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1. INTRODUCTION

From late December 2006 until early January 2008, this bioremediation demonstration project
addressed chlorinated solvent contaminated ground water via the addition of Geovation’s SRC™
product. Based on evidence gathered during the 12-month duration of this project, Geovation
concludes that the application of this product has been successful. During the demonstration
project, Geovation’s SRC™ product created reducing conditions in all target wells and
maintained these conditions, increased biological activity as measured both directly and
indirectly, and changed the composition of the biological community. Furthermore, the use of
SRC™ product resulted in the degradation of ground water contaminants from parent to daughter
compounds and the observation of the reduction of total chloroethenes by as much as 99.6% from
baseline concentrations. Additional evidence indicated that biological enzymes were available to
degrade parent and daughter compounds and that bacteria known to degrade chloroethene
contaminants were present in ground water. Analysis of the contaminant concentrations over the
duration of the study resulted in the calculation of contaminant degradation rates for parent and
daughter compounds. Finally, the use of SRC™ through treatment wells was shown to be an
effective delivery mechanism in both a bedrock source area and for use in the construction of a
line of bedrock treatment wells as a bio-barrier wall.
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2. METHODS

This bioremediation demonstration project addressed chlorinated solvent contaminated ground
water at the former Grant Hardware facility in West Nyack, NY. Ground water contaminants
included total chloroethenes composed of tetrachloroethene (PCE), trichloroethene (TCE),

dichloroethenes (cis-1,2 DCE and trans-1,2 DCE), and vinyl chloride (VC).

infrastructure required to perform the approved co-metabolic bioremediation demonstration
project was installed during the late summer of 2006. Ten bedrock wells, consisting of one
monitoring well and nine treatment wells, were installed at the locations shown on Figure 2, and

project baseline ground water sampling was performed on August 23, 2006.
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Ground water contaminants were treated via the application of Geovation’s SRC™ to ground
water at two locations at the site: (i) in the source area designated as “WN-1, or source area,” and
(i1) at a down-gradient location designated “WN-2, or barrier area.” In both areas, Geovation’s
SRC™ product was introduced into ground water through treatment wells, and the effects of the
product were monitored at down gradient monitoring wells (Figure 2).

In the source area, Geovation’s SRC™ product was added to treatment wells TW-8 and TW-9,
which were designed to affect target wells MW-12 and MW-18. In the barrier area, SRC™ was
added to treatment wells TW-1 through TW-7, and the results were monitored in wells MW-25
and MW-19. SRC™ was applied to the subsurface on a monthly schedule. The amounts of
Geovation’s SRC™ product applied during the project are shown in Table 1.
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Table 1
Ground-Water Bioremediation Pilot Project srRc™ Dosing Information
Former Grant Hardware Facility - West Nyack, NY

V-2
Down Gradient 211 79 0 48 35 373
Front of Building

Total: 618 78 403 520 247 1464

For each of these areas, a control point was established that was located at a distance far enough
away from the treatment wells that they were believed to be beyond the area of influence of the
SRC™ applications. The control points were monitored to document natural fluctuations in
ground water quality during the project. In the source area, MW-17 was selected as the control
well, and in the barrier area, MW-11 was selected as the control point (Figure 2). In addition,
ground water samples that were collected during quarterly ground water events were split with an
independent environmental consultant, Environment Management, Ltd (EML). Four times
during the demonstration project, EML observed Geovation collecting the ground water samples,
received split samples from Geovation, and independently arranged for and received the results of
the groundwater analyses.

Contaminated ground water at this site flows through a bedrock matrix. Typically, primary
ground water flow in bedrock is through bedrock faults and fractures. As ground water flows
through these faults and fractures, the flow rate can vary considerably. An additional well, MW []
24, was added to this project to evaluate potential effects of this variation at great distances from
the treatment areas.

Baseline data was collected in August 2006 prior to the addition of any SRC™ product. SRC™
was first added to site ground water in December 2006, and additional SRC™ was amended to
site ground water on a monthly schedule (Table 1). Ground water monitoring was performed as
follows during the demonstration project:field parameters were monitored monthly;
biogeochemical parameters (nutrients, the metals iron and manganese, and alkalinity) and trace
gases were monitored on a quarterly basis; and the concentrations of volatile organic compounds
(VOCs), including chloroethenes, were monitored quarterly and with supplemental sample
collection, which resulted in VOC sampling results for nine months of the 12-month study. The
ground water sampling results in the source area are provided in Table 2, and the results obtained
in the barrier area are provided in Table 3.

