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We are excited to welcome our newest employee, Dr.
Wesley Eckenfelder,  to the AquAeTer family.  In this
issue, Wes discusses a new bio-stimulation process that
we have developed, which is now patent-pending.  This
new process has been tested both in the laboratory and
in pilot field tests in Pennsylvania, Tennessee, and Texas.
The constituents currently being treated at these sites
include contaminants from former wood treating facili-
ties, industrial dry cleaners, and equipment manufactur-
ers.  Our new process uses substantially less chemical
than the other processes currently in use, and so far we
have achieved significant degradation of the groundwater contamination in less
than one year.  As Wes will explain in his article, this process stimulates existing
bacteria in order to break down the constituents.  We like to refer to them as
“Happy Bacteria”, which in Latin translates to Felices Bacteria.    As Wes often
says, “When the bugs are happy, everybody’s happy.”

The development of this new remediation technology has been a team-effort at
AquAeTer, along with our clients.  Luke Patterson and Paul Marotta conducted the
original bench-scale tests in our in-house laboratory.  Guyton Giannotta and Dr.
Pete Zlatev first applied the technology in a pilot study on a chlorinated-solvent
plume in Pennsylvania.  Wes worked with Steve Wampler, Chrisie Brown, Chris
Bolin, Pam Hoover, and John Michael Corn in tweaking the field application tech-
niques to improve the biological degradation rates and developing hydraulic, chemi-
cal, and bacterial analyses for field applications.  We are excited about this new
process and we look forward to assisting our clients in remedial projects that will
allow the client to walk away from old contaminated sites.

This issue also includes a short article on using Global Positioning System (GPS)
instrumentation with field equipment to record data in real time and in real location
in the field.  This results in a significant data collection and analysis cost savings.
John Michael Corn presents some examples of how our professionals have applied
this technology in the field.

We have also added several new employees to the AquAeTer family including
Patrick Allen, Geologist, in our Hershey office;  Julie Brashears, Administrative
Assistant; Christopher Green, P.G., Hydrogeology; Trey Lewis, Technician; and
Amanda Wilding, Biologist in our Brentwood office.

Next Issue:

Groundwater Sampling in Adak, Alaska
by Cathryn Stewart, P.G.

Emission Testing for Fugitive Sources
by Paul Marotta, P.E.
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John Michael Corn is a project manager for AquAeTer, based out
of the Brentwood office.  He received a B.S. in Chemical
Engineering from University of Tennessee at Knoxville and has
been employed at AquAeTer for over one year.  His prior
professional experience included management and development
of stormwater pollution prevention plans, asbestos surveys, and
air quality assessments for a firm located in Knoxville, TN.  John
Michael also worked as an intern for AquAeTer where he gained
valuable experience which included tidal dispersion studies,
creosote emissions analyses, Soil Vapor Extraction (SVE) system
designs, groundwater and soil monitoring, and ambient air

AquAeTer is always searching for new tools that help us complete
our tasks in a more efficient manner.  During the summer of 2003, we
had several water quality projects which required multiple samples
to be collected over short time periods.  A project on the Arkansas
River in Oklahoma required bathymetric profiles of the river and
water quality and dye measurements.  The Turtle River project  on an
estuary in Georgia required bathymetric profiles, as well as, physical
collection of water samples at seven transects that stretched across
two miles of the estuary.  Since each of the transects had to be
sampled at multiple depths, over  600 samples had to be collected in
a short period of time.  In the past, projects of this magnitude would
have required a large mobilization of personnel and equipment.  With
the use of  Trimble’s HYDROpro™ navigation software, a computer,
and a Global Positioning System (GPS) device, AquAeTer was able
to accomplish the work with a minimum amount of personnel and
equipment.

GPS technology has been available for decades, but it was not until
the mid-90’s when restrictions were removed that allowed commer-
cial access to GPS with sub-meter accuracy.  For environmental field
work it allows us to find our position quickly.  During past river
studies the boat crews would have to set up waypoints and markers
on the shore, in order to return to the same general area of a previous
sample.  Now, GPS technology allows the crew to return to the exact
sample location without the use of markers.  Thus, most of the prepa-
rations previously required for sampling locations are no longer
necessary.

