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ISCO

ERT is concentrated as a niche player in the European mar-
ket to design and execute ISCO projects. ERT is based in the
centre of Europe (Belgium), so we are able to supply the whole
European region. Together with our American partners ERT has
experience with more than 100 executed ISCO projects.

In situ chemical oxidation is rapidly emerging as a viable reme-
diation technology for mass reduction in source areas as well as
for plume treatment. The oxidants most commonly employed to
date include Fenton’'s (peroxide), permanganate, persulphate,
and ozone systems, with subsurface delivery to groundwater
by vertical or horizontal wells and sparge points, and to soil by
lance injectors and hydraulic fracturing. The potential benefits
of in situ oxidation include the rapid reactions with a wide range
of chemicals of concern, applicability to many biorecalcitrant
organics and a range of subsurface conditions, ability to tailor
treatment to a site from locally available components and re-
sources, and facilitation of property transfers and Brownfields
development projects. Some potential limitations exist, inclu-
ding potential need for large quantities of oxidants due to the
demand of non-target organics and other unproductive oxidant

demands from the formation, resistance of some compounds

to chemical oxidation, and potential for process-induced detri-
mental effects including gas evolution, permeability loss, and
mobilization of redox sensitive and exchangeable metals. Full-
scale deployment is accelerating, but care must be taken to
avoid poor performance and unforeseen adverse effects.

Matching the oxidant and delivery system to the contami-
nants of concern and site conditions is the key to achieving

performance goals.

Fenton’s pilot infection equipment
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CAP18° and CAP18-ME®

ERT is the exclusive supplier of CAP18® and CAP18-ME® in Eu-
rope. CAP18® and CAP18-ME® are slightly viscous liquids refined
from natural vegetable ails, for the purpose of stimulating anae-
robic biodegradation in groundwater. CAP18® is a food-grade,
vegetable oil product that has been refined to concentrate what
are known as C18 unsaturated fatty acids. The C18 unsaturated
fatty acids provide a special benefit for groundwater remediation.
CAP18-ME® is a modification of CAP18® that includes esters of
fatty acids (which are themselves derived from CAP18®), which
provide a more readily available source of carbon to stimulate
anaerobic biodegradation. CAP18® and CAP18-ME® can be
used for cost-effective, rapid treatment of chlorinated solvents,
perchlorate, nitrate and explosives, found as contaminants in soil
and groundwater. CAP18® and CAP18-ME® remediations are
accomplished in-place without high capital costs, disruptive site

activities or complex engineered delivery systems.

CAP18® and CAP18-ME® stimulates microbes living in the soll
and aquifer to naturally degrade contaminants under anaerobic
(oxygen-free) conditions. The long chain fatty acids are consu-
med via a process known as beta-oxidation, which establis-
hes optimal anaerobic conditions for contaminant degradation
and produces hydrogen over a sustained period of time (many
months to years). The hydrogen is utilized by microbes to bio-
logically destroy contaminants by stripping chlorine or nitrogen
atoms from the molecule. Unlike many other bioremediation
substrates, CAP18® and CAP18-ME® inhibits methanogenesis,
thereby providing more hydrogen generation for reduction of tar-
get compounds rather than formation of undesirable methane.

Compared to other bioremediation enhancements, CAP18®
and CAP18-ME® are lower cost, more efficient, longer las-

ting and easier to apply.

On www.e-r-t.net you can find a detailed description of the “Pro-

perties and mechanisms of CAP18®" and other info.

Below we reflect briefly what exactly is expected from a carbon
source when stimulating the biodegradation, this following the

expected evolution pattern :

1. Dissolved oxygen: The dissolved oxygen (DO) concentration is
anticipated to decrease as the aquifer becomes progressively
more anaerobic, with desired concentrations less than 1 mg/L.

2. Oxidation-Reduction Potential: The oxidation-reduction
potential(ORP) is anticipated to decrease under progres-
sively more anaerobic conditions. By values less than 100
to 150 mV (as measured with an Ag/AgCl electrode that is
corrected to a standard hydrogen electrode) is conducive to

anaerobic biodegradation.