In addition, Biotrap” samplers were deployed in target wells to collect microorganisms growing
in site ground water to evaluate the composition of the microbial communities and to look for the
presence of specific organisms and enzymes to further evaluate if microbial populations were
responsible for the degradation of ground water contaminants. Bacterial communities that
colonized the Biotrap samplers were analyzed by qPCR and DGGE microbial assay techniques.
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3. RESULTS

This demonstration project had several objectives, out of necessity, as it was difficult prior to the
study to predict the rates of the reaction of the native biological community at the site to SRC™
substrate and nutrient enrichment. This was made more difficult by the uncertainties involved
with the transport of these products through a bedrock aquifer.

Significant impacts were not observed at monitoring location MW-24, which was located at a
considerable distance from the treatment areas; therefore, discussion of the results obtained in this
well are not included in this report. However, all data obtained from this well during the project
has been included. These results indicate that MW-24 is located beyond the distance that the
treatment areas could impact within one year.

Creation of Anaerobic and Reducing Conditions

The first objective of this project was to use SRC™ to create anaerobic and reducing conditions
in the subsurface. These geochemical conditions set the stage for the biological reduction of
chlorinated compounds. Review of dissolved oxygen values in both the source area and the
barrier area indicate that DO concentrations generally remained very low during the project,
which indicates anaerobic conditions were achieved (Tables 2 and 3). The exception to this
observation is the measurement of some low levels of dissolved oxygen in the barrier area in
monitoring well MW-19 near the end of the project (further discussed below). In the source area,
the DO concentrations of the control wells also changed in a similar response to that of the
targeted monitoring wells. This may indicate that control well MW-17 was not outside the
influence of SRC™ additions, or it may indicate that DO concentrations naturally declined in
portions of the site during the study. In the barrier area, DO concentrations in control well MW
11 changed very little, which supported the view that reductions in DO were achieved via the
addition of SRC™ product.

Baseline redox potential conditions showed that the source area exhibited preexisting negative eH
values. In this area, Geovation’s SRC™ product was helpful at maintaining these conditions in
both target ground water monitoring wells for the duration of the project (Table 2). Comparison
of these results to control point MW-17 indicates that ground water in the source area is likely to
have remained negative without SRC™ additions. In the barrier area, monitoring well MW-25 is
located closer to the treatment wells than is MW-19 (Figure 2). In MW-25, eH values became
negative after approximately one month of the application of SRC™ product and remained
negative for the duration of the project (Table 3). Farther away, at location MW-19, eH values
were observed to slowly decrease in response to the application of SRC™ product and became
negative after four months of SRC™ treatment. The eH values remained negative for
approximately three months and then varied between slightly negative and slightly positive for
the duration of the project. During this time period, there was some reduction in Geovation’s
ability to introduce SRC™ product in the desired quantities into the treatment wells up gradient
of MW-25 and MW-19. It is this reduction in the amounts of SRC™ added to the barrier area
(Table 1), combined with the greater distance from the treatment wells compared to MW-25, that
likely allowed the concentration of dissolved oxygen and redox potential to increase in MW-19
during the final portion of the project. Data obtained from the control point MW-11 indicates that
there was considerable natural variation in the redox values of the ground water. Based on this
observation of the natural variation in control point MW-11, the consistently negative redox
potential measurements obtained from monitoring point MW-25 indicate that addition of SRC™
in the barrier area was successful at creating and maintaining anaerobic and reducing conditions.
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It also is noted that due to a malfunction of the redox probe during the last two, and a portion of
the last third, sampling events, there is no comparable redox data for these events (Tables 2 and
3).

