Hzec olf anced | il
REMELIBURSIAIETY,

YOUR NATURAL SOLUTIONS

Patented Methods for In Situ Bioremediation



Slide 2

About EOS Remediation

> U.S.-based
bioremediation
company

» Proven products
used worldwide
* North America,
Europe, Asia,
Australia & Africa
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Green states & provinces - EOS® implemented

www.EOSRemediation.com
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Soil & Groundwater Bioremediation Productss

Category

Product Name

Target Contaminants

Biostimulation
(Anaerobic)

EOS®

EVO™

AquaBupH®

VOS (under development)

hlorinated Solvents
Perchlorate

hromate
Explosives
Radionuclides
Acid Mine Drainage

N

EAS™

IPetroleum Hydrocarbons

Biostimulation
(Aerobic)

[EOx™

IPetroleum Hydrocarbons

Bioaugmentation

T
LY
iy

BAC-9™

IChlorinated Solvents

ENV-TCA20™

IChlorinated Alkanes

PJKS-1™

IChlorinated Solvents
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www.EOSRemediation.com
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What is EAS?

» Electron Acceptor Solution AN

» A soluble product for anaerobic
biodegradation ofi petroleuny hyarocaron

» Stimulates microbial growth
» Patented Process (US Patent No. 7,138,060)

Copyright © 2009 EOS Remediation, LLC
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Typical Petroleumi Release

Vadose Regidua| R-.es.idual sulfide
oxidized to sulfate

Zone (oxidized) ;Hydrocarbdn 7

H28@)+202{g) — SO,

Aquifer
(reduced)

H,S ., +Fe(D)  — FeS_ +2H

+
(aq) (s) (aq)

0
Sulfide sequestered as iron sulfides FeS+S — Fe,S
Reference; Kolhatkar, R and Taggart, D, 2004

www.EOSRemediation.com
Copyright © 2009 EOS Remediation, LLC
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Gradient

After Chapelle (2001)

Q‘ﬂ. www.EOSRemediation.com

Copyright © 2009 EOS Remediation, LLC
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methanogenesis
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Electron
Acceptor (EA)

Why EAS ™7

Maximum
Concentration
(mg/L)

Potential

Benzene

Degraded
(mg/L)

-

AL
A

Issues

xygen
in air)

9-10

3.0-3.3

ure Oxygen

60 — 70

19.8 — 23.1

Limited solubility

Numerous oxygen sinks
Potential aquifer clogging
Biofouling near injection point

ulfate

100 — 250*

22.0-55.0 |

AS ™

>1,000

>220

Hydrogen sulfide; never
documented as an issue in the
field

Secondary MCL for sulfate -
250 mg/L*

Mass of Benzene Degraded per Unit Mass of EA: Oxygen = 0.33; Sulfate = 0.22

www.EOSRemediation.com

Copyright © 2009 EOS Remediation, LLC
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1 Sulfate-Reducing Bacteria (S§%§\

AN
Reaction \ \
Petroleum Hydrocarbon + EAS™ “\\
+ Dissolved Iron = Iron Sulfide + H,O'+
MgCO, + CO,

Iron Sulfide and Magnesium Carbonate are insoluble
and immobile.
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t‘ﬂ www.EOSRemediation.com
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T\yﬁk CAS ™M Project
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roundwater
flow

(Drawing Modified from ITRC a \er 20
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ﬁ Plume of dissolved NN \ \\\
contaminants Copyright © 2009 E E}{n\im “
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Contaminants that can be Tr\eé\%%?\\\\\i

with EAST N

» Petroleum Hydrocarbons
* Aromatic Hydrocarbons
* Total Petroleum Hydrocarbons: (TPH)

* Benzene, Toluene, Ethylbenzene, ana
Xylenes (BTEX)

* Methyl tert-butyl ether (MTBE)
* tert-Butyl Alcohol (TBA)

i
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t‘ﬂ www.EOSRemediation.com
Copyright © 2009 EOS Remediation, LLC
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S A
Former Gasoline: Service St\am
. \\ \\

Potterville, M| .

