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Why We Need A New ISCO Technology

S Longevity: Conventional ISCO amendments and means of generating
reactive oxidant species (ROS) are limited by distribution, kinetics, and
short environmental half-lives (10E=° to 10E° seconds) = need to be
continuously generated / applied.

S |ISCO PRBs: PRB applications using existing ISCO (candles, KPS, etc.)
are limited

S Sustained, In Situ Production of ROS could yield effective
PRBs, especially for:

S COls not conducive to ISCR/ZVI such as 1,4-dioxane, MTBE/TBA,
perchlorate plumes.

S Deep aquifers

S Challenging lithologies (clays, silt)
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Provect-NnEBR®0 ISCO PRB

In Situ ISCO Generatort o continuously produce Fe]
effective PRB technology for:

S Challenging lithologies (deep aquifers, clayey soils, fractured rock)

S Situations where sorption/sequestration is not considered an effective response

S Alternatives to hydraulic containment (long term O&M)

Example Contaminant Concentration (mg/L)
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What Is Provect-nEBR®0O

Electro Bioremediation (EBR)
well(s) contain an air sparge plus 3
electrodes:

S H,0, production

S Fe?*release
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Computerized control panels for
remote system / adjustment and real-
time performance monitoring
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US and EPC Patents

EPC 15 885 303.7-1014 US Patent No. 9,975,156 B2
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How Does EBR Work?

The EBR Well Generates Reactive Oxidant Species (ROS
in @ manner similar to other Electro-Fenton® (EF) type
systems (Nazari et al., 2019; Rosales, et.al, 2012; Sires et
al., 2014; Yuan et al., 2013):

Production of O,: electrolytic reduction of water
on a catalytic electrode yields molecular oxygen,
O,

Production of H,0O,. two-electron reduction of
oxygen on a cathode surface generates H,0O,

Release of Iron: H,O, interacts with ferrous iron
(Fe?*) released from a third cell to yield

hydroperoxyl (HO,A/superoxide (O,A and
hydroxyl radicals (OHA, and likely ferrates

0, + 2H" + 2¢ —H,0,
Fe’* + H,0.—Fe'™ + HO" + OH
Fe'* + H;0,—Fe** + HO, + H*
Fe't + HO,—Fc** + 0, + H'

Copyright Provectus



How Does EBR Differ From EF?

Fe2*3* Nanoclusters: Atneutral pH EBR uniquely generates flowdFermi Level
(highly oxidized) Fell/lll oxyhydroxide nanoclusters (2 nM) as the sacrificial Fe
source corrodes within the well (Ai et al., 2013; Elgressy 2019).

Subsurface distribution of Fe nanoclusters throughout aquifer is driven by:

A Equilibration of differences in Fermi level energies
self-generated . ‘
self-pro pag ated Redox Fronts and Electro-Redox Current Densities Accounting for

Site Activation

A Induced redox fronts EBR Reactor

A Electro-redox e g Fluk, O zegFin
current densities

A Electroosmosis

A Electrophoresis Fe™? g —Fe(lil) (Hyar)ox

. . i
A Dynamlc Coupllng Os(aq) ~———F& -Fe(lLIIl) (Hydr)Oxides
between EBR wells
\ Fe*2 -Fe(I1,1l) (Hydr)Oxides
/

Electro-redox current densities  <— Fe(ll1ll) (Hydr)Oxides
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How Does EBR Differ From EF?

Fe2*3* Nanoclusters: A critical and unique feature of the EBR is use of
geophysical mechanisms to enhance subsurface distribution of low Fermi level Fe
nanoclusters and propagate catalysis in situ to continuously generate reactive
oxidants throughout its effective ROI.

Electrochemical Potential of an e- is the difference in potential between the
oxidized and reduced species (Peljo et al., 2017; Scanlon et al., 2015)

Fermi Level is a thermodynamic fvalueoto define the electrochemical potential of
an electron in a redox couple in solution

Electron at rest in vacuum

At +850mV (flowo Fermi Level
electrochemical potential)
electrons are essentially freely
transferred from Fe3*to Fe?*

Scheme 3 Redox equilibria for metallic NPs in solution showing the

capabilities of metallic NPs to be (A) charged and (B) discharged upon
Fermi level equilibration with an excess of a single dominant redox

couple in solution.
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Summary of EBR Reactions

S Generation of H,0,

S Release of Fe2*

S H,0, interacts Fe2* to yield ROS HO,4O,Aand OHA(ferrate?)

S Release of O, and low Fermi Level Fe?*/Fe3* nanoclusters

S Self-propagation throughout ROI (less confined by lithology)

S Continuous in situ production of ROS catalyzed by O, activation
from equilibration of Fermi levels of Fe

S Transition from ISCO to
bioremediation (using oxygen
and iron as electron acceptors)

S Process controlled remotely with
real-time monitoring
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Where has it been Used?

S In 2019 Israel had 35 gas stations undergoing active remediation

S EBR technology was employed at 14 (40%) + 2 chlorinated solvent sites
S Today, 7 sites are in clean-closure monitoring after 1 year of operation

S EBR is ISO-certified and approved by the Israeli Water Authority

S No PRB Applications. No USA applications.
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Case Study i Neve Tzedik Site

S Operating Gasoline Station

S Groundwater at 7 to 8 m bgs

S sandy aquifer with si cl lenses
S MTBE >50 mg/L; TPH >100 mg/L
S 242 m? impacted area

5.0

~10.0

Fine-Sand

Inorganic clays of low
to medium plasticity,
gravelly clays, sandy
clays, silty clays, lean
clays.

Poorly-graded sands,
gravelly sands,

Sandstone

Description of Monitoring
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GW field parameters (ORP)
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Soil / Groundwater TPH (18 mo)

TPH from >100,000 to <5 ppb (RAO <400 ppb) TPH (mglL)
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