Increased Biological Activity

The second objective of this pilot project was to measure increased biological activity in response
to SRC™ additions. Biological activity was measured both directly and indirectly. Direct counts
of microorganisms in ground water by epi-fluorescent light microscopy (DAPI counts) generally

increased in the source area, with cell concentrations measured at one to two orders of magnitude
above baseline in MW-12 and MW-18 (Table 2 and Figure 3 — Source Area).
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In the barrier area, the measured microorganism cell concentrations first increased, then

subsequently decreased. As discussed above, in the barrier area, near the end of the study period,

Geovation’s ability to introduce SRC™ product in the desired quantities into the treatment wells

was reduced, and this is likely to have resulted in the decreases in cell concentrations observed in

MW-19 and MW-25 (Table 3 and Figure 4 — Barrier Area). Cell concentrations in the barrier

area also may have decreased in the later portion of the study as contaminant concentrations

decreased. Direct cell counts were also collected in one treatment well in the source area and bioJ
barrier area. In the treatment wells, the cell concentrations in ground water consistently increased

by two to three orders of magnitude above baseline conditions (Tables 2 and 3).

Indirect measurements of biological activity included measurements of the dissolved metals iron
and manganese. The concentrations of dissolved metals in the source area and barrier area were
generally elevated above the baseline concentrations throughout the study (Tables 2 and 3,
Figures 3 and 4). In the barrier area, the dissolved iron and manganese concentrations were
generally observed to decrease near the end of the study, which is consistent with the information
collected by direct microscopy counts.
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Additional measurements of biological activity included the results obtained from the Biotrap”
samplers. Biotrap™ samplers are passive samplers designed for collecting microorganisms by
providing a matrix on which to grow. The Biotrap™ samplers were suspended in monitoring well
MW-12 in the source area and, at different time periods, in wells MW-19 and MW-25 in the
barrier area. Biotrap” samplers were suspended in these wells for minimum 60-day time periods
to become colonized.

Biotrap” samples were collected at three time points during the study: in December 2006 prior to
the first SRC™ application (baseline), in April 2007, and in September 2007. The Biotrap®
samples were analyzed for variants of phospholipids fatty acids (PLFA), which are a main
component of the cell membranes of microorganisms. The PLFA profiles obtained from a
sample correspond to specific groupings of organisms and reflect the composition of the
microbial community in ground water. The changes in the composition of the microbial
community during this project are presented on Figure 5.
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Figure 5
Source Area qPCR, PLFA Trends
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A copy of the original laboratory data is provided in Appendix A. As shown on Figure 5, both
the source and barrier areas were dominated by proteobacteria, which is one of the largest groups
of bacteria and represents a wide variety of both aerobes and anaerobes. Firmicutes, indicative of
the presence of anaerobic fermenting bacteria (which produce the H, necessary for reductive
dechlorination, as discussed in more detail below), were also present in both areas monitored
during the pilot study. In general, the proteobacteria proportion of the community first decreased,
then subsequently increased in response to SRC™ treatment. Alternatively, the firmicutes
initially increased and then decreased. Eukaryotes consistently represented a small percentage of
the community, and actinomycetes, which were present in the baseline sampling, significantly
decreased as a percentage of the community, as the study progressed (Figure 5).

Biotrap® samples were also submitted for qPCR (quantitative real-time polymerase chain
reaction) analysis, a molecular biological tool that can detect and quantify genetic code for
specific microorganisms and metabolic enzymes. The organisms and enzymes that were targeted
were Dehalococcoides spp (a group of bacteria known to be capable of dechlorinating PCE
and/or TCE to ethene), TCE R-Dase “tceA” (an enzyme that is known to catalyze the
dechlorination of TCE to VC), and BAV1 VC R-Dase and VC R-Dase (enzymes that are known to
catalyze the direct dechlorination of VC). These target organisms and enzymes were found to be
present in both the source and barrier areas, which demonstrated that the biological tools required
for the contaminant degradation observed were found to be present in the biological community.
A plot of the JPCR data over the three time periods is provided as Figure 6.
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Figure 6
Biobarrier Area qPCR, PLFA Trends
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As shown on this figure, the amounts of these targeted enzymes generally increased in response
to SRC™ treatment. Gene copies of the target organism Dehalococcoides spp. increased in both
the source and barrier areas. Similarly, gene copies for the enzymes for VC degradation (VC R-
Dase and VC R-Dase) were also observed to increase from the baseline sampling event to the
October 2007 sampling event. Gene copies for the TCE degradation enzyme TCE Rdas “tceA”
declined to below the analytical method detection limits during the study. However, it is likely
that other enzymes were present in the microbial community and involved in TCE dechlorination,
as the concentration of TCE was observed to decrease during the study and has been largely
eliminated as of the completion of the pilot study in January 2008.