The HYDROpro™ navigation software allows the signal to be merged
with other important data streams.  The software records the GPS
location in real-time along
with other data, such as,
dye concentration with
time of travel  (Figure 1),
water quality measure-
ments, and river bathym-
etry  (Figure 2).  The GPS
unit outputs continuous
location signals, which
can be recorded simulta-
neously with other instru-
ments that are connected
to a laptop computer.  All of these data can be collected while the
boat is in motion.  GPS locations can later be linked with a geo-

referenced map to provide aerial photos, topographic maps, or site
plans with data displayed.  Use of this technology during the Turtle
River study allowed us to collect over 600 samples, spanning a
distance of approximately 10,000 feet in one 12-hour tidal cycle, with
just two boats and five crew members.  The simplicity and connec-
tivity of the data provided real-time information  so that the crew
could evaluate the conditions immediately.  On the Arkansas River
in Oklahoma, we used GPS and a fluorometer to continuously moni-
tor dye as we traveled downstream and upstream.  The dye curve
was recorded to a laptop computer and an analysis was completed
to determine the median point of the dye mass.  The crew then
motored back to the median dye point where water quality samples
were collected for establishing model rates.  The improvements in
the navigation software and GPS accuracy have allowed us to col-
lect and process various types of physical and water quality data
more effectively and efficiently, while dramatically decreasing the
manpower resources required.

monitoring.   John Michael is
currently  busy working on
several projects, some of
which include a groundwater
treatability study in Texas,  a
dynamic water quality
modeling project for a  Total
Maximum Daily Load
Analysis (TMDL) on the
Arkansas River in  Oklahoma, and a dispersion modeling project for
a proposed discharge to the Illinois River.

Figure 2.  Bathymetry  Data

Figure 1.  Dye Concentrations with Time  of Travel
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Bio-Stimulation for Groundwater Remediation
Wesley Eckenfelder,  P.E., D.Sc., D.E.E.

AquAeTer has developed a proprietary process (patent-pend-
ing) for aerobic bio-stimulation of groundwater systems that
enhances the aerobic activity of naturally occurring bacteria.
The indigenous bacteria population is usually dormant due to
the lack of oxygen and essential nutrients.  The biological envi-
ronment can be enhanced by providing a carbon source for en-
ergy, an oxygen source, and nutrients.  When the oxygen and
carbon sources acclimate to the environment, bio-stimulation
occurs with consequent degradation of the target organics as
shown in Figure 1.  The bio-stimulant mixture containing the
oxygen, carbon and nutrient source, is injected into the ground-
water through a series of injection wells.   When treating the
saturated zone, a well-point system is preferred to deliver the
bio-stimulant to the groundwater.  The location of the injection
and recovery wells depends upon the mixing patterns and
groundwater movement.  In the vadose zone, a french-drain type
system is a suggested method of delivery, as shown below in
Figure 2.

A critical part of every AquAeTer bio-stimulation project includes
characterization of the hydrogeologic setting.  AquAeTer’s abil-
ity to investigate and understand such natural systems has been
a company hallmark from our beginning.  As a description of a
new and innovative technology, this article does not focus on
the hydrogeologic aspects, but we do emphasize that it plays a
significant role in the success of any remediation project.

Figure 3.  Energy Barrier in Chemical Reactions

Figure 5.  Degradation of Phenanthrene, Anthracene,
and Fluoranthene

Figure 2.  Injection System Schematic

Figure 4-b.  Final Chromatograph
Pilot Field Study

Figure 4-a.  Initial Chromatograph
Pilot Field Study
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Recognized as one of the world’s foremost authorities on indus-
trial water quality management, Dr. Eckenfelder has been respon-
sible for the development of many wastewater treatment pro-
cesses and design principles used throughout the world. He has
initiated and conducted many technical training courses for pro-
fessional engineers on behalf of professional organizations, in-
dustries, and governments including 20 continuing education
programs in the United States, Europe, South America, Austra-
lia, the Middle East, and Asia. His numerous texts and papers are
used as fundamental references in the water environment pro-
fession. He has served as editor of journals and books, authored
24 books and over 200 scientific and technical papers.  He has
served on 33 state, national, and international committees,

boards, and advisory committees for the
purpose of environmental engineering,
water quality, and environmental stan-
dards and research. He has served as
consultant for over 100 major U.S. cor-
porations.  He was awarded D.Sc. Hon-
orary Doctorate from Manhattan College-
New York City in 1990.  He was recently
received the 2004 Pillar of the Profession
award from the Water Environment Association in Texas. Currently,
he is a Technical Director at AquAeTer and provides technical di-
rection and overview of industrial wastewater projects as well as
seminars and workshops throughout the nation.

