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US Coast Guard
Support Center,
Elizabeth City, NC

 Former plating shop

e Groundwater impacted
by chromium and
chlorinated solvents
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Z\V| Permeable Reactive Barrier

e 450 tons of granular zero-valent iron (Peerless):

60 m length — 0.6 m wide — 7.2 m deep

e 205 wells were installed for performance monitoring: 3
transects - up, in and downgradient of the PRB —and 10
compliance wells

e PRB performance data for Cr(VI) and TCE

= Chromate effectively remediated over 2 decades
(PRB coupled with source treatment; dithionite)

= Continued system performance is expected
based on geochemistry, Cr < 3 ppb

= Trichloroethylene is also treated, but influent
concentrations have increased with time
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Pe rforma nce Data' Transect 2
Geochemical Parameters

e Consistent pH pattern for upgradient, in-
wall, and downgradient regions. 3-4
standard unit pH gradient

e Redox potential (SHE) showed decreasing
gradient through time; yet E,, values were
generally negative in the PRB

e Specific conductance showed a pattern
consistent with constant mineralization in
the PRB
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TCE Removal

e Other downgradient MWs

e MWS50 - unlikely underflow scenario
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Using CSIA as a Performance
Evaluation Tool

o 13C enrichment of TCE in treated water up to
~22 permil

* Evidence of degradation, not sorption

* More restricted range for cis-DCE; pattern
suggests initial production of 13C-depleted
cis-DCE, followed by degradation and 13C
enrichment

« C/C, estimated:
[TCE/(TCE+cis-DCE+VC+ethene+ethane)]

from Wilkin et al. (2019)
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Connection Between Geochemistry
and Hydraulics

* Influent Interface Region

Sharp gradient in pH

Sharp gradient in redox

Gradients drive mineral precipitation
Gradients can drive microbial activity

 Mineral formation focused near the leading
edge of the PRB

 Revealed by hydrology studies & gradient
analysis
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Connection Between
Geochemistry and Hydraulics

 Hydraulic Conductivity & Water Level Evaluation
e July 2009 to February 2011 - level loggers
e MWA48-MW47-MW49 triangle
 Hydraulic gradient evaluated on an hourly

basis
 Azimuthal distribution of hydraulic gradient
vectors (consistent northward flow)

e Hydraulic gradient is ~high in vicinity of PRB
e Suggests some impediment to flow

from Wilkin et al. (2014)
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Role of Secondary
Precipitates

« Examined PRB material using:
e Scanning Electron Microscope (SEM)
e Transition Electron Microscope (TEM)

o X-ray powder diffraction (XRD)

o X-ray absorption spectroscopy (XAS)
e Pore infilling — hydraulics
 Coat ZVI surfaces — degrading reactivity
e Secondary reactivity
e Control degradation mechanisms Fe

Fe
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Sustained Sulfate Removal — Natural Sulfidation
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e Bonus reactivity!
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Mackinawite - FeS

e FeS (mackinawite) forms in ZVI PRBs if sulfate is present in influent

e First field detections of acid volatile sulfide (AVS) at Elizabeth City;
precipitation at interface

e XANES analysis confirms structural state and oxidation state of S

e Major source of secondary reactivity (inorganics & organics)
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CSIA — Methane

e (Carbon concentration mass balance suggests 20% of
DIC converts to methane

e Overestimated mineralized carbon when
methanogenesis is not considered

e DIC/CH, in-wall is equivalent to near-field down-
gradient region

e Range of §13C values for methane equivalent to
variability encountered in all methanogenic
environments

 An alternative pathway-independent analysis
considers mass balance between methane and
carbon dioxide in an open-system:

6Cinput = f81Cepy) + (1A(67Cerr)

Vinson et al. (2017).
Chem. Geol., v. 453, 128-145.
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Fate of Methane & Methane as Tracer
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Methane concentrations
measured in groundwater
within the PRB and at down-
gradient locations

Data collected from 2013 to
2018
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Considerations for
Successful ZVI Applications

e Geochemistry
» Dissolved oxygen, <2 mg/L
* Nitrates, <10 mg/L
e TDS, <500 mg/L
* Na-SO,-type groundwater
e Carbonate alkalinity, <200 mg/L

e Hydrology
* Flow-rate >0.15 m/d
* Flow-rate <0.60 m/d

e Site Characterization
* Flow direction & variability

e Hydraulic and geochemical variability
f(depth)

e Development of tracers (REEs, isotopes,
dissolved gas)



Contact Information
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Ada, OK

580-436-8874
wilkin.rick@epa.gov

Disclaimer: The views expressed in this presentation are those of the authors and do not necessarily represent the views or policies of the U.S.
Environmental Protection Agency. Any mention of trade names or commercial products does not constitute endorsement or reccommendation for

use.
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TCE Removal

Trichloroethene, umol/L

e Upgradient wells: ML21 vs. MW48; depth variability in
ML21

e Transect 2: Losing treatment capacity after 17 vy, increasing
influent concentrations

e Don’t have mass balance - degradation products?

e Normalized fractions: indicators
wEPA
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Performance Data —
Chromium and TCE

Cr influent concentrations ranged from <0.1 to
about 4000 ug/L

50% of upgradient samples were above 50 ug/L Cr

In-wall and downgradient Cr concentrations were
<3 ug/L; removal efficiency was 99.9%

e TCE influent concentrations ranged from ~1 to
10,000 ug/L; 50% were >30 ug/L

75% of observations of TCE concentrations in
treated zones were below the MCL (5 ug/L)

Higher TCE values were related to spiking influent
concentrations, perhaps from upgradient back
diffusion
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25 years of ZVI — Lessons Learned

 Long-term data sets for the innovative remediation
technologies

o Site Characterization: Vertically resolved hydrology
and geochemistry data needed for designing systems

« Understanding favorable site conditions for innovative
technologies

 Coupling technologies from the start

e Investigation Tools: stable carbon isotopes, methane,
REE

 ZVI PRBs: long-term, sustained sulfate reduction and
methanogenesis, along with the abiotic pathways
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