Samples from the Biotraps” were further analyzed by Denatured Gradient Gel Electrophoresis
(DGGE), which is a molecular fingerprinting method that separates PCR-generated DNA
products and allows further delineation of the microbiological community. The results of the
DGGE analysis are shown on Figure 7.
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Figure 7

Diagram of DGGE Gels
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On this figure, each “band” theoretically represents a different bacterial population present in the
community. Partial 16S bacterial DNA sequences were recovered from the more prominent

bands to identify specific bacteria.
bacteria is provided as Figure 8.

A phylogram showing relationships of specific identified
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Of particular interest on this chart is the identification of the Epsilon bacteria, Sulfurospirillum,
which is a known dechlorinator of PCE and TCE to ¢cDCE, and the identification of the Delta
bacteria Geobacteraceae, who’s family includes many of the most important’/known Fe(III)
reducers and many sulfate reducers. In general, DGGE analyses support the qPCR analyses,
showing the clear dominance of anaerobic fermenters of a microbial community that includes
known chloroethene degraders.

Based on the data collected, the application of SRC™ product was successful in increasing the
biological activity at this site as indicated by: (i) the observation of increased concentrations of
iron and manganese dissolved in ground water, (ii) the observation of increased direct counts of
microorganisms, (iii) the observation of shifts in the biological community toward anaerobic
fermenters, (iv) the observation of increased Dehalococcoides spp. amounts and two different
microbial enzymes capable of the biodegradation of vinyl chloride, and (v) the identification of
specific bacterial populations present at the site that are known to be important in bioremediation
of chloroethenes.
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Degradation and Reduction of Ground Water Contaminants

The third objective of this project was to measure decreases in contaminant concentrations in
response to SRC™ additions. Chlorinated solvents can biodegrade in ground water under strong
reducing conditions through a process known as reductive dechlorination. During this process,
the chlorinated hydrocarbon is used as an electron acceptor, not as a source of carbon, and a
chlorine atom is removed and replaced with a hydrogen atom. Fermentation of another source of
carbon would produce H,, which serves as the electron donor in this process. Geovation’s
SRC™ product provides the carbon source to accelerate this process.

Biological reductive dechlorination of solvents takes place in a series of discrete steps, with a
single chlorine atom removed from the solvent molecule in each step. Tetrachloroethene is
progressively converted to trichloroethene (TCE), which is converted to dichloroethene and then
to chloroethene (vinyl chloride), which then further degrades to ethene gas and chloride. It
should be noted that other degradation pathways do exist for these chlorinated compounds.

Contaminant concentrations are typically measured in ug/l. This measurement of concentration is
based on the weight (mass) of the contaminant in a liter of water. The changes in ground water
contaminant concentrations for the duration of the study are provided on Tables 2 and 3. This
information is presented graphically on Figures 9 through 12.

Figure 9
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Figure 10
MW-18 Chloroethene Trends (ug/l)
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Figure 11
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As an analytical technique, the concentrations of the family of related compounds that comprise
the chloroethenes -- PCE, TCE, DCE (cis & trans), VC, and ethene -- were converted to molar
concentrations to better evaluate the degradation of parent to daughter compounds. This
conversion to molar concentration facilitates this understanding by looking at the changes in the
amount of molecules from parent to daughter compounds, not their weights.

An example of the conversion of the mass concentration to molar concentration for TCE is
provided below.

TCE (moles/liter) = (TCE (ug/l) x (10”° g/ug)) / (131.39 g TCE/mole TCE)
where 131.39 is the molecular weight of TCE

The calculation would be the same for the daughter compounds, with the molecular weight for
each of them substituted in the equation. The molar concentrations of the parent and daughter
compounds were evaluated in two ways. First, the percentage of each of these constituents as
percentage of the total contaminant mass (measured in each well) was calculated for each ground
water sampling event, and in this way the composition of the dissolved ground water
contamination was evaluated over the duration of the pilot to-date. Charts of the molar percent of
contaminants for the target wells and control wells are presented as Figures 13 (source area) and
14 (barrier area).
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As shown on these figures, the compositions of the contaminants in the control wells (MW-17
and MW-11) have remained relatively stable throughout the pilot project. By comparison, the
compositions of the contaminants in the target wells are seen to change in response to SRC™
additions as parent compounds are converted to daughters.