3. Nitrate: If nitrate is present, nitrate concentration is also an-
ticipated to decrease as the aquifer becomes progressively
more anaerobic, with a desired concentration <1 mg/L.

4. Fe(+1l): Under progressively more anaerobic conditions,
ferric iron (Fe*®) is biologically reduced to ferrous iron (Fe*?),
thus the concentration of Fe*? is anticipated to increase with
a desired concentration >1 mg/L.

5. Sulphate: Under progressively more anaerobic conditions,
sulfate is biologically reduced to sulfide, thus the concentra-
tion of sulfate is anticipated to decrease. The desired con-
centrations are low, with <20 mg/L desired for an optimal
treatment but not required because effective bioremediation
also occurs at much higher concentrations.

6. VOC's, ethene and ethane: Via an anaerobic pathway PCE
will be converted to TCE, TCE to Cis, Cis to VC, to finally
convert VC into the harmless ethene and ethane. When this
complete cycle is observed, then we can speak of an op-
timal reductive dechlorination, at what the necessary DHE
bacteria with certainty will be present.

7. Methane: Under very anaerobic conditions, methane is
generated by reduction of carbon dioxide(which consumes
hydrogen) and of acetate. Elevated methane concentrations
are indicative of the strongly reducing conditions that benefit
anaerobic bioremediation of chlorinated solvents, although
methanogenic bacteria may also compete with dehalores-
piring bacteria for available hydrogen. CAP18® and CAP18-
ME® also inhibits methanogenic bacteria. Thus an increase
in methane is anticipated, and concentrations >0.5 to >1
mg/L are generally considered to indicate redox conditions
conducive to anaerobic biodegradation; however methane
production at sites treated with CAP18% is likely to be lower
than that produced by other substrates.

8. Total Organic Carbon: The total organic carbon(TOC) con-
centration is generally interpreted to reflect the distribution
of the organic substrate. A TOC concentration in the range
of approximately 20-50 mg/L is generally considered con-
ducive to anaerobic biodegradation. Concentrations less
than approximately 20 mg/L are also capable of supporting
anaerobic biodegradation; however, lower TOC concentra-
tions, coupled with evidence of accumulating intermediate
breakdown products (such as cis-1,2-dichloroethene) or
increasing concentrations of other electron acceptors (dis-
solved oxygen, nitrate, sulfate, etc.) indicate that additional

substrate may be needed.

CAPISCO™

The CAPISCO™ process is a remediation model that is developed
by ERT whereby the use of ISCO and CAP18® and/or CAP18-ME®
are standing central as remediation technologies in the course of

which remediation target values can be guaranteed.



Carus Corporation (www.caruscorporation.com) announced

that effective 29 April 2008 it has acquired the business and
assets of DBl Remediation Products LLC, Fishers, IN, a leading
manufacturer and marketer of bioremediation products. “This
acquisition represents Carus’ commitment to strengthen and
expand the remediation technology offerings globally,” stated
Inga Carus, President and CEO of Carus Corporation.

Steven Irvin and Dan Bryant, founders and principal share-
holders of DBI Remediation Products LLC, endorsed Carus’
purchase of the business and their intentions to further streng-
then its remediation product offerings. “The combined resour-
ces of Carus and DBI provide unparalleled support for our

clients,” added Steven Irvin and Dan Bryant.

Matt Dingens, Global Market Manager, Remediation Technolo-
gies., expressed great optimism for this purchase. “Most of our
customers are currently combining in-situ chemical oxidation
with some type of bioremediation at their sites. Our acquisition
will now give our customers a single source for their remediation
products. The combination of DBI's Innovative biostimulation
products and Carus’ established infrastructure will benefit Ca-
rus’ and DBIs customers through expanded customer service,

technical support, and sales representation”.

DBI Remediation Products, LLC(DBI — www.dbiproducts.com)

was formed in March 2003 with the objective of marketing
CAP18®, an innovative, edible-oil based product for stimulating
natural degradation of common environmental contaminants,
such as chlorinated solvents (degreasers and dry cleaning

fluids), perchlorate, and explosives.