Confirmed releases in 1992 and 2001

Prior remedies:
* High vacuum total fluids extraction, oxygen bio-spangingj
bioaugmentaton & MNA
Geology:
e Silty clay with granular fill material
* Perched groundwater 1 to 2 feet bgs

Liquid phase hydrocarbon (LPH) was last encounterediin
March 2003

Sulfate enhancement was pursued as the lowest cost
alternative to accelerate remediation and respond to a
potential sensitive receptor (wetland area)

NN
A\

FAe
t‘ﬂ www.EOSRemediation.com
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Potterville, MI'SiterVap \\\§

OW-18

(Source Area / Tank Cavity)

Ry

HARTEL ROAD [M—100)

FIGURE 1
SITE MAP

AMOCO SERVICE STATION ND. 9848
311 EAST LANSING ROAD
POTTERVILLE, WICHIGAN

t‘ﬂ www.EOSRemediation.com
Copyright © 2009 EOS Remediation, LLC
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Midland, MI Case Study\\§§

N\
» Confirmed releases in 1988 and 2000 AN

A\
» Primarily Sands with granular fill'material

to 8 feet bgs withi clay tormaximum

explored depth

» Groundwater approximately 6 to & feet bgs

Copyright © 2009 EOS Remediation, LLC
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LAMOGGAPING {TrP.)

www.EOSRemediation.com
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tert-Butyll Alcohel (TIBA) Cas\es\%\\i

Study — Silver Spring, MIDi s Progf\e§§§§§

» Active retail petroleum ‘\
facility.

» Regulatory drivers

* Elevated BTEX, MTBE &
TBA

» Remediation target area
Is approximately 100 feet
by 100 feet

> 175 gallons of EAS™
applled IP — INJECTION POINT

* 7 application points (IP-1
through IP-7).

> Observed Radius
e 20 to 80 feet

FAe
t"ﬂ www.EOSRemediation.com
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TBA Reé%ﬁg\\\%\\\
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events w&e%\\mﬁﬁ\étéﬁx\ai\x
30 day mterv\.cﬂs\\fﬁﬁ%\\\\
ays. Sampllng\wﬂi\ \\\
performed quar\f\e‘rlf\:\ ‘ \\
thereafter N \\§
90 day TBA concentraiioﬁ\%\
have decreased an N\ \
average ofi 50% in site N\
wells that reported a \
detectable result of TBA In

post-application analysis

Copyright © 2009 EOS Remediation, LLC



Slide 28 NN \ \\\\\Rx%\\\x

Conclusions Silver Spring, Mﬁj\\
N

\
> Literature searches and field site data ==

indicate that Sulfate Enhanced
Biodegradation is a feasible technoelogy ior:
TBA remediation

> Material, Application and Oversight Cosis
approx. $11,000

» Anticipate completing 2 additional
applications to meet closure end points at
this cost

Sy
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t"ﬂ www.EOSRemediation.com
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S A
Delta Consultants \Q\\%\\E
Example Closure //NFA ProjeCTS\\s@

Gas Station, GA — 1995 Release, Dissolved BTEX, EAS™ N\
Application May 2008, NFA Granted October 2008 AN

Bulk Terminal, VA — 1993 Release, LPH Sheen, EAS™
Applications 2006 and 2007, Closure Granted October 2008

Gas Station, Washington, D.C. — Dissolved BTEX and MTBE,
EAS™ Application June 2008, NFA Granted July 2009 — cost
savings of > 55%

Gas Station, Washington, D.C. — Dissolved BTEX and MTBE,
EAS™ Application June 2008, NFA Granted September 2009 —
cost savings of > 50%

FAe
t‘ﬂ www.EOSRemediation.com
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Application OVeRiew \\\\

> After an EAS™ application, sulfatelevels
initially rise and! theni decrease in
conjunction with the reduction of
contamination levels

> |f the contaminant Is still present and
sulfate is at background levels, another
application may be needed

Sy
LY

t"ﬂ www.EOSRemediation.com
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» Method of Injection; & appli@g\\ti\&\\\

Infiltration trenches NN
* Vertical wells \\§
* Surficial spreading k\\

* Former recovery wells
* Former SVE wells
* Temporary Geoprobe® points

» Variety of geological and
hydrogeological settings

(‘4 www.EOSRemediation.com

Copyright © 2009 EOS Remediation, LLC
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Overview of Patented Proc

i -

* A process that enhances the environmental conditions \
existing within a contaminant plume by replenishing a \\ N\
natural groundwater compound required by bacterater N

degrade the contaminants.
* Sulfate solution in excess of 1.000 ppm

* Covers all pollutants that can be degraded by sulfate-
reducing microorganisms

» US Patent No. 7,138,060

{‘4 www.EOSRemediation.com

Copyright © 2009 EOS Remediation, LLC
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Conclusion ‘ \\\1
> Enhancement of biodegradationwithithe |
addition of EAS™ s a viable technigue: te
safely and aggressively remediate BIFEX,
MTBE and petroleum impacted
groundwater

» Design, implement and monitoring|Is a
relative easy process
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