This comparison shows that the changes seen in the reduction of contaminants in the target wells
are not the result of simple dilution of aquifer by the additions of “uncontaminated” SRC™
liquid. If simple dilution were the cause for the observed changes in contaminant concentrations,
the relative composition of the contaminants should remain largely unchanged and be similar to
the background composition changes observed in the control wells. Another use of these
percentage composition diagrams is to emphasize the progression of the conversion of parent to
daughter compounds. This alteration of contaminant chemistry is direct support for biologically
mediated contaminant destruction and the success of this pilot project. The degradation of parent
compounds to daughters is seen in all target wells, as the relative proportion of TCE is reduced
and the proportion of cDCE increases first, followed by increases in VC and then ethene. This
pattern is most clearly observed in monitoring well MW-25 (Figure 14). Baseline conditions
show relatively equal proportions of TCE and cDCE in this well. Over time, the enhanced
bioremediation caused by the SRC™ product is seen to first increase the proportion of cDCE
present and then to sequentially initiate the degradation of cDCE and production of VC, and the
degradation of VC and production of ethene gas, as predicted by the dechlorination process
described above.

The second method used to evaluate the calculated mole concentration data was to directly graph
the sum total of the moles of contaminant reported in ground water over time. These data are
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Figure 17
MW-19 Chloroethene Trends (Molar Conc.)
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Figure 18
MW-25 Chloroethene Trends {(Molar Cone.)
9.0E-08

Baseline

In these figures, rather than the bar height representing 100 percent (as in Figures 13 and 14), the
bar height represents the amount of contaminants reported during each sampling event, and the
amounts are vertically stacked to show the total contaminants measured during each sampling
event. The left-most stacked bar on each of these charts represents the baseline conditions prior
to the addition of the SRC™. For example, for MW-12 (Figure 15) the total mass of TCE and its
daughters was comprised of about one-third each of TCE, ¢cDCE, and vinyl chloride, with a sum
total of almost 1.5x10° moles/liter contaminants. The bars to the right show the changes in the
amount of dissolved contaminants over time.

It is Geovation’s experience that the increase in the total amount of contaminants above the
baseline values indicates some degree of natural variation in the ground water quality as well as
desorption of additional source material from the bedrock matrix. It is not unusual in enhanced
bioremediation studies to observe temporary increases in contaminant concentrations above
baseline values, followed by a subsequent decrease. Temporary increases in the dissolved
concentration of a parent or daughter compound are not an indication that the dechlorination
process is not occurring. Enhanced desorption of contaminants from the aquifer matrix is a
desired outcome of the bioremediation process and, furthermore, will likely be a (if not the)
limiting factor in the overall success of any type of remedial process implemented at this or other
sites.

Figure 15 shows that the responses to SRC™ additions in the source area near monitoring well
MW-12 were a significant decrease in the amount of TCE in ground water (94% decrease over
the project) and an increase in the amount of the daughter product cDCE. It should be noted that,
at this location, VC was reported at an elevated concentration (32,000 ug/l) prior to the
implementation of the pilot program and is being produced naturally at the site. As a result of the
pilot program, VC values at this location have decreased by 92%. It also should be noted that in
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May and June 2007, application of SRC™ was suspended in the back area (WN-1), and instead,
Geovation’s N-Blend® nitrate-based biological nutrients were added to the subsurface in an
attempt to further enhance the biodegradation of cDCE. The results of adding N-Blend® during
these months were inconclusive, and SRC™ applications were resumed in July 2007. It is likely
that this interruption of SRC™ application is responsible for the temporary increase in TCE
concentrations observed in July and August 2007.

Data for MW-18, also located in the source area, are depicted in Figure 18 and show that very
little vinyl chloride was present prior to the start of the pilot study (240 ug/l — too little to be
visible on the chart). In response to SRC™ additions, TCE values have decreased to below the
detection limit (>99.9%) and concentrations of c-DCE and vinyl chloride both increased, again
demonstrating that dechlorination is occurring. Subsequently, c-DCE has declined to below
baseline (a 90% removal from the baseline concentration), the VC concentration has increased,
and the production of ethene has now been quantified.