615.373.8532
weckenfelder@aquaeter.com

BIO-STIMULATION THEORY

Traditional aerobic degradation involves a metabolic process where
bacteria attack the molecule from the outside and eventually degrade
the molecule to end products
of carbon dioxide and water.
Carbon double-bonded mol-
ecules, such as, chlorinated
solvents, polycyclic aromatic
hydrocarbons (PAHs), and
volatiles (e.g., benzene), can
also be degraded by a shorter,
co-metabolic process.
AquAeTer’s aerobic bio-stimu-
lation treatment is designed to
enhance the co-metabolic deg-
radation of organic contami-
nants.

The aerobic bacteria that are stimulated in this co-metabolic process,
allowing for this remediation, are naturally occurring in groundwater
systems, and are believed to be facultative bacteria.  Literature sug-
gests that these bacteria are methanotrophic, (i.e., use methane as
their food source), but we believe that a number of resident bacteria
can be enhanced to provide increased degradation of groundwater
pollutants.  The bacteria are enhanced in population from the conver-
sion of the groundwater system into an aerobic environment.  During
the bacterial growth process, through excretion and respiration, en-
zymes are produced by the bacteria. “To this day, there are few en-
zymes for which we understand in more than cursory data, how they
achieve their enormous rate accelerations” (VOLPE, Biology and Hu-
man Concerns, 3rd Edition, 1983).  According to Volpe, these enzymes
act as a catalyst that lowers the energy required to break the carbon
double bonds of these organic molecules.  Once these carbon double
bonds are weakened by the catalyst or the enzyme combining with
the molecule, as depicted in Figure 3, the free oxygen easily bonds
with the molecule to form epoxides.  These epoxides rapidly degrade
to organic acids which then degrade to carbon dioxide and water.

BENCH SCALE AND PILOT SCALE STUDY RESULTS

AquAeTer conducted  treatability studies of several aerobic and
anaerobic processes for enhancing the degradation of chlorinated
organics including: 1) perchloroethylene (Cl2C:CCl2); 2) trichloro-
ethylene (CHCl:CCl2); 3) cis- and trans-1,2-dichloroethylene
(ClHC:CHCl); and 4) vinyl chloride (ClHC:CH2).  The microcosm
tests were run using standard 2L BOD bottles incubated at a con-
stant temperature of 20 °C with groundwater containing as much
as several parts per million (ppm or mg/L) of these chlorinated
solvents.

Following this successful laboratory test, a pilot test was imple-
mented for chlorinated solvents in groundwater at two sites, and a
third site with PAHs.  Results from the site containing PAHs are
presented in Figures 4-a and 4-b.  Figure 5 shows the degradation
results at one of the pilot field studies.  About 82 % degradation of
the PAHs was achieved in a five-month period.  The degradation of
specific organics shows a first order decay rate.  The half-lives
achieved were about an order of magnitude quicker than tradi-
tional environmental aerobic pathways and about two orders of
magnitude quicker than the anaerobic pathway.

At present, the two studies involving chlorinated organics are con-

tinuing.  Also, two more groundwater treatability studies involving
PAH contamination have been started.  Several full-scale remediation
systems are currently being designed.  We anticipate that additional
sites will be considered for remediation of PAH impacts in the vadose
zone and groundwater beginning later this fall.  We are excited about
the results achieved so far, as this technology appears to be giving
us the right bug, at the right place, at the right time.

Figure 1. Oxygen Demand and Constituent Degradation

 (VOLPE, Biology and Human Concerns, 3rd Edition, 1983)
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