NaMnO -injection equipment

As part of DBI's active product development program, two
new products were launched in 2007. These products include
CAP18-ME® and StimulOx™. CAP18-ME® was developed to
shorten the time it takes to achieve anaerobic conditions at a
site. StimulOx was developed to remediate petroleum products
under aerobic conditions.

All'of DBI's products are intended to empower the user to apply
the product themselves, without the requirement for sophistica-

ted and expensive equipment or training.

CAP18® & CAP18ME® injection equipment

Carus Corporation is the world’s largest producer of perman-
ganates, which are used mainly in environmental applications:
to improve the quality of drinking water, to treat municipal and
industrial wastewater, in air purification systems, and in ground-
water remediation. Carus Corporation was founded in 1915 in
LaSalle, llincis, and is a member of the American Chemistry
Council and an active participant in the industry’s award-win-
ning Responsible Care® initiative, working to make life better,

healthier, and safer through chemistry.

CARUS



The CAP18®-injections at this French project where performed
at the end of February 2008 via fixed injectors. Injection via 'di-
rect push’ wasn't feasible at this site due to the presence of
boulders in the subsurface. The aquifer at the site has an extre-
mely high groundwater velocity of 10 m/day. The groundwater
velocity influences the radius of influence, and even on a short
term good results can be achieved using CAP18®. Below the
results from the pre-injection(baseline) monitoring, and 3 and 6
months after injection, are reflected in graphs. The results are
given as an average of all monitoring wells(10 in total), which
where sampled in the injected zone, except for the ORP and
DO graphs at which all the monitoring wells both inside and
outside the injection zone are shown. The location of the 10
fixed injectors(blue symbols with yellow contours) and monito-
ring wells are shown in ‘Map 1'. A total of 9 IBCs(= 8.280 kg) of
CAP18® was injected.

Evolution of the VOCs, ethene and ethane

After only 3 months we see already a complete reductive de-
chlorination, which was even more developed after 6 months.
The PCE and TCE concentrations are under the target values
in 9 of the 10 monitoring wells. The PCE and TCE are reduced
to Cis and VG, respectively; therefore we expect and observe
an intial increase in both parameters followed by their degra-
dation as well. After 6 months there is already a Cis decrease.
The most important conclusion is the that the dechlorination is
complete to ethene and ethane, which are harmless end pro-
ducts. In other words there is no ‘hang up’ at Cis or VC, and

after 6 months the increase of ethene and ethane is even more

obvious.
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Figure 2

Evolution of Groundwater Redox Parameters
Analysis of parameters that reflect groundwater redox conditions
also demonstrate that the aquifer is becoming more anaerobic.
The ORP values in the injection zone are much lower then 150
mV, and the DO continuous to decrease after 6 months. There
is a clear increase in TOC, which indicates good distribution and
presence of CAP18®, Both nitrate and sulphate reduced, and

the rising methane concentration also indicates more anaerobic

conditions.
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Figure 5

Presence of fatty acids

The concentrations of fatty acids is also monitored, because
they are produced by metabolism of the CAP18® substrate.
During the baseline(pre-injection) sampling event, fatty acids
were not present. After 3 and 6 months they are present at

elevated conditions, demonstrating the distribution and activity

fluence in ‘Pz5', which is located approximately 25 m from the
closest CAP18® injector. This can be seen in the ORP and DO
graphs, namely for both a significant decrease which points
out anaerobic conditions. The other parameters of ‘Pz5'(VOCs,
ethene, ethane, methane, TOC, NO3 ,SO4 and fatty acids), are
not plotted in the graphs below, however the anaerobic CAP18%
influence is noticeable in all of these analytes. The groundwater
flow is determined from the west to the northeast and southeast
across the site, what the CAP18® course is confirming at the

moment.
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After we had undertaken ISCO bench tests, an ISCO
pilot with NaMnO, and CAP18® pilot in a former dry
cleaning plant, the site was converted to implement the
CAPISCO™ process. This process was developed by
ERT to remove chlorinated solvents economically and
accurately. In this CAPISCO™ project, the source (see
Zone 1" in ‘Map 2) is initially treated with permanganate
and is subsequently treated with CAP18-ME® in order
o achieve the required target values. The Zones 2&3’
(see ‘Map 2’), which contain dissolved VOCs that can
be treated anaerobically via biological stimulation, and
the downstream plume Zone 4’ are treated with CAP18®
and CAP18-ME®. The results of the baseline monitoring
and the results after circa one year of treatment are given
pelow. The depth to be treated is between 1 and 3 m-bg;
below this level an impermeable clay layer is present.