In the source area, additional contaminants continue to desorb from the aquifer matrix into
ground water, which renews the supply of parent compounds. In the barrier area, renewal of
contaminants is limited to up-gradient supply dissolved in ground water. In the barrier area,
indicators of the dechlorination of this more limited supply of parent compounds are much more
evident. In MW-19, subsequent to SRC™ treatment, TCE concentrations were quickly reduced.
This was accompanied with the anticipated increase in cDCE concentration and the appearance of
VC (Figure 17). Ethene concentrations have not yet been observed to increase significantly; thus,
it is likely being removed from the system at the same rate it is being produced (Table 3; the
molar concentrations are too low to be visible on Figure 17). In MW-19, TCE concentrations
have decreased by 99.6% since the initiation of the pilot study.

Monitoring well MW-25 exhibits the best dataset obtained during this study. TCE has been
degraded by 98% since the initiation of the pilot. As discussed above, the complete set of
dechlorination daughter products has been observed at this location, which is strong evidence of
the great potential for the use of SRC™ to remediate ground water at this site. The molar
chloroethene trends in MW-25 are depicted in Figure 18. The concentration of cDCE is observed
to increase after the initial application of SRC™, with production of VC measured at month five
of the pilot. Ethene concentrations increase at approximately month six, and VC concentrations
are observed to decrease in month nine. As of January 2008 (month twelve), total VOCs have
been reduced by 94.8% on a concentration basis and 90% on a molar basis.

As noted above, the concentrations of parent compound TCE were reduced by at least 94% (by
weight) in all target wells. The predicted resultant increases in the first daughter product, cDCE,
were observed, and cDCE subsequently was reduced. In the barrier area, the resultant increases
and reductions in the second daughter product, VC, were also observed. Based on the observed
rates of contaminant reduction and daughter product creation/destruction, Geovation modeled
contaminant degradation rates for TCE, cDCE, and VC (when possible). First-order degradation
equations were used as follows:

3-16



At

d,_l_ = -kl CA
where,
dCa = Change in concentration of compound A
dT =Duration of Time period over which dC, is measured
k = calculated degradation rate of compound A
Ca = Initial Concentration of compound A
and
Lt~k Cot kG,
where,

dCg = Change in concentration of compound B

dT =Duration of Time period over which dCg is measured
ko = calculated degradation rate of Compound B

Cg = Initial Concentration of compound B

Using these equations as the basis of a detailed analytical and numerical evaluation of the data
generated, Geovation calculated degradation rates for the ground water contaminants. Curve
matching of one or more selected time periods where consistent contaminant mass reductions
were observed was the numerical method most often used. More detailed information on the
analytical and numerical calculations is provided in Appendix B. The results of this evaluation
are summarized in Table 4. As shown on Table 4, Geovation calculated a site-wide average k for
TCE of 0.0426, which corresponds to an average half-life of TCE of 16 days. The site-wide
average k calculated for cDCE was 0.0269, which corresponds to an average half-life of 26 days.
Data was generated in the barrier area to calculate a degradation rate of 0.011 for VC, which
corresponds to a half-life of 63 days.
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Table 4

Calculated Ground-Water Contaminant Degradation Rates
Frnrmar farant Hardwara Farilitvy - Waet hMuanrl AlY

MVY-18 0.03135 22 0.042 17 --- -
MVV-25 0.032 22 0.0116 50 0.011 53

Average Barrier Area 0031675 22 0.02€8 26 0.011 £3
|Site—V\ﬂdeAverage iO.D42613i 18 i0.0269i 26 i 001 i 63 |

