well,
the groundwater moves vertically. The contaminated groundwater enters the






