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EZVI - Introduction

NASA utilized TCE as a degreaser for
rocket engine parts throughout the
1960’s.
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EZVI - Introduction

Wre e

0 2004 — 2005 Field Pilot projects in FL (2) & AR (1)

0 2005 First Full Scale Implementation (Patrick AFB
Cape Canaveral, FL)

1 2006 — 2012 EZVI implementations conducted across
the US, in Canada, Australia and Europe

O Formulation R&D continues to date
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EZVI - Introduction

0 Location:
= Difficult to delineate precisely
QO Treatment:

= Difficult to contact in the subsurface due to
hydrophobic physical chemistry

= Many in-situ remedies are aqueous solutions or
suspensions of oxidizers/reducers and have a
hydrophilic physical chemistry
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EZVI - Introduction

piode e, water-in-ol
emulsion.
o EZVI is a remediation DNAPL.

0 Highly effective for in-situ treatment
of DNAPL due to matching physical
chemistry and combination remedial
technology (abiotic & biotic
processes).
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EZVI - Introductiord ||

Encased in Ve al a

*This is referred to as a micelle
The micelle is a few to 20 microns in size
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EZVI - Introduction

==, Surfactant @ wWater Phase

Zero-Valent Iron @) oil Phase
Particle
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EZVI —
Combination Technoloo
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O Abiotic Process:

e Zero Valent Iron (ZVI) associated with EZVI is emplaced as an aqueous
suspension in the interior of the emulsion. Contaminants contact the ZVI
via a concentration gradient from the lipophilic membrane into the interior
of the micelles
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=VAVA ==
Combination Technolog

or residual forms

Brooks, 2000 Miscible with DNAPL
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EZVI —
Combination Technoloc

Molar Mass - EZVI area

7000

| N
2222 \\\ [ ——seriest |
0 93.5% of the molar mass reduction in 1000 — ‘

EZVI treated areas occurred within 4years Decos  Apeao May-11
of injection and the remainder within 3
additional years.

Molar Mass - VO area
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O During the same time period at the same | @ N
site, VO treatment provided 54%0 200 \\\ — ——Serest
reduction in molar mass of TCE and 200 Se—
degradation products IN DISSOLVED e

Dec-04 Apr-09 May-11

PLUME AREAS.
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EZVI and KB-1 - DNAPL ZVIand KB-1 - DNAPL

O’Hara et al., 2005

O’Hara et al., 2005

O EZVI provides reduced Mass Flux of DNAPL due to sequestration

O EZVI provides more efficient use of ZVI1 due to hydrophobic
membrane
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EZVI —coCs  sA 1]

,1-Dichloroethe ,2-DIbromoe B
Vinyl Chloride (VC) Trichlorotrifluoroethane (Freon 113)

Hexachloroethane (HCA) Trichlorofluoromethane (Freon 11)
1,1,2,2-Tetrachloroethane (1122TeCA) ~ 1.2,3-Trichloropropane (123TCP)
1,1,1,2-Tetrachloroethane (1112TecA) ~ 1.2-Dichloropropane (12DCP)
1,1,1-Trichloroethane (111TCA) Lindane

: Hexachlorobutadiene (HCBD)
ELZAHEhigroeinancgeeei N-nitrosodimethylamine (NDMA)
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EZVI] Implementation

ites

Pilot Scale Full Scale

Q EZVI1 and VO staged for field implementation
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up1,

“outside-in” and “bottom

5
b

— TCE 1,000 PPB

=== TCE 10,000 PP
~— TCE 100,000 PPB

@ venTpirE

EZVI Delivery
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Case Study Examples

Case Study #1 Pilot Scale

Case Study #2 Pilot Scale (
Case Study #3 Full Sca
Case Study #4 Full Sca

arge)
e
e




Case Study #1-Pilot Scale

0 Injections targe
subsurface zone.

0 Vegetable oil was injected above
the area treated with EZVI and
down gradient of the former source
area as a carbon source to
stimulate naturally-occurring
biodegradation of the dissolved
phase plume.
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Results of Case Study #1

nnnnnnnnn

\)_/_/

SOURCE AREA :
sz L\\
injection zone d ased fro SIS SIS LSS
3.25 mg/L (baseline results)
to <0.002 mg/ L. Beiarnel E‘“H
O Source Area [TCE] remained at _ \k NS CHE M

non-detect levels for — 3 years -
post EZVI injection.
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Case Study #2-Pilot Scale

!_en I_ OcCe
|nject|on pomts

About 110 m3 of 10% EZVI
were injected using the
KAPSDIDS technology

O Injection design and monitoring
program limited due to active
tank farm
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Results of Case Study #2
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Case Study #3-Full Scale

oooooo

230 m3 of 10% |
were injected using pneumatic
fracturing technology

0 Vegetable oil and KB-1 were S
also injected in the i
downgradient plume areas.

SN o
N 0%

TCE 100,000 PPB
—TCEX000PRE
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SOURCE AREA Results
Case Study #3

>999% destr
TCE to date
O Prior to EZVI injection-

Estimated to take —250 yrs. to
remediate site via MNA

0 Post EZVI injection-
Estimated to attain remediation
™ 7/

goals within < 80 yrs.
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Case Study #4-Full Scale

QO TCE source area “A” was — 15 x 30 m; while source area “B”
was 7 X 20 m; both with a depth of contamination to 15 m

0 140 m2 of 10% EZVI were injected into the two source areas
using the KAPSDIDS technology
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SOURCE AREA Results
Case Study #4
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Source Area B
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EZVI Performance & Cost

= Directly destroy ource material

o Plume Effects

= Adjacent to source area: Fermentation reactions provide hydrogen for
biotic transformations or “polishing” adjacent to injection area

= Downgradient: Eliminates on-going source for downgradient areas

o EZVI Material Costing
= Volume dependent range is 4 to 6 euro/l for 10% formula
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Why EZV17?

approac |

a Effective in oxidative or saline
environments

O Effective in vadose soils

o 2005 Award for Excellence in Technology
Transfer by the Federal Laboratory
Consortium

o 2005 NASA Government Invention of the
Year

o 2006 NASA Commercialization Invention
of the Year

0 2007 NASA “ Space Technology Hall of
Fame” Inductee
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Questions
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