Zone 1 : NaMnO4 injections

In August 2007 the first series of permanganate injec-
tions was made in which a total of 6.800 kg of NaMnQO,
40% in diluted form was injected via circa 50 ‘direct push’
injectors. In the light of the PCE and TCE results, the con-
centrations dropped insufficiently in some wells. For this
reason a second series of permanganate injections were
made in March 2008 in which 5.440 kg of 40% NaMnO4
was distributed in diluted form between about 100 ‘direct
push’ injectors.

Average VOC-concentrations
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After the first series of injections (see ‘Figure 7') a clear Cis
and VC decrease was observed. Due to extra wells we
monitored in the source, which were not part of the pre-
injection monitoring, the average PCE and TCE concentra-
tions were almost unchanged. After the permanganate of
the second series of injections was exhausted, there was
again an obvious decrease of CIS and VC but a clear drop

of PCE and TCE was also observed. This in an accept-
able low level such that the after-treatment with CAP18-
ME® can be commenced. These injections were made in
October 2008. In total 2.720 kg of CAP18-ME®(=3 IBCs)
were injected, divided between 75 ‘direct push’ injectors.

Zone 4 : CAP18° injections

6 IBCs(=5.520 kg) of CAP18® were injected in Septem-
ber 2007, divided between circa 150 ‘direct push’ injec-
tors. The graphs (see ‘Figures 8, 9 & 10’) show us the
average results of six monitoring wells from the baseline
monitoring, and 7 and 13 months after injection; the wells
are located in “Zone 4.
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Zone 4 : Average ethene and ethane-
concentrations
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Figure 9

The decrease of PCE is obvious after 7 and 13 months;
TCE and CIS is initially decreased and stays stable after
one year, but in view of the gradual increase in VC and the
obvious production of the harmless products ethene and
ethane, we can suppose that the reductive dechlorina-
tion is complete. The anaerobic degradation is also shown
through the changes in the groundwater redox parameters;
nitrates have not been present since the beginning, but the
reduction of sulphates and the production of ferrous iron
and methane is clearly perceptible. In addition, the high TOC
content indicates the presence of well distributed CAP18°,



Zone 4 : Average TOC-, NO,-, Fe(+Il)- and 50,-
concentrations

Figure 10

Zone 2&3 : CAP18-ME? injections

In mid January 2008 8 IBCs(=7.360 kg) of CAP18-ME®,
distributed between 170 ‘direct push’ injectors, were in-
jected into ‘Zone 2 and 3'. ‘Figures 11, 12 & 13" show us
the average results of 8 monitoring wells from the pre-
injection monitoring, and 3 and 9 months after injection.
The decrease of the VOCs after 3 months already clearly
indicates that the ME does not miss the target. The PCE
concentration is fairly low, but the increase of TCE after
9 months shows that the dechlorination is a fact. The
decrease of CIS and VC and the clear increase of ethene
and ethane indicates that the reductive dechlorination is
complete. The groundwater redox parameters confirm
this anaerobic change; nitrates and sulphates reduce
further; the production of ferrous iron progresses and the
production of methane is considerable. Although after 9
months the TOC is reduced compared to the value after
3 months, the average concentration spread out over the
9 months remains high. This indicates a good spread
and presence of CAP18-ME®.

Contemratend e

. ™
Zone 283 : Average VOC- en CH,-concentrations
p ] Lt i
LBt
o00
4 e
i Fa lany i‘
B -kl
LASERT -
L U
E ¥
P00 B .
Moy - L
SO0
Loy
n | & = o
00T WIATOOT AMEO0ME 1 OE008  FUDR 008 ITAN 00
[T
Figure 11
Zone 283 : Average ethene- and ethane-
concentrations
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Figure 13
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