Third Party VOC Sampling

As previously indicated, the four quarterly sampling events were witnessed by an independent
third party, Environmental Management, Ltd. (EML), and spilt samples were provided to EML
for independent analysis and reporting. A summary of the data obtained by EML is provided in
Appendix C. In general, the sampling results obtained by EML from the laboratory correlated
very well with the data obtained by Geovation. Comparison of the chloroethene results of the
two data sets results in a correlation coefficient of 0.95, which indicates very consistent data sets.
Several differences, however, were observed. EML’s lab was able to quantify very low
concentrations of additional ground water contaminants, which Geovation’s lab did not identify,
at concentrations above the method detection limit. As the concentrations of the chloroethene
compounds of interest in this study were reported in very high concentrations -- with the
exception of trans-1,2 dichloroethene, which played a minor role -- this difference in the data sets
is not considered to be significant. In addition, the concentrations of the chloroethenes reported
by EML’s laboratory were consistently lower than those reported by Geovation’s laboratory. The
fact that EML’s laboratory consistently reported lower concentrations of chloroethenes in ground
water suggests that Geovation’s data may be conservative and site conditions may be slightly
better than our data indicates.
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4. CONCLUSIONS

Data from the barrier area supports the conclusion that the application of SRC™ product was
successful in creating and maintaining anaerobic and reducing conditions. The source area was
anaerobic and reducing prior to the start of the program. Although the source area remained
anaerobic and reducing throughout the program, the control well also remained anaerobic and
reducing, meaning that the effectiveness of SRC™ for this purpose could not be evaluated in the
source area.

Reductions of total chloroethenes were observed in all target wells during the demonstration
project. The primary contaminant, TCE, was reduced by more than 94% in all target wells, and a
reduction of more than 93% of the daughter compound, cDCE, was achieved in the barrier area.
Comparison of the contaminant concentrations in the target wells with the control points showed
that the contaminant reductions were not the result of simple ground water dilution and were
instead a response to SRC™ additions. Third- party split sampling of these analyses corroborated
the results achieved.

Direct counts of microorganisms in treatment wells showed large increases in the biological
community in response to SRC™ treatment. Responding in a similar way to ground water
treatment as changes observed in microbial populations, concentrations of dissolved metals
followed similar patterns and support the observation of increased microorganisms in response to
SRC™ additions.  Biotrap” samples provided additional supporting information that the
biological community was responsible for the contaminant reductions. One bacteria known to
degrade chloroethenes, Dehalococcoides spp, was identified in site ground water, and qPCR
counts of this organism were seen to increase in response to SRC™ additions. In addition, gPCR
identified that the DNA code for two enzymes that are capable of VC degradation were present in
site ground water and also increased in response to SRC™ treatments. DGGE analysis further
identified in site ground water the bacteria Sulfurospirillum, which is a known dechlorinator of
PCE and TCE, and also identified the bacteria Geobacteraceae, whose family includes many of
the most important known Fe(III) and sulfate reducers for bioremediation technologies.

More detailed analysis of the data obtained on contaminant reductions allowed for the calculation
of the rates of contaminant degradation in the target wells. The calculated site-wide average half-
life for TCE was 28 days. The average half-life of cDCE was 60 days, and in the barrier area,
Geovation was able to calculate a half-life for VC of 63 days.

When combined, the data collected from multiple lines of evidence, including control points and
third-party split sampling, indicate that application of SRC™ product is capable of effectively
degrading site contaminants in both a source area and in a bio-barrier configuration.

Problems Identified and Planned Solutions

As discussed in the progress reports, the amount of SRC™ product that Geovation was able to
apply to the subsurface at most of the treatment locations in the front area decreased throughout
the duration of the project. Enzyme solutions were applied to the treatment wells on July 11,
2007, to attempt to open up some of the pore space and not negatively impact the biological
communities. The results of the use of the enzymes were inconclusive, but the technology
warrants a reapplication of the enzymes over a longer duration. Due to the time constraints of
this demonstration project, SRC™ additions were continued, and the reapplication of enzymes
will not be implemented until after the conclusion of the pilot.
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Project Schedule

After a significant delay in starting the nutrient applications, the project was conducted and
completed on schedule. As evident during the review of this report, the volume of data collected
over the project period is significant, which resulted in a delay in the completion of this report.

Financial Report

As discussed in the progress reports, the budget for Geovation’s labor and outside laboratory
testing was used ahead of schedule. No funds remain in the budget. The co-funding property
owner picked up the costs beyond those budgeted, which increased the co-funding obtained on
this project. The success of this project most likely will result in the continued application of this
bioremediation technology at this property. However, the pilot-phase demonstration project has
been completed, and no further expenditures related to this phase of the project remain
outstanding.
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